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Adults (Normal): The Relationships between Electroencephalographic 
and Psychological Data in (Dr. P. F. Werre), review by Dr. Clifford 
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review by Dr. J. A. Saxton, 1688" © ` : 

Advances in Jungian Psychology, review by-Dr. Clifford Allen, 298 

Advances in Nuclear Physics : Recent (Dr. A. M. Lane), 886 

Advances in Pest Control Research (edited by R. L. Metcalf), Vol. I, review 
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Aedes aegypti: Biting Behaviour of Mated and Unmated Females of an 
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Aerobacter aerogenes : Structure of an Acidic Polysaccharide elaborated by 
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Aerodynamics, 67] 
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Simms Gold Medal awarded to L. F. Nicholson, [646 : 
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Feinberg, H. D. C. Rapson and Mary P. Taylor), 763 . 

Agar Double-Diffusion Precipitation Reaction : A Specific Diffusible Antigen 
on Rinderpest Virus demonstrated by the (G. White), 1409 

Agar Double-Diffusion Precipitation Reaction applied to the Study of 
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Agricultural Engineers (British), Institution of : Bursaries, 885 
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Agricultural History Society, British: Sixth Conference, 949 
Election of Officers for 1958-59, 1443 
+ Annual Meeting, [508 


Appointment of E. Jones 


‘Agricultural History Society, British, and the Association of Agriculture : 
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to Grain (Dr. J. A. Freeman), (European Productivity Agency of the 
hie for European Economic Co-operation, Project No. 
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by C. L, Comar), review by Dr. R. F. Glascock, 1097 
Utilizing the Natural Resources of Lake Victoria for the Benefit of 
Fisheries and (R. S. A. Beauchamp), 1634 ` 
Agriculture in East and West, review by Sir John Russell, 144 
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Agriculture for Scotland, Department of (Ministry of Agriculture, Flsherles 
and Food and the): Postgraduate Scholarships in Husbandry, 603 
Agriculture, Fisheries and Food, Ministry of : Retirement of G. M. Graham 
as director of fishery research, 158 
Appointment of R. S. Wimpenny as director of fishery research, [59 
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Agriculture (World) : Types of Rural Economy—Studles in (Prof. René 
Dumont), review by Sir John Russell, 144 ` 
Agriculturists : A Practical Guide to Plant Sociology for Foresters and 
(Prof. F. R. Bharucha and Dr. W. C. DeLeeuw), review by Maurice 
Ashby, 987 ‘ 
Agrotype Concept In Chemical Analysis of Tea (Dr. W. Wight), [355 
Agrotype Concept in Tea Taxonomy (Dr. W. Wight), 893 
Aharoni, Dr. J. : Spin Functionals, 1385 
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Aids to serra Making (Operational Research Society Open Conference 
on), 949 
Algrain, Prof. P., and others (edited by): Progress in Semiconductors, 
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Air: Detection of Viable Air-borne Spores in (Dr. J. Rishbeth), 1549 
Gamma-Radiation Catalysis of the Oxidation by, of Tri-isopropyl 
Phosphite (Dr. D. G. Coe), 1519 
The Impulse Break-down Characteristic of a Point-Plane Gap in (J. J. 
Kritzinger and Prof. G. R. pora 1259 
Poisoned, review by R. S. Scorer, 1167 
Air Drag: Effect of, on the Orbit of the Russian Earth Satellite 19578— 
Comparison of Theory and Observation (D. G. King-Hele and Dr. 
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Scorer, 1167 
‘Measurement of—Recommended Methods for Deposited Matter, 
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Air Puffs : Apparatus for Stimulation of Insect Sense-Organs by (D. M, 
Miller and E. H. Colhoun), [26 
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Lillegraven and P. B. Storebø), [197 
Alrborne Spores (Viable), in Air: Detection of (Dr. J. Rishbeth), 1549 
Aircraft : Hydraulic Systems in, review, 977 
Aircraft Hydraulics (edited by H. G. Conway), Vol. I, Hydraulic Systems ; 
Vol. 2, Component Design, review, 977 : 
Aircraft [Industry In Britain : Future of the, 1646 
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Aitken, D., and Jennings, Dr. R. E. : The Microtron, [726 
Aitken, Dr. R. S.: Academic Mobility, 165 
Akaborl, Prof. A. : Enzyme Chemistry, 389 
panels Prof. Shiro, and others : A New Synthesis of Histidyl Peptides, 
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and the Indian Society for the History of Science), 883 
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Albinos : Colour Vision of Three (Prof. R. W. Pickford), 36] 

Albumin (Egg): Carbohydrate Peptide Complex from (P. Johansen, Dr. 
R. D. Marshal! and Prof. A. Neuberger), 1345 
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Alfrey, Dr. G. F., and others: Grain Boundaries and Electroluminescence 
in Gallium Phosphide, 109 
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Alga (Brown): Effect of Potassium Cyanide on Apparent Free Space in a 
(P. L. Bergquist), 1270 
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f Space, 1238 
Allen, Fergus H. : Appointed director of the Hydraulics Research Station 
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Atmosphere: The Diffusion of Stack Gases in the (F. H. Schmidt), 1575 

Dissemination of Verticillium albo-atrum through the (R. R. Davies 

and Dr. I. Isaac), 649 

Atmospheric Aerosols (Royal Meterological Society Discussion on), !703 

Atmospheric Condensation Nuclei: Third Symposium on (Cavendish 
Laboratory, Cambridge), 1640 

Atmospheric Pollution : The Investigation of—a Report on Observations 
in the Year 1955-56, 1702 

Atmospheric Precipitation : The Influence and Importance of Daily Weather 
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Polarization of the (Prof. S. R. Khastgir), 404 

Atmospheric Refraction at Sea: Anomalous (Dr. B. M. Cwilong), 181 

Atmospheric Scale-Heights : Effect of the Earth’s Equatorial Bulge on the 
Life-time of Artificial Satellites and its Use in determining (Dr. 
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Ammorpnides : Polarization of (F. Horner), 1678; (Prof. S. R. Khastgir), 
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Atomic Beams : Measurement of Nuclear Magnetic Moments in (Dr. G. K. 
Woodgate and P. G. H. Sandars), 1395 

Atomic Energy (House of Commons Debate on), 948 

Atomic Energy : Geneva Series on the Peaceful Uses of—Nuclear Reactors 
DE Research (edited by Clifford K. Beck), review by F. W. Fenning, 
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on), 
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I 
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ing Board, 20 
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Man-power In the, 439 
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the Organization of certain parts of the, 439 
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458 
Appointment of Dr. H. Kronberger as director of research and develop- 
ment at the Industrial Group Headquarters at Risley, 530 
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Atomic Energy Commission (Australian) : Appointment of A. D. McKnight 
as full-time executive commissioner, 
Appointment of Sir Leslie Martin as part-time commissioner, 1246 
Fifth Annual Report (1956-57), 1248 
Laboratories and first Australian Nuclear Energy Reactor opened by the 
Rt. Hon. R. G. Menzies, 1433 
Atomic Energy Commission (Australian), and others: Symposium In 
Sydney on Peaceful Uses of Atomic Energy, 238 
Atomic Energy Commission (United States), (McCollum-Pratt Institute of 
the Johns Hopkins University, with support from the) : Symposium 
on the Chemical Basis of Heredity (edited by William D. McElroy 
and Dr. Bentley Glass), review by Prof. M. Stacey, 75 
Atomic Energy Development in Australia (Prof. E. W. Titterton), 1433 
Atomic Energy Insurance Conference : Second International, 1039 
Atomic Energy Office : Report of the Committee appolnted by the Prime 
Minister to examine the Organization for Control of Health and 
Safety In the United Kingdom Atomic Energy Authority, 1023, 1043 
Atomic Energy Research Establishment : ZETA Apparatus for Controlled 
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Appointment of D. W. Fry as a deputy director, 531 
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HAZEL, a new Zero-energy Reactor, 947 
Course at the Reactor School, Harwell, 1110 
First Hulton Achievement Award presented to the members of the 
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Atomic Energy and Agriculture—a Symposium at the Atlanta Meeting of the 
American Association for the Advancement of Science, and co- 
sponsored by the Oak Ridge Institute of Studies, [955 {edited by 
CL. Comar), review by Dr. R. F. Glascock, 1097 
Atomic Physics (Theoretical), In Copenhagen, 1767 
Atomic Power : Industry and, 1039 
Progress in, 458 
Atomic Power Achievements (Ganeral Electric Co., Ltd.,) 1039 
Atomic Safety Committee, 1442 
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by Collision with (Dr. J. E. Lovelock), 1460 
Atoms (Hydrogen), in $, y and ô Positions; Hyperconjugation due to 
(S. G. Beech), 1617 
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and Threshold of (Dr. Edward A. Johnson and P. A. Robertson), 910 
Atrio-ventricular Node : Transmembrane Potentials of Single Fibres of the 
(Dr. Brian F. Hoffman, A, Paes de Carvalho and W. Carlos de Mello), 66 
Attachment Coefficients (Ionizing and), and Breakdown Characteristics for 
Carbon Tetrafluoride : Correlation between (P. R. Howard), 645 
Attack (Microbial) : Resistance of Proteln—Lignin Complexes, Lignins and 
Humic Acids to (Prof. D. L. Lynch and Prof. C. C. Lynch), 1478 
Attempt to adapt Explanted Tissues to an Anticonvulsant (‘Trimedal’) and 
to Phenobarbital (E. Holečková and Dr. Z. Servit), 1541 
Attitude (Right), to Science ? : What ts the (Dr. K. Mendelssohn), 88 
Attitudes (Soviet and Western), to Science, 88 
Attridge, J. : Awarded a Royal Society and Nuffield Foundation Common- 
wealth Bursary, 89 
Atwater, H. A., and Ellickson, R. T. : Remanent Magnetization of Ancient 
Bricks, 404 
Atwood, K. C.: Genetic Aspect of Somatic Cell Variation (Phenotype 
Varlability in Human Erythrocytes), 1706 
Atypical Forms of Tubercle Bacilll (Strain B.C.G.), (Dr. Stephen E, Juhasz 
and Edith M. Mankiewicz), 929 
Atypical Guard-Halr Follicles In the Skin of the Rabbit (William E. Straile), 


Atz, James W. (Pickford, Grace E., and) : The Physiology of the Pituitary 
Gland of Fishes, review by Prof. J. Z. Young, 971 
Aubréville, André: The Development of the West African Environment, [581 
Audiogenic Epileptic Seizures evoked in Rats by Artificial Epileptogenic 
Foci (Dr. Zd. Servit and J. Sterc), 1475 i 
Audiogram : A Ripple Effect in the (E. Elliott), 1076 
Auerbach, Dr. C.: Use of ‘Brood Patterns’ in Research on Chemical 
Mutagens, 754, 757 
August Rats : Protection of, agalnst Lethal Doses of a Dimethyl Homologue 
of Myleran by Isologous Bone Marrow (Prof. Timothy R. Talbot and 
Dr, L. A. Elson), 684 
Augustinsson, Dr. Klas-Bertil : Electrophoretic Separation and Classifica- 
tion of Blood Plasma Esterases, 1786 
Auricchio, S., and others: Conversion of 3-Hydroxyanthranilic Acid to 
Quinolinic Acid in presence of Rat Liver treated with 2-Acetyl- 
aminofluorene, 624 
Auroral Absorption of 18-Mc./s. Cosmic Radio Waves on February | 1, 1958 
(Dr. R. Fleischer), 1156 
Austin, Dr. C. R., and Bishop, Dr. M. W. H. : Capacitation of Mammalian 
Spermatozoa, 85 
Austin, Prof. G. W. : Retirement from the Goldsmiths’ chair of metallurgy 
in the University of Cambridge, 1177 : work of, l 177 
Australia: Atomic Energy Development in (Prof. E. W. Titterton), 1433 
The Biogeography re Ronald Good), 1763 è 
The Grasshoppers and Locusts of (Dr. J. A. G. Rehn), Vol. |, Familles 
Tetrigidae and Eumastacidae ; Vol. 2, Family Acrididae, Subfamlly 
Pyrgomorphinae ; Vol. 3, Family Acrididae, Subfamily Cyrtacantha- 
cridinae, tribes Oxyini, Spathosternini and Praxibulini, review by 
Dr. B. P. Uvarov, 1628 
Observations in, of Radio Transmissions from the First Artificial Earth 
Satellite (G. H. Munro and R. B, White), 104 
Wheat in, review by Dr. D. J. Watson, 730 
The Wheat Industry In (Dr. A. R. Callaghan and Dr. A. J. Millington), _ 
review by Dr. D. J. Watson, 730 
Australia (South) : Evolution of Sex in the Flowering Plants of (P. A. 
Parsons), 1673 
Australia (Western): The Toxic Plants of (C. A. Gardner and H. W. 
Bennetts), review by Dr. F. N. Howes, 729 
Australian Acridoidea, review by Dr. B. P. Uvarov, 1628 
Australian Atomic Energy Commission : Appointment of A. D. McKnight 
as full-time executive commissioner, 1246 
Appointment of Sir Leslie Martin as part-time commissloner, 1246 
Fifth Annual Report (1956-57), 1248 
Laboratories and first Australia Nuclear Reactor opened by the Rt. 
Hon. R. G. Menzies, [433 
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Australian Conference in Radiation Biology : Second, 238 

Australian Malacology, 1574 
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Australian Universities : A New Deal for (Sir Eric Ashby), 300 

Report of the Committee on, 300 

Autographs : Fibrinolysis (Dr. A. S. Todd), 495 

Automatic Control (A Scientific American Book), review by J. F. Coales, 661 

Automatic Control, British Group for Computation and : Constitution of, 
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Election of T. E. Goldup as chairman, 237 
Automatic Control, International Federation of: 
constitution, 1377 
First International Congress for Automatic Control, 1378 
Automatic Digital Computing Machines : Programme Design for (Mathe- 
matical Laboratory of the University of Cambridge Summer School 
in), 1246 
Automatic Measurement of Quality in Process Plants (Society of Instrument 
Technology Conference any, 
Automation : British Group for Engineering Applications of (Constitution 
_ of Group A of the British Conference on Automation and Computa- 
tlon), 672 
Automation in the Post Office (E. Marples), 92 
Automation In the Post Office—Technology and Humanism, 7] 
Automation and Computation, British Conference on : To be organized in 
three sections—(A) the British Group for the Engineering Applica- 
tions of Automation, (B) the British Group for Computation and 
Automatic Control, and (C) the British Group for the Sociological 
and Economic Aspects of Automation Techniques, 236 
Constitution of Section A (British Group for the Engineering Applica- 
tions of Automation), 672 
Constitution of Section B (British Group for Computation and Auto- 
matic Control), 237 
Election of T. E. Goldup as chairman of Section B, 237 
‘Automation (Full), of the Telephone System (White Paper on), 71 
Autoradiographic Visualization of Synthesis of Deoxyribonucleic Acid In 
Tissue Culture with Tritlum-labelled Thymidine (H. Firket and 
W. G. Verly), 274 
Autoxidation of Pyrogallol—General Characteristics and Inhibition by 
Catalase (S. M. Siegel and B, Z. plegan 1153 
Auxin : Complementary Action of Gibberellic Acid and (P. W. Brian and 
H. G. Hemming), 1575 
Auxin and Sex Balance In a Long-Day Plant : Photoperlod, (Prof. J. Heslop- 
Harrison and Y. Heslopsarrikon), 100 
-Auxins In Immature Maize Kernels (Dr. Kathleen R. Farrar, Joyce A. Bentley, 
G. Britton and S. Housley), 553 
Aves : Tratado de Doenças das (J. Reis e P. Nóbrega), 4 vols., review by 
Dr. C. A. Wright, 1756 
Avi-Dor, Y., and Miller, Sh. : Effect of Electrolytes on the Uptake by 
Bacteria of Labelled Glutamate, [90 
Avian Haemoglobins : Electrophoretic Behaviour of (R. Datta, Jharna 
Ghosh and Prof. B. C. Guha), 1204 
Avidin: Antigenicity of (Dr. D. V. Siva Sankar, Barbara J. Cossano, Henry 
W. Theis and Carol R. Marks), 619 
Avigad, Gad : Influence of Introduction of a Fructosyl Group into Galacto- 
sylglucoses on their 8-Galactosidase-inducing Activity, 554 
Avoidance of ‘Secondary Disease’ in Radiation Chimaeras (D. W. H. Barnes, 
P. L. T. Ilbery and Prof. J. F. Loutit), 488 
Award for original work or services in connexion with Blood Transfusion 
(Oliver Memorial Fund), !771 
Awards for 1958-59 for Research on Leumaemla and Allied Diseases (Lady 
Tata Memorial Fund), 1703 
Awards : roe Research (First Report of the Leverhulme Trust on 
the), 95] 
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Axonal Diameters of Myelinated Nerve Fibres : Varlations in—Apparent or 
Real ? (Dr. G. T. Ashley), 125; (Dr. P. L. Williams and Dr. C. P. 
Wendell-Smith), 125 
Aylward, Dr. Francis, and Nichols, B. W.: Isolation of 8-Sitosterol-D- 
Glucostde from Groundnut Phospholipids, 1064 
8-Azaguanine: Effects of, on the Synthesis of Protein and Nucleic Acids 
In Bacillus cereus (Prof. H. Chantrenne and S. Devreaux), 1737 
Azide : Genetic Effects of Carbon Monoxide, Cyanide and, on Drosophila 
(Dr. A. M. Clark), 500 
Azo Dye Carcinogenesis of Rat Liver: Effect of Splenectomy on (Dr. 
uneaki Takashi and Shoji Iwase), [211 
Azotobacter vinelandii : Silicate in the Metabolism of (Dr. R. F. Keeler and 
J. E. Varner), [27 
Azzi, Prof. Girolamo : Agricultural Ecology, review by A. D. Bradshaw, 443 
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Bascock, Dr. H. W. : Awarded the Eddington Medal of the Royal 
Astronomical Society, 331 

Baccl, Prof. G., and Razzauti, A.: Protogynous Hermaphroditism in Coris 
julis L., 432 

Bachrach, U., and others: Formation of f-Alanine from Spermine and 
Spermidine by Pseudomonas aeruginosa, 700 

Bacilli (Tubercle), Strain B.C.G. : Atypical Forms of (Dr. Stephen E. 
Juhasz and Edith M. Mankiewicz), 929 

Bacillus sp.: An Antibiotic produced by a, active agalnst Haemophilus 
pertussis (Dr. A. lan Tiffin), 907 

Bacillus cereus: Effects of 8-Azaguanine on the Synthesis of Protein and 
Nucleic Acids in (Prof. H. Chantrenne and S. Devreux), 1737 ' 

Bacillus subtilis : Mycobacillin, a New Antifungal Antibiotic produced by 
(S. K. Majumdar and Dr. S. K. Bose), 134 

Bacillus (An ce eal Isolated from the Lungs of the Cape Hyrax, Procavia 
capensis (Pallas), (J. C. Wagner, Dr. G. Buchanan, V. Bokkenheuser 
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Back, Avigdor (Guttman, Ruth, and) : Effects of Kinetin on Cell Division in 
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Back Grant of the Royal Geographical Society awarded to Ingénieur-en-Chef 
Bertrand Imbert, 810 
Backett, Dr. E. Maurice : Appointed professor of social medicine in the 
University of Aberdeen, 740 ; work of, 740 
Bacteria: Effect of Electrolytes on the Uptake by, of Labelled Glutamate 
(Y. Avi-Dor and Sh. Miller), 190 
Fixation of, for Electron Microscopy (E. H. Mercer), [550 
Interaction of Phenolic Compounds with (Dr. A. H. Beckett, Dr. S. J. 
Patki and Ann E. Robinson), 712 
Photosensitlzation of, by Furocoumarins and related Compounds 
(Dr. W. L. Fowlks, D. G. Griffith and Evelyn L. Oginsky), 571 
Plant Diseases due to (Dr. W. J. Dowson), second edition, review by 
W. C. Moore, 1094 
Bacteria (Gram-Negative) : Some Changes In the Surface Structure of, 
ete by Penicillin Action (Dr. M. R. J. Salton and Dr, F. Shafa), 


Bacteria (Photosynthetic) : Inhibition of Carotenoid Synthesis by—Specific 
Inhibition of Carotenoid Synthesis in a Photosynthetic Bacterium 
and its Physiological Consequences (Germaine Cohen-Bazire and 
Prof. R. Y. Stanier), 250 ; Suppression of Carotenoid Synthesis and 
its Effect on the Activity of Photosynthetic Bacterial Chromatophores 
(Dr. R. C. Fuller and I. C. Anderson), 252 

Bacteria Ror Rot) : Occurrence of, in Scottish Soils (Dr. D. C. Graham), 61 
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Bacterial Antigen: Antibody Production by Lymphocytes after in vitro 
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Bacterial Cell Wall : Nucleotides and the (J. J. Armstrong, Prof. J. Baddiley, 
Dr. J. G. Buchanan and Dr. B. Carss), 1692 

Bacterial Chromatophores (Photosynthetic) : Suppression of Carotenoid 
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Elements in (Dr. J. Sinkovics), 566 
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Bacterial Oxidation of Lactose and Melibiose (Dr. B. P. Eddy), 904 

Bacterial Plant Pathogens : The Study of, review by W. C. Moore, 1094 
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D. Rowley), 1738 

Bactericidal Resorcitno!s : Enhancement of Mouse-virulence of Group A 
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Bacterium (Photosynthetic) : Specific Inhibition of Carotenoid Synthesis 
in a, and its Physiological Consequences (Inhibition of Carotenoid 
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Prof. R. Y. Stanier), 250 
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Baddiley, Prof. J., and others : Nucleotides and the Bacterial Cell Wall, 1692 
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glacial ? 1813 

Bagdasarian, Michael : A New Transaminase of Corynebacterium diphtheriae, 
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Bagnall, Dr. K. W. : Awarded the Corday-Morgan Medal and Prize for 1956 
of the Chemical Society, 947 

Bags (Plastic) : Propagation of Cacao in (R. Nichols), 580 
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Baker, Dr. J. R; : Elected a Fellow of the Royal Society, 88] 
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Practical Modern Microscopy, review, 589 
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Baker, W. P, : Influence of the Ambtent Medium on the Breakdown Voltage 

` of Sheet Insulating Materials, 1726 

Bakewell, Robert—Pioneer Livestock Breeder (Prof. H. Cecil Pawson), 
review by G. E. Fussell, 868 
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Balachandran, N. K., and others : 
of Microseisms, 646 
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Brown, Dr. R.: Cellular Basis for the Induction of Morphological Struc- 
tures, 1546 

Brown, Dr. R. (edited by Lindström, Dr. B., and) : Cytochemical Methods 
with Quantitative Aims—Biophysical and Biochemical Approaches 
(Proceedings of the Symposium held by the Institute for Medical 
Cell Research and Genetics, Karolinska Institutet, Stockholm, 1956), 
(Experimental Cell Research, Supplement 4), review, 1029 

Brown, R. Hanbury, and Lovell, Prof. A. C. B. : The Exploration of Space by 
Radio, review by Dr. F. G. Smith, 1562 

Brown, Prof. T. Arnold : Retirement from the chair of mathematics in the 
University of Exeter, 1178 ; work of, 1178 

Brown, T. H., and others : Growth and Reproduction in Worm-free Sheep 
at Pasture, 168 

Brown, Prof. W. : Reproduction In Fungi, review, 297 

Brown, W. M. Court, and Doll, Dr. Richard : Awarded a David Anderson- 
Berry Prize for 1958 of the Royal Soctety of Edinburgh, 1571 

Brown Alga: Effect of Potassium Cyanide on Apparent Free Space In a 
(P. L. Bergqulst), 1270 

Extracellular Products in Pure Cultures of a (Dr. G. E. Fogg and 

G. T. Boalch), 789 
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(Bjørn Larsen and Arne Haug), 1224; Influence of Habitat on the 
Chemical Composition of Ascophyllum nodosum (Arne Haug and 
Bjørn Larsen), 1224 

Brown Rot Mould Poria vaillantii : Glycerol Metabolism of the (Bienvenido 
C. Sison, jun., and Walter J. Schubert), JOI5 

Browning, Dr. T. O, (Andrewartha, Dr. H. G., and) : Williamson’s Theory 
of Interspecific Competition, 1415 

Browning Reaction: A Novel Non-Enzymic (Dr. H. Rinderknecht and 
Dr. L. Jurd), [268 

Brownlsmo en México: El (Dr. J. J. Izquierdo), review by Dr. Douglas 
Guthrie, 296 

Brownlee, Dr. George : Title of professor of pharmacology in the Univer- 
sity of London at King’s College conferred on, 

Brucella abortus : Distribution of Radlo-iodinated, Acetone-killed, In the 
Tissues of Normal and Immune Mice (Dr. D. Sulitzeanu), 495 
Brucine : A New Method for separating Strychnine and, by Paper Chrom- 

atography (G. Dušinsky and Dr. M. Tyllov4), [335 
Brück, Prof. H. A. : Elected a Fellow of the Royal Society of Edinburgh, 739 
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Micrococcus lysodiekticus and Its Association with an Increased 
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Board and the) : Conference on the Mechanical Properties of Non- 
Metallic’ Brittle Materials, 1577 
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Injuries), 153 

Bull Semen : Labelling of, with Phosphorus-32 in vivo (Dr. R. M. C. Dawson), 
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6 


Burkhanov, VY. F. : The Great Northern Route Jn the U.S.S.R., 1245 
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Bursaries (Institution of British Agricultural Engineers), 885 
Bursaries (Commonwealth): Royal Soclety and Nuffield Foundation 
(Awards), 89 , 
Burson, D. M. (Cornwell, P. B., and) : Grain Weevils, Calandra granaria L. 
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Burton, K. : Energy of Adenosine Triphosphate, 1594 
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Button Shedding in the Coconut: Fortifying Influences of Coconut Milk 
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Cabinet Government and War, 1890-1940 (John Ehrman), 1752 
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Calcium in the Animal Economy, review by Dr. N. M. Hancox, 799 
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Calvin, Prof. M. (Bassham, Dr. J. A., and) : The Path of Carbon in Photo- 
synthesis, review by Dr. C. P. Whittingham, 1231 
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at the University of Birmingham, 1181 


lxxviii 
Marston, Dr. Hedley R., and others : Provision of Cobalt to Ruminants by 
means of Heavy Pellets, 1367 
Martin, Dr. A. E. : Integration of Absorption Bands, [195 
Martin, Dr. A. J. P.: Column Packings for Gas Chromatography, 604 
Martin, D. L. : Melting, Diffusion and related Topics (Measurements in the 
Region of Melting), 319 
Martin, Dr. F. S. : The British Nuclear Energy Conference—Symposium on 
Nuclear Energy, 735 
Martin, Sir Leslie: Appointed part-tIlme commissioner to the Australlan 
Atomic Energy Commission, 1246 
Martin, L., and Claringbold, Dr. P.J. : A Highly Sensitive Assay for CEstro- 
ens, 620 
Martin’ L. H.: ‘Whistlers’ in the Antarctic, 1796 
Martin, M. Mencer, and Walker, Geoffrey : Rubidium-86 as a Tracer of 
Potassium in Man, 705 
Martinsons, Dr. E. (Helgebostad, Dr. A., and): Nutritional Anaemia in 
Mink, 
Marton, L. (edited by): Advances in Electronics and Electron Physics, 
Vol. 9, review by Dr. J. A. Saxton, 1688 
Mascitelli-Coriandoli, E., and others : Effect of Creatine Phosphate Admin- 
istration on the Cardiac Adenosine Triphosphate of Thyroxinized 
Rats, 419 
Cardiac Damage caused by Experimental Stress, 1215 
Mascitelli-Corlandoli, E. (Angelucci, Dr. L., and) : Anticholestarol Activity 
of a-Lipoic Acid, 911 ` 
Masculinizing Action of Pregneninolone on Female Gonads in the Cyprino- 
dont, Lebistes reticulatus R. (Dr. T. Mohsen), 1074 
‘Masked Lipid’ in Mouse Pancreas: Occurrence of (S. Bradbury and 
B. -P. Clayton), 1347 
‘Masked’ Lipids : Demonstration of, in the Oocytes of Chrotogonus trachyp- 
terus with Sudan Black B and Phenol ‘Unmasking’ Techniques (Brij L. 
Gupta), 555 
Mason, Dr. B. J.: Physics of Water and Ice (Transitions from Water to Ice, 
and from Water-vapour to Ice), 382; (Super-cooling and Freezing 
of Water Drops), 382 
The Physics of Clouds, review by J. R. Atkinson, 1298 
Mason, Dr. B. J. (Hallett, J., and) : Influence of Organic Vapours on the 
Crystal Habit of Ice, 467 
Mason, Vice-Admiral Sir Frank : Appointed chalrman of the Mechanical 
Engineering Research Board of the Department of Scientific and 
Industrial Research, 1576 
Mason, Dr. R. : Electron Mobllity In Biological Systems and its relation to 
Carcinogenesis, 820 ` 
Mason, Revel: An Early Stone Age (Later African Challes-Acheul) Site at 
Wonderboom South, Pretoria, 1377 
Mason, Dr. Warren P.: Properties of Synthetic Plezoelectric Crystals, 
review, 588 
Mass Measurements (Critical), for the Merlin Research Reactor (D. R. 
Chick, K. Firth, M. Kerridge and A. J. Salmon), 1171 
Mass-Spectrometer : Assay of Isotopic Nitrogen by (A. P. Sims and Dr. 
E. C. Cocking), 474 
Mass-Spectrometric Observations of lons in Flames (P. F. Knewstubb and 
Dr. T. M. Sugden), 474 
Mass-Spectrometric Observations of fons in Hydrocarbon Flames (P. F. 
Knewstubb and Dr. T. M. Sugden), 126] 
Mass Spectrometry (Mass Spectrometry Panel of the Hydrocarbon Research 


Group of the Institute of Petroleum and Committee E-I4 of the ` 


American Soclety for Testing Materials Conference on), 1771 
Mass Spectrometry: lon Identification in Flames by (J. Deckers and Prof. A. 
Van Tiggelen), 1460 
Massachusetts Institute of Technology : Establishment of the Department 
of Nuclear Engineering, | 106 
Appointment of Dr. Manson Benedict as head of the Department of 
Nuclear Engineering, I 106 
Soviet Education for Science and Technology (Alexander G. Korol), 1491 
Massey, Prof. H. S. W., and Boyd, Dr. R. L. F.: Scientific Observations of 
the Artificial Earth Satellites and their Analysis, 73 
Massey, Dr. Vincent : Introduction to Enzymology, review, 1029 
Massola, Aldo : Drum Types of Eastern New Guinea, 1639 
Masson, J. L. : Appointed senior assistant conservator of forests, Northern 
Nigeria, 458 
Mast Cells (Dr. Tadeus Niebroj), 991 
Mast Cells in Non-Epidermal Stratified Squamous Epithelium : The Den- 
dritic Cell System and (Dr. L. O. Zwillenberg), 1343 
Mastership of Clare College, Cambridge, 1038 
Masterton, J. P. (Lewis, H. E., and) : Nutrition and Climatic Stress (Some 
Aspects of the Feeding of Field Expeditions In Cold Climates), 1644 
Mated and Unmated Females of an African Strain of Aedes aegypti : Biting 
Behaviour of (M. M. J. Lavoipierre), [781 
Materia Medica at Edinburgh, 882 
Materials (Engineering) : The Sclence of (edited by J. E. Goldman), review 
by K. J. Pascoe, 1496 
Materials (High-Molecular) : Physics of (Dr. L. R. G. Treloar), 1633 
Materials (Insulating): Triboelectricity and Electron Traps in—some 
Correlations (Dr. E, Fukada and Dr. J. F. Fowler), 693 
Materials (Non-Metallic Brittle): Mechanical Properties of (Mining Research 
Establishment of the National Coal Board and the Building Research 
Station of the Department of Scientific and Industrial Research 
Conference on), [577 . 
Materials (Sheet Insulating): Influence of the Ambient Medium on the 
Breakdown Voltage of (YW. P. Baker), 1726 
Materials (Textile) : Mechanical Properties of (Textile Institute Conference 
on), 1640 
Mathematical Assoclation : Annual General Meeting, 1107, 1310 
Presidential Address, Secondary School Mathematics—an International 
Survey (W. J. Langford), 1107, 1310 
Mathematical Colloquium : Tenth British, [61 
Mathematician Extraordinary, review by Dr. Graham Higman, [365 
Mathematics at Bedford College, 670 
Mathematics at the University of Exeter, [178 
Mathematics in Secondary Schools, review by W. J. Langford, 979 
Mathematics : Applied (Proceedings of Symposia, Vol. 7, Applied Proba- 
bility), (American Mathematical Society), 245 
Secondary School—an International Survey (W. J. Langford), 1107, 1310 
The Teaching of (Incorporated Association of Assistant Masters in 
Secondary Schools), review by W. J. Langford, 979 


INDEX 


Mathematics and Computers (Dr. George R. Stibitz and Prof. Jules A. 
Larrivee), review by Dr. M. Y. Wilkes, 1755 

Mathematics (Applied), at Durham, 312 

Mathematics (Applied): Recent Advances in, review by Dr. R. K. Livesley, 979 

Mathematics (Modern), for the Engineer (edited by Prof. Edwin F. Becken- 
bach), review by Dr. R. K. Livesley, 979 

Mathematics (Pure), at Cambridge, 528 : 

Mathematics Research Center, United States Army: Symposium on 
Numerical Approximation, 531 

Mathematics and Statistics for Use in Pharmacy, Biology and Chemistry 
(L. Saunders and R. Fleming), review by Dr. D. J. Finney, 147 

Mather, Dr. J. W. (Hagerman, Dr. D. C., and): Controlled Release of 
Thermonuclear Energy—Neutron Production in a High-Power 
Pinch Apparatus, 226 

Mather, Prof. K. : Chromosome Science, review, 973 

Matheson, N. A. (Hunt, Sheila M. V., and) : Adenosine Triphosphatase and 
Contraction in Dehydrated Muscle Fibres, 472 

Mathews, Dr. Martin B. : Isomeric Chondroitin Sulphates, 421 

Mathot, V. (Prigogine, Prof. L, with the collaboration of Bellemans, A., and) : 
The Molecular Theory of Solutions, review by Prof. H. C, Longuet- 
Higgins, 978 

Mating : Influence of Time of, on the Segregation Ratio of Alleles at the 
T Locus in the House Mouse (Dr. A. W. H. Braden), 786 

Mating Types required for Balance’in Multipoint Linkage Programmes : 
Number of (A. W. F. Edwards), 503 

Matrices (Preference) : The General Relationship between Test Factors and 
Person Factors—-Application to (Patrick Slater), 1225 

Matsuda, Ryuichi, and Usinger, Robert L.: Insects of Micronesia, Vol. 7, 
Ney 3, Heteroptera Aradidae (Bernice P, Bishop Museum, Honolulu), 

Matsudaira, H., and others : A Comparative Biochemical Study of Nucleo- 
histones from Different Vertebrates, 343 

Matsushima, Yoshio : Forestry in Japan, [31] 

Matsuyama, G. (Kolthoff, Prof. |. M., and Belcher, R., with the co-operation 
of Stenger, V. A., and): Volumetric Analysis, Vol. 3, Titration 
Methods, Oxidation-Reduction Reactions, review by E. I. Johnson, 800 

Matsuyama, M., and others : Inhibiting Effecg of Chlorpromazine on the 
Experimental Production of Liver Cancer, 54 

Effects of certain Compounds related to Trypan Blue on the Experimen- 
tal Production of Liver Cancer, 1732 

Matter (Organic) : Effect of the Nitrogen and Sulphur Content of, on the 
Production of Ammonium and Sulphate (N. J. Barrow), 1806 

Matthews, Sir Bryan : Appointed a vice-president of the Royal Society, 87 

Matthews, H. l, : Electron Microscopy, review, 1626 i 

Matthews, Dr. R. E. F.: Plant Virus Serology, review by Dr. Kenneth M. 
Smith, 72 . 

Matthey, Prof. Robart : Mammalian Development, review, 1497 

Mattingly, P. F, : Noxious and Obnoxious Insects of the Pacific, review, 1234 

Mature Vaccinia Virus : Structural Differential in the Nucleoid of (Dr. M.A. 
Epstein), 784 

Maturity (Sexual), in the Domestic Fowl: Light and (T. R. Morris and 
S. Fox), 1453 

Maule, Dr. H. G.: At the thirteenth International Congress of Applied 
Psychology (Usefulness of Training Courses by Correspondence for 
Patients staying for long periods in British Hospitals), 1580 

Maule, J. P, : Elected a Fellow of the Royal Society of Edinburgh, 739 

Mauny, R. : The Development of the West African Environment, 1580 

Maw, W. A., and others : Presence of Estrone, Estradiol and CEstrio] in 
Extracts of Ovaries of Laying Hens, 351 

Mawby, M. A. E. : Honorary membership of the Institution of Mining and 
Metallurgy conferred on, 137 

Maxwell, A., and Swarup, G.: A New Spectral Characteristic in Solar 
Radio Emission, 36 

May and Baker, Ltd. : Drying of Winchester Bottles, 161 

Mayer (André) Fellowships (Food and Agriculture Organization of the 
United Nations), [110 

Mayer (Charles Léopold) Prize for 1957 of the Société de Chimie biologique 
awarded to Prof, J. Brachet, [182 

Mayer, Prof. R. F. : Nominated as national representative for Portugal on 
the North Atlantic Treaty Organization Science Committee, 739 

Mayhew, Y. R. (Rogers, G. F. C., and): Engineering Thermodynamics— 
Work and Heat Transfer, review by Dr. J. H. Horlock, 1028 

Mayneord, Prof. W. V., and others : Alpha-Ray Activities of Humans and 
their Environment, 518 

Mayorcas, R.: Flames and Industry (Relevance of the work of the Inter- 
narional Flame Research Foundation to Conditions in Steel Furnaces), 


Mayr, Dr. Ernst: Awarded a Silver Darwin—Wallace Commemorative 
Medal by the Linnean Society of London, |177 

Mazur, Dr. P. : Freezing and Drying, 1694 

Mead, J. A. : Physical Properties of Polymers, 1634 

Mead, Dr. Margaret : Awarded a Viking Fund Medal and Prize for 1957 by 
the Wenner-Gren Foundation, 882 

Meadows, R. W.: Long-Distance Radio Propagation above 30 Mc. fs. 
(Research on lonospheric Scattering), 1185 | 

Mean Free Path of Phonons in a Lead Crystal (G. J. McCallum and P. A. 
Egelstaff), 643 

Meaning of Density-Dependence and related Terms in Population Dynamics 
(Dr. M. E. Solomon), 1778 ; (Prof. G. C. Varley), 1780 

Meaning of Eddington’s ‘Fundamental Theory’: The Development and 
(Dr. Noel B. Slater), review by Prof. W..H. McCrea, 214 

Measurement of Air Pollution—Recommended Methods for Deposited 
Matter, Smoke and Sulphur Dioxide (Fuel Research Board), 1244 

Measurement of Colour (Prof. W. D. Wright), second edition, review by 
Dr. W. S. Stiles, 1297 

Measurement of the lonospheric Faraday Effect by Radio Waves reflected 
from the Moon (Fred B. Daniels and Siegfried J. Bauer), 1392 

Measurement of Iron Lost into and Re-absorbed from Gastro-intestinal 
Bleeding Lesions: Isotopic Tracer Method for (M. Roche, M. E. 
Perez-Gimenez and A. Levy), errata, 603 

Measurement of Levels of Health (World Health Organisation, Technical 
Report Series No. 137), 1244 

Measurement of Low Vapour Concentrations by Collision with Excited Rare 
Gas Atoms (Dr. J. E. Lovelock), 1460 

Measurement of the Neutron Spectrum from ZETA (B. Rose, A. E. Taylor 
and E. Wood), 1630 


INDEX 


Measurement of Nuclear Magnetic Moments in Atomic Beams (Dr. G. K. 
Woodgate and P. G. H. Sandars), 1395 

Measurement (Automatic), of Quality in Process Plants (Society of Instru- 
ment Technology Conference on), | 

Measurement (Colour) : Scope and Limits of (Colour Group.of the Physical 
Society Symposium on), 1704 

Measurement (Magnetic), of Plasma Confinement in a Partially Stabilized 
Linear Pinch (Controlled Release of Thermonuclear Energy), (Dr. 
L. C. Burkhardt, Dr. R. H. Lovberg and Dr. J. A. Phillips), 224 

Measurement (Thickness), of Epitaxially Grown Films (Dr. O. S. Heavens and 
D, C. Pandeya), 1394 

Measurements of the Thickness of the Helium Film (Prof. L. C. Jackson), 527 

Measurements (Critical Mass), for the Merlin Research Reactor (D. R. 

-~ Chick, K. Firth, M. Kerridge and A. J. Salmon), 1171 

Measurements (Temperature), of Shock Waves by the Spectrum-Line 
Reversal Method (J. G. Clouston, Dr. A. G. Gaydon and Prof, |. L 
Glass), 1325 

Measuring Evaporation from Natural Surfaces : An Instrument for (R. J. 
Taylor and A. J. Dyer), 408 

Measuring Synthesis of Deoxyribonucleic Acid : Pitfalls of Specific Radio- 
activity in (Dr. L. G. an 1609 

Meat : Quality in (D. M. Joubert), 394 

Mechanical Engineering in the University of Western Australia, 86 . 

Mechanical Engineering Research Board : Appointment of Vice-Admiral 
Sir Frank Mason as chairman, 1576 

Mechanical Engineering Research Laboratory of the Department of Scientific 
and Industrial Research, East Kilbride : Open Days, 743 

Mechanical Engineers, Institution of : International Discussion on Lubrica- 
tion and Wear, correction, 161 

Management Control of Small Engineering Firms (L. Fontaine, J. W. 

Walker and W. R. Spencer), [113 An 

Mechanical Properties of Crystals: Dislocations and—an International 
Conference held at Lake Placid, 1956 (edited by J. C. Fisher, W. G. 
Johnston, R. Thompson and T. Vreeland, Jr.), review by Dr. R, A. 
Hyman, 1562 de 

Mechanical Properties of Non-Metallic Brittle Materials (Mining Research 
Establishment of the National Coal Board and the Building Research 
Station of the Department of Scientific and Industrial Research 
Conference on), 1577 

Mechanical Properties of Textile Materials (Textile Institute Conference on), 
1640 


Mechanics of Normal Muscular Activity (Dr. R. J. Whitney), 942 , 

Mechanics of Stellar Systems : Introduction to the (Rudolf Kurth), review by 
Dr. R. H. Garstang, 1029 

Mechanics’ Institutes of Lancashire and Yorkshire before 1951 (Dr. Mabel 
Tylecote), review by Prof. W. H. G. Armytage, 485 

Mechanism of Additlon Reactions : An Electronic (Lakhbir Singh), 110; 
(D. W. Davies), 903 ne 

Mechanism of Bacterial Cell Separation : Chaining and Unchaining Strepto- 
coccus faecalis—a Hypothesis of the (Dr. Iwo Lominski, John 
Cameron and George Wyllie), 1477 

Mechanism in Behaviour, review by Dr. J. T. Eayrs, 216 

Mechanism of Deposition and Extension of Primary Cell Walls (G. Setter- 
field and S. T. Bayley), 530 ; 

Mechanism of Gelation : The Biuret Complex of Gelatin and the (J. Bello 
and J. R. Vinograd), 273 

Mechanism of Insect Flight, review by Dr. Graham Hoyle, 971 

Mechanism of Oxidation-Reduction Reactions in Solution : One-Electron 
versus Two-Electron Transfer Processes in the (Prof. Joseph Weiss), 
825 


Mechanism of Resistance to Parathion in Musca domestica (L.), (F. J. Oppen- 
- oorth), 425 ; 
Mechanism ene : N-Terminal Histidine at the Active Centre of 
a (W. D. Stein), 1662 
Mechanisms of Formation of Stereolsomers of 2,3-Butanediol during 
Microblal Fermentation of Sugars (Mary B, Taylor and Dr. Elllot 
Junt), 1389 P 
Mechanisms (Behaviour), in Monkeys (Prof. Heinrich Klüver), second im- 
pression, review by Dr. J. T. Eayrs, 216 
Mechano-Chemical Anodic Dissolution (Dr. T. P. Hoar and J. M. West), 835 
Medal of the New York Academy of Medicine awarded to Dr. Alphonse R. 
Dochez, 238 
Medals of the Tokyo Geographical Society awarded to Prof. L. Dudley Stamp 
and Prof. Hans Ahlmann, 20 , 
Medawar, Prof. P. B. : The Uniqueness of the Individual, review by Dr. D. A. 
Parry, 969 
Medd, D. L. : Awarded a Home Civil Service Fellowship of the Common- 
wealth Fund, 1181 
Media: Influence of, on the Counts of Clostridium butyricum in Soils (Dr. 
D. J. Ross), 1142 
Media Free of Insoluble Constituents : Culture of Nitrosomonas europaea in 
M. S. Engel and Prof. M. Alexander), 136 
Medical Association for the Study of Health and Living Conditions, Inter- 
national : Formation of an, 464 
Medical Colour Television, 1768 tt 
Medical Conference on the Influence of Living and Working Conditions upon 
Health, 464 
Medical Radiation Biology (Friedrich Ellinger), review, 984 
Medical Research : Beit Fellowships for, 1507 p 
Statistical Tables for Biological, Agricultural and (Prof. Sir Ronald 
Fisher and Dr. Frank Yates), fifth edition, review, 299 
The Support of (edited by Sir Harold Himsworth and J. F. Delafres~ 
naye), a Symposium organized by the Council for International 
Organizations of Medical Sciences, review, 147 
Medical Research, National Institute for : Appointment of Dr. D. G. Evans 
as director of the Division of Biological Standards, 673 
Medical Research (British) : Architect of, review by Sir William Gavin, 513 
Medical Research Council: Requests for Compounds in the Steroid 
Reference Collection, 315 
History and Work of the Industrial Psychology Research Group (R. 
Marriott), 1772 i , 
Medical Sciences, International Organizations of: Symposium on the 
Support of Medical Research (edited by Sir Harold Himsworth and 
J. F. Delafresnaye), review, 147 i 
Handbook on the Planning of International Meetings, 1574. 
Medical Students and Practitioners (Report of the Willink Committee on), 18 


Ixxix 


Medical Uses of lonizing Radiations (Sir Ernest Rock Carling), 93 
Medicina: Elementos de (Dr. John Brown), Spanish translation from a 
manuscript by Dr. Don Luis José Montana (edited by Dr. J. J. 
Izquierdo), review by Dr. Douglas Guthrie, 296 
Medicinal Plants (Indian) : Glossary of (R. N. Chopra, S. L. Nayar and I. C. 
hopra), review by S. B. Challen, 984 
Medicine : Radiation Physics in, review by G. W. Reed, 727 
Tropical, review by Prof, P. C. C, Garnham, 1428 
Medicine foci) at Aberdeen, 740 
Medicine (Social and Preventive), at Belfast, 599 
Medulla (Adrenal), of the Sheep Foetus : Response of the, to Asphyxia (Dr. 
R. S. Comline and Marian Silver), 283 
Meek, Dr. E. S. (Hewer, T. F., and) : Intestinal Carcinoma in Mice following 
injection of Herring-Sperm Deoxyribonocleic Acid, 99 
Meeuse, Prof. B. J. D., and Fluegel, Walter : Carbohydrases in the Sugar- 
Gland Juice of Cryptochiton (Polyplacophora, Mollucca), 699 
Megaloblasts to Normoblasts : Transformation of, by Cultivating Human 
Bone Marrow in Presence of Vitamin Bra and Vitamin Br2-binding 
Protein (Dr. I. Pend! and Dr. W. Franz , 488 
Mehler, Alan H.: Introduction to Enzymology, review by Dr. Vincent 
Massey, 1029 
Mehra, Prof. P. N., and Loyal, D. S. : Chromosome Number of Marsilea, 577 
Mehta, R. K., and others: Induced Polyploidy in Egyptian and Indian 
Clovers, 32 
Meikle, R. D. : Snowdrops and Snowflakes, review, 1691 
Meiklejohn, Dr. A.: Elected a Fellow of the Royal Society of Edinburgh, 739 
Meinel, Dr. Aden B Appointed director of the new United States 
National Astronomical Observatory, 740; work of, 740 
Melanin Patterns and of Hardening : Induction of, as Separate Processes 
in the Cuticle of Albino Locusts with Internally Absorbed Phenol 
Substrates (Dr. B. M. Jones and W. Sinclair), 926 
Melanocyte-stimulating Hormone : Behavioural! Changes in Animals after 
Intracisternal Injection with Adrenocorticotrophic Hormone and 
(Prof. W. Ferrari), 925 
Melanocytes in the Skin: Effect of Ovariectomy, Estrogen and Progester- 
one on the Activity of the (P. G. Bischitz and Dr. R. S. Snell), 1413 
Effect of Testosterone and Orchidectomy on the Activity of the 
(P. G. Bischitz and Dr. R. S$. Snell), 187 
Meldola Medal for 1957 of the Society of Maccabaeans, 161; awarded to 
, Dr. David John Manners by the Royal Institute of Chemistry, 1374 
Melibiose : Bacterial Oxidation of Lactose and (Dr. B. P. Eddy), 904 
Mellanby, Dr. K. : Nature of Immune Responses in Parasitism (Reactions 
to Insect Bites and Infestation by Mites and Ticks), 465 
Professional Problems of Biologists serving Overseas, 677 
Science and Society, 1183 
Water Content and Insect Metabolism, 1403 
Melnick, S. C. : Occurrence of Collagen in the Phylum Mollusca, 1483 
Melophagus ovinus (L.) : Transfer of Sheep Keds, from Ewes to their Lambs 
(W. A. Nelson), 56 
Melting, Diffusion and related Topics (Low Temperature and Solid State 
Physics Group of the Division of Pure Physics of the National 
Research Council of Canada Symposium on), 319 
Meltzer, Dr. B. : Magnetic Constriction in Simple Diodes, 1332 
Meltzer, Dr. B., and Brown, I. F.: Digital Field Computers, 1384 
Meltzer, Mona R., and others : A Mammalian Activity Rhythm independent 
of Temperature, 1598 i 
Malville, Dr. Colin : An Apparent Beneficial Effect of Gamma-Radiation 
on the Flour Mite, 1403 


Melville, Sir Harry : Chemical Structure and Physical Behaviour of High 


oann (Kelvin Lecture of the Institution of Electrical Engineers), 


Recent Advances in Polymer Technology, 1303 

Membrane (Innervated and Non-innervated), of an Isolated Single Electro- 
plax of the Skate : A Method for Studying separately the Properties 
of the (Dr. Ernest Schoffeniels), 287 

Membrane (Plasma (8-Cytomembrane) : Occurrence of Foldings of, in 
Cells of Pig's Carpal Organ as revealed by Electron Microscopy 
(K. Kurosumi and T. Kitamura), 489 

Membrane Filter in Mycological Class-work: Use of the (Dr. Sigurd 
Funder), 1606 

Membrane Resistance and Threshold of Atrial Muscle Fibres: Effect of 
rea de on the (Dr. Edward A. Johnson and P. A. Robertson), 


Membrane-like Fraction (A Cytoplasmic), [rom Cells of the Ehrlich Mouse 
Ascites Carcinoma (Prof. P, C. Rajam and Anne-Louise Jackson), 1670 

Membranes (Erythrocyte) : Physicochemical Investigations of (A. Teitel 
and N. Marcus), 714 

Men : Fossil (Prof. Marcellin Boule and Prof. Henri V. Vallois), translated 

from the fifth French edition by Michael Bullock, review by Sir . 

Wilfrid Le Gros Clark, 1165 : 

Men against the Frozen North (Ritchie Calder), review by Dr. G.'C. L. 
Bertram, 729 

Men, Steel and Technical Change (Olive Banks and Dr. W. M. Scott), 1180 

Mendel, H., and others : Interaction in lonic Solutions (X-Ray Diffraction 
Studies of Aqueous Electrolyte Solutions), 241 ; 

Mendelssohn, Dr. K.: What is the Right Attitude to Science ?, 88 

Meningopneumonitis Virus : Growth of, in Normal and Immune Guinea 
Pe Monocytes (Prof. Albert A. Benedict and Clarence McFarland), 


Menzies, Rt. Hon. R. G. : Laboratories of the Australian Atomic Energy 
aea msson and the first Australian Nuclear Reactor opened by, 
33 


8-Mercaptoethanol : Effects of, on Morphogenesis in Amphibian Eggs (Prof. 
J. Brachet), 1736 : 

G ae D. M. A. : Flow Noise (Effect of Nicking on Organ Flue Pipes), 

Mercer, E. H. : Fixation of Bacteria for Electron -Microscopy, 1550 

Mercer, Councillor T. G. : Microtexts and Microrecording, 1573 

Mercury Discharge Spectrum : Colour Filters for the 4358-A. line of the 
(Dr. A. Burawoy and A. G, Roach), 762 

Mercury Line (Green) : Width of the, from a 198-Isotope Lamp (Dr. H. 
von Kliiber), 1007 

Mercury-Drop Electrode: A Rotating Hanging (E. Barendrecht), 764 

Meredith, Prof. R. : Elected a Fellow of the Royal Society of Edinburgh, 739 

Meridian (Effective Magnetic), for Cosmic Rays (J. R. Storey, Dr. A. G. 
Fenton and K. G. McCracken), 34 


[XXX 


Merino Sheep Tr T, © A Dominant Felting Lustre Mutant Fleece-type 
in (Dr. B. F. Short), 1414 

Meristem (Apical): Cytological Techniques and the (Prof. C. W. Wardlaw), 
237 


Meristematic Tissues : Graft Unions between, 530 ; 
Merle, Mile. : Flow Noise (The ‘Back Reaction’ or Resonance Mechanism), 
389 


Merlin Research Reactor: Critical Mass Measurements for the (D. R. 
Chick, K. Firth, M. Kerridge and A. J. Salmon), 1171 

Merulius lacrymans and M. himantioldes : Relationship between (L. Harmsen, 
B. K. Bakshl and T. G. Choudhury), 101 i 

Mervyn Premium of the Television Society awarded to Dr, E. L. C. White, 
1246 i 


Meryman, Dr. H. T. : Freezing and Drying, 1694 
Mesopause Region of the lonosphere (Dr. J. B. Gregory), 753 


Mesothoracic Leg of the American Cockroach (Periplaneta americana Li 


Muscle Fibres of the Fast and the Slow Contracting Muscles of the 
(W. A. Smit), 1073 ; 

Meta- and Para- Xylenes in- Aromatic Mixtures : Gas Chromatographic 
Separation of (Dr. Albert Zlatkis, Lawrence O’Brien and Philip 
R. Scholly), 1794 

Metabolic Products (Nitrate) : Adverse Effect of, on Sheep Growth (N. D. 
Jamieson), 1601 i 

Metabolic Rate and Body Temperature in Hypophysectomized Rats and the 
Action of Cortisone : Immediate Effect of l-3 : 5: 3'-Tri-iodothyro- 
acetic Acid on (Prof. Sz. Donhoffer, |. Várnai and E. Sziebert- 
Horvath), 345 

Metabolic Role of Xanthopterin (J. A. Blair), 996 A 

Metabolism : Calcium (Prof. J. T. Irving), review by Dr. E. J. Hewitt, 799 

Metabolism of Azotobacter vinelandii : Silicate in the (Dr. R. F. Keeler and 
J. E. Varner), 127 , 

Metabolism of Barley Grain : Influence of the Enclosing Protective Tissues 
on the (F. S. Mitchell, F. Caldwell and G. Hampson}, 1270 

Metabolism of Marine Flagellates (R. G. S. Bidwell), 1769 

-Metabolism of the Perfused Cat Brain during Metrazo! Convulsions and 
Electroshock (C. Allweis and Dr. J. Magnes), 626 S 

Metabolism (Adenosine Triphosphate), in the Rabbit Erythrocyte in vivo 

i or: Bertram A. Lowy, Dr. Bracha Ramot and Dr. Irving M. London), 
32 

Metabolism (Algal), and Ecology : Role of Plant Hormones in (Dr. Joyce 
A. Bentley), 1499, erratum, 1703 er. 

Metabolism (Arginine), of some Higher Plants : Occurrence of Ornithine 
in Sulphur-deficient Flax and the Possible Place of Ornithine and 
Citrulline in the (R. G. Coleman), 776 

Metabolism (Chlorophyll), and Nodule Formation in Soya Bean: Relation 
between (C. Sironval), 1272 ae : 

Metabolism (Glycerol), of the Brown Rot Mould Poria vaillantii (Bienvenido 
C. Sison, jun., and Walter J. Schubert), 1015 

Metabolism (Insect) : Water Content and (Dr. Kenneth Mellanby), 1403 

Metabolism (Nitrogen), of Plants: Trace Metals in the (Dr. D. J. D. 
Nicholas), 672 

Metabolism (Ribonucleic Acid), 
of Chloramphenicol on (Prof, Itaru Watabane, 
Dr. Kin-ichiro Miura), 1127 

Metabolism (Serotonin), in Herbivores (Kengo Nakai), 1734 

Meu (Thyroxine), by Extracts of Rat Liver (Lawrence G. Plaskett), 


in E. coli infected with T2 Phage: Effect 
Dr. Yukio Kiho and 


Metabolite of Urocanic Acid ; Dye Reduction by a (Studies of Urocanic 
Acid), (Robert H. Feinberg and Prof. David M. Greenberg), 898 
Metabolites of some Rhizospheric Microflora of Egyptian Cotton Varieties ; 
Growth Responses of Fusarium oxysporum to (Dr. M. S. Naim and 
A. M. Hussein), 578 
Metabolites (Phenylalanine) : 
oxylase by (Dr. A. N. 
Metakaolin : Exothermic Reaction of, between 950° 
Demediuk and W. F. Golaj; 1400 
Metal Industry (Non-Ferrous), in !ndia—a aymper om held at the National 
Metallurgical Laboratory, 1954 (edited by Dr. B. R. Nijhawan and 
Dr. A. B. Chatterjea), review by Prof. F. C. Thompson, 1498 
Metal lons (Adsorbed), on the Surface of Cellulose Microfibrils : Electron 
paiaerieh Study of (D. S. Belford, A. Myers and Prof. R. D. Preston), 
Metal Sections : Observation of, by means of the 300-kV. Electron Micro- 
scope (Hidetsugu Tsuchikura and Keiji Ichige), 694 
Metal-Chelating Properties of Plant-Growth Substances (Dan Cohen and 
Ben-Zion Ginsburg and Dr. Carla Heitner-Wirguin), 686 
B'-Metal-combining Globulin : Method of Isolating the, from Human Blood 
Plasma (E. W. Boettcher, P. Kistler and Prof. Hs. Nitschmann), 490 
Metal-Enzyme Complex (SH-Dependent) : Phosphomannoisomerase, an 
(Dr. Friedrich H. Bruns and Ernst Noltmann), 1467 
Metallic Conduction : Plasma Approach to (Dr. Louis Gold), 1316 
Metallic lon : Effect of the, on the Infra-Red Spectra of Salts of Carboxylic 
Acids (Bryan Ellis and H. Pyszora), 181 
Metallic lons : Influence of, on the Reaction of Ethylene Diamine with 
Epinephrine and Norepinephrine (Prof. Guy Nadeau, L. P. Joly and 
G. Sobolewski), [061 
Metallographic Studies of Iron Carbide and Tungsten Carbide (F. J. Radd 
and L. H. Crowder), 258 
Metallurgical Aspects of Semi-Conductors (Metal Physics Committee of 
the Institute of Metals Symposium on), 238 
Métallurgie, Société Française de (Non-destructive Testing Group of the 
Institute of Physics and the): Joint Conference in Paris, 813 
Metallurgist (Ministry of lron and Steel of the U.S.S.R.), No. 1, 1180 
Metallurgists, Institution of : Behaviour of Metals at Elevated Temperatures 
(Lectures delivered at the Refresher Courses, 1956), review by Prof. 
F. C. Thompson, 1299 
Election of Officers, 1576 
Metallurgy at Cambridge, 1177 
Metallurgy of the Unusual (Dr. W. S. Kroll), 159 
Metals: The Band Theory of, and the Structure of the Fermi Surface 
(Physical Society Conference on), 525 
Grain Boundaries in (Dr. D. McLean), review by Prof. F. C. Frank, 976 
Pressure Welding of (Department of Industrial Metallurgy of the 
University of Birmingham Conference on), 1182 
ee Hardening of, by Spark Discharge (Prof. Hugh O’Nelll), 


Inhibition of 5-Hydroxytryptophan Decarb- 
Davison and Dr. M. Sandler), 186 
and [,000° C. (Thaisa 


INDEX 


Metals, Institute of : Election of Officers, 1181 
Platinum Medal awarded to Prof. R. S. Hutton, 1182 
Rosenhain Medal awarded to Dr. J. H. Hollomon, 1182 
Metals, Institute of (Metal Physics Committee): Symposium on 
lurgical Aspects of Semi-Conductors, 238 
a on Vacancles and other Point Defects in Metals and Alloys, 


Metal- 


Metals at Elevated Temperatures: Behaviour of (Lectures delivered at 
the Institution of Metallurgists Refresher Course, 1956), review by 
Prof. F. C. Thompson, [299 

Metals (Body-centred Cubic) : Localized Electrons in (J. S. Griffith and 
L. E. Orgel), 170 

Metals (Non-ferrous) : Surface Hardening of, by Spark Discharge (Dr. N. C. 
Welsh), !005 ; 

Metals (Ten) : Corrosion of, in Boiling Hydrochloric Acid when in Contact 
with Rhodium, Palladium, Iridium and Platinum (W. Roger Buck, 
Ill, and Henry Leidheiser, jun.), 1681 

Metals sTrave), in the Nitrogen Metabolism of Plants (Dr. D. J. D. Nicholas), 


Metals and Alloys : Vacancies and other Point Defects in (Metal Physics 
Committee of the Institute of Metals Symposium on), 449 
Metals and Alloys (Engineering): Industrial Failure of—a Symposium 
organized by the National Metallurgical Laboratory, 1953 {edited 
by Dr. B. R. Nijhawan), review by Prof. F. C. Thompson, 1498 
Metaphysics : Physics and, review by Prof. L. Rosenfeld, 658 
Physics and (Prof. Louis de Broglie), 1814 ; (Prof. L. Rosenfeld), 1814 
Metastable Polymers: Separation of, by Starch Gel Electrophoresis 
(Geoffrey Franglen and Cécile Gosselin), 1152 
Metcalf, R. L. (edited by) : Advances in Pest Control Research, Vol. |, 
review by Dr. K. A. Lord, [689 
Meteorite (Carbo) ; Distribution of Helium-3 in the (E. L. Fireman), 1725 
Meteorite Crater (Arizona) : Distribution of Meteoritic Debris about the 
(J. S. Rinehart), 1777 
Meteorite Fall (Sikhote-Alin) : Argon-39 In the (E. L. Fireman), 1613 
Meteoritic Debris : Distribution of, about the Arizona Meteorite Crater 
(J. S. Rinehart), 1777 
Meteoritic Stones : Origin of Chondrules in (Dr. L. J. Spencer), 680 
Meteorologica Sinica, Acta (Academia Sinica, Peking), 160 
Meteorological Office : Reorganization of the, 241 
Annual Report for 1956-57, 392 
Retirement of Dr. J. Glasspoole, [767 
Meteorological Society, Royal : Election of Prof. Tor Bergeron, Sir David 
Brunt, E. Gold, Prof. Sverre Petterssen and Sir George Simpson to 
honorary membership, [375 
Buchan Prize awarded to Dr. R. M. Goody, [375 
Hugh Robert Mill Medal and Prize awarded to L. C. W. Bonacina, 1375 
Discussion on Atmospheric Aerosols, [703 
Discussion on Aeronautical Meteorology, 1703 
Meteoro ory : Aeronautical (Royal Meteorological Society Discussion on), 
0 


Meteors; Radio Noise from (Gerald S. Hawkins), [610 

Metford, J. C. J. : Universities of Latin America, 

Methane Sulphonate (Ethyl) : Increased Rate of Plaque-type and Host- 
range Mutation following Treatment of Bacteriophage in vitro with 
(Dr. Anthony Loveless), 1212 

Methionine-"S (Uptake of), by the Cells of the Facial Nerve Nucleus : 
A Histoautoradiographic Study of the Effect of Section of the Facial 
Nerve on the (J. Fischer, Z. Lodin and Dr. J. Koloušek), 343 

Method : A Micro-electrophoretic (Dr. J. Kohn), 839 

Method of Isolating the f1-Metal-combining Globulin from Human Blood 
Plasma (E. W. Boettcher, P. Kistler and Prof. Hs. Nitschmann), 490 

Method for Isolating Pseudomonas morsprunorum Phages from the Soil (J. E. 
Crosse and M. K. HIngorani), 60 

Method of Reducing the Losses caused by Gloeosborium spp. 
Apples (Dr. D. M. Spencer and Dr. E. H. Wilkinson), 1603 

Method of Studying separately the Properties of the Innervated and Non- 
innervated Membrane of an Isolated Single Electroplax of the Skate 
(Dr. Ernest Schoffeniels), 287 

Method (Beta-Gamma Coincidence): Correction for the Gamma-Ray 
Sensitivity of the Beta-Counter in the Standardization of Cobalt-60 
by the (B. Owen and R. A. Lloyd), 396 

Method fo Jaa Ae yy for Studying Simple Compounds In Plants 
R. N. Greenshields), 280 

Method (Differential Thermal), for determining Reactivity of Calcium 
Oxide (T. L. Webb and T. van der Walt), 4} 

Method (Direct-Plating), for the Precise Assay of Carbon-I4 in Small 
Liquid Samples (Dr. C. C. McCready), 1406 

Method (Isotopic Tracer), for Measurement of Iron Lost into and Re- 
absorbed from Gastro-intestinal Bleeding Lesions (M. Roche, M. E. 
Perez-Gimenez and A. Levy), errata, 603 

Method (Low-Temperature Specimen), of Electron Diffraction and Electron 
Microscopy : Examination o Cellulose Fibre by the (Goro Honjo 
and Masaru Watanabe), 326 

Method (Microchemical), for the Determination of Sakaguchi-positive 
Antibiotics (Dr. I. Szilágyi and !. Szabó), 5 

Method (New), for the Chemical Determination of Rutin: Use of 
Defoliants for Drying Buckwheat in the Field, and a (VY. Brejcha 
and P. Horak), 505 

Method (New), for separating Strychnine and Brucine by Paper Chromato- 
graphy (G. DuSinsky and Dr. M. Tyllová), 1335 

Method (Optical), of Obtaining the Frequency Response of a Lens (K. 
Hacking), 1158 

Method (Rapid and Specific), for the Isolation of Pneumococcal Poly- 
saccharide (Dr. A. S. Markowitz and Jack R. Henderson), 771 

Mettiog.. (elentific) : Library Science and (Dr. S. R. Ranganathan), 


in Stored 


Method (Shorter Microbiological Assay), for Oxytetracycline and Chlor- 
tetracycline (Nyiri László), 648 

Method (Simple), for absorbing Heterologous Antibodies from Precipitating 
Sera (Dr, Joseph Böszörményi), 1344 

Method (Spectrum-Line Reversal) : Temperature Measurements of Shock 
Mg by the (J. G. Clouston, Dr. A. G. Gaydon and Prof. l. 1. Glass), 

Methodology of the Study of Ageing (Ciba Foundation Colloquia on Ageing, 
Vol. 3, edited by G. E. W. Wolstenholme and Cecilla M, O'Connor), 
review by Prof. P. L. Krohn, 74 


INDEX 


Methods : Biological Staining (George T. Gurr), sixth edition, review by 

S. Bradbury, 988 
Modern Computing (National Physical Laboratory, Notes on Applied 

Science No. 16), review by S. Weintroub, 985 

Methods In Enzymology (edited by Sidney P. Colowick and Nathan ©. 
Kaplan), Vols. 3 and 4, review by Dr. Edwin C. Webb, 1431 

Methods (Cytochemical), with Quantitative Alms—Biophysical and Bio- 
chemical Approaches (Proceedings of the Symposium held by the 
Institute for Medical Cell Research and Genetics, Karolinska Insti- 
tutet, Stockholm, 1956), edited by Dr. B. Lindström and Dr. R. 
Brown (Experimental Cell Research, Supplement 4), review, 1029 

Methods (Modern), of Microscopy (edited by A. E. J, Vickers), review by 
S. Bradbury, [096 

Methods (Newer Preparative), In Organic Chemistry (Chemical Society and 
the Fine Chemicals Group of the Society of Chemical Industry 
Symposium on), 239 

Methods (Scale-up), in Chemical Engineering : Pilot Plants, Models and 
(Dr. Robert Edgeworth Johnstone and Prof. Meredith W. Thring), 
review by Prof. D. M. Newitt, 1094 

Methods (Variational), for Eigenvalue Problems (Prof. S. H. Gould), review 
by Dr. R. G. Cooke, 978 

Methods and Criterla of Reasoning (Rupert Crawshay-Williams), review 
by Dr. C. K. Grant, 869 

38-Methoxy-5-androsten-[68-ol, a Cytostatic and Fungistatic Steroid (Prof. 
R. W. Jones, G. Rebell and Prof. M. N. Huffman), 49 

Methyl Chloride Vapour : Second Virial Coefficient of (the late Prof. R. 
Whytlaw-Gray, C. G. Reeves and Dr. G. A. Bottomley), 1004 

4-Methyl-2-thiouract! : Influence of, on the Teratogenic Activity of Hyper- 
vitaminosis-A (Dr. D. H. M. Woollam and Dr. J. W. Millen), 992 

Methylated Adenine Bases : Natural Occurrence of Thymine and Three, 
in several Ribonucleic Acids (Dr. J. W. Littlefield and Dr. D. B. 
Dunn), 254 

Methylesterase (Pectin), in Tobacco Pith Sections : Effect of 2,4-Dichloro- 
phenoxyacetic Acid on (K. T. Glasziou), 428 

y-Methylproline from the Hydrolysis of a Natural Product : a-Aminoiso- 
butyric Acid, B-Hydroxyleucine and (Prof. G. W. Kenner and R. C. 
Sheppard), 48 

Metmyoglobin with Hydrogen Peroxide: Free Radica! produced in the 
Reaction of (Dr. J. F. Gibson, Dr. D. J. E. Ingram and P. Nicholls), 
1398 


Metrazol Convulsions and Electroshock + Metabolism of the Perfused Cat 
Brain during (C. Allwels and Dr. J. Magnes), 626 
Metric System : British Association Inquiry into the, [57] 
Metrology and Gauging (S. A. J. Parsons), review by P. W. Harrison, 988 
Metropolitan-Vickers Irradiation Laboratory, 1775 
Metselaar, D., and others : Absence of Abnormal Haemoglobins in some 
Groups of the Papua Population of Dutch New Guinea, [279 
México : El Brownismo en (Dr. J. J. Izquierdo), review by Dr. Douglas 
Guthrie, 296 
Brunonian Doctrine In, review by Dr. Douglas Guthrie, 296 
Man and Mammoth in (Dr. Helmut de Terra), translated from the 
German by Alan Houghton Brodrick, review by Dr. G. H. S. Bushnell, 
1432 
Micas : Infra-Red Absorption of OH Bonds in (Dr. José M. Serratosa and 
- Dr. W. F. Bradley), IT! 
Mice : Calcium Exchanges of Ehrlich Ascites Tumour Cells of (Doreen 
Thomason and Raymond Schofield), 1207 
Demonstration of Antibody in Passive Transplantation Immunity to 
Crocker Tumour in, using the Schultz-Dale Technique (Prof. B, D. 
Baruah), 624 
Effect of Two Extreme Temperatures on Growth and Tail-length of 
(Dr. M. A. El-R. Ashoub), 284 
Intestinal Carcinoma in, following Injection of Herring-Sperm Deoxyri- 
bonucleic Acid (T. F. Hewer and Dr. E. S. Meek), 990 
Temporary Nutritional Stress and Infertility in (T. J. McClure), 1132 
Mice (Cancer-bearing and Lymphoma-bearing) : Erythrophagocytosis in 
(Ruth V. Ponder and Dr. Eric Ponder), 1537 
Mice (Normal and Immune): Distribution of Radioiodinated, Acetone- 
killed Brucella abortus in the Tissues of (Dr. D Sulitzeanu), 495 
Mice (Tolerant A Strain) : Litters from C3H and CBA Ovaries orthotopic- 
ally transplanted into (Prof. P., L. Krohn), 1671 
Mice T/T: In vitro Study of Cartilage Induction in (Dorothea Bennett), 
6 


Michael, Richard P. : Sexua! Behaviour and the Vaginal Cycle in the Cat, 
567 


Michelson, Dr. A. M.: Synthesis of Ribonucleic Acid, 303 
A Hypothesis for the Biosynthesis of Ribonucleic Acid and Protein, 375 
Michie, Dr. Donald (McLaren, Dr. Anne, and): An Effect of the Uterine 
Environment upon Skeletal Morphology in the Mouse, | 147 
‘Micro 58’, an Exhibition of Photography with the Microscope (Royal 
Microscopical Society), 1246 
Microbenthos of the Shore at Whitstable, Kent (E. J. Perkins), 791 
Microbial Attack : Resistance of Protein—Lignin Complexes, Lignins and 
Humic Acids to (Prof. D. L. Lynch and Prof. C. C. Lynch), 1478 
Microbial Fermentation of Sugars: Mechanism of Formation of Stereo- 
isomers of 2,3-Butanedio! during (Mary B. Taylor and Dr. Elliot 
Juni), 1389 
Microbial Growth Stimulants in Spleen (Dr. M. L. Littman and Dr. Michael 
A. Pisano), 285 
Microbiological Assay Method (A Shorter), for Oxytetracycline and Chlor- 
tetracyclire (Nyiri Laszlo), 648 
Microchemical Method for the Determination of Sakaguchi-positive Anti- 
biotics (Dr. J. Szilagyi and |. Szabó), 52 
Microclimate : Shelter Belts and (Dr. J. M. Caborn), 160 
Micrococcus lysodeikticus : Cytochromes of (F. L. Jackson and Valerie D. 
Lawton), 1539 
Development of, Resistant to Lysozyme (Prof. Gerald Litwack), 1348 
Development of Lysozyme-Resistance in, and its Association with an 
Increased O-Acety! Content of the Cell Wall (Dr. W. Brumfitt and 
Dr. A. C. Wardlaw, and Dr. J. T. Park), 1783 
The Pigment of (Prof. Gerald Llewack and A. F. Carlucci), 904 
Micrococcus pyogenes var. aureus: Incorporation of Disodium p-Nitro- 
phenylphosphate In Solid Medium for the Detection of Phosphatase 
Production by (H. R. Lovell), 995 
Microdiffusion Analysis and Volumetric Error (Prof. Edward J. Conway), 
fourth edition, review by E. 1. Johnson, 1029 


Ixxxi 


Micro-electrophoretic Method (Dr. J. Kohn), 839 

Micro Estimation of Urea (D. Watson and D. A. H. Pratt), 1475 

Microfibrillar Organization in Plant Cell Walls: Spatial and Temporal 
aration of (D. S, Belford, Dr. A. Myers and Prof, R. D. Preston), 


Microfibrils (Cellulose) : Electron Diffraction Study of Adsorbed Metal 
lons on the Surface of (D. S. Belford, A. Myers and Prof. R. D. 
Preston), 1516 

Microfilariae (Wuchereria bancrofti) : 24-Hr. Rhythms in Blood Eosinophils 
and, Before and After A'-9a-Fluorocortisol (Rudolf Engel, Dr. Franz 

; Halberg, W. L. P. Dassanayake and Justin de Silva), 1135 

Microflora (Rhizospheric), of Egyptian Cotton Varieties: Growth Re- 
sponses of Fusarium oxysporum to Metabolites of some (Dr. M. S. 
Naim and A. M. Hussein), 578 

Micro-fungi in Pine Litter (W. P. Kendrick), 432 

Micrographs (Electron), of a Crystalline Lattice Structure in Yolk Platelets 
9t he Amphibian Embryo (Shiichi Karasaki and Tsutomu Komoda), 


Micrographs (Electron), of Monolayers of Stearic Acid (Herman E. Ries, 
jun., and Wayne A. Kimball » 90l 
Micro-indentation : Surface Hardness of Explosive Materials by (Dr. G. 
Todd and E. Parry), 260 
Micronesia : Insects of (Dr. W. E. China), 818 
Insects of (Richard M, Bohart), Vol. 12, No. I, Diptera, Culicidae, 
review by P. F. Mattingly, 1234 
Micro-organisms : An Alternative Pathway for the Degradation of Cholic 
Acid by (Shohei Hayakawa, Yasuo Saburi, Keizo Tamaki and Hideyuki 
‘Hoshijima), 906 
Continuous Cultivation of (Institute of Biology of the Czechoslovak 
Academy of Sciences Symposium on), 1042 
Dependence of the Observed Oxygen Effect on the Post-Irradiation 
Treatment of (Tikvah Alper and Dr. N. E. Gillies), 96] 
Micro-organisms (Soil): Effects of Gibberellic Acid on (Dr. K. C. Lu, 
C. M. Gilmour, A. C. Zagallo and W. B. Bollen), 189 
Micro-organisms and Animal Tissues : Reduction of Organic Hydroperox- 
ides by (Dr. D. M. Updegraff and Dr. F. A. Bovey), 890 
Microrecording : Microtexts and (Proceedings of a Symposium held at 
Hatfield Technical College), 1573 
Microscope : Lecture Notes on the Use of the (R. Barer), second edition, 
review by S. Bradbury, 801 
‘Micro 58’, an Exhibition of Photography with the (Royal Micro- 
scopical Society), 1246 
Microscopic Optical Crystallography : An Improved Orientation Stage for 
H. G. C. Vincent), 693 
Microscopical Society, Royal : Election of John Bunyan as president, 238 
Honorary fellowships conferred on Dr. Edwin H. Land and Dr. Maria 
Rooseboom, 885 
‘Micro 58’, an Exhibition of Photography with the Microscope, 1246 
Microscopie : Traité de—Instruments et Techniques (A. Policard, M. Bessis 
et M. Locquin), review by Dr. John R. Baker, 589 
Microscopy : Analytical (Dr. T. E. Wallis), second edition, review by S. B. 
Challen, 1758 
aaen Mathods of (edited by A. E, J. Vickers), review by S. Bradbury, 


Practical Modern, review by Dr. John R. Baker, 589 
Microscopy To-day, review by S, Bradbury, 1096 
Microscopy Symposium : The 1958, 813 
Microseisms: Periodicity in Sea Roughness and Origin of (Dr. J. N. Nanda, 
K. Achyuthan and N. K. Balachandran), 646 
Possible Correlations between Earthquakes and (C. A. Nanney), 802 
Refraction of (H. M. lyer, D. Lambeth and B. J. Hinde), 646 
Microsomes and other Cell-Fractions of Rat Liver : Soluble Antigens in 
(Dr. P. Perimann and Dr, V. D'Amelio), 491 
Microsomes (Rat Liver), in a Cell-free System : Effect of Hypophysectomy 
on the Ability of, to incorporate Radioactive Amino-Acids into their 
Proteins (Dr. A. Korner), 422 
Microsomes (Reticulocyte) : Participation of, in the Incorporation of Iron 
into Haemoglobin (Dr. M. Rabinovitz and M. E. Olson), 1665 
Microtexts and Microrecording (Proceedings of a Symposium held at Hat- 
field Technical College), 1573 
Microtron : The (D. Aitken and Dr. R. E. Jennings), 1726 
Microwave Mixer: A New (Prof. H. M. Barlow, Dr. J. Brown and Dr. 
K. V. Gopala Krishna), 1008 
Microwave Spectra of Diazomethane and its Deutero Derivatives (A. P. 
Cox, Dr. L. F. Thomas and Dr. J. Sheridan), 1000 
Microwave Spectrum of Nickel Cyclopentadienyl Nitrosyl and the Configu- 
Foi the Molecule (A. P. Cox, Dr. L. F. Thomas and Dr. J. Sheri- 
dan), 1157 
Microwave Theory and Techniques (United States Institute of Radio 
Engineers Professional Group 1958 National Symposium on), 885 
Microwave Valves (Institution of Electrical Engineers International Con- 
vention on), 673, 1378 
Middle East Technical University, Ankara (Dr. Turgut Yaziciogly), 382 
Middle Jurassic (Scottish) : Palynology of the Brora Coa! of the (N. F. 
Hughes and R. A. Couper), 1482 
Middie Lamella of Plant Tissue : Evidence for a Protein Component in the 
—a Possible Site for Indolylacetic Acid Action (B. Z. Ginzburg), 398 
Middleton, L. J. : Absorption and Translocation of Strontium and Caesium 
by Plants from Foliar Sprays, [300 
Midland Industrial Film Association : Conference on the Industrial Film in 
Technical Education, 1508 
Midwestern Universities Research Association, Madison : Grant of 160,000 
dollars from the National Science Foundation, for the support of 
basic research entitled ‘High Energy Accelerator Studies’, 313 
Migrants : Internal Migration, a Study of the Frequency of Movement of 
(John A. Rowntree), (General Register Office, Studies on Medical 
and Population Subjects, No. 11), 1574 
Migrating Elvers (Anguilla vulgaris Turt.) : Use of Tidal Streams by (F. 
Creutzberg), 857 : 
Migration : Internal—a Study of the Frequency of Movement of Migrants 
(John A. Rowntree), (General Register Office, Studies on Medical 
and Population Subjects, No. 1!,) 1574 f 
Migrdichian, Dr. Yartkes : Organic Synthesis, Vol. !, Open-Chain Saturated 
Compounds; Vol. 2, Open-Chain Unsaturated Compounds, Ali- 
cyclic Compounds, Aromatic Compounds, review by Prof. John Read, 
515 


Ixxxii 
Mild Steel : Stress Condition for Brittle Fracture of (Prof. Takeo Yokobori 
and Prof. Hiroto Hamamoto and Akio Otsuka), 1719 f 
Mildew (Erysiphe polygoni DC) : Control of Turnip and Cabbage, by Zinc 
(Dr. J. A. Tomlinson and M. J. WW. Webb), 1352 
Miles, Prof. A. A., and Wilhelm, D. L. : Distribution of Globulin Permea- 
bility Factor and its Inhibitor in the Tissue Fluid and Lymph of the 
Guinea Pig, 96 
Miles, Dr. H. T., and others : Controlled Release of Thermonuclear Energy 
——A Stabilized High-Current Toroidal Discharge producing High 
Temperatures, 222 
Miles, Miss S. W.: Social Structure and Archaeological Setting of the 
Pokom-Maya in the Sixteenth Century, 1180 
Milford Haven Conservancy Bill, 937, 1040 
Milk : Acetylcholine in (Y. P. Whittaker), 856 
First and Second Cycle Casein in (Dr. T. A. J. Payens), 114 
Goitrogen of, produced on Kale (Evan Wright), 1602 . 
Interrelationships of the Concentrations of Sodium, Potassium, Lactose 
and Water in (J. A. F. Rook and Marian Wood), 1284 
Passive Transfer of Antitumour Factors through, in Rats (Prof. B. 
Sekla), 1600 Ea 
Rapid Determination of Casein in (J. Jakubowski, Z. Sienkiewicz and 
Eugenia Nowak), 1277 
Milk (Coconut), and Cow's Urine: Fortifying Influences of, on 2,4- 
Dichlorophenoxyacetic Acid in the Control of Button Shedding in 
the Coconut (S. R. Gangolly and Dr. K. M. Pandalai), 855 
Milk (Dried) : Effects of Crystallinity on the Infra-red Absorption Spectra of 
Lactose and (J. D. S. Goulden and Jonathan W. White, jun), 266 
Milk (Goat) : Inhomogeneity of a-Casein from (Dr. T. Hofman), 633 
Milk (Goat's) : Distribution of Carbon-I4 in Components of, with Sodium 
Formate -'4 C as Precursor (Samuel Misler, Leon Tumermanand Henry 
R. Roberts), 346 
` Milk (Strongly Heated) : Formation of Lactulose and Tagatose from 
l Lactose in (Susumu Adachi), 840 
Milk and Butterfat Recording (E. D. Ashton), review by Helen R. Chapman, 
982 


Miik Whey amani - Chromatographic Separation of Lactalbumin from, 
on Calcium Phosphate Columns (Dr. Bengt Johansson), 996 

' Milkweed Bug, Oncopeltus fasciatus (Dallas) : Hormonal Regulation of 
Reproduction in the (A. S. Johansson), 198 

Mill (Hugh Robert) Medal and Prize of the Royal Meteorological Society 
awarded to L. C. W. Bonacina, 1375 : 

Millar, Elaine C. P. (edited by Wolstenholme, G. E. W., and) : Ageing in 
Transient Tissues (Ciba Foundation Colloquia on Ageing, Vol, 2), 
review by Prof. P. L. Krohn, 74 

Millen, Dr. J. W., and Woollam, Dr. D. H. M.: 
Relationship in Experimental Teratogenesis, 418 

Millen, Dr. J. W. (Woollam, Dr. D. H. M., and): Influence of 4-Methyl-2- 
thiouracil on the Teratogenic Activity of Hypervitaminosis-A, 992 

Millenary Celebrations of Al-Mas‘Udi (Institute of Islamic Studies, Aligarh, 
and the Indian Society for the History of Science), 883 

Miller, D. M., and Colhoun, E. H. : Apparatus for Stimulation of Insect 
Sense-Organs by Air Puffs, 126 

Miller, D. S. (Platt, Prof. B. S., and): Nutritive Value of Proteins (The 
Quantity and Quality of Protein for Human Nutrition), 153 

Miller, Dr. E. J. : Novel Action of Potassium on a Yeast and a Counteraction 
by Aluminium, [91 

Miller, Dr. Genevieve : The Adoption of Inoculation for Smallpox in 
England and France, review by Dr. W. R. Bett, 1690 

Miller, Mrs. Margaret (Dunsheath, Dr. P., and): Convocation in the 
University of London—the First Hundred Years, 1442 

Miller, Sh. (Avi-Dor, Y., and): Effect of Electrolytes on the Uptake by 
Bacteria of Labelled Glutamate, 190 

Millington, Dr. A. J. (Callaghan, Dr. A. R., and): 
Australia, review by Dr. D. J. Watson, 730 

Millington, G. (Kitchen, F. A., and): Long-Distance Radio Propagation 
above 30 Mc./s. (Research on lonospheric Scattering), 1184 

Milne, A. A. : Contact Stresses (Rolling Contact), 1774 

Minami, Kazumori : Isolation of a Soil Coccus capable of utilizing ‘Tween 
80’ as a Sole Source of Carbon, 430 

Mine, T., and others : Effects of certain Compounds related to Trypan Blue 
on the Experimental Production of Liver Cancer, 1732 

Mineral (New) : Koutekite, a (Zdenek Johan), 1553 ; 

Mineralogical Society : The Differential Thermal Investigation of Clays 
(edited by Robert C. Mackenzie), review, 1561 

Mineralogy and Crystal Structure of Greenalite (R. Steadman and Dr. 
R. F. Youell), 45 

Minerals : Distribution of Radioactivity in Rocks and, and the Effect of 
Weathering on Determinations of Uranium (Dr. E. Hamilton), 697 

lsomorphous Replacement in the Kaolin Group of (Dr. R. F. Youell), 


Insulin—Cortlsone 


The Wheat industry in 


Minerals (Soil) : Release of Phosphate from, by Hydrogen Sulphide (Joan l. 
Sperber), 934 
Mining : Opencast, 889 
Mining Association Educational Trust (British Overseas) : Scholarships în 
Mining Engineering and related Subjects, 1771 
Mining Engineering and related Subjects : Scholarships in (British Overseas 
Mining Association Educational Trust), 1771 
Mining Engineers, Institution of : Election of T. A. Rogers as president for 
1959-60, 1378 
Mining Research Establishment of the National Coal Board, and the Building 
Research Station of the Department of Scientific and Industrial Re- 
search : Conference on the Mechanical Properties of Non-Metallic 
Brittle Materials, 1577 
Mining and Metallurgy, Institution of : Gold Medal for 1957 awarded to 
Dr. J. F. Thompson, 1375 
Honorary membership conferred on R. Annan, Dr. F. Dixey and on 
M. A. E. Mawby, 1375 
Consolidated Gold Fields of South Africa, Ltd. Gold Medal for 1956-57 
awarded jointly to K. E. Mackay and J. D. Johnson, 1375 
Consolidated Gold Fields of South Africa, Ltd. Premium for 1956-57 
awarded to J. Morison Caw, 1375 
Claudet (Arthur) Student’s Prize awarded to Dr. J. K. Almond, 1375 
} Frechville (William) Student’s Prize awarded to Dr. Barry Scott, 1375 
Mink : Nutritional Anaemia in (Dr. A. Helgebostad and Dr. E. Martinsons), 


1660 
Mink (British) : Cryptocotyle lingua in (H. Scott McTaggart), 651 


_ Model (Three-Dimensional), 


INDEX 


Minkoff, G. J. : Structure and Reactivity of Electronically Excited Species 
(Polymerization of Acetylene), 32 

Minnis, C. M. : Solar Activity and the lonosphere, 543 

Minnis, C. M., and Bazzard, G. H.: Solar-Flare Effect in the F2-Layer of the 
lonosphere, 690 

Similarities in the Characteristics of Solar Radiation at 410.7 cm. and in 

the Far Ultra-violet, 1796 

Minor Constituents and Trace 
E. Foa), 1676 

Misler, Samuel, and others : Distribution of Carbon-14 in Components of 
Goat’s Milk, with Sodium Formate-"*C as Precursor, 346 

Misra, G., and Sahu, G. : Interaction of Hormone and Photoperiod in an 
Early Variety of Rice, 637 

Missiles (Guided), in War and Peace (Nels A. Parson, jun.), review, 731 

Missouri Botanical Garden, St. Louis : Appointment of Dr. F. W. Went as 
director, 1640 

Mitamura, T., and others: Muscular Exercise and Adrena! [7-Hydroxy- 
corticosteroid Secretion in Dogs, 715 

Mitchell, Dr. A. D. : Complexometric Titrations, review, 987 

Mitchell, D. S. : Appointed director of personnel and administration in the 
neuer Group of the United Kingdom Atomic Energy Authority, 

30 


Elements in Negev Phosphate Rocks (Dr. 


Mitchell, F. S., and others : Influence of the Enclosing Protective Tissues on 
the Metabolism of Barley Grain, 1270 

Mitchell, K. J., and Closs, R. L. $ Loss of Moisture from Vegetation, [619 

Mite (Flour): An Apparent Beneficial Effect of Gamma-Radiation on the 
(Dr. Colin Melville), 1403 

Mitochondria: Selective Uptake of Radiochemical Impurities by (G. A. 
Lumb), 132 

Mitochondria from Periplaneta americana : Cytochemical Localization of 
Succinic Dehydrogenase in (Dr. A. G. E. Pearse and Dr. D, G 
Scarpelli), 702 

Mitochondria in the Two Types of Fibres in the Pectoralis Major Muscle of 
the Pigeon: Relative Distribution of the (Dr. J. C. George and 
R. M. Naik), 782 

Mitochondria (Ricinus): Some Effects of Carbon Dioxide—Bicarbonate 
Mixtures on the Oxidation and Reduction of Cytochrome c by (D. S. 
Bendall, Dr. S. L. Ranson and D. A. Walker), 133 

Mitochondria (Yeast) : Morphology of (Dr. Rudolf Müller), 1809 

Mitochondrial Oxidations : Substrate-Selective Inhibition of, by Enhanced 
Tonicity (Diane Johnson and Prof. Henry Lardy), 701 

Mitosis and Chromesome Numbers in the Euglenineae (Flagellata), (Gordon 
F. Leedale), 502 

Mitotic Delay in Irradiated Roots of Vicia faba—the Effect of Oxygen (Dr. 
H. J, Evans, Dr. G. J. Neary and Miss S. M. Tonkinson), [083 

Mitra, G. C. (Wardlaw, Prof. C. W., and): Responses of a Fern Apex to 
Gibberellic Acid, Kinetin and a- Naphthaleneacetic Acid, 400 

Mitra, Prof. S. K. : Elected a Fellow of the Royal Society, 881 

Mitteleuropa : Flora von Nord- und (Frieudrich Hermann), review by Prof. 
T. G. Tutin, 972 

Mittler, Dr. Sidney: Protection against Death due to Ozone Poisoning, 1063 

Miura, Jiroo, and others : Serological Determination of Developing Muscle 
Protein in Chick Embryo, 620 

Miura, Dr. Kin-ichiro, and Watanabe, Prof. I. : Nucleic Acids (Nucleotide 
Composition of Ribonucleic Acid), [SII 

Miura, Dr. Kin-ichiro, and others: Effect of Chloramphenicol on Ribo- 
nucleic Acid Metabolism in E. coli infected with T2 Phage, 1127 

Mixer: A New Microwave (Prof. H. M. Barlow, Dr. J. Brown and Dr. 
K. Y. Gopala Krishna), 1008 

Mixture of Mono-nitro-phenols : 
(Dr. Tamás Széll and Arpad Furka), 481 

Mixtures Leta Dioxide—Bicarbonate): Some Effects of, on the 
Oxidation and Reduction of Cytochrome c by Ricinus Mitochondria 
(D. S. Bendall, Dr. S. L. Ranson and. D. A. Walker), 133 

Miyagi, Prof. O. : At the thirteenth International Congress of Applied 
Psychology (Clinical Analysis of Social Pathology), [580 

ete and others : Gamma-Amino-Butyric Acid In Ocular Tissue, 


Miyazaki, M. (Takemura, S., and) : Nucleic Acids (Hydrazinolysis of Nucleic 
Acids, leading to the Preparation of Ribo- and Deoxyribo-apyrimi- 
dinic Acid), I511 

Mizuno, K., and others : Gamma-Amino-Butyric Acid in Ocular Tissue, 1200 

Mobility i Academic (Discussion on, at the Home Universities Conference), 


| 

Mobility (Electron), in Biological Systems and its relation to Carcinogenesis 
Dr .R. Mason), 820 

Mode of Action of Chelates in protecting against Clostridium perfringens 
Toxin (Prof. Merwin Moskowitz), 550 

Mode oe of Organophosphorus Insecticides (Dr. K. van Asperen), 

Model of the Chromosomes : 
Drew Schwartz), [149 

Model (Statistical), of some Time Series (D.S. Palmer), 1677 

of the Myoglobin Molecule obtalned by X-Ray 
Analysis (Dr. J. C. Kendrew, Dr. G. Bodo, Dr. H. M. Dintzis, Dr. 
R. G. Parrish, Dr. H. Wyckoff and Dr. D. C. Philllps), 662 

Model (Tidal), at the University of Southampton (Prof. P. B. Morice), 944 

Model System for Cysteine 
Vanadium (Prof. F. Bergel, R. C. Bray and K. R. Harrap), 1654 

Model Systems : Dealkylation of N-Alkyl-amines by (James R. Gillette, 
James V. Dingell and Bernard B. Brodie), 898 

Models in Biological Experiments : Machines as (Dr. W. Grey Walter), 


Models (Genetic) : Monte Carlo Analyses of (A. S. Fraser), 208 
Models and Scale-up Methods in Chemical Engineering : Pilot Plants, (Dr. 


Deoxyribonucleic Acid Side-Chain (Dr. 


Robert Edgeworth Johnstone and Prof. Meredith W. Thring), review ` 


by Prof. D. M. Newitt, 1094 

Modern Cereal Chemistry (Dr. D. W. Kent-Jones and Dr. A. J. Amos), 
fifth edition, review by Dr. J. B. Hutchinson, [36] 

Modern Computing Methods (National Physical Laboratory, Notes on 
Applied Science No. 16), review by S. Weintroub, 985 

Modern Mathematics for the Engineer (edited by Prof. Edwin F. Becken- 
bach), review by Dr. R. K. Livesley, 979 

Modern Methods of Microscopy (edited by A. E. J. Vickers), review by S. 
Bradbury, 1096 

Modern Microscopy : Practical, review by Dr. John R. Baker, 589 


Desulphydrase Actlon—Pyridoxal Phosphate— ~~ 


_- 


Isolation of 2-Nitro-phenol from the _ 


Pisa 


INDEX 


Modern Physics : Causality and Chance in (Prof. David Bohm), review by 
Prof. L. Rosenfeld, 658 
Determinism and Indeterminism in (Ernst Cassirer), translated by 
O. Theodor Benfry, review by F. |. G. Rawlins, 590 
Modern Fidduck : A, review by Prof. G. O. Jones, 1495 
Modern Science : The Race Question in (Unesco), review by Prof. T. S. 
Simey, 1232 
Modern Science, 1300-1800 : The Origins of (Prof. H. Butterfield), new 
edition, review by Dr. H. D. Anthony, 731 
Modern Science and the Nature of Life (Dr. William S. Beck), review by Dr. 
Alex Comfort, 1627 
Modern World : Problems of Government in the, 141 
Modified Technique in Chromatography (Prof. K. Krishnamurti and B. V. 
Dhareshwar), 766 
Modifiers of Pineapple Indoleacetic Acid Oxidase : Ferulic and p-Coumaric 
Acids in Pineapple Tissue as (Dr. Willis A. Gortner, Martha J. Kent 
and Dr. G. K. Sutherland), 630 
Modreanu, Florin, and others: Paper Chromatography of Potassium, 
Rubidium and Caesium, [618 
Modulation of Environmental Conditions : Reduction of Low-Temperature 
Injury to Stored Apples by (WV. Hugh Smith), 275 
Mohsen, Dr. T.: Mascullnizing Action of Pregneninolone on Female 
Gonads in the Cyprinodont, Lebistes reticulatus R., 1074 
Moir, G. F. J., and others : Coenzyme A and Aldolase in Rubber-bearing 
Plants, 628 i 
Moisture : Effects of Heat and Loss of, on the Dormancy of Barley (P. D. 
Hewett), 424 
Influence of, upon the Dielectric Properties of Solld Powders dispersed 
in Liquld Paraffin (Rempei Gotohi, Tetsuya Hanai and Naokazu 
Kolisumi), 406 
Loss of, from Vegetation (K, J. Mitchell and R. L. Closs), 1619 
Molar Sound Velocity of Solids (Dr. J. Schuyer), 1394 
Molecular Complexes : Absorption Spectra of (R. Foster), 337 
Molecular physics, Vol. |, No. 1, 456 
Molecular Rearrangement in the Reaction of Cysteine with |-Fluoro-2,4- 
Dinitrobenzene (Dr. H. P. Burchfield), 49 
Molecular Sieve : Crystal Structure of Chabazite, a (L. S. Dent and Prof. 
J. V. Smith), 1794 
Molecular Sieves as Subtractors in Gas Chromatographic Analysis (Nathaniel 
Brenner and Vincent J. Coates), 1401 
Molecular Spectroscopy (Spectroscopic Panel of the Hydrocarbon Research 
Group of the Institute of Petroleum Conference on), 89 
Molecular Structure and Spectroscopy (Ohio State University Symposium 
on), 813 
Maleae ieor of Solutions (Prof. 1. Prigogine, with the collaboration of 
A. Bellemans and V. Mathot), review by Prof. H. C. Longuet-Higgins, 
78 


Molecular Weight of Condensed Tannins as a Factor determining their 
Affinity for Collagen (Dr. David G. Roux), 1793 

Molecular (High-) Materials : Physics of (Dr. L. R. G. Treloar), 1633 

Molecule : Microwave Spectrum of Nickel Cyclopentadienyl Nitrosyl and 
the Configuration of the (A. P. Cox, Dr. L. F. Thomas and Dr. 
J. Sheridan), [157 

Molecule (Myoglobin): A Three-Dimensional Model of the, obtained by 
X-Ray Analysis (Dr. J. C. Kendrew, Dr. G. Bodo, Dr. H. M. Dintzis, 
Dr. R. G. Parrish, Dr. H. Wyckoff and Dr. D. C. Phillips), 662 

Molecules : Glant (Prof. W. T. Astbury), 94 

Molecules (Chain), in Dilute Solutions : Dynamics of, with special reference 
to Non-Newtonian Viscosity (Dr. Roger Cerf), 558 


m —~~-Molecules (Large): Influence of Time on the Reversible Association 


between— the Collagen System (Dr. Jerome Gross), 556 

Molecules (Two- and Three-Stranded Helical): Formation of, by Poly- 
inosinic Acid and Polyadenylic Acid (Dr. Alexander Rich), 521 

Molgula Eggs : Feulgen-Positive Cytoplasm of (Dr. Daniel S. Grosch), 1078 

Mollaret, H. (Heinzelin,J.,and): Biotopes de Haute Altitude Ruwenzori,], 19 

Méllerberg, Dr. H. (Heijkenskjéld, Dr. R., and) : Amlno-acids In Anthra- 
cite, 334 

Mollusca (Phylum) : Occurrence of Collagen in the (S. C. Melnick), [483 

Monckton of Brenchley, Viscount : Opening Address at the Annual Con- 
ference of the British Institute of Management (Management and 
Research), 307 

Moncrieff, Prof. Alan : Children and Young People, 1381 

Mond Nickel Fellowships, 458 

Monde : l'Énergie nucléaire dans le (T. Reis), review by Sir John Cockcroft, 
445 


Monitor (Airborne) : A Survey of the Cosmic-Ray Nucleonic Component 
along 145° East Longitude using an (J. R. Storey, Dr. A. G. Fenton 
and K. G. McCracken), |155 

Monk, Dr. C. B., and others: Interaction In lonic Solutions (Study of 
various lon Association Equilibria by Spectrophotometry), 241 

Monkeys : Behaviour Mechanisms In (Prof. Heinrich Kliiver), second 
impression, review by Dr. J. T. Eayrs, 216 

Haemoglobins In (G. F. Jacob and Dr. N. C. Tappen), [97 

Mono-, Di- and Tri-Chloroacetic Acids : Structure of Cupric Salts with (Dr. 
Ryutaro Tsuchida, Dr. Shoichiro Yamada and Hiroji Nakamura), 479 

Monoacetate (Aldosterone), and Deoxycorticosterone Acetate : Effect of, 
on Alkaline Phosphatase Activity in the Liver of Rats (Dr. Amiya B. 
Kar and R. P. Das), 623 

Monochromatischen Korona : Struktur und Variationen der (Die Sonnen- 
korona (Prof. M. Waldmeier), Band 2), review by Prof. R. O. Redman, 

. 87l 

Monocytes (Guinea Pig): Growth of Meningo-pneumonitis Virus in 
Normal and Immune (Prof. Albert A. Benedict and Clarence 
McFarland), 1742 

Monod, Prof. Th. : The Development of the West African Environment, 
i580 


Monofactorial Dominant in Tetraploid Wheats : ‘Purple Pericarp’, a (Dr. 
B. C. Sharman), 929 

Monohydrate (Lead Styphnate) : Effects of Nuclear Irradiation upon the 
Decomposition of (Dr. Ted. B. Flanagan), 42 

Monolayer Tissue Culture of Pig Kidney : Growth and Titration of Louping- 
tl Virus in (Dr. Holman E. Williams), 497 

Monolayers of Stearic Acid : Electron Micrographs of (Herman E. Ries, 
jun., and Wayne A. Kimball), 901 

Mono-nitro-phenols : Isolation of 2-Nitro-phenol from the Mixture of (Dr. 
Tamas Széll and Árpád Furka), 481 


IXxxxili 


Monoxide (Carbon): Reaction of, with Graphitic Carbon at 450° C. 
(Victor R. Deltz and Edward J. Prosen), 109 

Monoxide (Carbon), Cyanide and Azide : Genetic Effects of, on Drosophila 
(Dr. A. M. Clark), 500 f 

Monte Carlo Analyses of Genetic Models (A. S. Fraser), 208 

Monteith, Mrs, D. : At the Annual Conference of the Geographical Associa- 
tion (The Development of Saffron Walden), 607 

Montgomerie, J. F.: Awarded a Home Civil Service Fellowship of the 
Commonwealth Fund, 1181 

Montgomeryshire : Occurrence of a ‘Rare’ Earthworm in (K. Sylvia 
Richards), 575 

Montmorillonite : Density of Water sorbed on (Dr. Robert C. Mackenzie), 


Moody, B. E.: Radioisotopes and Glass (Investigation of Glass Flow in 
Furnaces by Radioactive Tracers), 318 

Mookerjee (H. K.) Memorial Volume of the Proceedings of the Zoologica! 
Society, Calcutta (edited by J. L. Bhaduri, B. Biswas and S$. P. Ray- 
Chaudhuri), review by Dr. A. Glucksmann, 589 

Moon: Measurement of the lonospheric Faraday Effect by Radio Waves 
reflected from the (Fred B, Daniels and Siegfried J. Bauer), 1392 

Moore, C. W. E. (Scurfield, G., and) : Effect of Gibberellic Acid on Species 
of Eucalyptus, 1276 

Mobre frof John A. : Principles of Zoology, review by Prof. John E, Harris, 


Moore, J. C. : Natura! History of the Fox Squirrel, 322 
Moore, Patrick (edited by Bates, Prof. D, R., in association with) : Space 
Research and Exploration, review, 1299 
Moore, R. V.: Appointed director of reactor design in the Industriat 
Group of the United Kingdom Atomic Energy Authority, 1510 
Moore, Dr. Thomas C. : Effect of Gibberellic Acid on the Growth of Pea 
Seedlings when imbibed through the Seed Coat, 500 
Moore, W. C. : The Study of Bacterial Plant Pathogens, review, 1094 
Mora, Dr. P. T., and Young, B. G. : Interaction between Synthetic Poly- - 
glucose Sulphate and Biologically Active Basic Polypeptides and 
Proteins, 1402 
Moran, Dr. T., and others : Bread and the Growth of Weanling Rats—The 
Lysine—Threonine Balance, 1733 
Morgan, B. H.,and others : Processing of Foods withlonizing Radlations, 877 
Morgan, J. P. (Russell, R. J., and) : Salt Marshes (Morphology of the Louisi- 
7a ia and the Coastal Changes following Hurricane ‘Audrey’), 
Morgan, M. B. : Awarded the Branch Prize for 1958 of the Royal Aero- 
nautical Society, 1646 
Morgan, Dr. Winfield S. : Affinity of Neutral Red for Cells with Basophilic 
Cytoplasm, [132 
Morgan, Prof. W. T. J. : Appointed a member of the Ministry of Supply’s 
veal Council on Scientific Research and Technical Development, 
Morgans, D. B., and others : Interaction in lonic Solutions (Study of various 
lon Association Equilibria by Spectrophotometry), 241 
Morgans, W. T. A. (Terry, N. B., and) : Mechanical Properties of Non- 
Metallic Brittle Materials (Rheological Behaviour of Coal), 1578 
Morice, Dr. P. B.: Appointed to the chair of civil engineering in the 
University of Southampton, 87 ; work of, 87 
The Tidal Model at the University of Southampton, 944 
Morikawa, Ichiro, and others : Crystalline Cytochrome c—Crystallization 
of Cytochrome c from Cow Kidney, 1589; Crystallization of 
Cytochrome c from Wheat Germ, !590 
Two Crystalline Haemoproteins of Wheat, 1656 
Moriwaki, Tarumi, and others: A New Reaction for the Differentiation 
of cis- and trans-lsomers of Nitrophenylhydrazones of some a-Keto 
Acids, 639 
Morphine: Blocking Effect of, on the Secretion of Thyroid-stimulating 
Hormone in Rats (Milan Sámel), 845 
Morphine in the Rat: Influence of Cocarboxylase on Tolerance to (Dr. 
Luciano Angelucci), 967 
Morphogenesis in Amphibian Eggs : Effects of 8-Mercaptoethano! on (Prof. 
J. Brachet), 1736 
Morphological Structures: Cellular Basis for the Induction of (Dr. R. 
Brown), 1546 
Morphologie und Physiologie des Nervensystems (Prof. Paul Glees), review 
by Prof. Ragnar Granit, 1493 
Morphology of Yeast Mitochondria (Dr. Rudolf Miiller), 1809 , 
Morphology (Skeletal), in the Mouse : An Effect of the Uterine Environ- 
ment upon (Dr, Anne McLaren and Dr. Donald Michie), 1147 
Morphology (Zoospore), of the California Strain of Plasmopara viticola 
(Dr. Vincent Santilli), 924 
Morris, Alan D., and Gore, Willis C.: Extremely High Temperatures 
he Thermionic Direct Current Electric Arc), 1380 
Morris, Sir Charles : Presidential Address at the Annual Meeting of the 
Science Masters’ Association, 391 
Morris, C. E. H., and Dale, R. N. : Awarded Ablett Prizes for 1957 of the 
lron and Steel Institute, 885 
Morris, Dr. D. F. C., and Schmeising, H. N. : Estimation of Electron 
Affinities of Oxygen by Extrapolations of lonization Potentials, 469 
Morris, Dr. J. N. : Uses of Epidemiology, review by Dr. Kenneth Newell, 


Morris, T. R., and Fox, S.: 
Fowl, 1453 i 

Morrison, J. A., and Rudham, R. : Melting Diffusion and related Topics 
(Mechanism of the Anion Diffusion Process in Sodium and Potassium 
Chloride Crystals), 320 

Morrison, Major J. C. : Appointed a member of the Nature Conservancy, 
3l 


Light and Sexual Maturity in the Domestic 


2 
Morrison, Prof. J. L. M.: Appointed chairman of the Ministry of Supply's 
Advisory Council on Scientific Research and Technical Development, 

1442 


Morrison, Dr. S. D.: Nutrition and Climatic Stress, 1644 

Mortality of the Mosquito, Culex fatigans Wied., exposed to DDT : Lab- 
oratory Variations in (T. Koshi and S. K. Ranganathan), 199 

Mortality among Workers in Cigarette Factories : Smoking Habits and 
(Dr. R. M. Case), : : 

Mortelmans, Dr. J., and others: Isolation of Salmonella infantis from an 

orted Bovine Foetus, 1539 

Mortier, Dr. P., and others : Role of Photons in Argon—Alcohol Counters, 

1327 i 


IxxxiV 


Mortimer, Dr. C. H. : Elected a Fellow of the Royal Society, 881 

Morton, Prof. R. K.: Enzymic Synthesis of Coenzyme | in relation to 
Chemical Control of Cell Growth, 540 

Moruzzi, Prof. G., and others: Effects of Orotic Acid on Coenzyme A 
and Pantothenic Acid of Liver in Vitamin B:2 Deficiency, 416 

Mosaic Virus (Alfalfa) : Size and Shape of (Prof. John B. Bancroft and Prof. 
Paul Kaesberg), 720 - a 

Mosaic Virus (Tobacco) : Effect of Thiosemicarbazones on the Multiplication 
of (Tokuzo Hirai, Toru Shimomura and Yonosuke Nishikawa), 352 

Kinetics of Heat Inactivation of Ribonucleic Acid of (Dr. William 

Ginoza), 958 È 

Mosaic Virus (Tobacco), and Virus Nucleic Acid : The Latent Period after 
Infection with (Prof. G. Schramm and R. Engler), 916 

Mosaic Virus Protein (Tobacco): Polymerization—Depolymerization of 
(Max A. Lauffer, Allen T. Ansevin, T. E. Cartwright and C. C. 
Brinton, jun.), 1338 

Mosinger, Dr. B. (Braun, Dr. T., and): Effect of Hypothermia on Death 
by Starvation, 968 

Moskowitz, Prof. Merwin: Mode of Action of Chelates in protecting 
against Clostridium perfringens Toxin, 550 

Mosquito : Adenosine-5'-phosphates as the Stimulating Agent in Blood 
for inducing Gorging of the (Teruhiko Hosoi), 1664 

Mosquito, Culex fatigans Wied., exposed to DDT: Laboratory Variations 
in Mortality of the a Koshi and S. K. Ranganathan), 199 ; 

Mosquitoes: Inhibition of Blood Digestion in, by Cations and Cation- 
Antibiotic Mixtures (Dr. Levon A. Terzian), 282 i 

Moth (Hemileucid) : Interaction between Consecutive Responses in a, 
and the Evolution of Insect Communication Nes D. Blest), 1077 

Mother to the Foetus : Passage of Serum Albumins from the (Prof. A. M. 
Schechtman and K. C. Abraham), [20 

Mothers Aged 42 and Over: Congenital Malformations in Children of 
(Prof. J. A. Böök, M. Fraccaro, C. G. Hagert and J. Lindsten), 1545 


‘Mothersole, P. L. (Doherty, S. N. F., and) : Awarded the Mullard Premium 


of the Television Society, [246 
Motion Picture Studies (Lapse-time), of Soil-burrowing Insects (B. C. 
Green and J. W. T. Spinks), 434 


Motokawa’s Technique for Investigating Retinal Function: Validity of 


(Dr. C. 1. Howarth and M. Treisman), 843 


“Mott, Prof. N. F. : Band Theory of Metals and the Structure of the Fermi 


Surface (Band Theory and Ferromagnetism), 525 : i 
Appointed a member of the Ministry of Supply’s Advisory Council 
on Scientific Research and Technical Development, 1442 . 
Moudgal, N. R., and others: Influence of some lodoamino-Acids and 
lodoproteins on the Growth of Corcyra cephalonica St., 1655 
Moul, E. T. : Salt Marshes (Algal Flora of Salt Pans on a Marsh), [512 
Mould Poria vaillantii (Brown Rot): Glycerol Metabolism of the (Bien- 
venido C. Sison, jun., and Walter J. Schubert), 1015 : 
Moulds: Specificity of Crystalline Saccharogenic Amylase of (Yoshio 
Tsujisaka, Juichiro Fukumoto and Takehiro Yamamoto), 
Moult (Final), in Pratylenchus : Development of Eggs before the (M. R. 
Sauer), 129 
Moulton, aoe H. Fletcher : Elected to a Fellowship of the Imperial College 
of Science and Technology, [| 82 
Moulton Medal of the Institution of Chemica! Engineers awarded to W. D. 
Armstrong, H. H. Rosenbrock and W. L. Wilkinson, 1312 
Moulton Medal (Junior) for 1957 of the Institution of Chemical 
Engineers awarded to Dr. D. Train, 1312 
Mountain Flora: East African, review by Dr. G. Taylor, 1027 
Mountford, Sir James: Procedure for the Selection of Undergraduate 
Students, 164 
Mourant, Dr. A. E., and others : Haemoglobin E and the Diego Blood 
Group Antigen in Sarawak and Burma, [19 
Mouse : An Effect of the Uterine Environment upon Skeletal Morphology 
in the (Dr. Anne McLaren and Dr. Donald Michie), 1147 
Mouse (Growing Albino) : Heat Output and Body-weight in the (E. G. G. 
Clarke and A. E. Hawkins), 1599 ; 
Mouse (House) : Influence of Time of Mating on the Segregation Ratio of 
Alleles at the T Locus in the (Dr. A. W. H. Braden), 786 
Selection for an Invariant Character—‘Vibrissa Number’—in the 
(R. B. Dun and A. S. Fraser), 1018 
Mouse Ascites Carcinoma (Ehrlich) : A Cytoplasmic Membrane-like Frac- 
tion from Cells of the (Prof. P. C. Rajam and Anne-Louise Jackson), 1670 
Mouse Brains infected with Semliki Forest Virus; Infectivity of Ribo- 
nucleic Acid from (Dr. Ping-yao Cheng), 1800 
Mouse Eggs (Unfertilized) : Effect of Glycerol and Low Temperature on 
Survival of (Dr. J. K. Sharman and Dr. Teh Ping Lin), 785 
Mouse Kidney : Effect of Testoster6ne Propionate upon the Incorporation 
of Labelled Glycine into Homogenates of (Dr. Edward H. Frieden 
and Dr. Edward H. Cohen), 912 
Mouse Lung after Inhalation of Colloidal Gold Particles : Alterations in 
the Ultrastructure of the Blood—Ajir Barrier in the (Dr. N. De 
Groodt, Dr. A. Lagasse and Dr. M. Sebruyns), 14/8 
Mouse Pancreas: Occurrence of ‘Masked Lipid’ in (S. Bradbury and 
B.-P. Clayton), 1347 
Mouse Plasma Cell Tumour: Virus-like Bodies in a Transplantable (Dr. 
A. F. Howatson and E. A. McCulloch), [213 
Mouse Sarcoma: A Correlation between Electrical Surface Charge and 
some Biological Characteristics during the Stepwise Progression 
of a (Mrs. L. Purdom and E. J. Ambrose, and Prof. G. Klein), 1586 
Mouse-virulence of Group A Streptococci: Enhancement of, by Bactericidal 
Resorcinols (John Cameron), 919 
Moussa, Dr. Raouf $. : Antigenic Formulae for the Genus Clostridium, 123 
Mouton, R. F., and others : Processing of Foods with lonizing Radiations 
(Autolytic Changes occurring during Storage of Sterile Muscle 
Samples), 878 
Movement of Migrants : Internal Migration, a Study of the Frequency of 
(John A. Rowntree), (Genera! Register Office, Studies on Medical 
and Population Subjects, No. I1), 1574 
Movements (Deep Water), in the Caribbean : Manganese Deposition and 
(Peter J.Wangersky and Prof. G. E. Hutchinson), 108 
Moving Visual Images produced by Regular Stationary Patterns (Dr. M, H. 
Pirenne}, 362 ; -` (F. W. Campbell and J. G. Robson), 362; (Dr. 
D. M. MacKay), 362 
Moving and Standing Waves in a Positive Column : Simultaneous Occur- 
fae of (A. W. M. Cooper, J. R, M. Coulter and Prof, K. G. Emeléus), 


INDEX 


MSF—Standard Frequency Transmissions from the United Kingdom (Nat- 
ional Physical Laboratory Pamphlet on), new edition, 952 

Much (Too), and Too Little (Prof. M. G. Say), 32 

Mucopolysaccharides : Chemical and Physical Structure of (National 
Science Foundation and the Retina Foundation Conference on), 1246 

Mucus’ (Para-) : ‘Gastric (Dr. Franklin Hollander), 847 

Mudd, J. S.: Scope and Limits of Colour Measurement, [705 

Mueller, Dr. G. P. : Degradation of Steroidal Sapogenins to [6-Dehydro- 
pregnan-20-ones, 77 

Muggleton, Audrey, and Danielli, Prof. J. F.: Ageing of Amoeba proteus 
and A. discoides Cells, 1738 

Muggleton, Dr. P. W.: Freezing and Drying, 1695 

Muir-Wood, Dr. Helen : Awarded the Lyell Medal for [958 of the Geo- 
logical Society of London, 159 

Mulder, G. J. A. : Elected to honcrary membership of the Royal Nether- 
lands Geographical Society, |771 

Mullard Company : Offer of £50,000 towards the cost of the new College 
at Oxford, 1378 

Mullard Premium of the Television Society awarded to S. N. F. Doherty 
and P. L. Mothersole, [246 

Muller, Prof. H. J. : Awarded a Silver Darwin—Wallace Commemorative 
Medal by the Linnean Society of London, 1177 

Miller, Dr. Rudolf: Morphology of Yeast Mitochondria, 1809 

Mulliken, R. S. : Structure and Reactivity of Electronically Excited Species 
(Energies of Excited Molecular States), 321 

Mullite: A New Concept of the Transformation Sequence of Kaolinite 
to (Prof. G. W. Brindley and Dr. M. Nakahira), 1333 

‘Multiple’ Haemoglobins in the Horse (Dr. A. D. Bangham and Dr, H. 
Lehmann), 267 i 

Multiple-Mutation Theory of Carcinogenesis (J. C. Fisher), 651 

Multiplication of Fusarium in Soil: Effect of Carbon Dioxide on (Dr. R. H. 
Stover and Dr. S. R. Freiberg), 788 

ta of Solitary HeLa Cells (Dr. Peter Wildy and Michael Stoker), 


Multiplication of Tobacco Mosaic Virus: Effect of Thiosemicarbazones on 
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Appointment of Dr. Edward Lee as deputy director, 600 
Reorganization of the, €00 
Report for 1956, 607 
MSF—Standard Frequency Transmissions from the United Kingdom, 
new edition, 952 . 
Notes on Applied Science No. !6, Modern Computing Methods, review- 
by S. Weintroub, 985 
Open Days, 1246 
National Research Council of Canada: Retirement of Dr. J. B. Collip. 
from the directorship of the Division of Medical Research, 31! 
Appointment of Prof. R. F. Farquharson as vice-president (medical), 


Fortieth Annual Report (1956-57), 1249 
Review for 1957, 1574 
National Research Council of Canada (Low Temperature and Solid State. 
Physics Group of the Division of Pure Physics): Symposium on 
Melting, Diffusion and related Topics), 319 
National Research Council, United States (Photoblology Committee) : 
uueetosiansl Symposium on Photoperlodism in Plants and Animals, 
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National Research Council, United States, and others: International 
Congress of Radiation Research, 1444 ; 
National Research Development Corporation : 
Accounts (1956-57), 1448 
National Science Foundation, United States : Reviews of Data on Research 
and Development, No. 8, Funds for Research in Agricultural Experl- 
ment Stations (1953-54), 160 
Reviews of Data on Research and Development, No. 6, Scientific 
Research Activities at Colleges and Universities in the United 
States, 167 
Grant of 300,000 dollars to the State College of Washington, Pullman, 
for a research reactor, 313 
Grant of 150,000 dollars-to the University of Virgina, Charlottesville, 
for a research reactor, 313 
Grant of 160,000 dollars to the Midwestern Universities Research 
Association, Madison, for the support of basic research entitled 
‘High Energy Accelerator Studies’, 313 
Federal Funds for Science, 6, The Federal Research and Development 
Budget, Fiscal Years 1956, 1957 and 1958, 534 
Basic Research—a National Resource, 679 


Report and Statement of 


Grants, [181 
Bulletin on Immigration of Technical Personnel to the United States, 
1243 


Fellowships for 1958-59, 1377 
Seventh Annual Report (1956-57), 1710 
Government—University Relationships in 
Scientific Research and Development, 1712 
Nationa! Science Foundation, United States, and the Association of Univer- 
sities for Research In Astronomy, Inc. > Contract for a United States 
Nationa! Astronomical Observatory, 236 
National Science Foundation, United States, and the Retina Foundation : 
Conference on the Chemical and Physical Structure of Mucopoly- 
saccharides, [246 
Nationa! Science Foundation, United States, and the Marine Institute of the 
F University of Georgia : Conference on Salt Marshes, 161, 1512 
` National Scientific Documentation Centre (Indian): Annual Report for 
1956-57, [109 
elena Service : Science Teachers and (House of Commons Debate on), 
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Federally Sponsored 


< National Symposium on Microwave Theory and Techniques (United States 

Institute of Radio Engineers Professional Group), 885 

National Trust : Sixty-second Annual Report (1956-57), 167 

National Union of Students: Grants Year Book, 1770 

National Vegetable Research Station Association : Members’ Day, 1444 

National Zoological Park, Washington : Appointment of Dr. Theodore 
H. Reed as director, 1106 

Nationalized Industries: The Boards of (Lord Simon of Wythenshawe), 511 

Scientific Management in, 51] 

NATO: Nominations of national representatives on the Science Com- 
mittee, 739 

NATO (Combustion and Propulsion Panel of the Advisory Group for 
Aeronautical Research and Development): Third Colloquium 
(Current Propulsion Problems), 458 

NATO (Wind Tunnel and Mode! Testing Panel): Meeting in Freiburg 
im Breisgau, 458 

Natural, Medical and Surgical Sciences, Association for the Advancement 
of (Amsterdam) : Gold Medal awarded to Sir Hans Krebs, 743 

Natural Airborne Radioactivity at Kjeller, Norway (S. H. Small, A. Lille- 
graven and P., B. Storebø), 1197 

Natural Cross-Pollination in Lettuce, Lactuca sativa L. (L. E. Watts), 1084 

Natural Gas in Scotland (T. S. Ricketts), 1042 

Natural Gas (Liquid): Importation into Britain of, 671 

Natural History of the Fox Squirrel (J. C. Moore), 322 

Natural History Society for the Bibliography of : Election of Officers, 1246 

Natural History Societies : Directory of (New edition to be published by 
the British Association for the Advancement of Science), 741 

Natural Occurrence of Thymine and Three Methylated Adenine Bases in 
avers Ribonucleic Acids (Dr. J. W. Littlefield and Dr. D. B. Dunn), 


Natural Product : a-Aminoisobutyric Acid, 6-Hydroxyleucine and y-Methyl- 
proline from the Hydrolysis of a (Prof. G. W. Kenner and R. C, 
Sheppard), 48 

Natural Products : Stereochemistry and the Chemistry of (Dr. I. L. Finar), 

Organic Chemistry, Vol. 2), review by Dr. W. D. Ollis, 6 3 

Natural Resources of the Country and thelr Value for Teaching and Research 
(Papers at the Annual Meeting of the Associatlon of British Zoo- 
logists), 1313 

Natural Resources of Lake Victoria: Utilizing the, for the Benefit of 
Fisheries and Agriculture (R. S. A. Beauchamp), 1634 

Natura! Surfaces : An Instrument for Measuring Evaporation from (R. J. 
Taylor and A. J. Dyer), 408 

Naturalists Trust—theilr Contribution to Nature Conservation (South- 
Eastern Union of Scientific Societies Symposium on), 1447 

Naturally Occurring Gibberellins In the Growing Plant : Evidence from 
a Dwarf Pea Bioassay for (A. J. McComb and Prof. D. J. Carr), 1548 

Nature : A Chimaera of Alaria and Laminaria found in (Jun Tokida, Hokoei 
Ohmi and Minoru Imashima), 923 

The Council for, 867 

Nature of the Antigens responsible for the Acquired Tolerance of Turkeys 
to Rous Sarcoma Agent (Dr. R. J. C. Harris and P. J. Simons), [485 

Nature of some Decay-retardant Extractive Components in Incense Cedar 
Heartwood (Libocedrus decurrens Torrey), (Arthur B. Anderson, 
Eugene Zavarin and Theodore C, Scheffer), [275 

Nature of Immune Responses In Parasitism (Parasitology Group of the 
Institute of Biology Discussion on), 464 

Nature of Life: Modern Science and the (Dr. William S. Beck), review 
by Dr. Alex Comfort, !627 

Nature in South-East England : Conservation of (South-Eastern Union 
of Sclentific Societies Conference on), 743, 1446 

Nature Conservancy : Appointment of A. Blenkinsop, Lieut.-Colonel C, M. 
oe Major J. C. Morrison and Prof. L. Dudley Stamp as members, 


Appointment of Michael Noble, A. R. Wannop and Prof. C. M. Yonge 
as members of the Scottlsh Committee, 1312 

Appointment of ‘Prof. N. A. Burges and Dr. A. S. Watt as members 
of the Committee for England, [312 
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Appointment of Prof. W. G. V. Balchin and 
members of the Committee for Wales, 1312 
New Nature Reserve on the Gower Peninsula, Gla 
Coed Tremadoc and Bridgwater Bay Reserves (extension o 
Rusland Moss Nature Reserve, 1572 
Rodney Stoke Nature Reserve Nay additions to the), 1572 
Eighth Annual Report (1956-57), 1647 
Nature Reserves: New (Nature Conservancy), 1572 
Nature Reserves in Britain: New (Nature Conservancy), 1379 
Nauck, Prof. Ernst Georg (herausgegeben von): Lehrbuch der Tropen- 
krankheinten, review by Prof. P. C. C. Garnham, 1428 
Nautical Almanack (1958): Indian Ephemeris and, 314 
Navigation Prize of the Roya! Aeronautical Society awarded to W. Makinson 
and G. M. Hellings, 1646 
Navy Estimates : The Isaac Newton Telescope at the Royal Greenwich 
Observatory and the, 8lI 
Nayar, S. L., and others : Glossary of Indian Medicinal Plants, review by 
S. B. Challen, 984 
Naylor, Dr. A. : Photoperiodism in Plants and Animals (Effects of certain 
Synthetic Hormones on Flowering of Xanthium), 535 
Naylor, Beryl, and Rees, Dr. H. : Chromosome Size in Lolium temulentum 
and L. perenne, 854 
Naylor, Dr. Margaret : Chronosomes and Chromocentres in the Nuclei 
of Halidrys siliquosa (L.) Lyngb., 853 
Neal, Dr. G. E., and Hulme, Dr. A. C. : Activity of Cytoplasmic Particules 
isolated from Apples, 1469 
Neary, Dr. G. J., and others: Mitotic Delay in Irradiated Roots of Vivia 
faba—the Effect of Oxygen, 1083 
Neckel, Dr. Heinz: A Photographic Observation of the Satellite 19578 
leaving the Earth’s Shadow, 257 
Necrosis (Caudal), in Suckling Rats (P. K. Dikshit and S. Sriramachari), 63 
Necrotic Liver Degeneration (Dietary) : Protective Effect of Trace Ele- 
ments other than Selenium against (J. Bunyan, E. E. Edwin and 
J. Green), 1801 
Nectria stenospora : Cytoplasmic Variation in (Mrs. Ann Gibson and Dr. 
D. M. Griffin), 1222 
Needham, Dr. A. E.: Connective-Tissue Pigment of the Centipede, Litho- 
bius forficatus (L.), 194 
Nef, me on U. : Cultural Foundations of Industrial Civilization, review, 
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Negev Phosphate Rocks: Minor Constitutents and Trace Elements in 
(Dr. E. Foa), 1676 ; 
Negros i a ‘New' Blood Group Antigen found in (Dr. Eloise R. Giblett), 
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Neill Prize for 1955-57 of the Royal Society of Edinburgh awarded to 
Monica Taylor, 673 

Neish, William J. P. : Effect of some Nitrogen Mustard Derivatives on 
Growth of Rabbit’s Hair, 188 

Nel, "a and others : Flame lonization Detector for Gas Chromatography, 
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Nelson, W. A.: Transfer of Sheep Keds, Melophagus ovinus: (L.), from 
Ewes to their Lambs, 56 

Nephrectomized Dogs : Erythropoiesis in (Dr. J. P. Naets), 1134 

Nereis fucata : Biliverdin in the Eggs of (J. Green and R. Phillips Dales), 1412 

Nermut, Dr. M. V., and Drášil, Dr. V.: Changes in the Dry Weight and 
the Deoxyribonucleic Acid Content of Proteus vulgaris caused by 
Penicillin, 1740 

Nerve (Facial): A Histoautoradiographic Study of the Effect of Section 
of the, on the Uptake of Methionine-"°S by the Cells of the Facial 
Nerve Nucleus (J. Fischer, Z. Lodin and Dr. J. Koloušek), 341 

Nerve (Mammalian Peripheral) : Effect of a Raised Peripheral Temperature 
upon the Rate of Regeneration in a (H. J. Gamble), 287 

Nerve Cord (Thoracic), of Periplaneta americana L. : Physical Release of 
Acetylcholine from the (E. H. Colhoun), 490 

Nerve Fibres : ‘Intercalated’ Internodes in (Dr. L. Lubińska), 957 

Nerve Fibres (Myelinated) : Variations in Axonal Diameters of—Apparent 
or Real? (Dr. G. T. Ashley), 125; (Dr. P. L. Williams and Dr. 
C. P. Wendell-Smith), 125 

Nerve Nucleus (Facial): A Histoautoradiographic Study of the Effect of 
Section of the Facial Nerve on the Uptake of Methionine-™S by 
the Cells of the (J. Fischer, Z. Lodin and Dr. J. Footer 34) 

Nervensystems : Morphologie und Physiologie des (Prof. Paul Glees), 
review by Prof. Ragnar Granit, 1493 

NEON PRANA of Cilia in Amphioxus (Branchiostoma), (Quentin Bone), 

Nervous System: Physiology of the (Dr. E, Geoffrey Walsh), review by 
Prof. D. Whitteridge, 1095 


_ Nervous System (Cat's Optic) : Sensory Deprivation and the (Dr. Lawrence 


Weiskrantz), 1047 

Nervous System (Central) : Chemotherapy and the (Dr. Henry Mellwain), 
review by Dr. G. B. Ansell, 1430 

Ness (Mrs. Patrick) Award of the Royal Geographical Society awarded 
to Capt. A. G. Bomford, 810 

Netherlands Geographical Society, Royal : Election of Prof. J. Biidel, Prof. 
H. C. Darby and G. J. A. Mulder to honorary membership, 1771 

Netherlands Telecommunications Services (Staff of the -lonosphére and 
Padio Astronomy Section of the) : A Remarkable Solar Radio Event, 


Netschert, B. C., and Schurr, S. H.: Atomic Energy Applications with 
reference to Underdeveloped Countries, review by Sir John Cock- 
croft, 1167 

Nettleship, Prof. Anderson : Contraction of Time and Protoplasm, 562 

MEEWEr K Sy nenests : Passive (Dr. James E. Storer), review by S. A. Stigant, 


Networks in Electrical Communication and other Fields : The Theory of 
(F. E. Rogers), review by K. R. Sturley, 6 

Networks (Electrical) : The Theory of, review by K. R. Sturley, 6 

Neuberger, Prof. A., and others: Carbohydrate Peptide Complex from 
Egg Albumin, [345 

Neugebauer, Dr. O.: The Exact Sciences in Antiquity, second edition, 
review by Dr. A. Armitage, 1097 

Neural Lobe (Rat Pituitary) : Histological and Chemical Changes in the, 
following Treatment with Neurohypophysical Substances (Dr. J. de 
Groot), 650 

Neuraminidase : The Influenza Virus (Dr. Alfred Gottschalk), 377 

Neuro-Anatomical Site in Tick Paralysis (Prof. Maurice F. Murnaghan), 131 
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wprical Substances : Histological and Chemical Changes in the 


„atı Pituitary Neural Lobe following Treatment with (Dr. J. de- 


Groot), 650 

Neuromuscular Blocking Activity of Ethylenebis-(Trimethylammonium) : 
Reaction of Ethylene Bromide with Trimethylamine and the (Dr. 
Allan P. Gray and Thomas B. O'Dell), 634 

Neuron Cell-Bodies in Sodium-free Media: Electrical Responses of (Prof. 
K. Koketsu, J. A. Cerf and S. Nishi), 1798 

Neurones (Supra-optic) : Relation between Nucleolar Volume and Cell 
Body Content of Ribonucleic Acid in (J.-E. Edström and D. Eichner), 
619 

Neuropharmacology—Transactions of the Third Conference, [956, Prince- 
ton (edited by Harold A. Abramson), review by Dr. G. B. Ansell, 1430 

Neurophysiology, review by Prof. D. Whitteridge, 1095 

Neurophysiology (Clinical): Fundamentals of (Dr. Paul O. Chatfield), 
review by Prof. D. Whitteridge, 1095 

Neuro-Psycho-pharmacology : International Collegium for (First Inter- 
national Symposium), 315 

Neurosecretory Cells in some Cirripedes (H. Barnes and J. J. Gonor), 194 

Neurospora crassa: Aberrant Recombination at the am Locus in (J. A. 
Pateman), 1605 

Para-Amino-Benzoic Acid and Sulphanilamide in the Nutrition of 

(Prof. D. V. Siva Sankar), 629 

Neutral Red: Affinity of, for Cells with Basophilic Cytoplasm (Dr. Win- 
field S. Morgan), 1132 

Neutral Salts : Effect of, on the Structure of Collagen and Gelatin (William 
F. Harrington), 997 

Neutron Production in a High-Power Pinch Apparatus (Controlled Release 
of Thermonuclear Energy), (Dr. D. C. Hagerman and Dr. J 
Mather), 226 

Neutron Production in a Linear Stabilized Pinch: New Confinement 
Phenomena and (Controlled Release of Thermonuclear Energy), 
(Dr. L. B, Burkhardt and Dr. R, H. Lovberg), 228 

Neutron Spectrum from ZETA: Measurement of the (B. Rose, A. E. 
Taylor and E. Wood), 1630 

Neutron-irradiated Sodium Chlorate : Nuclear Quadrupole Resonance of 
(Joseph Depireux and Prof. Jules Duchesne), 759 

Neutrons from a Stabilized Toroidal Pinch (Controlled Release of Thermo- 
nuclear Energy), (Dr. J. Honsaker, Dr. H. Karr, Dr. J. Osher, Dr. 
J. A. Phillips and Dr. J. L. Tuck), 231 

Neve, R. A.: Sex Chromosomes in the Hop, Humulus lupulus, 1084 

New to British Waters: Sacculina gonoplaxae Guérin-Ganivet, |9I], a 
Rhinocephalan Parasite (A. K. Nagabhushanam), 57 

New Antifungal Antibiotic produced by Bacillus subtilis : Mycobacillin, a 
(S. K. Majumdar and Dr. S. K. Bose), 134 

New Anti-neoplastic Agent : The Anionic Polyelectrolyte, Polyethylene 
Sulphonate, as a (Dr. William Regelson and James F. Holland), 46 

New Aphid on Chicory: Virus Transmission by Dactynotus cichoricola 
H.R.L., a (Dr. J. Semal), 725 

New Approach to Electricity, review by G. R. Noakes, 870 

‘New’ Pood Group Antigen found in Negroes : Js, a (Dr. Eloise R. Giblett), 
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New British Fish (Gobius forsteri), (P. G. Corbin), 1659 - 

New Class of Antibiotic Salts of Reduced Toxicity (F. A. Alves, M. F. C., A. N. 
Graça and H. L. Baptista), 182 

New Compound from a Species of Penicillium : Decumbin, a (Dr. V. L. 
Singleton, N. Bohonos and A. J. Ullstrup), 1072 

New Concept of the Transformation Sequence of Kaolinite to Mullite 
(Prof. G. W. Brindley and Dr. M. Nakahira), 1333 

New Confinement Phenomena and Neutron Production in a Linear Stab- 
ilized Pinch (Controlled Release of Thermonuclear Energy), (Dr. 
L. C. Burkhardt and Dr. R. H. Lovberg), 228 

New Crystalline Antifungal Antibiotic : Flavofungin, a—Origin and Bio- 
logical Properties (Dr. J. Uri and I. Békési), 908 

New Deal for Australian Universities (Sir Eric Ashby), 300 

New ‘Deleted’ Rh-Chromosome (Dr. K. Henningsen), 502 

New Developments in Analytical Psychology (Michael Fordham), review 
by Dr. Clifford Allen, 298 

New Flavin produced by an Actinomycete : Isolation of a (Orio Ciferri and 
Marisa P. Machado), 484 

New Guinea (Dutch): Absence of Abnormal Haemoglobins in some 
Groups of the Papua Population of (Prof. J. H. P. Jonxis, Dr. T. H. J. 
Huisman, G. J. da Costa and D. Metselaar), 1279 

New Guinea (Eastern): Drum Types of (Aldo Massola), [639 

New Hebrides : Biogeography of the (Dr. Alan Solem), [253 

New Herbiclde—I :1'-Ethylene-2:2°-Dipyridylium Dibromlde (R. C. Brian, 
R. F. Homer and J. Stubbs, and R. L. Jones), 446 

New Hypotensive Drug: | :2:2:6:6-Pentamethylpiperidine, a (G. E. 
Lee, W. R. Wragg, S. J. Corne, N. D. Edge and H. W. Reading), [717 

New Installations for B.B.C. Television, 1046 

New Intermediate Physics (G, R. Noakes), review by W. H. Dowland, 586 

New Journal of Geophysics, 1376 

New Method for the Chemical Determination of Rutin : Use of Defoliants 
or Drying Buckwheat in the Field, and a (VY. Brejcha and P. Horak), 


New Method for separating Strychnine and Brucine by Paper Chromato- 
graphy (G. Dušinsky and Dr. M. Tyllová), [335 

New Mexico : Silicified Permian Fossils from Texas and—Pleurotomariacea 

Prof. R. L. Batten), 1639 

icrowave Mixer (Prof. H. M. Barlow, Dr. J. Brown and Dr. K. V. 

Gopala Krishna), 1008 

New Mineral : Koutekite, a (Zdenek Johan), 1553 

New Nature Reserves (Nature Conservancy), 1572 

New Nature Reserves in Britain (Nature Conservancy), [379 

New Reaction for the Differentiation of cis and trans-lsomers of Nitro- 
phenylhydrazones of some a-Keto Acids (Hirohiko Katsuki, Köichirö 
Sumizu, Tarumi Moriwaki, $héz6 Tanaka and Ichiré Hayashi), 639 

New Reactor at Harwell, 947 

New Roads, 60 

New Route of Breakdown of the Indole Nucleus : Bacterial Dissimilation 
of Indoleacetic Acid—a (Michael H. Proctor), 1345 

New Series of Anthelmintics (F. C. Copp, O. D. Standen, J. Scarnell, 
Deirdre A. Rawes and R. B. Burrows), 183 

New Series of Ganglion-blocking Agents: Polyalkylpiperidines, a (Dr. 
A. Spinks and Prof. E. H. P. Young), 1397 
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New Species of Atolla (Dr. F. S. Russell), 181] 
New Species of Protopitys (J. Walton), [377 
-New Spectral Characteristic in Solar Radio Emission (A. Maxwell and 
G. Swarup), 36 
New Steroid : ‘Ledercort’, a (Lederle Laboratories Division of Cyanamid 
of Great Britain, Ltd.), 1311 
New Subterranean Crustacean from the West Indies (Dr. !sabella Gordon), 


New Sugar, Paratose: Contribution of Deoxymethylpentoses to the 
Serological Specificity of some Bacterial Polysaccharides, and the 
Recognition of a (Dr. D. A. L. Davies, Dr. A. M. Staub, and Dr. I. 
Fromme, Dr. O. Lüderitz and Prof. O. Westphal), 822 

New Superstructure in Gamma-Ferric Oxide (G. W. van Oosterhout and 
Dr. C. J. M. Rooijmans), 44 

New Synthesis of Histidyl Peptides (Prof. Shiro Akabori, Kenji Okawa 
and Fumio Sakiyama), 772 

New Thermal Image-Converter (W. R. Harding, C. Hilsum and D. C. 
Northrop), 691 ' 

New Transaminase of Corynebacterium diphtheriae (Michael Bagdasarian), 
1399, erratum, 1640 

New Type of Light Organ in the Deep-Sea Fish Opisthoproctus (Dr. E, 
Bertelsen), 862 

New Year Honours List, 86 

New York Academy of Medicine: Medal awarded to Dr. Alphonse R. 
Dochez, 238 

New Zealand Department of Scientific and Industrial Research : Publica- 
tion of the New Zealand Journal of Geology and Geophysics, [179 

Thirty-first Annual Report (1957), 1383 

New Zealand journal of Agricultural Research, Vol. 1, No. J, 1310 

New Zealand journal of Geology and Geophysics (New Zealand Department of 
Scientific and Industrial Research), No. |, 1179 

Newbery, Prof. E.: Elected president for 1958 of the Royal Society of 
South Africa, [378 

Newborn: Comparative Aspects of Haemolytic Disease of the (Dr. G. 
Fulton Roberts), review, 588 

New-born Rabbits : Antibody Production by Lymphocytes after in vitro 
Suet with Bacterial Antigen and Transfer to (Dr. Miroslav Holub), 


Newcombe, H. B., and others : Lingering Effects of Local X-lrradiation on 
Healing of Burns, [138 

Newell, B. S. (Garrod, D.J.,and) : Ring Formation in Tilapia esculenta, 1411 

Newell, Dr. Kenneth : Epidemiology, review, 800 

Newer Preparative Methods In Organic Chemistry (Chemical Society and 
the Fine Chemicals Group of the Society of Chemical Industry 
Symposium on), 239 

Newitt, Prof. D. M. : Technological Initiative, review, 1094 

Newly Calcified Tissues : A Histological Stain for (Prof. J. T. Irving), 704 

Newly Recognized Polyzoan from British Waters : Bugula simplex Hincks, 
a (J. S. Ryland), 1146 

Newman, A. J.: Mechanical Properties of Non-Metallic Brittle Materials 
(Recent Research on the Influence of the Method of Testing upon the 
Results obtained in Compressive Strength Tests of Bricks), 1577 

Newton : Franklin and—an Enquiry into Speculative Newtonian Experi- 
mental Science and Franklin's Work In Electricity as an Example 
Thereof (Prof. l. Bernard Cohen), review by Dr. M. A. Hoskin, 295 

Newton (Isaac) Telescope at the Royal Greenwich Observatory, and the 
Navy Estimates, 8! | 

Newts in the Laboratory : 
David D. Williams), 933 

Ney, Prof. E. P., and others : Cosmic Rays and the Sunspot Cycle (Primary 
a-Particle Intensity at Sunspot Maximum), 1319 

Niblett, Prof. W. R. : The Place of Residence in the University To-day, 164 

Nicholas, Dr. D. J. D.: Trace Metals in the Nitrogen Metabolism of 
Plants, 672 

Nicholls, C. M. : Nuclear Energy (Development of the Butex Process for 
ue Industrial Separation of Plutonium from Nuclear Reactor Fuels), 

Nicholls, C. M. (Gillleson, Dr. A. H., and): Nuclear Energy (Nuclear 
Criticality in Chemical Plants), 736 

Nichola oe J.G. : Awarded a Beit Junior Fellowship for Medical Research, 
I5 

Nicholls, P., and others : Free Radical produced in the Reaction of Metmyo- 
globin with Hydrogen Peroxide, 1398 

Nichols, B. W. (Aylward, Dr. Francis, and): Isolation of B-Sitosterol-D- 
Glucoside from Groundnut Phospholipids, 1064 

Nichols, R. : Propagation of Cacao in Plastic Bags, 580 

A Possible Source of Error In the Chemical Detection of Indoly! 

Acetic Acid in Plants, 919 

Nicholson, A. M. : Contact Stresses (Rolling Contact), 1774 

Nicholson, Dr. D. C. (Gray, Prof. C. H., and) : Dextrorotatory Urobilin- 
Xa and Racemic d-Urobilin, 483 

Nicholson, Dr. D. C., and others : The IX-a Structure of the Common Bile 
Pigments, [83 

Nicholson, E. M. : Biological Productivity of Britain, 83 

Nicholson, L. F. : Awarded the Simms Gold Medal of the Royal Aeronautical 
Society, 1646 

Nickel (IJ) : Complexes of, with 2-Pyridinaldoxime (Prof. Ronald A. Krause 

- and Daryle H. Busch), 1529 

Nickel (Tetrakistrifluorophosphine-) : 
Woodward and J. R. Hall), 831 

Nickel Cyclopentadienyl Nitrosyl : Microwave Spectrum of, and the 
Configuration of the Molecule (A. P. Cox, Dr. L. F. Thomas and 
Dr. J. Sheridan), 1157 

Nickell, Dr. L. G. : Gibberellin and the Growth of Plant Tissue Cultures, 
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Nickels, H. C., and Grubb, D. M. B.: The B.B.C. Riverside Television 
Studios—some Aspects of Technical Planning and Equipment (B.B.C. 
Engineering Monograph No. 14), 1046 

Nickerson, W. J., and others: Yeasts (edited by W. Roman), review by 
R. B. Gilliland, 798 

Nicol, Prof. T., and others : Effect of various Stilbene Compounds on the 
Phagocytic Activity of the Reticulo-Endothelial System, 1538 

Effect of certain Polyphenylated Aliphatic Hydrocarbons on the Phago- 
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Nicolaus, R. A., and others: The IX-a Structure of the Common Bile 
Pigments, 183 3 


Nicolson, Dr. T. H. : Vesicular-Arbuscular Mycorrhiza in the Bunnar 
718 


Nicotiana aise Effects of Glbberellic Acid on (L. G, Burk and Dr. T. C. 
so), 
Niebroj, Dr, Tadeus : Mast Cells, 991 
Niemann, Carl, and others (edited by) : Organic Reactions, Vol. 9, review 
by Prof. John Read, [47 
Nigerian African Populations: Haptoglobin Types In British, Spanish 
yi and (Dr. A. C. Allison, Dr. B. S. Blumberg and Mrs. ap Rees), 
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Night : Detection of Tsetse Fly at (G. R. Jewell), 1354 
Use of Reflecting Paints for locating Tsetse Fly at (B. D. Rennison, 
. H. R. Lumsden and C. J. Webb), 1354 
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Roach, A. G. (Burawoy, Dr. A., and) : Colour Filters for the 4358-A. line 
of the Mercury Discharge Spectrum, 762 e7 

Road Research Laboratory : Open Days, 53! 

Road Research Laboratory (Scottish Branch) : 

Roads : Concrete (Dr. R. H. H. Kirkham), 462 

New, 601 

Rob, Prof, C. G.: Freezing and Drying, 1696 

Roberts, Dr. G. Fulton : Comparative Aspects of Haemolytic Disease of 
the Newborn, review, 588 

Roberts, George W., : The Population of Jamaica, review by W. Brass, 442 

Roberts, Henry R., and Kolor, Michael G. : Quantitative Determination 
of Hydroxyproline by Paper Chromatography, 837 . 
Roberts, Henry R., and others : Distribution of Carbon-I4 in Components 
of Goat’s Milk, with Sodium Formate-""C as Precursor, 346 
Roberts, Dr. J. A. Fraser : Elected president of the Royal Anthropological 
Institute for 1957-59, 315 

Roberts, J. B. : Adsorption Chromatography on Silica-treated Paper, 338 

Roberts, Dr, L. E. J. : The Heaviest Elements, review, 1496 

Roberts, L. M., and others : Dependence of Heat Capacity on Thermal 
History, 642 

Robertson, Prof. J. Monteath : Granted leave of absence from the Univer- 
sity of Glasgow, to enable him to hold a visiting professorship in 
oe College of Chemistry at the University of California, Berkeley, 


Open Days, 1510 


Robertson, Dr. M. : Nature of Immune Responses in Parasitism (Antibody 
Proponi of Cows and Heifers to Infection with Trichomonas foetus), 
4 


Robertson, P. A. (Johnson, Dr. Edward A., and) : Effect of Acetylcholine 
on the Membrane Resistance and Threshold of Atrial Muscle Fibres, 


Robinson, Ann E., and others : Interaction of Phenolic Compounds with 
Bacteria, 712 

Robinson, F. D.: Power Development in Hitherto Under-developed 
Countries, 1502 

Robinson, G. W., and DiGiorgio, V. E.: 
Electronically Excited Species, 320 

Robinson, H. K. (Riley, P. B., and): Role of Oxygen in the Formation 
of a-Aminobutyric Acid by a Staphylococcus, 905 

Robinson, N., and others : Clearing Action of Lysolecithin, 782 

Robinson, R. : Excretion of 17-Ketogenic Steroids in Subjects with Com- 
plete Transverse Lesions of the Spinal Cord, 484 

Robinson, Prof. R. A. : Phytochemistry, 466 

een Pros Ltd., West Bromwich : Production of Tetrahydrothlophen, 
6 


Robson, Mrs. E. (Rowe, Dr. T. W., and) : Freezing and Drying, 1695 
Robson, J. G. (Campbell, F. W., and) : Moving Visual Images produced by 
Regular Stationary Patterns, 362 : 
Robson, Dr. Willlam : Title of professor of blochemistry In the University 
of London at King’s College conferred on, 602 
Robust but Sensitive Detector for Gas-Liquid Chromatography (Dr. D. W. 
Turner), 1265 
Roche, Dr. M.: At the thirteenth International Congress of Applied 
Psychology (Training of Driving Instructors on a Sound Pedagogical 
Basis), 1579 
Roche, M., and others : Isotopic Tracer. Method for Measurement of Iron 
Lost into and Re-absorbed from Gastro-intestinal Bleeding Lesions, 
errata, 603 
Rochester, Prof. G. D. : Elected a Fellow of the Royal Society, 881 
Obituary of Dr. J. M. Nuttall, 1307 
Rockefeller Foundation, New York : Grant of 8,500 dollars to the Univer- 
sity of Sheffield, for research In microbiology, 673 
Appointment of Dr. Frank Brink, jun., as dean of graduate studies, 529 
Rocket Propulsion Elements (George P. Sutton), second edition, review, 
986 


Structure and Reactivity of 


Rockets : Artifictal Stimulation of Rainfall In East Africa by means of 
(J. H. Brazel] and C. M. Taylor), 1421 : 

Rocks (Negev Phosphate): Minor Constitutents and Trace Elements in 
(Dr. E. Foa), 1676 

Rocks and Minerals : Distribution of Radloactivity in, and the Effect of 
Weathering on Determinations of Uranium (Dr. E. Hamilton), 697 
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Rocksteln, Morris, and Lieberman, Harry M. : Survival Curves for Male 
and Female House-Flies (Musca domestica L.), 787 

Rodger, A., and others: At the thirteenth International Congress of 
Applied Psychology (A fresh approach to the Study of Vocational 
Interests), 1580 

Rodney Stoke Nature Reserve: Further additions to the (Nature Con- 
servancy), 1572 

Rogers, Prof. C. A.: Appointed to the Astor chair of mathematics at 
University College, London, 1378 

Rogers, F. E. : The Theory of Networks in Electrical Communication and 
other Flelds, review by K. R. Sturley, 6 

Rogers, G. F. C., and Mayhew, Y. R.: Engineering Thermodynamics— 
Work and Heat Transfer, review by Dr. J. H. Horlock, 1028 

Rogers, Dr. H. J. (Mandelstam, Dr. J., and) : Chloramphenicol-Resistant 
Incorporation of Amino-Acids into Staphylococci and Cell-Wall 
Synthesis, 956 - 

Rogers, Dr. M. A. T. : Appointed research controller of Imperial Chemical 
Industries, Ltd., 1039 ; work of, 1039 

Rogers, T. A.: Elected president for 1959-60 of the Institution of Mining 
Engineers, 1378 

Rogers, Prof. W. P. : Physlology of the Hatching of Eggs of Ascaris lumbri- 
coides, 1410 

Rogowski, Mrs. B. F. W. (Shakeshaft, Miss E. M., and) : References to 
Scientific Literature on Fire, 1443 

Rokos, Dr. Josef, and others : Effect of Calclum lons on the Inhibition of 
Hydrolases by Chlortetracycline, 1201 

Role of Ferrous Iron in Enzymatic Transamination (M. V. Patwardhan), 187 

Role of Gibberellin-llike Hormones in Regulation of Plant Growth and 
Flowering (Dr. P. W. Brian), 1122 

Role of Glycerol In producing Abnormally Low Supercooling and Freezing 
Polnts In an Insect, Bracon cephi (Gahan), (R. W. Salt), 1281 

Role of Oxygen In the Formation of a-Amlnobutyric Acid by a Staphylo- 
coccus (P. B. Riley and H. K. Robinson), 905 

Role of Phage Antibodies in the Development of Non-toxigenic Cultures 
of Corynebacterium diphtheriae (Pau! S. Anderson, jun., and Prof. 


as Philip B. Cowles), 350 
” 7a Role of Photons in Argon—Alcohol Counters (Dr. P. Mortier, J. Demuynck 


Laa and O. Segaert), 1327 

Role of Plant Hormones in Algal Metabolism and Ecology (Dr. Joyce A. 
Bentley),. 1499, erratum, 1703 

Role (Metabolic), of Xanthopterin (J. A. Blair), 996 

Rolling of Strip, Sheet and Plate (Eustace C. Larke), review by Dr. L. S. 
Goddard, 988 

Rolt, L. T. C. : Isambard Kingdom Brunel, a Biography, review by H. P. 
Spratt, 1754 

Roman, W. (edited by): Yeasts (K. Arima, W. J. Nickerson, M. Pyke, 
H. Schanderl, A. S. Schultz, A. C. Thaysen and R. S. W. Thorne), 
review by R. B. Gilliland, 798 

Roman Occupation Site at St. Albans: An Assemblage of Arthropod 
Remains from a (P. L. Bradley), 435 

Réntgen Award for 1958 of the British Institute of Radiology awarded to 
Dr. P. R. J. Burch, 531 

Réntgenstrahlen (Handbuch der Physik, herausgegeben von S. Fliigge, 
Band 30), review by Prof. A. J.C. Wilson, 727 

Rooijmans, Dr. C. J. M. (van Oosterhout, G. W., and) : A New Super- 

"structure In Gamma-Ferric Oxide, 44 

Rook, J. A. F., and Wood, Marlan: Interrelationships of the Concentra- 
tions of Sodium, Potassium, Lactose and Water In Milk, 1284 

Rooseboom, Dr. Maria: Elected to honorary fellowship of the Royal 
Microscopical Society, 885 

Roosts : Starling (H. A. S. Key), [67 

Root Pifiusstes of Solanum tuberosum and Digitalis purpurea (Dr. C. Ellenby), 


Root Elongation in Lepidium : Effect of Stereolsomeric Tartrates on (Torb- 
Jorn Aasheim), 922 & 

Root Exudate from a Resistant Host: A Change of Pathogenlc Race in 
Fusarium oxypsorum f. pisi induced by (E. W. Buxton), 1222 

Root Nodules (Elaeagnus) : Nitrogen Fixation in (1. C. Gardner 717 

Root Tips : Chemical Determination of Deoxyribonucleic Acid in, before 
and after Cold Treatment (Dr. J. K. Heyes and Dr. G. W. Shaw), 1337 

Rooting Ability (Juvenile) : Transmission of, from Seedlings to Adults of 
Hevea brasiliensis (Prof. T. J. Muzik and H. J. Cruzado), 1288 

Roots of Vicia faba : Effect of a Combined Treatment with 8-Ethoxycaffeine 
and Argon on the (Effect on Radiosensitivity of Inert Gases), (John 
Read), 616 

Roots (Barley) : Carbon Dioxide Fixation in Particulate Preparations from 
(Dr. L. C. T. Young and Janet S. D. Graham), 1071 

Roots (Irradiated), of Vicla faba : Mitotic Delay In—the Effect of Oxygen 
(Dr. H. J. Evans, Dr. G. J. Neary and Miss S. M. Tonkinson), 1083 

Roots (Wheat): Relation between Peroxidase and ‘Cytochrome dh’ in 
(Prof. H. Lundegardh), 28 

Rootstocks (Citrus): Spot Chromatography Identification of (Prof. 
Raymond M. Selle), 506 

Rosa, Dr. Charles G., and Velardo, Dr. Joseph T. : Localization of Oxidative 
Enzyme Systems in the Uterus and Vagina of the Rat, 348 

Rosca, Prof. : At the thirteenth International Congress of Applied Psycho- 
logy (Evaluation of Educational Achievement (‘Docimology’)— 
Effect of Alternating Activities on Proficiency in Schoolwork), 1580 

Rose, B., and others : Isolation of Antibodles on Antigen—Polystyrene Con- 
jugates, 1465 

Rose, B. and others: Measurementofthe Neutron Spectrumfrom ZETA, 1630 

Rose, Dr. Francis : Conservation of Nature In South-East England (Possible 
Nature Reserves in Kent, Sussex and Surrey), 1446 

Rosenberg, Dr. H. M. : Vacancies and other Point Defects In Metals and 
Alloys (Electrical Resistivity Changes during Fatigue of Coppe r), 451; 
(Heat Conductivity in Stralned a-Brass Single Crystals), 45 

Rosenberg, Lawson L., and others : Formation of Oxalacetate and Aspartate 
from Phospho-Enol-Pyruvate in Spinach Leaf Chloroplast Extract, 632 

Rosenblatt, Prof. Murray (Grenander, Dr. Ulf, and) : Statistical Analysis of 
Statlonary Time Series, review by Prof. M. G. Kendall, 1494 

Rosenbrock, H. H., and others : Awarded the Moulton Medal of the Institu- 
tion of Chemical Engineers, [312 

Rosenfeld, Prof. L. : Physics and Metaphysics, review, 658 

Appointed professor in the new Nordik Institute for Theoretical 
Atomic Physics at Copenhagen, 1767 ; work of, 1767 
Physics and Metaphysics, 1814 


Resenno in Medal of the Institute of Metals awarded to Dr. J. H. Hollomon, 


Rosenhead, Prof. L.: Appointed a member of the Minlstry of Supply's 
Advisory Council on Scientific Research and Technical Development, 


1442 
Roshko, A. (Liepmann, H. W., and) : Elements of Gasdynamics, review by 
Dr. J. H. Horlock, 1232 
Ross, Prof. A. D. : Mechanical Propertles of Non-Metallic Brittle Materials 
(Relative Contributions of Elasticity, Creep and Shrinkage to the 
Total Strain In Concrete), 1578 
Ross, Dr. D. J. : Influence of Media on the Counts of Clostridium butyricum 
in Soils, 1142 
Ross, K. A. : Appointed veterlnary Officer, Northern Rhodesia, 459 
Ross, Dr. T. K. : Theory of Instrumentation, review, 73 
Ross, Dr. W. C. J. (Simonsen, the late Sir John, and) : The Terpenes, Vol. 4, 
The Triterpenes and their Derivatives—Hydrocarbons, Alcohols, 
Hydroxy-aldehydes, Ketones and Hydroxy-ketones, review by Prof. 
A. J. Birch, 445 
Rosseland, Prof. S. : Nominated as national representative for Norway on 
the North Atlantic Treaty Organization Sclence Committee, 739 
Rossi, Dr. Paolo, and Zamboni, Dr. Luciano : Pulmonary Arteriosclerosis 
due to Serotonin, 1216 
Rossoff, Arthur L. (Dewitt, David, and) : Transistor Electronics, review by 
Dr. J. R. Tillman, [168 
Rotating Hanging Mercury-Drop Electrode (E. Barendrecht), 764 
Rotating Hellum II: Detection of Single Quanta of Circulation in (Dr. 
W. F. Vinen), 1524 
Rotation of the Earth since June 1955 : Varlation in the Speer of (Dr. L. 
Essen, J. V. L. Parry, Dr. Wm. Markowitz and Dr. R. G. Hall), 1054 
Rotatory Dispersion of Cytochrome c (Dr. Gunther L. Eichhorn and Dr. 
Joan F. Cairns), 994 
Rotblat, Prof. J. : Peaceful Uses of Atomic Energy (British Association for 
the Advancement of Science lecture for children), 528 
Rothamsted Experimental Station: Retirement of Sir William Ogg as 
director, 89, 158 
Appointment of F. C. Bawden as director, 89, [58 
Report for 1956, 242 
Appointment of Prof. P. H. Gregory as head of the Department of 
Plant Pathology, 1312 
Rothamsted Park Grass (1856-1949), 131 
Rotherham, Leonard: Appointed a full-time member of the Central 
Electricity Generating Board, 20 
Rothwell, Peter S.: Investigations Into Temperature Changes on the 
Surface of Human Tooth Enamel, 1805 
Rotfehrn in Northern Ireland’: Relict (Y. B. Proudfoot), 1287 
Rotting Apple Fruit : Oxidation Products of Leucoanthocyanins as Inhibt- 
tors of Fungal Polygalacturonase in (M. Cole), 1596 
Roughness (Sea): Periodicity in, and Origin of Microseisms (Dr. J. N. 
Nanda, K. Achyuthan and N. K. Balachandran), 646 
Rous Sarcoma Agent : Nature of the Antigens responsible for the Acquired 
act of Turkeys to (Dr. R. J. C. Harris and P. J. Simons), 


Rous Sarcoma Extracts: Reversibility of the Inactivation of, by Detergents 
(Dr. Dino Guerritore), 419 
Rous Virus Nucleoid : Composition of the (Dr. M. A. Epstein), 1808 
Route (New), of Breakdown of the Indole Nucleus : Bactertlal Dissimilation 
of Indoleacetic Acid—a (Michael H. Proctor), 1345 
Roux, Dr. David G.: Biogenesis of Condensed. Tannins from Leuco- 
anthocyanins, 1454 
Molecular Weight of Condensed Tannins as a Factor determining thelr 
Affinity for Collagen, 1793 
‘Roving Eye’ : An Improved (T. Worswick and G. W. H. Larkby), 1046 
Rowaen, p er ane others : Long-Distance Radio Propagation above 30 
c./s., 
Rowe (N. E.) Medal of the Royal Aeronautical Society awarded to P. A. 
Champion, 1646 
Rowe, Dr. T. W., and Robson, Mrs. E. : Freezing and Drying, 1695 
Rowinski, P., and others: Processing of Foods with Ionizing Radlations 
(Autolytic Changes occurring during Storage of Sterile Muscle 
Samples), 878 
Rowley, Dr. D.: Bactericidal Activity of Macrophages In vitro against 
Escherichia coli, 1738 
Rowley, Diana (edited by) : Arctic Research, the Current Status of Research 
and some Immediate Problems in the North American Arctic and 
Sub-arctic, review by Dr. G. C. L. Bertram, 729 i 
Rowntree, John A Internal Migration, a Study of the Frequency of 
Movement of Migrants (General Register Office, Studies on Medical 
and Population Subjects, No. | I), 1574 
Roy, Chitra, and others: Synthesis of Phlorin and other Phenolic Gluco- 
sides by Plant Tissues, 84 
Royal Academy of Arts : Appointment of Dr. L. A. Jordan as professor of 
chemistry, 53! 
Royal Aeronautical Society : Honorary fellowship awarded to Sir Richard 
Southwell, 1646 
Honorary companionship awarded to W. E. Nixon, 1646 
Gold Medal awarded to Sir Sydney Camm, 1646 
Silver Medal awarded to Dr. P. B. Walker, 1646 
Bronze Medal awarded to Dr. D. Williams, 1646 
British Gold Medal for Aeronautics awarded to S. D. Davies, 1646 
British Silver Medal for Aeronautics awarded to W. H. Lindsey and 
W. F. Saxton, 1646 
Wakefield Gold Medal awarded to W. Tye, 1646 
R. P. Alston Medal awarded to Mrs. Anne Burns, 1646 
N. E. Rowe Medal awarded to P. A. Champion, 1646 
Simms Gold Medal awarded to L. F. Nicholson, 1646 
George Taylor (Australia) Gold Medal awarded to R. L. Lickley and 
L. P, Twiss, 1646 
Edward Busk Memorial Prize awarded to Dr. D. Küchemann, 1646 
Orville Wright Prize awarded to Prof. A. R. Collar, 1646 
RDAS Ackroyd Stuart Memorial Prize awarded to Dr. R. R. Jamison, 
J. E. Hodgson Prize awarded to Prof. H. J. van der Maas, 1646 
Branch Prize for 1958 awarded to M. B. Morgan, 1646 
Navigation Prize awarded to W. Makinson and G. M. Hellings, 1646 
Usborne Memorial Prize awarded to D. G. Drake, 1646 
Office of president taken by Sir Arnold Hall, 1646 
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Royal Agricultural Society of England: Research Medal awarded to Dr. 
W. A. Sexton and W. G. Templeman, !506 

Royal Anthropological! Institute : Election of Dr. J. A. Fraser Roberts as 

resident for 1957-59, 315 

S momia! Society : Gold Medal awarded to Prof. André Danjon, 


Eddington Medal awarded to Dr. H. W. Babcock, 53] 
Geophysical Discussion on Radiometric and Geochemical Survey 
Techniques, 594 
Geophysical Discussion on the Transition from the lonosphere to 
Interplanetary Space, 1238 
Geophysical Journal, Vol. 1, No. 1, 1376 
Royal Botanic Gardens, Kew ; Open Days (Dr. W. B. Turrill), 1569 
Royal ln Society : Patron’s Medal awarded to Dr. Paul A. Siple, 


Founder’s Medal awarded to Sir Edmund Hillary, 810 
Special Gold Medal awarded to Dr. Vivian Fuchs, 810 
Victoria Medal awarded to Prof. Roberto Almagia, 810 
Murchison Grant awarded to Prof. E. G. Bowen, 810 
Back Grant awarded to Ingénieur-en-Chef Bertrand Imbert, 810 
Cuthbert Peek Grant awarded to Dr. Peter H. Davis, 810 
Gill Memorial awarded to Dr. M. J. Wise, 810 
Mrs. Patrick Ness Award awarded to Capt. A. G. Bomford, 810 
Royal Greenwich Observatory : The Isaac Newton Telescope at the, and 
the Navy Estimates, 8! I 
Royal Institute of British Architects : Symposium on the Design of Teaching 
Laboratories in Universities and Colleges of Advanced Technology, 
459 
Royal Institute r Gnamistryi Meldola Medal of the Society of Maccabaeans, 


Bellby Memorial Awards, I6! 
Humphry Davy Lectures, 387 
Index of Films on Chemistry, 1245 
Royal Institute of Chemistry (Thames Valley Section): Symposium on 
Radiation Chemistry of Organic Systems, [110 
Royal Institute of Chemistry, and others: Symposium on Science and 
Society, 603, 1183 
Royal Institute of Public Administration (A Survey by a Study Group of the) : 
The Organization of British Central Government, 1914-1956 (edited 
by D. N. Chester, written by F. M, G. Willson), 14] ; review, 299 
Royal Institution : Election of Officers, 1312 
Royal Meteorological Society : Election of Prof. Tor Bergeron, Sir David 
Brunt, E. Gold, Prof. Sverre Petterssen and Sir George Simpson to 
honorary membership, 1375 
Buchan Prize awarded to Dr. R. M. Goody, [375 
Hugh Robert Mill Medal and Prize awarded to L. C. W. Bonacina, 1375 
Discussion on Atmospheric Aerosols, 1703 
Discussion on Aeronautical Meteorology, 1703 
Royal Microscopical Society : Election of John Bunyan as president, 238 
Honorary fellowships conferred on Dr. Edwin H. Land and Dr, Maria 
Rooseboom, 885 
‘Micro 57’, an Exhibition of Photography with the Microscope, 1246 
Royal Netherlands Geographical Society : Election of Prof. J. Bidel, Prof. 
H. C. Darby and G. J. A. Mulder to honorary membership, 1771 
Royal Photographic Society : Silver Progress Medal for [957 awarded to 
Dr. Edwin H. Land, 312 
Honorary fellowship conferred on Dr. John |. Crabtree and on Dr. 
Edwin H. Land, 313 
Royal Photographic Society (Scientific and Technical roubl 
Electron Microscopy Group of the Institute of Physics : 
Photographic Aspects of Electron Microscopy, 1312 
Royal Society of Edinburgh: Keith Prize for 1955-57 awarded to Dr. 
I. M. H. Etherington, 673 
Neill Prize for 1955-57 awarded to Monica Taylor, 673 
Election of Fellows, 739 
David Anderson-Berry Prizes for 1958 awarded to W. M. Court Brown 
and Dr. Richard Doll, and to Dr, C. E. Ford, 157] 
Royal Society of London : Appointment of vice-presidents, 87 
Discussion on the Physics of Water and Ice, 380 
Discussion on Experimental Results with the ZETA Apparatus on 
Controlled Thermonuclear Reactions, 238, 803 
Discussion on Parity Conservation, 447, errata, 885 
New Fellows of the, 88! 
Meeting on Recent Advances in Nuclear Physics, 886 
Notes and Records, Vol. 12, No. 2, 1181 
New Forelgn Members of the, 1242, 1700 
Appointment of Dr. P. M. B, Walker to the Royal Society Research 
Fellowship, 1378 ; 
Appointment of N. Tebble to a John Murray Travelling Studentship 
for 1958, [378 
Royal Society and Nuffield Foundation Commonwealth Bursaries : Awards, 
89 
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Royal Society, in co-operation with the Royal Society of New Zealand: 
Expedition to Southern Chile, 949 

Royal Society of New Zealand (Royal Society, in co-operation with the) : 
Expedition to Southern Chile, 949 

Royal Society of South Africa : Election of Officers for 1958, 1378 

Royal Society of Tasmania : Election of Officers, [110 

Royal Statistica! Society : Election of Officers, 1703 

Guy Medal in silver awarded to Prof. G. A. Barnard, 1703 
Frances Wood Memorial Prize awarded to David Hewitt, 1703 

Royal Statistical Society (Birmingham Group of the Industrial Applications 
Section) : Conference on Statistical Sampling in Industry, 885 

Royal University of Malta : Formation of a Statutory Commission, 89 

Rubber Industry, Institution of the, and the Plastics Institute : Conference 
on Recent Advances in Polymer Technology, 89, [303 

Rubber-bearing Plants: Coenzyme A and Aldolase in (J. A. Gascoigne, 
Dr. W. G. Overend, G. F. J. Moir and Dr. G. Hibscher), 628 

Rubbo, Prof. Sydney D. (Holmes, lan H., and) : Rejection of the Peroxide 
Accumulation Hypothesis of Isoniazid Action, 1203 

Rubidium-86 ; Influence of Water-Content of Sand on Rate of Uptake of 
(Dr. L. K, Wiersum), 106 

Rubidium-86 as a Tracer of Potassium in Man (M. Mencer Martin and 
Geoffrey Walker), 705 

Rubidium and Caesium : Paper Chromatography of Potassium, (Florin 
Modreanu, Simon Fise] and Adrian Carpov), 1618 
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Rubio-Huertos, Dr, M., and others : Bacterial Protoplasts, 1713 
Ruby : The Colour Problem of (Lakhbir Singh), 1264 
Rucker, Prof. A. : Nominated as national representative for Germany on 
the North Atlantic Treaty Organization Science Committee, 739 
Ruddleston, R. (Fitch, E., and) : Long-Distance Radio Propagation above 
30 Mc. /s. (Terminal Equipment), 1185 
Rudham, R. (Morrison, J. A., and) : Melting, Diffusion and related Topics 
(Mechanism of the Anion Diffusion Process in Sodium and Potassium 
Chloride Crystals), 320 
Rudman, Dr. P., and others : 
in Tectona grandis, 721 
Rumen and Salivary Secretion : 
C. S. W. Reid), 1722 
Rumen Strains of Fusiformis nigrescens : Apparent Requirement for Vitamin 
K of (Dr. M. Lev), 203 
Rumex obtusifolius L. : a-Picoline from (S. Wilkinson), 636 
Ruminant Stomach: Pressure developed within the Reticular Compart- 
ment of the (F. R. Bell), 494 
Ruminants : Provision of Cobalt to, by means of Heavy Pellets (D. W. 
Dewey, H. J. Lee and Dr. Hedley R, Marston), 1367 
Rundqvist, Stig : Two Borides with the Cementite Structure, 259 
Runeckles, V. C. : Formation of Alky) Phosphates in Wheat Leaves, 1470 
Rupture (Cell) : Thaw Rigor and (R. M. Love and S. B. Haraldsson), 1334 
Rural Economy: Types of—Studies in World Agriculture (Prof. René 
Dumont), review by Sir John Russell, 144 
Rushton, B. J, : Appointed chemist, Geological Survey, Tanganyika, 459 
Rusland Moss Nature Reserve (Nature Conservancy), 1572 
Russell, Dr. F. S. : Obituary of Dr. G. A. Steven, 1505 
New Species of Atolla, 181] 
Russell, G. : ‘Purity’ of Gelatin as a Protein, 102 
Chemically Distinct Major Constituents of Gelatin, 537 
Russell Sir John : Agriculture in East and West, review, 144 
The World of the Soil, review by Dr. P. C. DeKock, 297 
The Soil and the Growing Plant, review, 1627 
Russell, Lord : The World and the Observer, 810 
Russell, Dr. R, D. : Appointed associate 
University of British Columbia, 603 » 
Russell, R. J., and Morgan, J. P. : Sale Marshes (Morphology of the Louisiana 
nes and the Coastal Changes following Hurricane ‘Audrey'), 
Russell, Prof. R. W. : Resignation from the professorship of psychology at 
University College, London, I8 ; work of, 18 
Russell, T, A. : The Indian Mango Displayed, review, 1364 
Russian Earth Satellite : Tracking the, 144 
Russian Earth Satellite 19578 : Effect of Air Drag on the Orbit of the— 
Comparison of Theory and Observation (D, G. King-Hele and Dr. 
D. C. M. Leslie), [761 £ 
Russian Earth Satellite 19586 : The Third, 1441 
Some Effects of the Fine Structure of the lonosphere on Transmissions 
received from the (F. A. Kitchen and W. R. R. Joy), 1759 
Russian Scientific Literature : Translations of, 1109, 308, 1508 
Russian Translation (R. E. O'Dette), 1509 
Rutin : Use of Defoliants for Drying Buckwheat in the Field, and a New 
Saat for the Chemical Determination of (Y. Brejcha and P. Horák), 
wen a (Haute Altitude) : Biotopes de, | (J. Heinzelin and H. Mollaret), 


Relationship of Tectoquinone to Durability 


Distension of the (A, T. Phillipson and 


Rydzewski, Dr. W. : Check-List of North American Birds, review, 590 


Rye—Climate Relationships (M. Y. Nuttonson), review by Dr. E. C. Hum- 


phries, 1689 
Ryland, J. S. : Bugula simplex Hincks, a Newly Recognized Polyzoan from 
British Waters, 1146 


a 


at “a 


SABURI, Yasuo, and others : An Alternative Pathway for the Degradation 
of Cholic Acid by Micro-organisms, 906 

Saccharogenic Amylase (Crystalline), of Moulds: Specificity of (Yoshio 
Tsukjisaka, JulchIro Fukumoto and Takehiro Yamametei, 770 

Sacculina gonoplaxae Guérin-Ganivet, 1911, a Rhinocephalan Parasite New 
to British Waters (A. K. Nagabhushanam), 57 

Sachs, Dr, Roy : Photoperiodism in Plants and Animals (Implications of 
*‘Long-short’ Day Plants, such as Cestrum nocturnum, for General 
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Atmospheric Precipitation (E. Gorham), 1650 

Weather Ships (British Ocean): Ten Years’ Work of the (Comdr. G. E. N. 
Frankcom), 236 

Weatherall, Dr. Miles : Title of professor of pharmacology in the University 
of London at the London Hospital Medical College conferred on, 602 

Weatherall, R.: A School Course of Biology, review, 1758 

Weathering on Determinations of Uranium : Distribution of Radioactivity 
in Rocks and Minerals, and the Effect of (Dr. E. Hamilton), 697 

Weatherly, Dr. E. E. : Professional Problems of Biologists serving Overseas, 
677 


Weaver, Dr. Robert J. : Effect of Gibberellic Acid on Fruit Set and Berry 
Enlargement in Seedless Grapes of Vitis vinifera, 851, erratum, I110 

Webb, C. J., and others : Use of Reflecting Paints for locating Tsetse Fly 
at Night, [354 

Webb, Dr. Edwin C. : Enzymologists’ ‘Do-It-Yourself’ Manual, review, 1431 

Webb, Dr. J. S. : Radiometric and Geochemical Survey Techniques (Geo- 
chemical Methods of Mineral Exploration), 594 

Webb, M. J. : Awarded a Grant by the Leverhulme Trust, [442 ‘ 

Webb, M. J. W. (Tomlinson, Dr. J. A., and): Control of Turnip and 
Cabbage Mildew ee polygoni DC.) by Zinc, 1352 

Webb, T. L., and van der Walt, T.: Differential Thermal Method for 
determining Reactivity of Calcium Oxide, 4 

Weed (Bulbous), Oxalis pes-caprae : Maleic Hydrazide in the Control of 
the (N. G. Marinos), 1143 

Weekes, Dr. K.: The Transition from the lonosphere to Interplanetary 
Space, 1238 

Weevils (Grain), Calandra granaria L. and C. oryzae L., reared on Irradiated 

` Wheat (P, B. Cornwell and D. M. Burson), 1747 

Weibull, Prof. C., and others : Bacterial Protoplasts, 1713 

Weibull, Prof. C. (Thorsson, Dr. K. G., and) : Electron Microscopy of a 
Stable Proteus L Form, 1348 

Weiffenbach, George C. (Guier, Dr. William H., and): Theoretical 
Analysis of Doppler Radio Signals from Earth Satellites, 1525 

Weight (Constant) per Unit Length: Birefringence Determination in 
Objects of Irregular Cross-sectional Shape and (S. C. amman 1260 

Weight (Dry), and Deoxyribonucleic Acid Content of Proteus vulgaris : 
Changes in the, caused by Penicillin (Dr. M. VY. Nermut and Dr. 
V. Drášil), 1740 


Weil-Malherbe, Dr. H., and Bone, A. D.: Effect of Reserpine on the. 


Intracellular Distribution of Catecholamines in the Brain Stem of 
the Rabbit, 1474 
Weintroub, S. : The National Physical Laboratory—Report for 1956, 607 
Electron Microscopists, 816 
Modern Computing Methods, review, 985 
The Physical Society during 1957, 1046 
Australian Atomic Energy Commission—Report for 1956-57, 1248 
Weiskrantz, Dr. Lawrence: Sensory Deprivation and the Cat's Optic 
Nervous System, 1047: 
Weiss, Dr. B., and others : Comparison of Effect of Lysergic Acid Diethyl- 
amide with Potassium Cyanide and other Respiratory Inhibitors 
on the Siamese Fighting Fish, [136 
Weiss, Prof. Joseph : One-Electron versus Two-Electron Transfer Processes 
in the Mechanism of Oxidation-Reduction Reactions in Solution, 825 
Welch, F. J. : Obituary by W. J. Pierce, 1766 
Welding (Pressure), of Metals (Department of Industrial Metallurgy of the 
University of Birmingham Conference on), [182 
Welfare in 1956: Employment and, 532 
Welford, A. T. : Obituary of Prof. H. S. Langfeld, 1241 
Awarded the H. M. Vernon Prize for !958 by the National Institute 
of Industrial Psychology, 1510 
Wellcome Foundation, Ltd. : Appointment of Dr. R. S. F. Hennessey as 
head of the Therapeutic Research Division, 1637 
Wellcome Laboratories of Tropical Medicine : Appointment of Dr. L. G. 
Goodwin as head of the, 1637 
Wells, Dr. F. A, : Appointed professor of industrial economics in the 
University of Nottingham, 1640 
Wells, Dr. Harry K. : Ivan V. Pavlov—Toward a Scientific Psychology and 
Psychiatry, review by Prof. John Cohen, [233 
Wells, l, and Lofthouse, Dr. E.: Nuclear Energy (Fuel Processing in 
Homogeneous Aqueous Reactors), 736 N 
Welsh, Dr. N. C. : Surface Hardening of Non-ferrous Metals by Spark 
Discharge, 1005 
Wen, Dr. Wen-Yang (Frank, Prof. H. S., and) : Interaction in lonic Solu- 
tions (lon-Solvent Interaction), 241 
Wendell-Smith, Dr. C. P. (Williams, Dr. P. L., and): Variations in Axonal 
Diameters of Myelinated Nerve Fibres—Apparent or Real ?, 125 
Wendlandt, Prof. Wesley W., and Zief, Morris : Thermal Decomposition 
of some Antibiotics, [207 
Wenner-Gren Foundation : Award of Viking Fund Medals and Prizes for 
1957 to Dr. Raymond A. Dart, Dr. James B. Griffin and Dr. Margaret 
Mead, 882 
Went, Dr. F. W.: 
Rhythms), 536 
Appointed director of the Missouri Botanical Gardens, St. Louis, and 
professor of botany at Washington University, 1640 
Werre, Dr. P. F.: The Relationships between Electroencephalographic 
ane ey celestial Data in Normal Adults, review by Dr. Clifford 
en, 


Photoperiodism in Plants and Animals (Endogenous 
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Wesley, Alan: Obituary of Prof. W. J. Jongmans, 157 

Wesselink, A. J., and others : Radial Velocities of Southern B Stars, 1116 

Wesson, J. A., and others : Controlled Release of Thermonuclear Energy— 
A Stabilized High-Current Toroidal Discharge producing High 
Temperatures, 222 

West, Dr. G. B. (Hicks, R., and) : Adrenal Cortical Hormones and the 
Formation of Histamine and 5-Hydroxytryptamine, 1342 

West, H. : New Irradiation Laboratory at the Metropolitan-Vickers Barton 
Works opened by, 1775 

West, es (Hoar, Dr. T. P., and) : Mechano-Chemical Anodic Dissolution, 


West, Dr. R. G., and Godwin, Dr. H. : The Cromerian Interglacial, 1554 
West (East and): Agriculture in, review by Sir John Russell, 144  - 
West Africa (Tropical) : Thermocline off the Coast of (J. C. D. Watts), 863 
West African Cacao Research Institute, Ghana : Appointment of B. H. 
Kenten as biochemist, 459 
Appointment of J. F. Longworth as agronomist, 459 
West African Environment: The D 
sartana, Conference of the West African Science Association), 
l ad Pian” 
West African Science Association : Second Interterritorial Conference of 
the (The Development of the West African Environment), 1580 
West Indies: A New Subterranean Crustacean from the (Dr. Isabella 
Gordon), 1552 


Westerlund, Prof. G. : At the thirteenth International Congress of Applied i 


Psychology (Large-scale Statistical and ‘Inter-disciplinary’ Study of 
Industrial Accidents in Sweden), 1579 ‘ 
Western Attitudes to Science : Soviet and, 88 


Western Australia: The Toxic Plants of (C. A. Gardner and H. W., ` 


Bennetts), review by Dr. F.,N. Howes, 729 
Western World : Pooling Scientific Resources in the, 313 . 
Westinghouse, George : Bronze bust of, to be placed in the Hall of Fame 
for Great Americans at the University of New York, 87 ‘ 
Westman, Dr. A. E. R. : Appointed director of research of the Ontario 
Research Foundation, 315 


‘Westphal, Prof. O., and others: Contribution of Deoxymethylpentoses 


to the Serological Specificity of some Bacterial Polysaccharides, and 
the Recognition of a New Sugar, Paratose, 822 


Westrop, J. W. (Green, Prof. H. N., and) : Hydrogen Peroxide and Tumour- l 


Therapy, 128 

Wetherly, A. H., and others : Relationship of Tectoquinone to Durability 
in Tectona grandis, 721 a3 

Wetmore, Dr. Ralph***Photoperiodism in Plants and Animals (Structural 
Changes occurring in Shoot-Apices of Xanthium and other spacies 


in the Transition from the Vegetative to the Flowering Condition), ~. 


535 


Whale Insulins (Sperm- and Sei-) : Structure of, and their Breakdown ` 


by Whale Pepsin (Yoshio Ishihara, Tsuneyuki Saito, Yasuzo Ito and 
Masahiko Fujino), 1468 F 

Whale Pepsin: Structure of Sperm- and Sei-Whale Insulins and their 
Breakdown by (Yoshio Ishihara, Tsuneyuki Saito, Yasuzo Ito and 
Masahiko Fujino), 1468 

Whapham, Dr. A. D. : Vacancies and other Point Defects in Metals and 
Alloys (Propagation of Slip in Lithium Fluoride Crystals Hardened 
by Electron Bombardment), 451 . ‘ 

What Magnetohydrodynamics is About, review by Prof. T. G. Cowling, 1361 

What is the Right Attitude to Science ? (Dr. K. Mendelssohn), 88 

What Man May Be—the Human Side of Science (Prof. George Russell 
Harrison), review by Prof. C. A. Coulson, 7 

Whatley, F. R., and others : Formation of Oxalacetate and Aspartate from 
Phospho-Enol-Pyruvate in Spinach Leaf Chloroplast Extract, 632 

Wheat : Grain In the Glume of (G. M. Wright), 1812 

Two Crystalline Haemoproteins of (Bunji Hagihara, Kunlo Tagawa, 

Ichiro Morikawa, Masateru Shin and Prof. Kazuo Okunuki), 1656 

Wheat In Australia, review by Dr. D. J. Watson, 730 

Wheat (Irradiated) : Grain Weevils, Calandra granaria L. and C. oryzae L., 
reared on (P. B. Cornwell and D. M. Burson), 1747 

Wheat—Climate Relationships (M. Y. Nuttonson), review by Dr. E. C. 
Humphries, 1689 

Wheat Germ: 
Kunio Tagawa, Ichiro Morikawa, Masateru Shin and Prof, Kazuo 
Okunuki), (Crystalline Cytochrome c), [590 

Wheat Industry in Australia (Dr. A. R. Callaghan and Dr. A. J. Millington), 
review by Dr. D. J. Watson, 730 a Te 

Wheat Leaves : Formation of Alkyl Phosphates in (V..C. Runeckles), 1470 

Wheat Roots : 
(Prof. H. Lundegardh), 28 

Wheats (Tetraploid) : ‘Purple Pericarp’, a Monofactorial Dominant in (Dr., 
B. C. Sharman), 929 

Whey (Human Milk) : Chromatographic Separation of Lactalbumin from, 
on Calcium Phosphate Columns (Dr. Bengt Johansson), 996 

‘Whistlers’ in the Antarctic (L. H, Martin), [796 

Whitaker, Dr. D. R. (Thomas, R., and) : Zone Electrophoresis of Myro- 
threcium Cellulase, 715 

White, A. S. : Nuclear Energy, 735 

White, Dr. E. L. C.: Awarded the Mervyn Premium of the Television 
Society, 1246 

White, G. : Agar Double-Diffusion Precipitation Reaction applied to the 
Study of Asterococcus mycoides, 28 

A Specific Diffusible Antigen of Rinderpest Virus demonstrated by the 

š Agar Double-Diffusion Precipitation Reaction, 1409 

White, jun., Jonathan W. (Goulden, J. D. S., and): Effects of Crystallinity 
pn rene Infra-red Absorption Spectra of Lactose and Dried Milk, 

White, R. B. (Munro, G. H., and): Observations In Australia of Radio 
Transmissions from the First Artificial Earth Satellite, 104 

White, W. E. (Saper, Dr. J., and): Amino-acid Composition of Sclero- 
protein of the Sponge Hippospongia equina, 285 

White Dwarfs (Prof. E. Schatzman), review by Dr. R. J. Tayler, 1366 

White Fish Authority : Report on an Experiment into the Freezing of Fish 
at Sea, 817 

White Paper—Report on Defence (1958), 1229 

White Paper on Capital Investment in the Coal, Gas and Electricity Indus- 
tries, 1638 

White Paper on the European Nuclear Energy Agency, 952 

White Paper on Full Automation of the Telephone System, 71 
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Crystallization of Cytochrome c from (Bunji Hagihara, ~ 


Relation between Peroxidase and““Cytochrome dh’ in: 
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w `a Wiersum, Dr. L. K. 


cxi 
White Paper on the United Kingdom’s Role in Commonwealth Develop- 
ment, 1582 j 
Whiteley, Dr. H. J. : Giant Compound Hair Follicles in the Skin of the 
Rabbit, 850 


Whiteman, Dr. J. H. M. : Relativistic Aberration Formula, 560 
Wehicenne eats : Fluorescent (R. S. Higginbotham and F. W. Thomas), 
Whitfield, Dr. 1. C. : Title of reader in physiology in the University of 
Birmingham conferred on, 89 
Whiting, Dr? M. C. : Newer Preparative Methods in Organic Chemistry 
(Some Reactions between Metal Carbonyls and Acetylenlc Com- 
pounds), 240 7 
Whitney, Dr. R. J. : Mechanics of Normal Muscular Activity, 942 
Whitney, Dr. Willis R. : Obituary by Dr. A. W. Hull, 1037 
Whitstable, Kent : Microbenthos of the Shore at (E. J. Perkins), 791 
Whittaker, Y. P. : Acetylcholine in Milk, 856 : 
Whitteridge, Prof. D. : Neurophysiology, review, 1095 
Whittingham, Prof. C. P. : Recent Research on Photosynthesis, review, 974 
Photosynthesis, review, 1231 
Appointed to the University of London chair of botany at Queen Mary 
College, 949, 1242 ; work of, 1242 
Whyte, Dr. R. O. : Climate, Vegetation and Land Utilization In the Humid 
. Tropics (Scientific Management of Tropical Grasslands), 597 
Whyte, Dr. R. O., and Rattray, J. M. : The Grass Cover of Africa, 80 
Whytlaw-Gray, Prof. R. : Obituary by Prof. Frederick Challenger, 527 
Whytlaw-Gray, the late Prof. R., and others: Second Virial Coefficient of 
Methyl’Chloride Vapour, 1004 
. Wibberley, Dr. G. P. : Biological Productivity of Britain (Recent Changes 
a in Land Use}, 82 
*"Width of the Green Mercury Line from a 198-lsotope Lamp (Dr. H. von 
; Klitber), 1007 
Wiegersma, S., and others: At the thirteenth Internationa! Congress of 
- = Applied Psychology (A fresh approach to the Study of Vocational 
= Interests), | - 
Wlener, Prof. Norbert, and Wintner, Prof. Aurel : Random Time, 561 
i . Influence of Water-Content of Sand on Rate of Uptake 
. of Rubidium-86, 106 


v Wiggins, C. S., and others : Grain Boundaries and Electroluminescence in 


Gallium Phosphide, 109 
Wigglesworth, Prof. Y. B, : Abrasion of the Insect Cuticle by Aqueous 

Suspensions of Small Particles, 779 c 
Wight, Dr. W. : The Agrotype Concept In Tea Taxonomy, 893 

Agrotype Concept in Chemica! Analysis of Tea, 1355 
Wightman, Dr. F., and others : B-Oxidation of 
ae oh xylic Acids in Plant Tissues, 1387 

Wilbert, Johannes, and others : 

among the Warrau, 118 


t 


a * 
“Wild Life and Amenities: Conserving, in the South-East of England (South-" 


<. ` Eastern Union of Scientific Societies Conference on), 3! 
Wild Rabbit :- Social Behaviour in the (K. Myers and R. Mykytowycz), 1515 
Wildy, Dr. Peter, and Stoker, Michael : Multiplication of Solitary HeLa 
Cells, 1407 
Wiles Lectures given at the Queen’s University, Belfast, 1956 (Prof. John U. 
Nef), reyiew, 1427 , a 
Wiley, Christine E. (Felling, Dr. Josef, and) : Enzymatic Dehydrogenation 
i of Hydroxypurines and Hydroxypteridines, 51 
Wilhelm, D. L. (Miles, Prof. A. A., and) : Distribution of Globulin Perme- 
2 ability Factor and its Inhibitor in the Tissue Fluid and Lymph of the 
is: Guinea Pig, 96 
Wilkes, Dr. M. V. : Obituary of Prof. D. R. Hartree, 808 
Computers, review, 1755 
Wilkins, R. J.: Title of reader in civil engineering in the University of 
' London at University College conferred on, 89 
Wilkinson, A. P., and Davies, Dr. D. D. : Serine—Glycine Interccnversion 
in Plant Tissues, 1070 7 
Wilkinson, Prof. D. H. : Recent Advances In Nuclear Physics (The Structure 
of Light Nuclei), 886 
Wilkinson, Dr. E. H. (Spencer, Dr. D. M., and): A Method of Reducing the 
Losses caused by Gloeosporium spp. in Stored Apples, 1603 
Wilkinson, Dr. J. : Appointed senior lecturer in botany at the University 
of Exeter, 1182 
Wilkinson, Dr. John F. (Nour-Eldin, Dr. F., and); Peculiar Disorder of 
Plasma Thromboplastin Production, 989 
Wilkinson, S. : a-Picoline from Rumex obtusifolius L., 636 
Wilkinson, W. L., and others : Awarded the Moulton Medal of the Institu- 
tion of Chemical Engineers, 1312 
Wilkinson, W. T, (Dinsdale, A., and): Mechanical Properties of Non- 
Metallic Brittle Materials (Strength of Ceramic Materials—Methods 
of Measuring Impact Strength), 1578 
Williams, Prof. A. : Elected a Fellow of the Royal Society of Edinburgh, 


739 

Williams, Dr. D. : Long-Distance Radio Propagation above 30 Mc./s. 
(Research on lonospheric Scattering), 1184 

Awarded the Bronze Medal of the Royal Aeronautical! Society, 1646 

Williams, Dr. D. (Cutler, P. H., and) : Long-Distance Radio Propagation 
above 30 Mc. /s. (A Scatter Signal Analyser), 1185 

Williams, Dr. David D. : Rearing Newts in the Laboratory for Experimental 
Purposes, 933 i 

Williams, E. C., and Hayfield, P. C. S. : Vacancies and other Point Defects in 
Metals and Alloys (Character of the Metallic Su rface), 450 

Williams, E. J. : Awarded a Mond Nickel Fellowship for 1957, 458 

Williams, E. S. : Barometric Pressure and Altitude, 1527 

Willlams, Prof. Lady Gertrude : Recruitment of Skilled Trades, review by 
T. H. Hawkins, 373, 531 

Williams, Dr. Holman E. : Growth and Titration of Louping-ill Virus in 

_ Monolayer Tissue Culture of Pig Kidney, 497 

Williams, J., and others : Mechanical Properties of Non-Metallic Brittle 
Materials (Effects of Porosity and Microstructure on the Mechanical 
Properties and Resistance to Thermal Shock of High-Temperature 
Materials—Pure Oxides), 1578 

Williams, J. A. (Wood, Dr. J. T., and) : Nuclear Energy (Computation of 
the Performance of a Multicomponent Solvent Extraction System), 


737 
Williams, Dr. P. L., and Wendell-Smith, Dr. C. P.: Variations in Axonal 
Diameters of Myelinated Nerve Fibres—Apparent or Real ?, [25 
Williams, P. S. : Scope and Limits of Colour Measurement, 1704 
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Peculiar Distribution of the Diego Factor, 
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Williams, R. V., and others : Controlled Release of Thermonuclear Ene 
—A Stabilized High-Current Toroidal Discharge producing F 
Temperatures, 222 

Williams-Ellis, Amabel : Seekers and Finders, Book |, They dared to 
Questions ; Book 2, Magic, Science and Invention ; Book 3, ` 
Yourself, Fifty Straight Answers to Fifty Fair Questions, review 

- T. H. Hawkins, 1628 - 

Williamson, D. H. (Dickens, Prof. F., and) : -Formaldehyde as an Accey 
Aldehyde for Transketolase, and the Biosynthesis of Triose, l 

Williamson, Dr. D. I.: Awarded a Grant by the Leverhulme Trust, 144 

Williamson, Kenneth : Appointed migration research officer to the Bri 
Trust for Ornithology, 456 ; work of, 456 

Williamson, M. H. : Williamson’s Theory of Interspecific Competition, I 

Williamson’s Theory of Interspecific Competition (Dr. H. G. Andrewa 
and Dr. T. O. Browning), 1415: (M. H. Williamson), 1415 

Williamson, T. B.: Awarded a Home Civil Service Fellowship of 
Commonwealth Fund, I18] 

Willink Committee : Report on Medical Students and Practitioners, | 

Willis, Dr. E. H., and others : Radiocarbon Dating of the Eustatic Ris 
Ocean-Level, I5[8 

Willis, Dr. J. C. : Obituary by Sir Edward Salisbury, [103 

Willis, the late Dr. J, C. : Awarded a Silver Darwin—Wallace Commer 
ative Medal by the Linnean Society of London, 1177 

Willoughby, D. A. (Spector, W. G., and) : Experimental Suppression oi 
Early Inflamatory Phenomena of Turpentine Pleurisy in Rats, 70t 

Willson, F. M. G. (written by): The Organization of British Cer 
Government, 1914-1956 (A Survey by a Study Group of the Br 
Institute of Public Administration, edited by D. N. Chester), | 
review, 299 

Wilman, Dr. H. (Scott, V. D., and): 
Polycrystalline Beryllium, 902 . 

Wilmot, G. F. A. : At the Annual Conference of the Geographical Assı 
tion (The Scope of Railway Geography in Urban Areas), 607 

Wilmot Breeden Fellowships, 812 

Wilson, Prof. A. J. C. : Ångström 
review, 727 

Wilson, Dr. A. T. (Bainbridge, A. E., and) : Isotope Enrichment In a ¢ 
tinuous Feed Process, 1729 

Wilson, Dr. A. T. M. : At the Annual Conference of the British Institu! 
Management (Psychological Factors in Group Relations), 307 

Wilson, Dr. C. L. (Barnett, Dr. E. de Barry, and): Inorganic Chemi: 

i second edition, review by Prof. J. R. Partington, 1097 

Wilson, G. M. : Processing of Foods with lonizing Radiations (Some Ch 
cal Effects in Irradiated Meat), 879 

Wilson, I. A. N., and others: Growth and Reproduction in Worm: 
Sheep at Pasture, 168 

Wilson, J. Yanney : Polyploidy im Bluebells, 431 

Wilson, L. : Scientific and Technical Translation, 1044 

Wilson, S. A. (Asher, R. C., and) : Lamellar Compound of Sodium 
Graphite, 409 

Wilson, Dr. T.: Appointed senior lecturer in troplcal ‘hygiene at 
University of Liverpool, 1576 ‘ 

Wilson, T., and others: Electricity and Electrical Machines, review, 5 

Wilson, Dr. W. O. : Photoperiodism in Plants and Animals (Photoper 
Responses in Birds), 536 

Wiltshire : The Flora of (Donald Grose), review, 590 

Wiltshire Archaeological and Natural History Society: The Flor 
Wiltshire (Donald Grose), review, 590 . 

Wimpenny, R. S. : Appointed director of fishery research in the Min 
of Agriculture, Fisheries and Food, [59 ; work of, 159 

Winchester, J. M. : Residues of Pesticides in Foodstuffs (Determinati: 
Residues), 22 

Winchester Bottles : Drying of (May and Baker, Ltd.), [61 

Winckler, J. R., and Peterson, L. : Cosmic Rays and the Sunspot Cycl 
Large Cosmic-Ray Decrease accompanying the Solar Maximu 
1957), 1317 

Windle, Sir Bertram (1858-1929), Sister Monica Taylor, 1247 

Windscale No. | Pile : Radioactivity of Plant Material collected afte! 
Accident at (G. Kimber and A. Booth), 1391 

Winger Manche : Purpose in Teacher Training, review by T. H. Haw 


Occurrence of Beryllium Oxid 


Radiation as Phenomenon and as T 


Wintenberger, M. : Vacancies and others Point Defects in Metals 
Alloys (Quenching of Aluminium), 450 = 7” 

Winter, R. M. : Retirement as research controller of Imperial Che 
Industries, Ltd., 1039 ; work of, 1039 ' 

Winteringham, Dr. F. P. W., and others: Distribution of Carbon- 
Labelled Amino-acids separated on Paper Chromatograms, 33 

Wintner, Prof. Aurel (Wiener, Prof. Norbert, and) : Random Time, ! 

Wireless World Premium of the Television Society awarded to D 
Gabor, 1246 ` 

Wires (Tungsten) : Embrittlement óf, by Contaminants (Dr. G. L. D 


Wise, Dr. M. J. : 

Society, 810 
Appointed to a new chair of economic geography in the London S: 

of Economics, 1637 ; work of, 1637 

Wiseman, Dr. G. (Ghadially, Dr. F. N., and) :. Inability of Hydrogen Pi 
ide to influence the Survival-Time of Rats bearing RD3 Sarcom 
the Walker Carcinoma, 1067 

Withrow, Dr. R. B.: Photoperlodism in Plants and Animals (Ki 
Aspects of the Photo-reactions), 535 

Wittwer, Dr. S. H. (Bukovac, Dr. M. J., and): Comparative Biol 
Effectiveness of the Gibberellins, 1484 

Wives who went to College (Mrs. Judith Hubback), review by Mrs. 
Arregger, 443 l 

Wohlfarth, Dr. E. P. : Title of reader in applied mathematics in the Ur 
sity of Londen at the Imperial College of Science and Techn 
conferred on, 20 

Wolf, Prof. Frederick T. : Comparative Chlorophyll Content of the 
Generations of Bryophytes, 579 

Wolfson, Dr. A. : Photoperiodism in Plants and Animals (Photopel 
Control of Migration tn the Juncos of Alberta), 536 

Wollaston Fund for [958 of the Geological Society of London awi 
jointly to R. J. A. Eckford and W. Manson, [59 


Awarded the Gill Memorial of the Royal Geogray 


- Wollaston Medal for 1958 of the Geological Society of London award 


Prof. Pentti Eskola, 159 
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TECHNE 
TEMPUNIT 


The Techne Tempunit is a 
| self-contained constant tem- 
perature control for fitting to 
any vessel. 


e Indicating Thermostat. 
@ Patented pneumatic control, 

@ + 05°C. in unlagged 4 gallon 
bath over the range, room 
temperature to 90°C. 

è Circulation to external 
apparatus. 

è Brushless silent motor. 

è Rugged solid drawn 1000w. 
heater. 

è Efficient stirre 

è Available for 200/250y., 
50 cycle a.c. or 100/120v.. 
50/60 cycle a.c. supply. 
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ITREOSIL QUARTZ ] 
OPTICAL ‘FLATS AND MIRRORS on 
FOR USE* IN ' 


ASTRONOMICAL TELESCOPES 


Vitreosil optical flats and astro- 
nomical telescope mirrors do 
not alter dimensionally with 
variation in temperature. They 
can be supplied as blanks or 
finished pieces to specification. 


We also manufacture an extensive 
range of Vitreosil Industrial Ware. 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, Wallsend, Northumberland. Tel: Wallsend 6-3242 





TECHNE (CAMBRIDGE) LTD., | London: 12-14 Old Pye St., Westminster, S.W. 1. Tel: ABBey 5469 
DUXFORD, CAMBRIDGE, ENGLAND Tel: Sawston 2246 








For all the advantages of a Swing-out Head... 
added to the speed of an Angle Head... aa 4 


scientists are turning to... 








“SUPER-CENTRIFUGES” 


There are models for all container sizes from 15 ml to 600 mi 


MEASURING & SCIENTIFIC EQUIPMENT LTD. Spenser St., London, S.W.1. Tel. ViCtoria 5426 


ia 


-of the valves — perhaps the 


only noise they tolerated cheerfully ! 


Today, 


“SPEEDIVAC” PUMPS 


with their inherent advanced design 


features and 


give the 


EE rete fas 


SHBPRARARON BREED 
BKReee 

easeeenen Tek 

RHRECSRETA SAE 


2 
F: 
$ 
+ 
* 









Prof. Léon W. Collet. By Sir Edward Bailey, F.R.S. 
Colonel E, E B. Mackintosh. By DroH. R. Calvert. A 


News and Views oe ae : F : : . y f , ; 


The! Ramsden Laboratory of Ilford Limited. By Dr. G. B. Harrison ; 
Residues of Pesticides in Foodstuffs. By Dr. F, P, Coyne . . 
Physics in Indian Universities. By Dr. P, C. Bhattacharya . , 
Water Quality Problems in the United Kingdom ‘ ; ; 
Student Scientific Expedition to Ghana. By B. M. Gerard. š ; ‘ i : A i E 
Flayonoids of the Primulaceae. By J.B. Harborne and H. S. A. Sherratt . . T Ge 
Relation between Peroxidase and ‘Cytochrome dh’ in Wheat Roots. By Prof. H. Lundegirdh . 


Spectrophotometric, Light Scattering, and Titration Studies upon the Interaction of nonadenyis and Polyuridylic Acids. 
By Dr. Roland F. Beers, jun., and Dr. Robert F. Steiner . eS gb 


« ferry 





r » * * * a SSS 


* * ` + * * * * 


















































Induced Polyploidy. in: Egyptian and Indian Clovers. By S. M. Sikka, M. s. Swaminathan ane R. K. Mehta ‘ Pes 32 
L tters to the Editors I oe 
: fective. Magnetic Meri jan Tor. Comic Rays..J. R. Storey, Or. Enzymatic Dehydrogenation of Hydroxypurines and o wae 
G. Fenton and K. G; McCracken 34 pteridines.._Dr, Josef Felig andj Christine E, Wiley. S] 
ngle-Hop Propagation of Radio Waves to a Distance of 5,300 km. Microchemical Method for the Determination of Sakaguchi-positive É 
Warren and E L; Hagg x 34 Antibiotics.Dr, H, Szilagyi and 1. Szabó 52 
lonospheric Deitel in the F2 Region hear the Magnetic Equator. Dt, Activity of Glucose-l-phosphate on Liver Steatosis—-Giuliana ss 
BW, Purslow: ==; 35 Gialdroni-Grassi o 83 
New Spectral Characteristic i in Solar Radio Emision.—A. Maxwell Inhibiting Effect of Chlorpromazine on the Experimantal’Production = i 
dG, Swarup. i 36 of Liver Cancer...Dr.iK. Fujita, S. twase, T, ito and M, Pessuyara > ane 
© 3g Antibody Formation by Isolated Cells of Hen Spleen after mix og 


ect on Emission from Sili n Junctions. —Dr. Jan Tawe . i rx 
ee a co bon Antigen in vitro and Transfer to Chicks.-—Dr. Z. Tenka 

38 Presence of Plasma Globulins in the inure Tissu 

Silicosis. —Dr. R. Ceppelliniand Dr. B. Pernis . 

39 Transfer of Sheep Keds, Melophogus. evinus {L.), from E 


40 Lambs..W. A. Nelson. 36 
Effect of Age of Young Dairy Calves on Dry-Matter Dig 3 : 
4y Alfalfa Pellets..-M. E. McCullough and L. R. Sisk 


42 Sacculina gonoplaxae Guérin-Ganivet, 191},-a Rhizocephata FP 
New to British Waters.—A, K, Nagabhushanam . 
42 Influence of Photoperiod on Imaginal Diapause in Acridis ig 
; Norris (Mrs. O. W. Richards). = 
43 Ultra- Structure of the Choanocyte ‘Collar-Cells in “Fesih 
Sponges.—R. Rasmont, J. Bouillon, P. Castiaux and G. Vander 
ae 2S meerssche 
‘Relationship between Some Clovers and Ditylenchus destructor 
TEO OA Method for: isolating Pseudomonas mors-prunorum Phages. from 
n. the Soil, E, Crosse and M. K. Hingorani 
: ae of Soft Rot Bacteria in Scottish Soils.—-Dr, D. c. 
ectin-decomposing Strainé ‘of Pseudomonas.—Dr, A, M. Paton. . 
ad utinability affected by Piser i Stratton, 
cP amann A. preececr 





Violet i SNE on E ori P Properties of 
n—Dri N. M, Larino eo ee 





airmen 
riorto Flight — Miss M. Del 





xe 











the only complete 
line of microbiological 


reagents and media - ss e 
| UNIFORMITY: STABILITY enn 


BAIRD & TATLOCK (LONDON) LIMITED 


SOLE AGENTS FOR GREAT BRITAIN 


“CHADWELL HEATH, ee 


ESS TATIANE PEINTE NT 
a a A 


mateo flow me 
PRINCIPLE 





‘January 4, 1958 


No. 4601 


NATURE l 


THE BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


“When I was young Science was regarded as a poor 
relative of the Arts—now it is the Rich Uncle on whom 
we all depend.” —The Marquess of Salisbury. 


CIENCE needs more and more advertisement, 

interpretation and promotion. The British 
Association for the Advancement of Science was 
founded 126 years ago for this purpose, though its 
charter was not worded in such forthright terms. 
For many years after its foundation, the Association 
fulfilled its functions well, especially during those 
decades when there was nothing much more than a 
few newspapers and book-publishing houses which 
were able to act as means of mass communication 
and education. Then things went. well, and the 
scientists of those days looked forward to their annual 
meeting from one year to the next. Nevertheless, 
only for one week during each year was the public 
able to learn a little about science and scientists, and 
for the other fifty-one weeks it had scarcely anywhere 
to turn for scientific enlightenment, unless an indi- 
vidual was sufficiently intrigued to join some local 
society. Moreover, only a few incidents, such as the 


Wilberforce—Huxley controversy at Oxford, seemed’ 


to arouse widespread and long-continued interest 
through the medium of the British Association. 

Gradually times and outlook began to change, and 
more recently attitudes towards things scientific have 
become quite serious and acute. Once upon a time, 
the British Association was not only the main 
forum for public discussion of science and the main 
medium for the promotion of interest in science 
(apart from the Royal Institution), but also its own 
agent. Except the learned journals and the more 
cultured (and therefore the less-widely read) news- 
papers, there was little or no means available to the 
non-scientist for following the advances being made 
in the various branches of science. The layman was 
left in the dark; certainly his curiosity was not 
aroused. Now all that has changed—indeed by 
science itself; and we have sound radio, television, 
the cinema, more and more popular newspapers and a 
few first-class journals which include in their multi- 
farious activities the interpretation and also the 
criticism of science. 


But for some time, in fact until comparatively 


recently, the British Association seemed to be 
unaware of this, and appeared oblivious of the 
demands of the public and the excellent oppor- 
tunities developing around it. It seemed to be gradu- 
ally drifting into dangerous complacency and even 
sterility due mainly to lack of youthful vigour. The 
meetings became annual events supported for one 
week by a few perennial scientific pillars inter- 
mingling with the city fathers at an always-changing 
venue. Naturally such people looked forward to that 
week ; but the younger and more productive scientists 
stayed away, and the public consequently suffered. 
During those times, the non-scientific public was 
apathetic anyhow, for was not science the poor 


relative of the arts? Nevertheless, the British 
Association did little to stir the public out of its 
apathy ; in fact, the annual meeting became the sub- 
ject of keen criticism and complaint among the 
younger scientists, pressmen and the more interested 
general public. 

It would serve no useful purpose to seek the reasons” 
for all this : it is sufficient to realize that the present 
officers of the Association are aware that such things . 
did happen. Now it has become increasingly evident, 
especially during the past few years, that the British 
Association is determined to put its house in order. 
It is now alive to its limitations and very aware of 
its opportunities. The main conditioning factor is 
the financial one, and here it is the duty of others to 
help. The opportunities for valuable work are now 
available, and, given relief from financial anxiety, 
the Association is becoming fully equipped and . 
anxious to take advantage of them. 

It is desirable, however, to point out a few changes 
in policy which appear to have been deliberately, 
though quietly, instigated, for they point the way to 
still further improvements. It is certain that during 
the past few years each annual’ meeting has been 
better organized, with the result that the Aggociation 
is attracting more interest and more and more 
publicity, and thus doing what it was always meant 
to do—reaching the public eye and ear. For a long 
time, the elected presidents seemed to alternate in 
interest and achievement—one year a man from the 
life sciences followed the next year by one from the 
physical sciences. This must have made things 
somewhat difficult for the Council. It certainly 
resulted sometimes in the election of a president 
whose claim to the great honour was based mainly 
on the fact that he was a successful scientist and 
possibly had attended the annual meetings with 
uninterrupted regularity over a long period.~ The 
result was now and then disappointing, on. occasions 
even lamentable; and some presidential addresses 
proved to be incomprehensible even to the scientists 
themselves. It seemed, moreover, that this tendency 
to specialize percolated throughout the entire 
organization, affecting (as was once pointed out by 
Sir Arthur Keith) the sections and their presidents. 
The few younger research workers who attended the 
meetings often did so with the main purpose of 
presenting a research paper which should never have 
been accepted by the British Association at all; 
for the Association is not in the academic sense a 
learned society but rather a teaching and promotion 
organization. 

Reaction to this over-specialization began to set in, 
and too many scientists either lost or never even 
gained any interest in the activities of the Association ; 
some who were interested in its fundamental aims 
lost heart, and the public grew bored. Moreover, some 
newspaper editors and reporters waxed critical and 
resentful because they could find little at a British 
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Association meeting likely to interest their readers ; 
not so much because interesting topics were absent 
but because they were presented and interpreted so 
badly that those responsible for writing news or 
feature articles found themselves out of their depth. 

Recent presidential elections and changes in general 
organization, however, have revealed a determ- 
ination to get away from all this. The Association 
is wisely selecting each year as president a man who is 
not only a scientist but also one of many parts. He 
ig not one of Lord Hailsham’s “egg-heads”’, but a 
man who is sincerely concerned with the advancement 
of science outside his own subject and who has proved 
himself capable of discussing science, its applications 
and implications, in & very comprehensive and pictur- 
esque way which the public likes and can assimilate 
and appreciate. Some such presidents have been. men 
of drive, fearless in the expression of their views, even 
when these have been unpopular at the time. This is the 
kind of president the British Association needs, and 
will always need ; and it is the kind which it has been 
- having more recently, such as H.R.H. The Duke of 
Edinburgh, Sir John Russell, Prof. P. M. S. Blackett 
(the outgoing president) and Sir Alexander Fleck 
(the incoming one). 

As in any such large organization, individuals are 
important to the British Association, and this does 
does not mean just members of Council and those who, 
in their turn, make their appearance before the 
public. Many ideas must inevitably emanate from 
the permanent staff, in spite of the fact that they may 
have to be put into effect by the president, presidents 
_of sections, recorders, and those taking part in the 
reading of papers and in discussions. In the case of 
the British Association itself, important changes and 
developments have recently been instituted, others 
ere in process of expansion, and still others are 
contemplated and being discussed (see p. 8 of this 
issue). It can be taken for granted that much of 
this welcome activity was initiated by Sir George 
Allen, who took office as secretary as recently as 
1954. In appointing him, the Association wisely took 
account of the fact that he is a man with a back- 
ground not only of academic achievement or work 
confined within college cloisters or research labora- 
tories. He was formerly vice-chancellor of the 
University of Malaya, and no ‘vice-chancellor can 
afford to ignore the environment of his university or 
the community of peoples which his university serves. 
Sir George looks upon the problems facing the 
British Association in various ways: as individual 
tasks to be tackled efficiently with the assistance of 
the right people (for example, Sir Hugh Beaver and 
his Committee appointed to investigate and report on 
the practicability, implications, consequences both 
international and domestic, and the cost of the change- 
over to the metric system by the United Kingdom), 
and as problems forming a coherent whole whereby 
in solving them the British Association will become 
one of the greatest means of advancing and inter- 
preting science. 

In our opinion, the Council of the British Associa- 
tion has always been too large and therefore too 
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cumbersome; it does not meet often enough; and 
it has seldom seemed disposed to enlist the help of 
younger and more energetic members. The result 
has been that for too long a time, in spite of occasional, 
though unsustained, efforts to break away from 
tradition, the Association has continued to be, at any 
rate for the layman for whom it really oxists, nothing 
but an annual event of one week spent in useful and 
pleasurable activities with the rest of the time spent 
in suspended animation. , Now, we are glad to learn, 
the Association has decided to change that also and 
become an active and effective force throughout the 
year.. - 

A new policy is announced for implementing those 
functions for which the Association was originally 
founded, but—and this is importént—taking into 
consideration the rapid changes in. conditions and 
attitudes. No longer will the Association be content 
to remain centred in London, going outside it once 
each year; for Area Committees are to be formed. 
Moreover, at the centre, there is to be a Programme 
Advisory Committee which will work in close liaison 
with the Section Committees. This is indeed a welcome 
departure; for now the Association will have the 
machinery for arranging programmes which itself 
can be periodically modified or rebuilt to meet the 
ever-changing needs and demands of science and the 
community which it serves. It is to be hoped that 
the Area Committees will not be confined to academic 
centres throughout the country, but will also be set 
up wherever density of population or accumulation 
of industry warrants them. Thus will the Association 
extend its influence in time and place and so, as 
never before, take the message of science to all and 
sundry. 

The Area Committees are to work with already 
existing bodies such as youth organizations, women’s. 
institutes, educational associations, and so forth. 
We would advise such bodies to welcome any approach 
that an Area Committee may make to them. In this 
connexion, we would strongly recommend the Rotary 
movement to the British Association Area Commit- 
tees. Rotarians meet every week throughout the 
year, and they have many clubs in towns and cities 
everywhere. At most meetings there is a short talk, 
sometimes followed by a discussion. Any scientist 
who is able to lecture well and is in sympathy with 
the objectives of the British Association should be 
pleased to have the opportunity of addressing Rotary 
clubs, for each club is a good cross-section of the 
local community—commercial, professional, social 
and academic. What better audience could the Asso- 
ciation wish for ? A speaker finds himself treated as 
an honoured guest, and is presented with the oppor- 
tunity not only of bringing enlightenment to those 
sincerely wishing to learn but also of preaching to the 
unconverted—and the latter is the most important 
of all audiences. 

The organization of a “Junior B.A. Meeting” is 
also an important step in the right direction. At the 
Belfast meeting (1952) of the British Association 
there was a well-attended series of lectures for juvenile 
audiences. This was an excellent idea, well conceived 


No. 4601 January 4, 1958 


and executed (no doubt by Sir Eric Ashby, vice- 
chancellor of The Queen’s University of Belfast, and 
other local individuals and authorities working in 
collaboration with Association officials). But the 
idea was not followed up as closely as it should have 
been. Now sixth-formers are invited to read papers 
to adult audiences at the meetings—also a good idea. 
Perhaps the proposed Junior Association will combine 


the two movements and thus capture the interest and | 


imagination of hundreds of people at the right time 
and the most significant age. Here the Association 
will have excellent chances for work in connexion 
with science in schools. It is to be hoped that it will 
not confine itself to grammar schools, but will also 
approach secondary modern schools and even junior 
schools, for. all these have their problems concerning 
the presentation of science. At the upper end, of 
course, there is still much work to be done in con- 
nexion with sixth-form science as a stepping-stone 
from school to university and technical college. 
Neither should the Association ignore school science 
as & cultural subject in its own right, that is, not as a 
means to an end, but as an end in itself. 

So far as juvenile and lay audiences are concerned, 
there is an important point which the Association 
has not always taken into consideration in the past— 
that is, choice of lecturer. The man or woman needed 
for this work is not necessarily one who has made a 
name for himself or herself in the laboratory. In 
fact, some such people have been known to drive 
people away rather than attract them. Obviously a 
lecturer must know something about the subject ; 
but he need not necessarily be a specialist. He must, 
however, essentially have presence, poise and person- 
ality which will command attention as soon as he 
mounts the platform. A bad lecturer can easily 
stifle interest in an interesting subject. This point 
of view the Association would ignore at its peril, for 
without the inherent ability to grip the attention of his 
audience (and many scientists lack such ability), a 
lecturer would do more harm than good and send his 
‘audience away bored or amused or even resentful. 

During its earlier years, when science was not so 
advanced as it is to-day, the Association was able to 
carry on by itself with the help of a few newspapers 
and journals. But now times have changed, and, to 
say the least, the public is curious about science. 
Moreover, to-day the Association has at its disposal 
extra-mural departments of universities, the Workers’ 
Educational Association, schools, local societies, the 
Rotary, Round Table and Soroptimist movements, 
sound broadcasting and television, the cinema and the 
whole of the newspaper Press and many journals. It 
is good to learn that the Association proposes making 
more advances to some or all of these agencies for 
mass communication and education. Conversely it is 
to be hoped that such agencies will welcome the 
advances to be made, for this can bring nothing but 
good. to all concerned and consequently to the com- 
munity which they serve. 

As The New Scientist of December 19 states: 
“Unity among scientists is essential—but it is not 
enough. Equally important is the interpretation of 
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science to laymen so that they can intelligently 
insist upon its discoveries being used for the benefit ` 
of mankind. . . . This can only be done with any 
degree of success in a community which is so educated 
and informed that it is eager to listen to and able to 
comprehend what the scientists are talking about. 
It cannot be done by merely introducing more teach- 
ing about science and its background, aims and 
objectives in our schoolg and then sitting back. On 
leaving school, our young people go out into a world 
of high-powered promotion, advertisement and 
indoctrination. . . . Recognizing that such heavily 
promoted attractions [such as entertainment, sport, 
high-pressure salesmanship, and even politics] may 
always be with us, science cannot afford to sit on 
the fence. It must enter the lists with its own pro- 
motion and continue plugging it long after school- 
days are past”. The British Association is offered, 
and is now about to take, the wonderful opportunity 
of becoming a unifying influence, a leading example, 
in the promotion of science, through its. own activities 
extended through time and area, and in collaboration 
with other authoritjes and associations. 

The Association is to be congratulated on the greatly 
modified, and in some cases new, steps which it is 
about to take, for much work will be involved in all 
this. The Association has excellent tools for the 
job at its disposal ; moreover, it has the background 
of past achievements and even mistakes made from 
which it can draw inspiration and take warnings. 
Every support from all possible sources should be 
extended to this important movement. Workers, 
organizers and good lecturers are to be found in. 
plenty, and no doubt they will willingly come forward. 
But the whole movement (and here we have been able 
to refer to only some aspects of it) will essentially 
incur considerable expense. Yet it will mean money 
being in good hands and well and wisely spent. It is 
clear that the Association should be freed from 
financial anxiety. Obviously such a body cannot 
expect to depend solely on the subscriptions of its 
members, especially if the membership is to embrace 
more younger people. Neither can those who will 
have to do the work shoulder the expenses. But 
industry and the Press (to mention only two ex- 
amples) can, and we hope will, give financial 
support, not only for their own benefit but also for 
the good of the community. A sum of £40,000 has 
already been received : this is good, but by no means 
enough. We would therefore appeal to industry and 
the newspaper Press, to support this valuable move- 
ment; for to them it is a splendid investment which 
will pay handsome dividends. Industry is constantly 
demanding more scientists ; the expansion of interest 
in, and knowledge of, science is the first step towards 
getting them. The Press can now expect bigger and 
better opportunities for finding interesting ‘copy’ 
out of the meetings to be organized by the Association. 

If, and when, therefore, the British Association for 
the Advancement of Science decides to extend its 
appeal for funds (especially capital funds), it is to 
be hoped that such an appeal will meet with a 
generous response. 
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BIOLOGY OF MAMMALS 


Life of Mammals 
By Prof. J. Z. Young. Pp. xv +820 (338 figures). 
(Oxford : Clarendon Press ; London : Oxford Univer- 
sity Press, 1957.) 84s. net. 
ar ~HE Life of Mammals” is in a sense a sequel 
to Prof. .Young’s “The Life of Vertebrates” 
published seven years ago, and is an equally massive 
work. In conception it is entirely original, drawing 
_ its subject-matter both fromm medical anatomy and 
physiology and from vertebrate and experimental 
zoology. It is a systematic text-book full of factual 
information, and will be extremely useful as a work 
of reference ; but it also characteristically presents an 
important central theme running through the whole 
book, which is to.reveal the fundamentally mechanical 
nature of living systems, and of their remarkable 
powers of self-regulation or homeostasis. Prof. 
Young outlines this theme in Chapter 1 with 
admirable and stimulating clarity, using the analogies 
of man-made machines and communication devices 
with their’ servo-mechanisms and attainment of 
regulation by the use of feed-back. He returns to it 
time and again in the subsequent pages. 

In all there are forty-seven chapters arranged in a 
morphological sequence, starting with the integument 
and the mechanical systems of the body, and pro- 
ceeding next in turn to the digestive, circulatory, 
respiratory and excretory systems. These carry the 
reader to Chapter 16. Seven chapters follow on the 
nervous system and five on the various types of recep- 
tors; five more deal with endocrinology, and the 
remaining fourteen chapters are taken up with repro- 
duction-and embryology. A bibliography gives a 
small number of selected references for each chapter, 
and finally there is an index of 15 pages (30 columns), 
which incidentally seems barely generous enough for 
so large a book. For the convenience of those to 
whom it will be a standard work of reference an index 
double the size would not have been excessive. 

The one obvious criticism to be made stems from 
the title, which may very well lead the reader to 
expect an entirely different sort of book. The 
emphasis here is on life-processes, illustrated for the 
most part by one or both of two selected types, the 
primate (especially man) and the rabbit; and it 
must be admitted that occasionally an impression is 
given by the author that what applies to this selected 
material applies to the mammals as a whole, when this 
is by no means the case. There is actually very little 
on either the natural history of mammals or on their 
comparative anatomy and physiology, though these 
are the particular subjects which one might expect 
to form the main substance of such a book, judging 
from the title alone. Students who specialize in the 
study of mammals may be excused if they feel a 
momentary disappointment in discovering that, after 
all, they have still to wait for the particular kind of 
text-book on mammalian zoology in English that 
they so badly need; but they may remember that 
Prof. Young has previously devoted more than two 
hundred pages to a comparative review of the 
mammals in “The Life of Vertebrates”. 

“The Life of Mammals” will commend itself to 
anatomists and physiologists, partly for the great 
amount of information it contains which is either new 
or has never before appeared in a text-book. This 
applies with particular force to the second half of the 
book, dealing with the nervous and endocrine systems 
and with development. But over and above the 
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value of having so much recent material from very 
diverse sources collected together, they will benefit 
from the recurring sections in which the author 
pauses to interpret the facts and explore the general 
principles or ideas which emerge from them; these 
are frequently highly original and stimulating, and 
succeed to an important degree in extending the 
boundaries of the reader’s insight and understanding. 
As might be expected, the text is very readable. The 
book can be commended equally well to students -of 
zoology, some of whom may discover in it with 
advantage many of the classical facts of medical 
anatomy and physiology for the first time. 

Great care has been taken with the illustrations, 
a large number of which are new and have been 
specially drawn. with considerable skill ; they include 
@ very useful.series on the anatomy of the rabbit (for 
which a finding index would be a welcome addition). 
The general standard of production is excellent, and 
in relation to the enormous labour of producing such 
a book the number of minor errors is small. It may 
be hoped that the complicated task of revising it at 
intervals to keep pace with advancing knowledge will 
prove to be possible for many years to come. 

V. ©. WYNNE-EDWARDS 


LANDMARK IN COAL SCIENCE 


Coal Science 

Aspects of Coal Constitution. By Prof. D. W. Van 
Krevelen and J. Schuyer. Pp. xii +352. (Amster- 
dam: Elsevier Publishing Company; London : 
Cleaver-Hume Press, Ltd.; Princeton, N.J.: D. 
Van Nostrand Company, Ince., 1957.) 55s. 


t 

STUDY of coal in all its varieties involves 

most of the pure sciences. The basic economic 
importance of coals, and especially the baffling com- 
plexity of some of their properties, justify the 
treatment of coal science as a separate branch. 
Coals are, porous and amorphous, and appear to 
consist of aperiodic macromolecules ; few standard 
techniques can be applied to their study without 
modification, and the results are frequently ambiguous 
or less informative than those obtained with simpler 
organic compounds. Special methods have been 
developed, many unorthodox and most containing an 
element of empiricism. 

It is not easy to assess the significance of the 
reported results, which vary widely in quality. 
Owing to the rapid current advance in the subject 
and the increase in team effort throughout the world, 
a simple exposition of coal science as a whole is a 
compelling need, but its satisfaction is correspondingly 
difficult. The text-book under review, in spite of 
shortcomings to be expected in a pioneer venture, 
must be acclaimed as a considerable achievement in 
this direction. 

Coal petrology and systematics together with 


related physical and colloidal studies—primarily 


observational approaches—are concisely and author- 
itatively treated in Part 1 (“Coal in its Various 
Aspects”); and chemical studies of coal constitution 
—primarily experimental—are fully described in 
Part 2 (“Constitution of the Coal Matrix”). It is an 
especial merit of this book that a powerful attempt 
is made to integrate these two major branches of 
coal science, hitherto independent developments. 

In Part 2 there is a full description of the novel 
methods of statistical structural analysis—based on 


No. 4601 January 4, 1958 


the approximate additivity of certain physical 
properties in terms of atomic and structural features 
——which the authors have developed to enable them 
to estimate numerical parameters of the average 
molecule once the qualitative -pattern has been 
established by other means. Such methods are 
especially useful when investigating substances that 
are intrinsic mixtures, that is, those the molecules of 
which vary in detail around a norm. 


Part 3 of the book (‘‘Principal Physical and Chem- 


ical Properties”) is concerned largely with the relation 
of the physical and mechanical properties of coals to 
their chemical structure, with their oxidation, and 
with the phenomena that oceur when coals are heated. 
In the chapter on pyrolysis and carbonization, though 
it is of great interest, insufficient attention is paid to 
the detail necessary to enable fundamental studies 
markedly to influence the practice of carbonization. 

In parts of the book there is a lack of balance; 
for example, less prominence might have been given 
to views and investigations now superseded. Fre- 
quently the impression is conveyed that the results 
and methods discussed have been established with 
certainty and are universally accepted; the inex- 
- perienced reader might wrongly deduce that little 
remains to be done. There is sometimes a tendency 
to discount important divergences between different 
sets of results. These remarks apply especially to 
parts of Chapters 5-7, 11, 13 and 14. 

“Coal Science” is excellently conceived and pro- 
duced and reasonably priced. Few misprints have 
been noticed ; only the column headings of Table V.4 
are misleading from this cause. Stimulating to read 
and provocative of thought, this book contains a 
wealth of information indispensable to the student 
and research worker. It is to be warmly_recommended 
as the most topical and critical text-book available 
on its- subject. I. G. ©. DEYDEN 


THE PROBLEM OF PERSONALITY 


The Three Faces of Eve 

By Corbett H. Thigpen and Hervey M. Cleckley. 
Pp. 313. (London: Martin Secker and Warburg, 
Ltd., 1957.) 18s. net. 


ERSONALITY has been defined as the integrated 

-activity of all the reaction-tendencies of the daily 
life of the individual. Yet we must admit that even 
in normal persons the integration is not always as 
complete as it might be. Most people, for example, 
when deep in thought, have found that they have 
driven a car long distances, but not appreciated they 
have done so until they ‘come to themselves’. Most 
of us show a different personality when having tea 
with the vicar and at a riotous reunion. Mothers 
often say to an erring small daughter, “That’s not 
my little girl”, and, indeed, in the sense in which it 
is said, it is not, since the child is behaving in a way 
that actors call ‘out of character’. However, in spite 
of such deviations, most personalities are sufficiently 
united to stand considerable strain before dis- 
integrating. Yet there are others of the hysterical 
type which divide easily and the reactions split into 
different groups. This may result in a hysterical 
fugue, or loss of memory, or in more complicated 
conditions, dual or multiple personalities. The 
classical case of the latter was described by Morton 
Prince in his famous “Clinical and Experimental 
Studies in Personality”. This was an account of a 
Miss Beauchamp, whose personality divided into a 
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number of parts, some of which were unaware of the 
consciousness of the others. This may seem difficult 
to those who do not understand that consciousness 
is the appreciation of incoming sensations in the light 
of acquired and inherited reactions. It is apparent 
that a partial group of such reactions can interpret 
sufficiently to acquire consciousness. 

“The Three Faces of Eve” is a popular account, 
told in a journalistic fashion with plenty of wonder- 
ment, of @ woman whose unhappy marriage led to 
such a breaking of her personality. This was appar- 
ently the result of childhood stress with regard to 
death: first of a man drowned in a pond; and 
then of seoing her dead grandmother, and being 


- forced, against her will, to touch her face. However, 


it seems that an unhappy marriege had-much to do 
with the immediate behaviour, since the patient’s 
recovery was consequent to her divorce and re- 
marriage to a man who was more suited to her and 
whom she loved. i 
The case-history was read before the American 
Psychiatric Association in 1954 and published in the 
Journal of Abnormal and Social Psychology. It cer- 
tainly shows a number of curious personalities, but 


_ how far these were unconsciously encouraged by the 


psychiatrists in charge of her, and how far they 
emerged spontaneously, it is difficult to say. The 
morality of expanding technical scientific articles 
about real persons into matter which is little better 
than a novel is questionable. Those who enjoy 
reading sensational psychiatric books will find this 
one amusing, but the serious workers will probably 
wish to go to the original publication. 
CLIFFORD ALLEN 


PHYSICAL OPTICS - 


Physical Optics 

By Dr. R. A. Houstoun. Pp. vi+300+16 plates. 
(London and Glasgow: Blackie and Son, Ltd., 1957.) 
40s. net. 


Wave Optics 
Interference and Diffraction. By Dr. C. Curry. 
Pp. vili+155. (London: Edward Arnold (Pub- 


lishers), Ltd., 1957.) 21s. net. 


R. R. A. HOUSTOUN’S book is intended for 

two: types of post-intermediate university 
student—the physics specialist in' the early stages of 
the honours course, and the non-specialist whose study 
of optics is subsidiary to that of some other branch of 
science. For the physics student, as it is-essentially a 
shortened version of the author’s “Treatise on Light”, 
it should be a useful introduction to advanced 
work; although in some places, notably in the 
chapter on the electromagnetic theory, the attempt 
to simplify by mere abridgement seems to have 
operated the other way. The range of topics should 
give readers of the second type a sound and accurate 
background, but here it must be remembered that the 
biologist and the engineer, for example, expect to 
treat a physics book as a work of reference. It is 
true that the principles are well explained, and that 
many recent developments are mentioned; but one 
feels that a fuller descriptive treatment of spectro- 
scopy, photometry, colour, and the eye, would have 
been welcomed by such readers. The action of prism 
and grating on a ‘light-pulse’, and the problems of 
Talbot’s bands, which figured prominently in the 
intriguing Chapter 21 of the “Treatise” forty years 
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ago but seem less significant to-day, -are mentioned 
rather too briefly for either type of reader to make 
much of them. In short, this is a comprehensive 
and authoritative book which students could profit- 
ably use under tutorial guidance, but which would be 
difficult reading on its own. 

Also intended for the post-intermediate student, 
Dr. Curry’s book is a detailed and critical examination 
of the principles of wave-optics. It is written for 
only one type of reader, whose mental attitude and 
difficulties have been very carefully considered by 
the author. This is the good student who has 
mastered the usual Advanced-level work on inter- 
ference and diffraction (with its deceptive appearance 
of completeness), and is rather appalled when he 
finds in his honours course that the real depth of the 
subject is so much-greater than the apparent depth 
as he knew it. This book bridges the gap between 
the two stages, and does so excellently. The diagrams 
are good, and except in the sections on the wave 
theory: of aberrations and on the Fresnel integrals, 
‘the mathematical work is relatively simple, or is so 
well explained that it seems so. University teachers 
often complain that their students arrive with a store 
of factual knowledge, but with the ability: to think 
as a physicist quite undeveloped ; and the reviewer 
- always replies that the schoolmaster does his best, but 
that this development can only be expected at the 
university. Dr. Curry would surely concur. Needless 
to say, this is a book that should be made available 
to sixth-form boys at school in their last year, so that 
the proper outlook can begin to penetrate; and, as 
the author has assessed the needs of the younger 
university student accurately, and met them uncom- 
promisingly, it should prove very valuable for its 
intended purpose. G. R. NOAKES 


THE THEORY OF ELECTRICAL 
NETWORKS 


The Theory of Networks in Electrical Communica- 
tion and Other Fields i i 
By F. E. Rogers. Pp. 560. (London: Macdonald 

and Co. (Publishers), Ltd., 1957.) 65s. net. 


OR some time now university electrical engineering 

departments have been aware of the dangers: of 
dichotomy between heavy- and light-current engin- 
eering, the fundamentals of which are essentially the 
same. The author of this book on networks is fully 
aware of the problem, and he has set himself the task 
of treating the subject from a fundamental viewpoint 
applicable to heavy-current as well as light-current 
engineering. Though there is a reference in the 
second chapter to the Heaviside transient solution, 
the book is essentially concerned with the sinusoidal 
approach. The general theory of circulating currents 
and the solution of mesh equations (Chapter 3) is 
followed by a statement and explanation of the four 
important network theorems (Chapter 4) and a dis- 
cussion of ladder, T and m structures in Chapter 5. 
The next section, on equivalent networks, is of con- 
siderable interest to power engineering students, 
who will be disappointed that it is not illustrated by 
examples drawn from complicated power distribution 
networks. The same opportunity is lost in Chapter 8 
. on transmission along uniform lines and cables. The 
value of Foster’s reactance theorem is well illustrated 
under two-terminal networks. The last four chapters 
on four-terminal networks, insertion loss, filters and 
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measurements are mainly of interest to the light- 
current engineer. 

There are a number of American and English books 
on networks, and comparison with these is inevitable. 
Tn this respect the author is not helped by his pub- 
lishers, whose ideas of presentation are old-fashioned. 
The diagrams look amateurish, the lettering often 
being far too big, and many of the diagrams insuffici- 
ently reduced and sometimes not placed in the best 
position. Typical examples of these faults are found 
on pages 36 and 236. The author is not entirely 
blameless for he is not consistent in the captions of 
the figures, and on page 281 this inconsistency accom- 
panied by a footnote causes confusion ; the value of 
heavy type to denote the so-called vector quantities 
of current and voltage is doubtful, adding to the cost 
of production and making a page look untidy. 

So far as the material and the manner of using it is 
concerned, the author has produced a useful contribu- 
tion to the teaching of fundamental network theory, 
and the many worked-out examples taken from 
internal and external examination papers of the 
University of London will commend it to teachers and 
undergraduates alike. To get full value from the 
book the undergraduate needs an understanding of 
Heaviside’s operational calculus, complex quantities, 
determinants and Fourier analysis; a selected list of 
references at the end of each chapter contains the 
names of books which will help the student in further- 
ing his knowledge of the subject. K. R. Sturtey 


ADVANCED ORGANIC CHEMISTRY 


Organic Chemistry 

By Dr. I. L. Finar. Vol. 2: Stereochemistry and the 
Chemistry of Natural Products.. Pp. xi+733. 
(London and New York: Longmans, Green and Co., 
Ltd., 1956.) 40s. net. 


HIS text-book is written primarily for students 

who are reading for Part IL of a special honours 
degree in chemistry. It is divided into two main 
sections ; the first part, 177 pages, is concerned with 
stereochemistry, and the rest, 571 pages, is devoted 
to the chemistry of the more important types of 
natural products. 

The discussion of stereochemistry is not up to the 
high standard of the rest of the book. It begins with 
a chapter devoted to the relationship between physical 
properties and chemical constitution, but some of the 
statements in this chapter are not well based. For 
example, in the section dealing with ultra-violet 
spectra (p. 16), it is stated that. “By this means the 
main. structural features (if not all) may be obtained, 
and thereby lead to a structure being.assigned to a 
compound under investigation. Thus having obtained 
a tentative structure, the final proof is obtained by 
synthesis’. This is, of course, quite incorrect and 
is certainly not good advice for chemists during the 
final year of their undergraduate training. 

There are other chapters dealing with optical 
isomerism, Walden inversion, geometrical isomerism, 
the stereochemistry of diphenyl compounds, arid the 
stereochemistry of elements other than carbon. The 
definitions given (p. 23) for stereoisomerism, optical 
isomerism and geometrical isomerism are not satis- 
factory ; in fact, absolutely identical descriptions of 
optical and geometrical isomerism are given. The 
section dealing with the resolution of racemates is 
very interesting, but it is unfortunate that a detailed 
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description of current views on the mechanism of 
substitution reactions is hidden in the chapter 
“Walden Inversion”. This book certainly suffers 
from the lack of a chapter on the electronic mechanism 
of organic reactions, and when mechanisms are 
illustrated the symbolism which is used (for example 
p. 158) does not agree with that now generally 
, accepted. The author has included terms such as 
centro-asymmetric (p. 40), auto-racemization (p. 47), 
asymmetric decomposition (p. 54), and stereo- 
mutation (p. 105) which are not generally used. 

In the first four chapters it is unfortunate that there 
are many cases where the numbers referring to 
diagrams do not match those given in the text. For 
example, on p. 27, Fig. 6 in the text refers to a 
diagram labelled Fig. 2.6. 

The most important recent development in stereo- 
chemistry is conformational analysis and one would 
certainly expect a discussion of this topic in a general 
text-book having a long section dealing with stereo- 
chemistry. The treatment is unfortunately much too 
brief, and the terms axial and equatorial are now 
used rather than the alternatives mentioned (p. 113). 
Presumably this omission is due to the delay which 
occurs between the writing and printing of text-books ; 
this also probably accounts for the incorrect state- 
ment (p. 220) that sucrose has not yet been synthesized 
chemically. 

The second section, which deals with natural 
products, is excellent and is certainly one of the best 
accounts of the subject which has been written at this 
level. It consists of thirteen chapters which are 
devoted to carbohydrates, terpenoids, steroids, 
amino-acids and proteins, alkaloids, anthocyanins, 
purines and nucleic acids, vitamins, antibiotics and 
chemotherapeutic agents, hemoglobin and chloro- 
phyll. Sections dealing with aromatic hydrocarbons, 
certain heterocyclics, and phthalocyanines are also 
included. 

The treatment of the proof of structure of natural 
products by degradation and by synthesis is ex- 
cellent and would certainly excite the interest of the 
reader in this type of work. 

The presentation used in this text-book is very good. 
The formulæ are well drawn and the index is very 
comprehensive ; the error in the formula of quininic 
acid (p. 558) should be corrected in future editions. 
At its price, this second volume of Finar’s “Organic 
Chemistry” is excellent value. W. D. OLLris 


HUMANITY AND SCIENCE 


What Man May Be 

The Human Side of Science. By George Russell 
Harrison. Pp. iv+262. (London: Cassell and Co., 
Ltd., 1957.) 18s. net. 


T has been estimated that each year sees the 

discovery of at least one million new scientific 
facts. Very few of us who are scientists have the 
capacity to digest more than a minute fraction of 
this feast, and to see’the pattern to which it con- 
tributes. Yet we are vastly better off than the non- 
scientists, whose main contact with science is “through 
its slums, the half-world of such things as flying 
saucers and water dowsing’. It is for the benefit of 
both the professional and the non-professional that 
Prof. G. H. Harrison, dean of the School of Science 
at the Massachusetts Institute of Technology, has 
written this book, “What Man May Be”. 
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- In ab least one respect it is an astonishing book. 
For there seems scarcely any corner of the vast field 
of science about which Prof. Harrison is not able to 
write, simply and interestingly. Beginning with a 
chapter on what is meant by man’s growing control 
of matter, he goes on through a survey of the human 
need for energy to the biology of living things, includ- 
ing man. Then he considers how life could first 
begin and afterwards become increasingly complex ; 
he discusses the ‘sharpening of the senses’ by our 
inventions which can do for us things that we could 
not do by ourselves ; this leads to a discussion of the 
control of information; and thus to an account of 
what is meant by human personality. The book 
concludes with a chapter on the age-old conflict 
between science and religion, and a glimpse into the 
possibilities for human life in centuries to come. 

It is obviously a breath-taking ‘tour of human 
Inowledge, yet the writer bustles us along with an 
exuberant confidence that seems scarcely to have 
heard the word ‘doubt’. Perhaps the confidence is 
a little too assured, as when we are told that carbon 
atoms “have an outer structure consisting of four 
electrons at the points of a pyramid” ; but the num- 
ber of these false statements is remarkably small for a, 
book that covers so immense a variety of topics. It 
would indeed be hard to imagine anyone who would 
not continually find himself arrested, as he read this 
book, by some chance remark thrown. off to illustrate 
a particular scientific influence. I made a note of 
two or three dozen. such myself, varying from the fact 
that since he now needs to do less physical work than 
his father, the average American eats just one-half 
as much starch as in 1900, to the fact that the trouble- 
some head noises which some people hear continually 
in their ears are probably the result of Brownian 
motion, so sensitive is the mechanism of hearing. 

It would be impossible to write a book of this kind 
without raising certain fundamental questions. Prof. 
Harrison is aware of this, and tries, as dispassionately 
as possible, to deal with them. But I wonder whether 
he recognizes quite fully how far his own mode of 
description commits him to a kind of vitalist position. 
We find “Mother Nature” all over these pages ; 
and such sentences as, ‘‘in the midst of this degenera- 
tion appears the directing force called life’. Even 
genes “gradually learn the advantages of co-opera- 
tion”, and “Nature spends eons of time tinkering 
with her devices before she brings them to perfection”. 
This is a fair enough way of talking if we know why 
we are doing it. But it can be dangerous; and when 
it leads the author to suggest that “‘there is evidence 
of servo-mechanisms in the soul’, we may feel that ` 
something is somehow missing in the whole account. 
The chapter on religion makes clear that this missing 
element is a sense of the tragic in all life. “Physical 
pain is a form of evil”; it can be cured by more 
knowledge: ‘‘science furnishes us with one of the 
best means that men have discovered for discriminat- 
ing between good and evil’. It is so obviously partly 
true, but yet one cannot help feeling that one dimen- 
sion in human experience had got left out in the- 
telling. 

This is an excellent book to give to almost anyone 
who wants to understand the way that science has 
changed both the things we do, and the way we 
think. Theré is not a dull moment in its reading, and 
probably most of. those who do read it will catch 
something of the infectious optimism that underlies 
each page. Onward and upward in the best of all 
possible worlds. C. A. COULSON 
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INTERPRETATION OF SCIENCE TO THE PUBLIC 
= - FUTURE ACTIVITIES OF THE BRITISH ASSOCIATION 


HAT the British Association for the Advance- 

ment of Science is now seeking new ways of 
fulfilling its original functions is in keeping with its 
long tradition and a measure of the influence which 
it has exerted on scientific thought and public 
opinion during its 126 years of life. The announce- 
ment, made at the 119th annual meeting in Dublin 
in September 1957, that its activities would in future 


be continuous throughout the year has, therefore, - 


been. the subject of much favourable comment. The 
Council of the Association has adopted this policy 
because it is convinced that the more intensive 
development of scientific resource and talent can only 
be ensured by increased public understanding of the 
issues involved. To create this understanding it is 
essential to communicate authoritatively, objectively 
and continuously the significance of scientific dis- 
covery and its impact on society. It is essential, too, 
that such communication should be carried out much 
more intensively in the future than in the past, for 
the rate of scientific advance has accelerated enor- 
mously. Modern science is the greatest force for good 
or ill in the world to-day. Man has released vast 
forces of Nature which he is still struggling to control. 
An understanding of these forces and of the possibility 
of using them to improve the well-being of mankind 
is necessary for every citizen, both young and old, 
who wishes to grasp the essential facts of the con- 
temporary scene. 

The Council of the Association does not wish to 
give the impression that, in any way, it under-rates 
the important work now being done in this field by 
many agencies. The activities of the extra-mural 
departments of the universities, the Royal Institution, 
the Workers’ Educational Association, the schools, 
local societies and many other organizations—to say 
nothing of the Press and the broadcasting and tele-_ 
vision authorities—are of vital importance. The 
intention of the Association is to help to fill such gaps 
as exist, to co-operate with other organizations 
where such co-operation is desired, and to help in the 
co-ordination, on a national basis, of this urgent task 
of presenting and disseminating facts about science 
to the public at large. 


Summary of Proposals 


(1) The Annual Meeting.—This must continue to 
be the most important single activity of the Associa- 
tion. The objectives of the annual meeting have been 
recently re-stated, and the main functions of the 
Association—namely, discussion, integration and 
dissemination—have been given a fresh emphasis. 

The Council has adopted proposals which should 
make these great meetings even more effective in the 
future. They include the setting up of a Programme 
‘Advisory Committee charged with the duty of ensur- 
ing that there is in the programme a proper balance 
between specialized items, integrating items and 
popular exposition. The Section Committees are 
co-operating fully in making these proposals effective, 
as was evident from the coherent and well-correlated 
programme of the Dublin meeting, at which special 
attention was paid to some of the growing-points of 
science and to topics of broad public interest. The 
marked success of this year’s meeting is proof—if 


proof were needed—of the importance of the Associa- 
tion’s work in this field. A science correspondent, 
writing from Dublin, summed it up thus: “It is one 


“ of the more useful functions of the British Association 


that it makes visible not only the leaves and branches 
of the scientific tree of knowledge, but also some of its 
roots. And it is abundantly clear that the scientific 
revolution is only beginning”. It is also the intention 
of the annual meetings to provide more frequently a 
platform on which industrialists and administrators 
can join scientists in discussions on the social and 
political consequences of science, because it is clear 
that modes of thought other than the scientific must 
contribute to the solution of situations arising out of 
scientific discovery. 

(2) Inter-Meeting Activities.—(a) The Association 
proposes to organize throughout the year, in suitable 
centres and particularly in places outside the immedi- 
ate range of the universities and colleges, special 
lectures, exhibitions, discussions and ‘brains trusts’. 
It is hoped, in this way, to reach audiences repre- 
sentative of diverse local groups such as women’s 
societies, scientific societies and trade unions, as 
well as young people. l 

(b) The organization of a ‘Junior B.A. Meeting’, 
with special lectures, demonstrations and exhibitions, 
designed to stimulate the imagination of young 
people and to stress the adventure of scientific dis- 
covery. 

(c) The publication of suitable pamphlets and 
special reports. ` 

(d) Tho organization of conferences on scientific 
subjects or on subjects arising from the application of 
science, which are of immediate national or public 
importance, whenever it is apparent that authorita- 
tive and objective comment is necessary. 

(e) The appointment of study groups to investigate 
and report upon specific problems. 

(f) Liaison with the Press, Radio and Television 
Services to provide more coverage for science through- 
out the year. 


Organization 


In order to implement these proposals effectively, 
it will be necessary to consult and’ co-operate fully 
with other organizations concerned directly or in- 
directly with the exposition of scientific achievement 
and adaptation. The Council has therefore decided 
to set up area committees throughout the United 
Kingdom, which will be composed of members of the 
Association drawn from as many fields of science as 
possible and of representatives of other national and 
local organizations. The functions of these com- 
mittees will be to advise and consult with the Council 
of the Association on one hand and local bodies on 
the other, on the desirability and feasibility of arrang- 
ing meetings and other activities to present science 
suitably to various groups in the area ; to undertake 
the arrangements and publicity for such activities 
through local organizations, and to provide local 
speakers for certain activities in the area. The 
Association’s Assembly of Corresponding Societies, 
to which are affiliated some 170 local scientific 
societies, will—it is expected—be able to contribute 
to the successful running of these committees. Itb is 
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hoped to appoint several of these area committees 
during the first half of 1958. This proposal has been 
welcomed by several of the large national organiza- 
tions during preliminary informal discussions, and 
it is expected that their branches will co-operate 
fully when the area committees come into being. 

The Association is already in close contact with the 
younger generation through its annual meetings, but 
it believes that there is much more which it can do to 
engage the interest of young people in science and 
scientific careers. 

The successful presentation of science, particularly 
to young people, will depend inter alia on the use of 
good visual material, and the Association seeks the 
co-operation of industrial and other organizations in 
arranging exhibitions and illustrating special lectures. 
Meanwhile, a start is being made by staging, in 
collaboration with the Director of Education and the 
schools in the Glasgow area, a special programme for 
young people at the annual meeting which will be 
held there during August 27-September 3, under the 
presidency of Sir Alexander Fleck. The programme 
will include twelve special lecture demonstrations 
by distinguished scientists, a science exhibition 
organized by the schools in the area, a special exhibi- 
tion arranged by the Association, an open forum with 
@ panel of scientists and a selection of scientific 
films. It is proposed to hold a Junior British Associa- 
tion meeting in 1959, independently of the annual 
meeting, organized on the basis of the experience 
gained in planning the Glasgow programme. 

Quite apart from major annual events of this sort, 
it is planned also to organize a series .of special 
lectures for young people in the schools. The first 
of these will be given under the auspices of the 
Association in Ipswich in February 1958, when 
Prof. J. Rotblat will speak to two audiences totalling 
more than nine hundred schoolchildren from schools 
in Hast Suffolk. These lectures are being organized 
with the co-operation of the Chief Education Officer 
and his colleagues in the schools of that area. 

The effect which the Association is able to give to 
its plans in the future will depend in no small measure 
both on securing the co-operation of scientists who 
are prepared to lecture to non-specialist audiences 
and to take part in discussion groups, and on the 
degree to which it is able to secure support for its 
primary conviction that the ability to communicate 
the results and significance of scientific work is of 
major importance in the world to-day. A panel of 
speakers is now being compiled, and the ready 
response is an augury of the success of these activities. 
The possibility of creating a number of special 
lectureships to encourage younger scientists to 
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participate in this kind of exposition is also being 
explored. 

It is only possible to report briefly, at this stage, on 
the many other arrangements that are being made. 
A conference on “Science in Schools”, with particular 
reference to the urgent problems of the supply of 
science teachers and the provision of adequate 
laboratory accommodation ‘and equipment, is. now 
being organized and will be held in London during 
the coming Easter holidays. 

A committee under the chairmanship of Sir Hugh 
Beaver has been appointed by the Council to investi- 
gate and report upon the practicability, implications, 
consequences both international and domestic, and 
the cost of a change-over to the metric system by the 
United Kingdom. 

Discussions are now being held with the Atomic 
Scientists Association about the possibility of the 
British Association assuming responsibility for bring- 
ing before the public of Great Britain the facts about 
atomic energy and their implications. 

Preliminary discussions have already been held 
with representatives of the British Broadcasting 
Corporation on science programmes in the radio and 
television services, and these will soon be resumed. 

Development in the past has been hampered by 
lack of funds, and to carry out the present plans a 
substantial addition to the Association’s present 
income will be required. As a result of approaches 
to @ small number of leading industrialists in 1957, 
a significant addition to income has already been 
obtained. A sum of more than £40,000, mostly on 
seven-year covenants, has been received, giving an 
additional £8,000 income for the present year. It is now 
proposed to extend the appeal, and it is hoped that 
the response will be sufficient to enable the Association 
to implement fully its plans. In the first place, it will 
be necessary to augment the present small staff of 
the central office and to procure immediately adequate 
office accommodation. A start, however, has already 
been made possible as a result of the generosity of 
the above-mentioned firms. 

These are the beginnings. Given more financial 
support, the establishment of area committees, 
co-operation from the many organizations concerned 
with, or affected by, the impact of science on society, 
and the co-operation of scientists and the schools, 
there is little doubt that the present plans can be 
effectively carried out. It is believed that, in these 
ways, the British Association will be enabled to make 
a substantial contribution to bringing about that 
better understanding of the significance of science 
which is so urgently needed to-day—and so add to 
its already historic reputation in this field. 


SCIENTIFIC CENTENARIES OF 1958 


By JOAN 


O pursue the study of both medicine and mathe- 
matics would be very unusual, if not impossible, 
to-day, but this combination of subjects was not 
uncommon in the sixteenth century. Mathematics 
led to astronomy, a subject at that time closely 
linked with astrology, and the supposed advantages of 
a- knowledge of astrology in maintaining good health 
were generally recognized. 
Two well-known men who died in 1558 were both 
physicians with considerable aptitude in mathematics. 


M. EYLES 


Jean Fernel, born in 1497, studied in Paris for 
several years and then found himself equally attracted 
by mathematics and medicine. He qualified to 
practise medicine in 1530, but could not resist the 
lure of astronomy. It is said that he made use of 
his wife’s dowry to pay for the construction of 
instruments which he had designed, and this led to 
a domestic crisis, in which mathematics lost and 
Fernel agreed to devote himself to medicine. Although 
his first published book was a mathematical one, it 
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is by his medical works that he has been remembered. 
He wrote an early account of syphilis, and his books 
on ‘“Physiologia” and “‘Pathologia” marked the first 
introduction of these terms to medicine. He died of 
a fever in 1558, keeping to the last an accurate 
record of his symptoms. 

Another physician who loved mathematics was the 
Welshman Robert Recorde, born at Tenby about 
1510. His- early studies were pursued at Oxford, 
and in 1531 he became a Fellow of All Souls. At 
that time his interests appear to have been confined 
to mathematics, and in 1540 he brought out the 
first arithmetic to be written in the English language, 
the “Grounde of Artes’, of which many editions 
appeared during the next 150 years. Recorde then 
moved to Cambridge to study medicine, graduating 
M.D. in 1545. He practised as a physician, and is 
said to have been physician to Edward VI; but 
unlike Fernel, he did not give up mathematics. He 
published further books in English on geometry, 
astronomy and algebra. In his last work, the 
“Whetstone of Witte”, he introduced the sign = for 
equality, although it did not become universally 
used until long afterwards. Recorde was one of the 
first English writers to adopt the Copernican system. 
His studies seem to have brought him very little 
worldly profit, for he died while imprisoned for debt 
in the King’s Bench prison, in 1558. His friend John 
Robins, another Fellow of All Souls, died a month or 
so later. Although Robins had chosen the Church 
as a profession, and was made a canon of Christ 
Church, and later of Windsor, his bent, too, was 
towards mathematics and astrology, in which, it was 
said, ‘he became the ablest person of his time, not 
excepting his friend Recorde, whose learning was 
more general”. Robins was buried in St. George’s 
Chapel, Windsor. 

The year of birth of yet another mathematician, 
Edward Wright, seems a little uncertain, but is 
generally taken to have been 1558. Born jn Norfolk 
and educated at Caius College, Cambridge, he applied 
his mathematical knowledge to navigation, and his 
ensuing publication, ‘“‘Certaine Errors in Navigation 
detected and corrected” (1599), can be said to have 
revolutionized this science. Wright was for a time 
mathematical tutor to Henry, Prince of Wales, son 
of James I, and also gave lectures in mathematics 
for the East India Company. He died in London 
in 1615. 

When Thomas Brattle, a young American born in 
Boston in 1658, first went to Harvard, he found he 
had to teach himself mathematics ; but this did not 
deter him. He watched the comet of 1680 through 
the Harvard telescope and sent his observations to 
Flamsteed, the Astronomer Royal, and they were 
afterwards used by Newton in his “Principia”. 
Brattle also contributed astronomical observations 
to the Philosophical Transactions of the Royal Society. 
He became a wealthy merchant and made many 
gifts to Harvard. 

The interests of Count Luigi Ferdinando Marsigh 
(1658-1730) lay in quite a different field. Born in 
Bologna and by profession a soldier, he spent some 
years in Turkey, and later fought against the Turks, 
but was captured and sold to a pasha. Later he was 
released, but leaving the army he turned to the study 
of natural history, particularly that of the sea, and 
he became a pioneer in oceanography. His classic 
-work, entitled ‘‘Breve Ristretto del Saggio Fisico 
intorno alla Storia del Mare”, was published in 1711. 
In 1712 he presented his collections to Bologna, and 
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they formed the nucleus of the Bologna Institute of 
Science and Arts. 

Before passing on to those who died in 1758, we 
may note that in the present year falls the two 
hundred and fiftieth anniversary of the death of 
Edward Tyson and the birth of Albrecht von Haller 
(1708-77), both well known. in their own fields, Haller 
as a physiologist and Tyson as an anatomist. 

Important events in the first half of the eighteenth 
century were the French scientific expeditions to 
determine the length of a degree of longitude near 
the equator and in the north of Sweden. The 
equatorial party, led by De la Condamine, included 
Pierre Bouguer (1698-1758), and the measurements 
made in Peru were published by him in “La Figure 
de la Terre déterminée” in 1749. At the same time 
he made the first comparison between the mass of 
the earth and that of a mountain, Chimborazo in the 
Andes, and his name is perpetuated by geophysicists 
in the term ‘Bouguer anomaly’. Bouguer made 
several other contributions to physics, for he invented 
a photometer in 1729, and later a heliometer, and 
measured the intensity of the light of the Sun com- 
pared to that of the Moon. 

One of the party of Frenchmen accompanying 
De la Condamine and Bouguer was the botanist 
Joseph de Jussieu. The name De Jussieu is familiar 
in botanical literature, and an elder brother, Antoine 
(1686-1758), was professor at, the Jardin des Plantes 
in Paris. Antoine travelled in Spain and Portugal 
but published little of importance, and his nephew 
Antoine Laurent de Jussieu is better known. 

The year 1758, in which the skies were being eagerly 
watched for the predicted return of Halley’s comet, 
was also that of the birth of the German astronomer 
H. W. M. Olbers (died 1840), who evolved a new and 
accurate method of determining the orbit of a comet. 
In 1781 he took up residence as a physician in Bremen, 
but spent many nights at his telescope. He dis- 
covered the asteroids Pallas and Vesta, and suggested 
that their origin was due to the explosion of a prim- 
ordial planet. In 1815 he observed a comet which 
became known as Olber’s Comet, and which re-ap- 
peared in 1887. 

Although the study of astrology passed out of 
favour with medical men as the knowledge of medicine ` 
and astronomy increased, there was a period when 
phrenology seemed almost as popular. The old 
plaster casts of heads on which phrenological charts 
are delineated may be the last relics of this period. 
The founder of this now discredited science was Franz 
Joseph Gall (1758-1828), born at Tiefenbronn, Baden. 
Gall was a noted physiologist, and made a special study 
of the brain, publishing his researches in “Anatomie et 
Physiologie du Système Nerveux en Général” (1810- 
19). He compared the shape of the brain and skull 
with the development of the faculties in men and 
animals. His lectures on phrenology given in Vienna 
were extremely popular until in 1802 they were 
forbidden as dangerous to religion. From 1807, until 
his death, he resided in Paris. 

To occupy a chair of botany for thirty-six years 
and in this period to give only one lecture (said to be 
‘““unsuccessful’’) may well be a record. The botanist 
was Humphrey Sibthorp, and the chair was the 
Sherardian one at Oxford. Humphrey resigned his 
chair to his son John Sibthorp in 1783, and it is the 
anniversary of John’s birth in 1758 which falls this 
year. The younger man, who had studied medicine 
at Edinburgh, was an ardent plant collector. Be- 
tween 1786 and 1795 he travelled in Greece, Cyprus 
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and Crete in search of plants, but unfortunately 
caught a cold which led to consumption and he died 
at the age of thirty-seven. He was buried in Bath 
Abbey ; his collections and books were bequeathed 
to the University of Oxford, and his name is per- 
petuated in the Sibthorpian chair of rural economy 
which he endowed. 

Sibthorp was accompanied on one of his botanical 
journeys by Ferdinand Bauer, the elder of two 
brothers, Austrian by birth, who were well-known 
botanical draughtsmen. Both the brothers were 
protégés of Sir Joseph Banks, the arch-patron of 
young naturalists. Franz Bauer (1758-1840) retains 
a place in the history of biology for having in 1823 
made a drawing of blood corpuscles in which the 
‘nucleus’ was indicated, which seems to be the first 
use of the word in this connexion. Ferdinand is 
better known for having accompanied the Scottish 


botanist Robert Brown (1773-1858) on the voyage - 


of the Investigator under Captain Flinders, to explore 
the coasts of Australia and Tasmania. Brown and 
Bauer together collected nearly 4,000 species of 
plants, many new to science, and returned to Britain 
in 1805. Brown was appointed librarian to the 
Linnean Society, and later became librarian to Banks 
and curator of his collections. After Banks’s death, 
the botanical collections were deposited in the British 
Museum and Brown was appointed keeper. For his 
many valuable contributions. to botany he was 
awarded a Copley Medal in 1839 by the Royal Society, 
of which he had been elected a Fellow in 1811. His 
name will always be associated with the ‘Brownian 
movement’, which he was the first to observe. His 
death took place in London, on June 10, 1858, only 
ten days before that of his close friend Dawson 
Turner (born 1775), a wealthy antiquary and amateur 
botanist, the author of a “Natural History of Fuci” 
(1808-19). Turner’s elder daughter Maria married 
Sir William Jackson Hooker, and thereby many of 
his collections are preserved at Kew, though his rich 
library was sold at auction. The genus Dawsonia 
was named by Brown in honour of his friend. 

Two other botanists who died in 1858 were C. G. 
Nees von Esenbeck (born 1776), and Aimé Bonpland 
(born 1773). Nees von Esenbeck was professor of 
botany in Breslau and the author of works on fungi 
and mosses. For his political activities he was 
deprived of his chair and spent his remaining years 
in poverty. Aimé Bonpland, a French naturalist, 
suffered a rather similar misfortune. As a young 
man he travelled in Mexico and the Andes with 
Humboldt. In 1816 he left Paris for South America 
and was appointed professor of natural history at 
Buenos Aires, but in 1821, while journeying up the 
Paraná to collect plants, he was arrested by order of 
Francia, dictator of Paraguay, and detained for nine 
years. In spite of these vicissitudes, he lived to be 
eighty-five. 

Passing from botany to chemistry, two chemists 
who died in 1858 must be mentioned here. Robert 
Hare (1781-1858) was professor of chemistry in the 
University of Pennsylvania, and noted for his inven- 
tive genius. When only twenty he demonstrated to 
the Chemical Society of Philadelphia an oxyhydrogen 
blow-pipe, with which he was able to fuse platinum— 
a considerable achievement at that time. Later 
he received the Rumford Medal of the American 
Academy of Arts and Sciences. 

The Swedish chemist Carl Gustav Mosander (1797- 
1858) was affectionately known as ‘Father Moses’ 
by his friends, including Berzelius, to whom he was 
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assistant. He was also curator of the mineral collec- 
tions at the Stockholm Academy of Sciences, and 
carried out long and patient work in the identification 
of rare earths. He showed first that the earth ceria 
contained another oxide which he named lanthana, 
and afterwards discovered that with lanthana there 
occurred yet another oxide which he named didymia. 
Later he investigated yttria and found in it two new 
oxides which he named erbia and terbia, taking these 
names from Ytterby, the small Swedish town where 
these rare earth minerals were first discovered. Many 
years later, Carl Auer, Baron von Welsbach, born in 
the same year that Mosander died, investigated 
didymia and discovered that it contained two 
different elements, which he named neodymium and 
praesodymium respectively. Von Welsbach is per- 
haps known better for the incandescent gas mantle 
which he invented. 

The great German physiologist Johannes Miiller 
(1801-58) is renowned both for his researches and 
for his teaching. He attracted many gifted pupils to 
his classes, including Virchow, Schwann and Bois- 
Reymond. Miiller’s name is particularly associated 
with the principle of specific nerve energies, but he 
also carried out important researches in embryology. 
In later life he studied the ocean fauna, especially 
plankton. l 

While modern weather forecasting has done much 


‘towards predicting the course of hurricanes, and to 


prevent by adequate warning some of their damaging 
effects, little was known about them when William 
Reid (1791-1858), a Scottish military engineer, was 
sent to the West Indies in 1831. The information 
he collected about the paths of hurricanes was 
published in 1838 as “An Attempt to develop the 
Law of Storms by means of Facts”. This work went 
through many editions, and numerous translations 
were made, including one into Chinese. Reid was 
appointed governor of the Bermuda Islands in 1839, 
and did much to improve education and agriculture 
there. Afterwards he was appointed governor of 
Barbados, and in 1851 of Malta; in both islands he 
continued his policy of improvement. He was made. 
& vice-president of the Royal Society in 1849, and 
was knighted two years later. 

To be responsible for a major revolution in scientific 
thought can be the lot of fow men, but among them 
can be numbered Max Planck, the centenary of 
whose birth on April 23, 1858, is the outstanding one 
of this year. Born at Kiel, when it was still in 
Denmark, Planck died at Göttingen in 1947, after 
passing fifty years of his life at the University of 
Berlin. His death occurred within a few months of 
his ninetieth birthday. His law of radiation, which 
stated that the energy of radiation is emitted and 
absorbed in integral multiples of certain indivisible 
‘quanta’ of energy, received abundant confirmation 
in the first decade of this century, and explained 
many anomalies. He was awarded the Nobel Prize 
for Physics in 1918, and was elected a foreign member 
of the Royal Society in 1926. 

A. mathematician whose early brilliance gained 
him an international reputation was A. R. Forsyth, 
born at Glasgow in 1858, who held the Sadleirian 
chair of pure mathematics at Cambridge and later 
the principal chair of mathematics at the Imperial 
College of Science and Technology, London. He was 
elected a Fellow of the Royal Society at the early 
age of twenty-seven. Forsyth wrote exhaustively on 
the subject of differential equations, and developed a 
theory of invariants. He was also active in intro- 
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ducing to British mathematicians the new develop- 
ments in pure mathematics which had been made on 
the Continent towards the end of the nineteenth 
century. Another mathematician whose work might 
be reviewed this year was the Italian, Giuseppe 
Peano (1858-1932), one of the early workers on the 
logistic development of mathematics, who was also 

interested in the possibility of a universal language. 
' ‘Passing from mathematics to astronomy, we come 
to the American astronomer W. H. Pickering. Born 
at Boston in 1858, he led several Harvard expeditions 
to observe total solar eclipses. In 1891 he established 
the Harvard observatory at Arequipa, Peru, and in 
1900 he erected a station for Harvard at Mandeville, 
Jamaica. This he afterwards took over as a private 
observatory. Pickering discovered Phoebe, ninth 
satellite of Saturn, in 1899. He did notable work in 
planetary photography and published a lunar atlas 
based on observations made at Mandeville. He did 
not agree with the view that the Moon was without 
life and published a paper on seasonal changes 
occurring in lunar craters. He visited craters in 
Hawaii and the Azores in order to compare them with 
those of the Moon. Pickering died at Mandeville in 
1938. ; : 

Two young graduates who left Britain for Australia 
towards the end of the nineteenth century rose to 
the front rank of Commonwealth scientists. One was 
the geologist Sir T. G. Edgeworth David, born at St. 
Fagans near Cardiff in 1858, who was appointed as 
a geological surveyor in New South Wales in 1882. 
Nine years later he became professor of geology m 
the University of Sydney. He accompanied the 
Shackleton Antarctic Expedition of 1907-9 and led 
the party that reached the south magnetic pole. In 
the First World War he joined the Australian 
Tunnellers, and in 1918 was appointed chief geological 
adviser to the British armies. On his return to 
Sydney he devoted himself to the preparation of a 
“Geology of the Commonwealth of Australia”. He 
died in 1934, before it was published. The Australian 
National Research Council was initiated by the 
joint efforts of Sir Edgeworth David and his fellow 
scientist Sir David Orme Masson. The latter, 
born in London in 1858, graduated in both arts and 
science at Edinburgh, and became lecturer in chemis- 
try at Bristol under Ramsay. In 1886 he was 
appointed professor of chemistry in the University 
of Melbourne. His interests lay in the realm of 
physical chemistry, but administration made increas- 
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ing demands on his time. As president of the 
Australian Association for the Advancement of 
Science he took a leading part in organizing the visit 
of the British Association in 1914. Masson died in 1937. 

The Dutch physiologist Christiaan Hijkmann, who 
was awarded a Nobel Prize jointly with Sir F. Gowland 
Hopkins in 1929, was born at Nyerk on August 11, 
1858. His work on dietary deficiencies began with 
a study of beriberi in Batavia, where he was director 
of the pathological laboratory. By producing food- 
deficiency disease in fowls and then curing it by 
feeding the birds with rice-polishings, he greatly 
stimulated the development of vitamin research. 
Eijkmann died at Utrecht in 1930. 

Sir Jagadis Chandra Bose (1858-1937) was the 
first Indian of modern times to achieve distinction 
through scientific work. Educated at Calcutta and 
Christ’s College, Cambridge, he became professor of 
physics in Presidency College, Calcutta, in 1884, but 
is better known as the founder and director of the 
Bose Research Institute at Caleutta, His work in 
the field of the physics of plant physiology aroused 
considerable controversy. He was elected a Fellow 
of the Royal Society in 1920. 

Among other- scientists born in 1858 may be 
mentioned Albrecht Penck, German geologist and 
geographer, noted for his studies of the Ice Age; 
E. M. Crookshank, who founded in King’s College, 
London, the first bacteriological laboratory to be 
established in Britain; and the zoologists F. E. 
Beddard and G. A. Boulenger. 

In the field of applied science, metallurgists can 
celebrate this year the centenary of the birth of 
Sir Robert Hadfield, the discoverer of manganese 
steel ; and the contemporary vogue for diesel engines 
in Britain is a reminder that the first successful diesel 
engine was built in 1897 by Rudolf Diesel (born 1858). 
The following year he sold the patents and exclusive 
manufacturing rights in the United States and 
Canada to Adolphus Busch of St. Louis for a million 
gold marks. Diesel died mysteriously in 1913, 
vanishing overboard from the Harwich mail steamer 
on his way to consult with the British Admiralty. 

Other centenaries of the year include those of the 
founding of several scientific societies, including the 
Geologists’ Association and the British Ornithologists’ 
Union, and the publication of that landmark in the 
theory of evolution, the famous Darwin—Wallace 
essay. The latter will be commemorated at the 
International Zoological Congress in London in July. 


THE TECHNOLOGICAL UNIVERSITY OF EINDHOVEN 


By Pror. H. B. DORGELO 
Rector Magnificus 


N September 19, the Technological University 

of Eindhoven, brought into being as a result of 

an Act of Parliament of June 6, 1956, concerning 
higher technical education in the Netherlands, 
was officially opened by H.M. Queen Juliana, in the 
presence of H.R.H. Prince Bernhard, the Prime 
Minister, Dr. W. Drees, the Minister of Education, 
Mr. J. M. L. Th. Cals, other Ministers, the Board of 
the University, under the chairmanship of Prof. 
J. E. de Quay, Governor of the Province of Noord- 


Brabant, the Rectores-Magnifici of all the univer- 
sities in the Netherlands, and many other distin- 
guished guests. 

Preparatory committees under the chairmanship 
of Prof. G. Holst, who has been a pioneer of applied 
scientific research in the Netherlands, stressed the 
need for more qualified engineers, thoroughly 
grounded in scientific technique, in connexion with 
the industrialization of the country which is in 
progress. The Government therefore decided to 
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buld a new technological university in the southern 
part of the country, in the hope of making available 
a new source of technical students. The Act, which 
made the founding of the new technological university 
possible, was then prepared by a committee under 
the chairmanship of Mr. H. L. s'Jacob, Counsellor 
of the Minister of Education. 
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Modei of the provisional buildings 


Eindhoven, a dynamically developing town, was 
chosen as the place for the new technological 
university. The town council generously presented 
a well-situated site of about 100 acres for the 
university. 

One very important question was thoroughly 
discussed, namely, whether the new institute should 
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prepare engineers of the same scientific standard as 
those trained by the Technical University of Delft, 
or whether the new institute should be something 
between the existing secondary technical institutes 
in the Netherlands and that at Delft. Fortunately, the 
decision was taken that the standard of the Eindhoven 
Technological University should be the same as that 
of the Technical University of Delft, but with a 
different approach to the same goal. A new tech- 
nological university gives an opportunity, free from 
traditional bonds, for seeking and finding new ways 
in scientific, technical and humanistic training, to 
suit the demands of the technical and ideological 
age in which the future engineers will have to live 
and work. 

The Technological University of Eindhoven is in 
the first instance set up with the aim of training three 
categories of engineers, namely, mechanical, electro- 
technical and chemical engineers. It has for that 
purpose four departments: (a) Department of 
General Sciences (mathematics, physics, philosophy, 
sociology, economics, ete.). Chairman: Prof. C. 
Zwikker. (b) Department of Mechanical Engineering. 
Chairman: Prof. W. L. H. Schmid. (c) Department 
of Electrotechnical Engineering. Chairman: Prof. 
J. L. H. Jonker. (d) Department of Chemical 
Technology. Chairman: Prof. W. van Loon. At 


the moment the Netherlands urgently need more 
people with scientific technical training in these- 
branches, therefore the University has started by. 


meeting these requirements. 


The secretary of the University is Dr. A. H. M. i 
Wijffels; and the secretary of the Senate is Prof. K. 


Posthumus. 
In developing the programme of study for 

_ these three categories of engineers mentioned above, 

_. the guiding principles have been {1 3 
theoretical and practic: 
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3. A part of the building of which the model is shown in Fig, 1 


eight half-years (semesters) ; 


ination at the end of the second semester (the pro- 


pedeutical examination), as a test for suitability foro- 


the studies at a technological university ; (b) one 
after the fifth semester (the candidate examination), | 
as a test of achievements, specially concerning the 
fundamental courses; (c) one after the eighth 


semester (the first part of the final examination), as a 


test of the achievements in technical science ; (3) to 


ensure that the student should prove his ability to oath 


solve a given scientific technical problom on his own, 


and to make a detailed report of it before obtaining’. oy 


his final degree. It is intended that this work should 
be done in one or two semesters. 

The planning of the buildings for the University’ 
was based on the expectation that in the near future: 
the number of students would be about one 
thousand ; should it increase to two thousand, which 
is likely, extension is easily arranged, because the 
planning of the main buildings has been arranged 
with that possibility i 

In order to start with lectures and practical courses | 
for the students by September 1957, a bungalow- ` 
type of building of about 9,250 m.? floor-area was 
erected (Fig. 1), provisionally giving accommodation 
for the theoretical and practicalt raining of students in _ 
ears. The number of the students - 
at-vear courses was 236. 
‘permanent buildings of the 
ropress, encouraged by Ir. Th. P. 
| r of the Governing Board, and co- 
ordinated by Prof. P. van der Leeden. Fi ig. 2 is a 
















photograph of the model of the group of buildings — 


planned by the architect, 5. J. van Embden. It will | 
include: (a) the main block for the Departments of 
General Sciences, Electrotechnical Engineering | and s 


(2) to arrange the o 
examinations to take place as follows: (a) an exam- 
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the centre of the ground floor (Fig. 2, 1), (6) a block for 
the Department of Chemical Technology (Fig. 2, 5), 
(c) a building with the main hall, reception and lecture 
rooms (Fig. 2, 3), (d) a large one-story building to 
house the heavy equipment of the Department of 
Mechanical Engineering and the central workshop for 
the whole University (Fig. 2, 2), (e) a laboratory for 
chemical technology (a similar building is planned for 
` physical technology) (Fig. 2, 4), (f) a building for the 
larger equipment for electrotechnics (Fig. 2, 6), (g) a 
boiler-house for the central heating of the whole 
University (Fig. 2, 7). 7 

The citizens of Eindhoven have helped and supported 
the new University in many ways. On the initiative 
of the Burgomaster of Eindhoven, a committee of 
leading citizens was formed to help the students in 
getting accommodation, to build hostels for them, to 
provide a club-house for the general student society 
(union building), to promote the possibilities for sport 
and to found a medical centre. This committee laid 
the basis,for the Eindhoven Technological University 
Students Welfare Foundation, which is very active 
in providing the initial necessities for students, and 
is also stimulating the initiative of the ‘freshmen’ to 
build up a new sound student communal life. 
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The interest of industry in the new University was 
manifested by founding the Eindhoven University 
Fund to form a link between the industry in the 
Netherlands and the new University, this being 
regarded as of great importance to both. The main 
purpose of the Fund is to support the scientific work 
in the Technological University and to promote the 
contact of the scientific staff of the University with 
the technical scientific world in the Netherlands and 
abroad. 

The friendly relationship between the Technical 
University of Delft and its newborn sister found 
expression in a helpful sharing of ideas during the 
preparative period and in the token gift of a silver 
chain of office for the Rector Magnificus of the 
new University. 

The Technological University of Eindhoven has be- 
gun its task for the future, a very important task with 
great responsibilities. As H.M. Queen Juliana said 
in her opening address: “Technology is the modern 
mill-stone for our daily bread. It is a gift of God. 
We have to accept this gift with respect and gratitude, 
we will not over-estimate it in proud presumption 
nor abuse it by using it where it will not serve a 
positive purpose”. 


FLAMES AND INDUSTRY 


HE useful application of science to engineering 

has nowhere proved more difficult than in the 
sphere of combustion. In recent years, however, 
some progress has been made through the work of 
the International Flame Research Foundation. The 
main activity of the Foundation has been to establish 
two experimental furnaces at the Royal Dutch 
Steelworks at Ijmuiden. These are fully instrumented 
for fundamental studies and are comparable in size 
with the smaller furnaces used industrially. One 
furnace consumes gas or oil and the other pulverized 
fuel. 

The principal object of the work is to provide 
accurate and usable design formule for the types of 
flame employed in industrial furnaces. It is hoped 
that in the course of such developments some pos- 
sibilities of improving current practico may be 
revealed. Tho investigations are, however, necessarily 
concerned with the properties of the flames them- 
selves. The principles governing the transfer of heat 
from the flame to the work are intimately bound up 
with the nature of the latter, and advances in this 
respect must be the responsibility of the industries 
concerned. 

The essence of the work of the Foundation lies, 
however, in its applicability to the needs of industry. 
For this reason a symposium was held recently in 
London, at which papers describing the Ijmuiden 
investigations were laid beside others from industry 
dealing with consequential developments. The 
symposium, which was sponsored by the Institute of 
Fuel, took place on October 9, at the Institution of 
Civil Engineers. The presentation of the Ijmuiden 
papers was presided over by Prof. O. A. Saunders ; 
and Dr. D. T. A. Townend was in the chair for the: 
industrial session. 

The experimental methods used at Ijmuiden and 
the progress made in the understanding of flames were 


reviewed by Prof..M. W. Thring, assisted by Mr. E. H. 
Hubbard and Mr. A. E. Pengelly. The work has 
been almost entirely devoted to turbulent jet diffusion 
flames, in which a high-velocity jet of fuel, carried 
by compressed air or steam, entrains air for combus- 
tion through its own energy. À 

The furnaces are both in the form of a tunnel some 
2 metres square in section and 6 metres long, with 
the flame directed along the axis. They have been 
made large compared with the flames to avoid 
impingement and to minimize other forms of inter- 
ference by the furnace walls. As a result of this, 
recirculation of the combustion products is a promin- 
ent feature of the flow pattern. The furnaces are 
provided with vertical slots down each side for flame 
radiation measurements, and there are generous 
provisions for the insertion of probes for sampling, 
temperature measurement and other purposes. For 
the essential routine operations of measuring waste 
gas composition and temperature, paramagnetic 
oxygen analysers and suction pyrometers respectively 
are preferred. To estimate air leakage into the 
combustion chamber the fuel and air input must 
also be known. Combustion air, gaseous and liquid 
fuels are measured by orifice meters and pulverized 
fuel by a constant-feed weighing belt. Air leakage is 
controlled through furnace pressure by means of 
conventional dampers, with the aid of draught gauges 
and a pressure recorder attached to the centre of the 
furnace roof, 

Fuel-air mixing in a turbulent jet diffusion flame 
is primarily influenced by fuel jet momentum. This 
is conveniently measured as the reaction thrust on 
the burner, by means of a counterbalanced suspension 
system. Radiation from the flame is observed with 
a total-radiation pyrometer. Radiation and con- 
vection are differentiated with the aid of two heat 
flow meters, differing either in surface temperature 
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or in surface emissivity. Gas velocities are measured 
‘ with a Pitot tube and the information obtained used 
to carry out isokinetic sampling at a particular point 
for flame gases ‘and unburnt solid particles. Gases 
are analysed -in an Orsat type apparatus with Lom- 
chakov absorption vessels. Tho solid sample is 
analysed for moisture, volatile matter and ash by 
micro-methods or by a modified Fenton train for 
‘ultimate analysis. Element balances permit calcula- 
tion of the proportion of fuel burnt at any stage in 
the flame and its comparison with the degree of 
mixing on one hand, and with the proportionate 
heat release on the other. 

For gas and oil flames it is found that until about 
90 per cent of the total requirement of combustion 
air has been consumed, relative mixing, reaction and 
heat release are closely similar. The processes of 
combustion and heat release can therefore be studied 
up to this point simply by examining the aero- 
dynamics of the system. This enables aerodynamic 
similarity criteria to be applied to the scaling-down 
of industrial gas and oil-fired furnaces for experi- 
mental model studies. The similarity condition is 
that the burner nozzle must be replaced by an 
equivalent nozzle which gives the same mass flow 
and momentum, but with the stream density changed. 
to that of the flame gases. At its far end, where the 
flame is influenced by the re-circulation and re-entrain- 
ment of the combustion products, simple similarity 
relations with cold models do not apply. This is 
also the case throughout a pulverized fuel flame, for 
although the combustion of the volatiles may be a 
rapid process, that of the solid residue is not so. In 
these circumstances, the physical process of air-fuel 
mixing is no longer rate-controlling. 

The non-luminous radiation and emissivity of the 
combustion products can be evaluated from a 
knowledge of the temperature and concentrations of 
water vapour and carbon dioxide by established 
methods due to Schmidt and Hottel. Luminous 
radiation depends mainly upon the particles present 
in the flame. Emissivity has been successfully 
related to soot concentration and can be scaled. The 
soot appears at an early stage in the flame and there- 
after decreases, but the laws and mechanism of its 
formation are not sufficiently understood. The con- 
centration of soot and hence the luminous emissivity 
is, however, a function: of the fraction of the flame 
length considered, the rate of axial mixing and the 
carbon—hydrogen ratio of the fuel used. 

In the early part of the flame, the edges of the jet 
form a sheath of high-temperature products while 
the axis of the flame contains excess fuel at relatively 
low temperature. Around the hot sheath excess air 
and recirculated products bring about a considerable 
reduction in temperature. At a stage where 80- 
100 per cent of stoichiometric air has reached the 
centre of the jet, the axial temperature reaches a 
peak of the order of 1,500-1,700°°C. The peak is 
raised by an increase in fuel input or jet momentum, 
and by pre-heating. Because a gas flame loses 
heat less rapidly by radiation than does an oil 
flame, its temperature is some 100° C. higher 
throughout. 

The Ijmuiden experiments cannot give direct 
information on the transfer of heat from the flame 
to the work since conditions in this phase of operations 
vary so widely. It is here that particular study by 
each industry becomes necessary. The Ijmuiden 
investigations have, however, shown how to control 
flame length, emissivity and coverage. Where there 
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is direct -impingement of the flame on the work, 
heat transfer by convection can be calculated as 
for a hot gas in contact with a surface. With 
a cold receiving surface, convection may be ns- 
ible for as much as 35 per cent of the total heat 
transfer. 

The relevance of the work of the Foundation to 
conditions in steel furnaces was discussed by Dr. J. H. 
Chesters and Mr. R. Mayorcas. In the steel-making 
industry the Ijmuiden experiments have already 
stimulated a number of investigations and develop- 
ments from which production has profited. Cold 
model experiments have revealed flow and wear 
patterns. The'improved understanding. of the mech- 
anism of oil atomization and jet momentum which 
has resulted from the Ijmuiden work has been 
employed with great effect on production furnaces. 
Advantage has also been taken of the function of 
carbon in increasing flame emissivity, and the output 
rate of a full-scale furnace has recently been sub- 
stantially increased by the application of the results 
of calculations based upon the Ijmuiden and other 
similar experiments. 

The glass industry uses producer gas and liquid- 
fuel flames of the turbulent jet diffusion type, and 
has followed the lead of the steel industry in the use 
of model experiments, some results of which were 
described by Mr. S. Krusjewski. The luminosity and 
solid particle radiation of producer gas flames require 
further study, but the findings of the Foundation and 
the steel industry on oil flames are applicable to 
similar flames in glass tanks. Special problems are 
to obtain good flame coverage without too much loss 
of access to the walls of the tank, and to limit recir- 
culation so far as possible without exposing the 
furnace crown unduly to the flame gases. The theory 
of heat transfer from an oil flame in a glass furnace 
has been developed by Thring and the problem of 
heat transfer through the: glass itself is to some 
extent understood in exact terms, but the part 
played by convection is at the moment appreciated 
only qualitatively. 

The application to boilers was discussed by Dr. 
W. B. Carlson. The work at Ijmuiden on pulverized 
fuel flames, which is of particular interest to the 
boiler industry, has not yet progressed far. Some 
special factors have to be taken into consideration. 
Sufficient radiation must be available from flame 
and furnace to maintain stable ignition. The com- 
bustion region must be large enough and of adequate 
temperature to complete the combustion of the 
relatively slow-burning particles. This leads to very 
large combustion chambers, for which an unusually 
extensive scaling-up of model experiments is neces- 
sary. The great height of the boiler results in a large 
chimney effect within the furnace itself. The size of 
the flame causes it to become somewhat opaque to 
its own radiation and this results in a hot flame core 
from which the heat cannot readily be released. The 
need to avoid excessive ash deposition within the 
furnace dictates aerodynamic design to a large extent, 
and in general precludes compactness. The necessary 
provisions for ultimate ash retention, either by 


' slagging or collection, still further enlarge the plant. 


The Ijmuiden pulverized fuel furnace has unfor- 
tunately no provision for experiments involving 
slagging of the ash. The cement industry, represented 
at the Symposium by Mr. E. Burke and Mr. G. Field, 
also uses pulverized fuel extensively. Heat transfer 
to the work would most readily be improved by 
increase of radiant intensity through control of 


no.4eo1 January 4, 1958 


flame length, temperature and emissivity. The 
proper distribution of heat transfer throughout the 
kiln also requires attention. 

The problem in gas turbine combustion chambers, 
as pointed out by Prof. Saunders, is the reverse of 
that in industrial furnaces—that is to say, to limit 
the transfer of heat from the flame to the surfaces in 
order to avoid overheating. The small amount of 
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information at present available suggests that whereas 
the flames of the lighter fuels used are almost non- 


- luminous, those of the heavier fuels emit considerable 


luminous radiation. However, the high-rate heat 

release type of chamber as used in aero-engine design 

probably minimizes radiation transfer from the flame 

and for-this reason may find favour for industrial use. 
i J. H. BURGOYNE 


OBITUARIES) 


Prof. Léon W. Collet 


Pror. Lion W. Correr died peacefully in his 
seventy-eighth year at Geneva on October 13. His 
health had been failing sadly of recent years. “Born 
with a rucksack on my back”, he used to say; and 
he attributed much of his latter-day troubles to 
previous strenuous exertion. : 

In his passing, British and American. geologists see 
the end of a career largely devoted to their service ; 
for Collet will long be remembered as an apostle, 
spreading the nappe theory of the Alps throughout 
the English-speaking world. Most of the amazing 
discoveries made since 1893 in regard to the structure 
of the Alps have been published in French or German. 
Moreover, as æ problem in field-geology, the subject 
has been bewilderingly confused for outsiders by 
essential local detail, both geographical and strati- 
graphical. The findings, too, have been of such an 
unbelievable nature that to risk an opinion upon 
their veracity without special introduction and 
guidance might well seem foolhardy. It was, this 
introduction and guidance that Collet delighted to 
furnish, by leading excursions, from 1909 onwards, 
by publishing his ‘Structure of the Alps” (1927, 
1935) and by delivering lectures, especially those at 
Harvard (1928-29). l 

Collet’s Swiss colleagues may perhaps protest that 
there are more fundamental reasons for gratitude. 
There are, for example, many original contributions 
towards the unravelling of the Alpine story, chief 
among which stands Collet’s description, with 
Paréjas, of the Jungfrau (1931). Here, indeed, we 
find work of first-rate geological ability, coupled of 
necessity with adventurous climbing. There are also 
his many valuable essays on physical geology and 
geography, among which must be reckoned his books, 
“Leos Depéts Marins”? (1908) and “Les Lacs” (1925). 

It so happens that these two books bring us back 
to the British connexion. In 1904, immediately after 
taking his D.Sc. at Geneva, Collet joined the tem- 
porary, in part international, steff of the Murray- 
Pullar Survey of the freshwater lochs of Scotland— 
the Murray concerned was Sir John Murray, of 
Challenger famo. This often brought Collet to Edin- 
burgh, where in two formative years he responded 
whole-heartedly to the spell cast by Peach and Horne ; 
and their influence remained with him to the end of 
his days. 

Collet at Geneva had been brought up in a die- 
hard school of Alpine interpretation, still struggling 
against the new ideas announced by Schardt in 1893 ; 
and it is remembered in Edinburgh how, during his 
sojourn there, he maintained in a lecture that it was 
possible that his teachers might yet prove correct. 
Soon after his return, however, to Geneva in 1906 


as Privatdocent he saw with delight that the new 
interpretations were irresistible, and he at once 
joined the happy throng developing the profitable 
field thrown. open to all-comers. 

Lhe rest must be put very briefly. During 1912-18 


' Collet was director of the newly established Federal 


Hydrographical Survey of Switzerland. During 
1918—44 he occupied with great distinction the chair 
of geology and paleontology at his alma mater. He 
received many honours, but probably none was more 
highly valued than the foreign membership of the 
Royal Society of Edinburgh and the LL.D. bestowed 
on him by the University of Glasgow. 

l . E. B. BAnEY 


Colonel E. E. B. Mackintosh 


CoLoONEL E. E. B. MAOKINTOSH, a former director 
of the Scienco Museum, South Kensington, died on 
November 25. He was the last of a line of dis- 
tinguished Royal Engineer officers who directed the 
fortunes of the scientific collections at South Ken- 
sington from 1858 until 1945. He and his pre- 
decessors, Donnelly, Festing, Abney, Ogilvie and 
Lyons, brought the Museum to its present fame, as 
one of the most visited museums in the world. 

Mackintosh’s contribution to this development was 
to encourage the organization of special temporary 
exhibitions, lasting for a few months each, on such 
subjects as “Noise Abatement”, ““Very Low Tem- 
peratures” and ‘“‘Science in the Army”. These, with 
their formal opening ceremonies by some public 
figure, at which Mackintosh was in his element, gave 
wide publicity to the Museum; and his friendly 
bonhomie gained much goodwill for the Museum 
among those who were in a position to support its 
activities. 

Ernest Elliott Buckland Mackintosh was born in 
1880 and was educated at Eton and the R.M.A., 
Woolwich, from which, in 1899, he was commissioned 
in the Royal Engineers. He served in the Sudan 
and Egypt before ‘taking part in the’ First World 
War in France, for which he was awarded the 
D.S.O. and appointed to the Legion of Honour. 
After a period, first in Hong Kong and then as 
chief engineer, Eastern Command, he was appointed 
director of the Science Museum in 1933. Almost 
immediately he became concerned with plans for the 
proposed new centre block of the Museum, which 
was .to include a planetarium ; but all his plans were 
frustrated by the Second World War and its pre- 
liminary crises. From 1939 onwards, except for a 
short period in 1939 and 1940 when he was com- 
mandant of the School of Military Engineering at 
Chatham, his energies and organizing ability were 
directed towards the evacuation and preservation of 
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the Museum’s collections. The War had only recently 
ended when, in 1945, he retired on reaching the age 
limit. 

His own collecting instinct manifested itself by an 
interest in glass, of which he formed a small private 
collection. In the latter part of 1937 he was instru- 
mental with others, including W. A. Thorpe, of the 
Victoria and Albert Museum, and John M. Bacon, in 
founding the Circle of Glass Collectors, of which he 
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became, in 1947, one of the five honorary vice- 
presidents. 

During his time at the Science Museum he was 
also a governor of the Imperial College of Science 
and Technology and one of the trustees of the 
Imperial War Museum. ` 

He is survived by his widow and one daughter. 
His only son was killed in action in 1944. 

H. R. CALVERT 
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NEWS and VIEWS 


Psychology at University College, London : 
Prof. R. W. Russell 


IT is now a little more than a year since Prof. 
Roger Russell resigned from the professorship of 
psychology at University College to take up an 
administrative appointment with the American Psy- 
chological Association. His decision has occasioned 
the most lively regret among his many friends and 
colleagues in Great Britain. In his six years at 
University College, Prof. Russell transformed his 
Department into a most active centre of research in 
experimental and comparative psychology. He will 
be remembered especially for his work on behaviour 
disorders in animals-and for his more recent studies 
of the effects of greatly reduced body temperature 
upon learning and memory in the rat. Prof. Russell 
also gave devoted service to a variety of bodies con- 
cerned with the organization and applications of 
psychology. In spite of his return to the United 
States, Prof. Russell hopes to retain his many con- 
tacts—personal and scientific—with his psychological 
colleagues in Britain. 


Prof. G. C. Drew 


GEORGE Drew, who has been appointed to the 
chair of psychology in University College, went to 
the Cambridge Psychological Laboratory from the 
University of Bristol in 1935 as the holder of the 
Viscount Haldane of Cloan Studentship. He worked 
there with Sir Frederic Bartlett, finding his mam 
interest in the study of animal behaviour. The 
award of a Rockefeller Fellowship took him to 
Harvard, where he worked for two years under 
Prof. K. S. Lashley. On his return to Cambridge, it 
was intended that Drew should further develop his 
animal studies. Unfortunately, the War intervened 
and le found himself increasingly drawn into the 
programme of work on human skill and fatigue 
which became the main war-time preoccupation of 
the Department. His work with the late Dr. Kenneth 
Craik on the ‘Cambridge Cockpit’ is deservedly 
well known. In 1942 Drew was appointed psycho- 
logical adviser to the Air Ministry, a post which he 
successfully held for the remainder of the War. 
After the War, Drew returned to Bristol as lecturer 
in psychology. His promotion was rapid; by 1951 
he had been appointed professor of psychology with 
a small independent department. The latter was 
broadly conceived, embodying genetic and clinical 
no less than experimental interests. It has also 
developed as a promising centre of experimental 
research, some of it undertaken in conjunction with 
the Road Research Laboratory. Drew has also 
served as a consultant to the Medical Research 
Council Applied Psychology Research Unit at Cam- 


bridge. To a subject not always noted for its sanity, 
Prof. Drew brings a resourceful and level-headed 
approach. By virtue of his background and interests, 
he would appear particularly well fitted to develop 
the experimental trend in psychology at University 
College so courageously initiated by Prof. Russell. 


Discovery 


THe January issue of Discovery is the first in the 
new format. This journal has always been well 
produced, yet the larger size is a distinct improvement. 
It allows for the use of bigger type and better spacing. 
The illustrations are also bigger and the half-tones 
are consequently most impressive. ‘There is a new 
lay-out for the page of contents, though this does © 
not seem to show much improvement on the old one. 
Any scientific journal which has to attract non- 
scientists must be in itself attractive. Discovery is 
now produced in such a way that many potential 
readers will be attracted by its illustrations, typo- 
graphy and lay-out. The first issue in the new form 
contains five articles, all of which are well written 
and interpret science for the non-specialist in a very 
desirable way. They are: “Diamond: Fiction, 
Fancy and Fact’, by Prof. S. Tolansky; “The 
Fascination of Numbers’, by W. J. Reichmann ; 
“British Science and Technology for the Brussels 
Exhibition, 1958”, by J. Gardner and Caroline Heller ; 
“A Swiss Guided Missile’, by E. Stehli; ‘The 
International Geophysical Year: Month by Month”, 
by Angela Croome. 

The journal opens up with long notes entitled 
“The Progress of Science’, which deal with recent 
advances and expression of opinion. They include 
a well-illustrated account of Marcoule—centre~ of 
French atomic power; electronic music; oil under 
the Sahara (illustrated); Oskar Minkowski (who 
established the cause of diabetes), and an account of 
the Symposium on Biological Productivity in Britain 
which was held under the auspices of the Institute of 
Biology. The first note under ‘The Progress of 
Science” takes the form of a leading article pleading 
for the need for a strategy of science. This issue also 
contains a number of useful and authoritative book 
reviews together with science news. One very useful 
feature which is being continued is ‘‘Science on the 
Screen”. 

The Editor and publishers of Discovery are to be 
congratulated on the attractive changes which have 
been initiated in a very useful journal. 


Numbers of Medical Students and Practitioners 


THe Willink Committee, which was appointed in 
February 1955, has now reported to Ministers on 
“the number of medical practitioners likely to be 
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engaged in all branches of the profession in the future, 
and the consequential intake of medical students 
required” (H.M.S.0O., 2s. 6d. net). Excluding students 
from overseas, the present annual output of qualified 
men from the medical schools of the United Kingdom 
is 1,855. Allowing for losses due to natural causes, 
the Committee’s view is that from 1962 until about 
1975 a smaller number will suffice to meet all estim- 
ated needs, and that in consequence the intake of 
medical students should be reduced by about 10 per 
cent as soon as practicable. On the other hand, the 
Committee also believes that by about 1975 more 
doctors are likely to be needed, and that consequently 
the student intake should be raised from about 1970. 
This forecast is necessarily speculative, and. the 
prudent suggestion is made that another review 
should be made in about ten years time. 

In the meantime, it would seem inevitable that the 


result of these recommendations will be to generate . 


no small measure of despondency and alarm among 
the scientists in our medical schools. There are 1,200 
or so “whole-time university medical teaching and 
research staff”, and the Willink Committee seems to 
have accepted a quite arbitrary opinion of the 
Committee of Vice-Chancellors and Principals that 
these figures should not increase by more than 1 per 
cent a year. One can only hope that the University 
Grants Committee will pay little attention to a piece 
of advice the effect of which can only be to help 
stifle a body of research workers who number among 
themselves some fifty Fellows of the Royal Society 
and two recent Nobel Prize winners. 


Department of Scientific and Industrial Research 


In reply to a question in’ the House of Commons 
on December 17 regarding progress with the five- 
year plan of the Department of Scientific and 
Industrial Research, Mr. H. Nicholls, Parliamentary 
Secretary to the Ministry of Works, representing the 
Lord President of the Council, said that the first 
three and a half years of the plan had been completed 
and the activities of the Department are developing 
broadly along the lines planned. At the end of 
1957-58 it is estimated that the staff will have 
increased by 750 out of the 800 planned, although 
the Department has not been able to recruit all the 
specialist staff needed. The provision of new buildings 
has also fallen behind, largely owing to restriction on 
capital expenditure, and by the end of 1957—58 only 
half the planned building programme will have been 
completed. Plans for the period 1959-64 are at 
present in preparation and are being considered by 
the Council for Scientific and Industrial Research. 

In reply to a further question, Mr. Nicholls said 
that there are close direct contacts between the nine 
research associations serving the textile industries. 
Ten years ago the Department established a Standing 
Consultative Conference on Textile Research to avoid 
undesirable duplication and to promote collaboration 
among the research associations, or equivalent 
organizations engaged in textile research, whether in 
receipt of a grant-in-aid from the Department or not. 
He thought there was no doubt that the Conference, 
which meets every year, its effective committee 
meeting quarterly, has justified its existence. 

Questioned about the Department’s postgraduate 
training grants, Mr. Nicholls said that the Council has 
set up a Postgraduate Training Grants Committee 
under the chairmanship of Sir Eric Ashby consisting 
of three members appointed after consultation with 
the Committee of Vice-Chancellors and Principals of 
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Universities ; one member representing the technical 
colleges ; and professors of high standing in the main 
broad fields of science and technology, together with 
the chairman of the University Grants Committee 
and a Ministry of Education representative as 
assessors. 


Study of Dentine 


TEETH consist of a surface layer of enamel and a 
core of dentine which also forms the root. The 
dentinal matrix is permeated by canaliculi which, 
according to the usually accepted view, contain 
cytoplasmic strands originating from odontoblasts 
within the pulp cavity. An alternative view about 
the contents of the tubules was advanced as long 
ago’ as 1879, but the classical description does not 
appear to have been challenged until 1954 when Dr. 
W. Warwick James published a preliminary account 
of work which led him to believe, first, that the 
dentinal tubules open into the pulp cavity between 
adjacent odontoblasts ; secondly, that they contain 
tissue fluid; and thirdly, that odontoblasts are con- 
cerned with the production of the collagenous fibres 
and mucopolysaccharides of the dentinal matrix. A 
full report of Dr. James’s observations has recently 


_been published in the Transactions of the Zoological 


Society of London (29, Part 1; 1957) in the form 
of a lavishly illustrated monograph. Introductory 
sections summarize earlier views about the structure 
of dentine and lead to descriptions of the histological 
appearance of the tissue as seen in the conventional 
type of preparation from the teeth of mammals 
(twenty-two species at various stages of develop- 
ment); reptiles (seven species); amphibians (one 
species); and fish (ten species). Dr. James develops 
the thesis 'that the dentinal tubules originate as a 
result of mechanical forces set up as adjacent odonto- 
blasts produce columns of fibrous matrix in a space 
permeated by tissue fluid and enclosed by the cells 
of the internal dental epithelium. He concludes with 
an account of some of the physical properties of 
dentine, and suggests that the high elasticity of the 
tissue accounts for its peculiar sensory characteristics. 


Biotopes of Ruwenzori 


In the second series ‘of monographs on the 
Exploration du Parc National Albert (fasc. 3. Inst. 
des Parcs Nat. du Congo Belge, Brussels, 1956), J. 
Heinzelin and H. Mollaret have written an intro-. 
ductory account of the ‘‘Biotopes de Haute Altitude 
Ruwenzori, I’. The localities inspected, mostly at 
an altitude of 4,000 metres and above, are seldom 
visited, except perhaps by native hunters, the more 
so as there is no season when good weather, and 
therefore travelling conditions, can be assured. 
There are, however, brief periods, for example, 
during January-February, when for a few weeks 
mist and rainfall may be such as to admit of travel 
and observation. The equipment used during the 
expedition is described, and then follow notes and 
diagrams on selected biotopes, that is, localities in 
which particular biological materials are to be 
observed. The monograph is illustrated by some 
excellent photographs—some in-colour—those of the 
high mountain lakes being of a particular fascination. 
The main cartographical observations from the 
present and from earlier surveys of the high massifs 
of Ruwenzori have been brought together in a new 
map. Some brief floristic and faunistic notes are 
given. 


20 


Biochemistry of Antibiotics” 


Tue first European symposium on “The Biochemis- 
try of Antibiotics” was held during September 10-13, 
1956, in Milan. The second volume of Giornale di 
Microbiologia (pp. 503, 1956) is devoted entirely to 
the papers given at this symposium and to the 
discussions which followed. The president, Prof. P. 
Rondoni, contributed the foreword, but unhappily 
he was not able to be present and he died shortly 


afterwards. The papers deal with topics such as the ` 


chemical composition and biosynthesis of antibiotics 
and their mode of action on pathogenic bacteria. 
There were thirty-four communications, most of 
them given in English; Sir Howard Florey, A. I. 
Virtanen and S. A. Waksman were among the 
contributors. 


Veszprém Polarographic Conference 


THe proceedings of the polarographic conference 
held in Veszprém, Hungary, in August 1955 have 
now been published in Acta Chimica (Hungary), 9 
1956. Forty-six papers were presented at this con- 
ference, covering general procedures, inorganic, 
organic, biochemical and pharmaceutical applications 
of polarography. Among the subjects discussed were 
various new types of polarographic electrodes, oscillo- 
graphic polarography and the use of kinetic currents 
for the determination of extremely high rates of 
. reaction. The effect of maxima suppressors on the 
shape of polarograms was considered and an attempt 
was made to correlate the molecular weight of a 
suppressing agent with its concentration and maxima- 
suppressing ability. Methods were described for the 
polarographic estimation of magnesium, gallium, 
oxygen, dithionite and various nitrogen- -containing 
inorganic compounds. In the organic field the polaro- 
graphic reduction of nitrogen-containing heterocyclic 
compounds, aromatic nitro-compounds, glucosazones 
and boric acid derivatives of D-glucosazones were 
among the subjects studied. In the biochemical 
applications of polarography, investigations were 
reported on muscle proteins, proteins in serum 
obtained from liver lesions and mucoproteins in 
pneumoconiosis. Work on new methods of evaluation 
of catalytic protein waves was described, as also were 
researches on the Brdicka polarographic protein 
reaction. Various applications of polarography to 
pharmaceutical problems were recorded. Copies 
of the proceedings can be obtained from Kultura, 
Budapest VI, Magyar Ifjúság útja 21. 
forints. 


' Institute of Information Scientists 


A MEETING will be held on January 23, at 5.30 
p-m., at the Institution of Electrical Engineers, 
Savoy Place, Victoria Embankment, London, W.C.2, 
to discuss terms of inauguration of an Institute of 
Information Scientists. ‘The aims of the proposed 
Institute would include the promotion of high 
standards in scientific and technical information 
work, the promotion of educational courses, and the 
establishment of aes hhostions for those engaged in 
such information work.’ Membership of the Institute 
would be open, in the first place, to graduate (or 
similarly qualified) members of scientific, technical 
or economic information departments. Applications 
for admission tickets may be made to J. Farradane, 
Torran, Crofton Road, Orpington, Kent. Applicants 
should indicate briefly their qualifications and enclose 
& stamped addressed envelope for reply. 
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University News : Belfast 
Der. D. T. ELMORE has been appointed to a lecture- 

ship in biochemistry. 
London 


Pror. H. LroneL ExLrvIN has been appointed 
director of the University of London Institute of 
Education from October 1, 1958. Since April 1956 
Prof. Elvin has held the chair of education with 
special reference to education in tropical areas at 
the Institute. The title of reader in chemistry in the 
University of London has been conferred on Dr. 
C. A. Bunton and on Dr. A. Wassermann in respect 
of their posts at University College; and that of 
reader in applied mathematics in the University of 
London. on Dr. E. P. Wohlfarth in respect of his post 
at the Imperial College of Science and Technology. — 


Melbourne 


Dr. J. A. PATEMAN has been SPERRE @ senior 
lecturer in botany. 


Sheffield 
Tue Shell Petroleum Co., Ltd., has made a gift 


of £15,000 to the Development Fund of the Univer- 
sity. 


Announcements 


MEDALS of the Tokyo Geographical Society have 
been awarded to Prof. L. Dudley Stamp, immediate 
past president, and Prof. Hans Ahlmann, president 
of the International Geographical Union. 


Mr. LEONARD ROTHERHAM, director of research 
and development at. the Industrial Group Head- 
quarters of the United Kingdom Atomic Energy 
Authority, Risley, Warrington, Lancs., has been 


appointed a full-time member of the Central 
Electricity Generating Board’ with effect from 
April 1. + 


THE Institute of Personnel Management is holding 
a five-day residential study course in “The Employ- 
ment Function of Management” during, January 
26-31 at the Prince of Wales Hotel, De Vere Gardens, 
Kensington, London, W.8. Further information can 
be obtained from the Courses Secretary, Institute of 
Personnel Management, Management House, 80 
Fetter Lane, London, E.C.4. 


A course in “The Use of Statistics in Personnel 
Management”, organized by the Institute of Per- 
sonnel Management in conjunction with the National 
Institute of Industrial Psychology, will be held non- 
residentially at the National Institute of Industrial 
Psychology, 14 Welbeck Street, London, W.1, during 
January 20-24. It is intended for those personnel 
officers and managers who have had no previous 
training in the use of statistical methods and their 
application to personnel administration. Further 
information can. be obtained from the Training 


Officer, Institute of Personnel Management, Manage- 


ment House, 80 Fetter Lane, London, E.C.4. 


THE British Institute of Management is holding a 
work study conference on February 6. The fee for 
attendance is 7 guineas, which includes morning 
coffee, buffet luncheon and afternoon tea. The con- 
ference will be held in the Caxton Hall, Caxton Street, 
Victoria Street, London, 8.W.1. Further information 
can be obtained from the British Institute of Manage- 
aoe Management House, 80 Fetter Lane, London, 

C.4, 
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THE RAMSDEN LABORATORY OF ILFORD LIMITED 


By Da. G. B. HARRISON 
Research Director 


HE silver halide crystal is the basis of the 

photographic industry, and the scientific and 
patent literature of this century contains ample 
evidence of the effort that has been applied to 
enhance its amazing efficiency as a detector of 
radiation. The achievement of the highest possible 
sensitivity to light must be one of the principal aims 
of a research group in photographic science, and this 
must be pursued through experimental emulsion- 
making, as well as by more fundamental studies of 
the physics and physical chemistry of the process. 
In the photographic industry it is still only one of 
many aims, and it is the task of large laboratory 
units to evolve all those sensitive materials of highly 
specialized characteristics which are demanded by 
the different branches of human activity to which 
photography makes its contribution. 

The film production facilities of Ilford Limited are 
situated at Brentwood in Essex, and the recent 
opening of a new building there, the Ramsden 
Laboratory, is a consequence of the rapid expansion 
of output, the greater variety of product which it is 
called upon to produce, and the increasing com- 
plexity of the problems which are set by the range 
of applications of film in the modern world. 

The Ramsden Laboratory (Fig. 1) has an area of 
30,000 sq. ft. on two floors, divided into three sec- 
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tions : emulsion and chemistry, testing, and physics, 
In it are blended more or less conventional chemical 
and physical laboratories and workshops, with a 
large number of laboratories and dark rooms specially 
designed for the various operations of photographic 
technology. 

The Emulsion and Chemistry Section has respons- 
ibility for emulsion production as well as for research 
and development leading to improved or new emul- 
sions, and its first care is for the quality of raw 
materials. These present peculiar problems in this 
industry, for traces of foreign chemicals which may 
be almost undetectable chemically or spectrographic- 
ally may produce marked and damaging effects in 
photographic emulsions, and the processes of routine 
analysis in the chemical laboratories must be supple- 
mented by tests in emulsions. 

Of all the raw materials, gelatin offers the biggest 
problem and is of the greatest interest. At Brent- 
wood and in the Ilford laboratory of the Company, 
the application of the techniques of paper chromato- 
graphy and electrophoresis, and of polarography, has 
led to the identification and quantitative determina- 
tion of the traces of sulphur compounds in gelatin 
which act as sensitizers of silver halide, and work 
now in progress at Brentwood is throwing new light 
on the protein itself. 


Fig. 1. Front of the Ramsden Laboratory, Ilford Limited, Brentwood, Essex WL 
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The eight E E la 
grouped on the ground- floor, and t H 


provided waith stirring and mixing oa fo 
precipitation of silver halide under closely controlle 
conditions, and thermostatically controlled tanks fc 
heat treatment. The ‘safe-lighting’ and ventila: 
of these laboratories have needed careful planning 
achieve the best possible working conditions: w th 
greatest efficiency. 

The problems of the emulsion omat arise in 
first place from the variety of films that are nowaday 
called for. The fast panchromatic films of th 


cinema industry, and a little more distantly to th 


of emulsions of high contrast used in X-ray work, 


>o medical or industrial, are entirely different products, 
The graphie arts also make their demand on the 
oa ee emulsion | makers’ 
z problems met in the development and production“ 
< of films for colour photography are the most complex 
~ of all. Work devoted to the improvement of all these - 









time and ingenuity, and 


materials is constantly in progress. 
‘The emulsion chemist’s task is not by any means 





“limited to production of a material which has the 


required characteristics of sensitivity, contrast and 
freedom from fog or from troublesome grain. Besides 


| “these and other ‘sensitometric’ characteristics there 
„are other qualities that the material must possess to. 


‘give satisfaction under all conditions of handling or 
mishandling, and these call for a study of such factors 
as surface hardness, surface friction, wettability, 
water absorption and the melting point of the 
swollen emulsion, and the means to modify these 


; _ Laboratory has a section where rheology and surface 


chemistry and physics, as they relate to photographie: 

“processes, are to be the subjects of basic investigations. — 
: A small department fully equipped for micr ‘oscopy aspects 

and photomicrography will provide essential service | woul 


= to, all departments of the Laboratory. 









laboratory, and it is necessary to develop most 
the testing equipment within the organization 
is generally part of the work of the: physics 1 
atory which, by the application of physical princip 
will first devise the test and then produce at leas 
working prototype of the final routine test eq 
ment. The physics laboratory is provide 
well-equipped workshop and drawing i 
capable of light precision engineerin, 
_ all kinds of equipment from. the: 
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films which meet the needs of aerial photography’ or 
oscillograph recording in various forms. ‘The range 
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Problems of colloid chemistry arise here, 
as they do also in the manufacturing process itself.. 
_ These problems are ultimately technological ones for 
the emulsion chemist to solve, but the Ramsden. on this rather controversial matter. 


-of British Insecticide Manufacturers had welcomed _ 






























new laboratory 


new laboratory esizn a u 
since the Second wW Noid Wan 


RESIDUES OF PESTICIDES IN 
FOODSTUFFS 


J OINT meeting of the Pesticides Group of the 
Society of Chemical Industry with the Associa- _ 


tion. Pee British Insecticide Manufacturers was held on _ 
October 21 to diseuss “Residues of Pesticides in _ 


Foodstuffs”. The chairman of the Pesticides Group, _ 
Dr. F; P. Coyne, said that the intention of his com- | 
mittee in organizing the discussion was to give those _ 





in the chemical industry engaged in trying to apply — 


current regulations an opportunity to air their views _ 
The Association _ 


the proposal and had nominated three speakers who _ 


would be recognized as authorities on the particular _ 


























ise thoy discussed, _but pane of namber . 


~The testing of a trial emulsion presents a special i nd ion 
= problem and covers not only the characteristics of an 

. its sensitivity to light but also other features such a 
lving power, graininess and physical properties 
<6 its susceptibility to scratching or melting point. 
early all these tests are peculiar to the photographic 
















sidered “preferable to any. of nition n e "of ps er rr u 


No. 4601 January A, 1958 


Administration is charged by Congress to prevent 
unnecessary contamination of food, and its tolerance 
always takes into consideration the. minimum bio- 
logically effective dosage—which may differ for 
different posts on different crops and which relate 
only to conditions in the United States. 

It would be surprising if two such systems had 
evolved along exactly the same lines, and the factor 
of legal enforcement probably tends to make the 
Food and Drug Administration more meticulously 
precise in its demands. None of the speakers sug- 
gested that its requirements were in any way fallac- 
ious, but doubts were expressed as to whether all 
the routine requirements : were essential. A recent 
report from the United States, that the combination 
of two organo-phosphorus pesticides at residue levels 
within the permitted tolerance for each caused effects 
on experimental animals greater than could have been 
anticipated as normally additive, raised the question 
of ‘potentiation’. This could mean that any new 
pesticide must be tested in combination with all 
others to prove its absence of hazard and, while no 
objection could be made were the case for such action 
fully proved, the greatest care was needed in ensuring 
that any such requirement was justified to the full, 
because of the implications. Theoretically, the 
possibility of such a happening could not logically be 
restricted to chemically similar compounds. 

Some fear was expressed that the superficial 
attractiveness of stated tolerances would tend to 
make other countries favour the United States 
system, and that without the excellent facilities and 
high standards of operation in the Food and Drugs 
Administration there could arise æ series of unco- 
ordinated demands on industry, many of them quite 
unjustified. The analytical side is completely 
dependent upon the methods available, about which 
there is frequent disagreement even at national 
levels. This is one of the reasons why British officials 
-are not enthusiastic about stated tolerances. 

Toxicological work presents even more complica- 
tions, not only in the choice of techniques but also in 
the interpretation of findings, and Dr. E. F. Edson 
advocated caution at this early stage, although he 
was satisfied that there are no grounds for active 
apprehension. He suggested, and was supported by 
Mr. J. M. Winchester, that consideration should be 
given to more extended feeding tests as alternatives 
to exhaustive chemical investigations into possible 
metabolites of pesticides. Both speakers agreed with 
Mr. J. I. Hendrie that closer collaboration between 
Government and industry is necessary in order to 
define more accurately the essential requirements. A 
Board of Trade investigation into demands of over- 
seas countries is being carried out and should elaborate 
the position reviewed by the first speaker. Efforts 
to draw up an agreed scheme of testing are at present 
being made by official and industrial toxicologists in 
Britain, and such a contribution could well form 
the basis for discussions with other countries. 

Emphasis was laid on the sense of responsibility 
of the industry and on its desire to do all that is 
necessary to protect the public; but it was pointed 
out that if the difficulties of development of a pesticide 
became so onerous that the prospects of adequate 
commercial return appeared to be too remote, finance 
in the chemical industry will undoubtedly be directed 
into other channels—as.a simple duty to share- 
holders. Even to-day it is widely agreed, both in 
the. United States and Great Britain, that it is not 
worth while to attempt to develop a new speciality 
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product with very limited markets, no matter how 
important the problem involved may be to the branch 
of agriculture or horticulture concerned. This 
applies whether the potential pesticide be highly 
toxic or relatively harmless to humans, since the same 
procedure must be followed and the same order of 
expenditure incurred. 

In attempting to summarize the three papers, the 
chairman pointed out that all three contributors 
were making a case for co-ordination of international 
standards, in principle at least. It seemed possible, 
however, that if Britain desired some general inter- 
national agreement, she may have to be the first to 
modify current practice. Already in Britain there 
are tolerances for a limited number of preservatives 
of foodstuffs, which include fungicides. It would not 
require any fundamental change to extend these to 
insecticides, weedkillers, etc. If some such action 
could be taken there would probably be a much 
better chance that the system operating in Britain 
would be acceptable elsewhere. ~ 

Opening the discussion, Sir Solly Zuckerman paid 

@ tribute to British industry, not only for its highly 
developed sense of responsibility, but also for its 
most co-operative attitude on the voluntary noti- 
fication scheme. He refused to be perturbed by tho. 
present situation, and considered that the essential 
costs must be shared by government, industry and 
the user of pesticides. Since Britain, as well as being 
a leading importer of foodstuffs is also a considerable 
exporter of chemicals, it was doubly important that 
we should take a lead in this matter. He advocated 
caution, however, in making an approach to United 
Nations agencies, such as the World Health or Food 
and Agriculture Organizations, which could ulti- 
mately be important and helpful, until more progress 
had been made in settling Britain’s own admitted 
difficulties in chemical and toxicological testing and 
interpretation. If the collaboration already existing 
between industry and government were continued in 
the same spirit he was hopeful that the chief difficul- 
ties could be overcome. 
_ An animated discussion followed with views and 
comments from chemists, toxicologists and admin- 
istrators in government and in industry. It was 
clear that everybody concerned was well aware of 
the difficulties, but there was less unanimity on how 
to overcome these. A tendency to generalize rather 
too freely from particular examples was perhaps 
excusable with such a complex issue, particularly in 
view of the short period during which current regula- 
tions have been operating, either in the United 
States or Britain. The papers and discussions will be 
published: in full elsewhere. F. P. COYNE 


PHYSICS IN INDIAN UNIVERSITIES 


NDER the auspices of the Indian University 

Grants Commission, the University of Calcutta. 
arranged & seminar on physics which was held during 
September 9-11. The conference was attended by 
Dr. W. W.- Buechner, professor of experimental 
physics in the Massachusetts Institute of Technology, 
and by delegates from almost all the universities in 
India at which physics is taught at a postgraduate 
level, together with representatives from a number 
of other research institutes. The second and third 
days of the seminar were devoted’ to papers on 
nuclear physics and cosmic rays. 
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The morning and afternoon sessions of the first 
day were allotted to a discussion of the teaching of 
postgraduate physics in Indian universities. While 
welcoming the guests, Dr. P. C. Bhattacharya, head 
of the Department of Physics, University of Calcutta, 
gave a brief account of his Department, first estab- 
lished in 1916, in which such eminent scientists as 
Sir C. V. Raman, Dr. D. M. Bose, the late Dr. M. N. 
Saha, Dr. S. K. Mitra and Prof. S. N. Bose worked and 
inspired the younger generation. Dr. D. M. Bose, 
director of the Bose Institute, in his presidential 
address, first gave a description of the teaching of 
physics in his college days in the Presidency College, 
Calcutta (1905-6), in Cambridge (1907-11), in 
London (1911-12) and Berlin (1914-18), under J. C. 
Bose, J. J. Thomson, C. T. R. Wilson, Jeans, Watson, 
Rubens, Max Planck and others. He also mentioned 
the methods of teaching of Einstein and Nernst. As a 
professor of physics, Dr. Bose revised the M.Sc. 
syllabus in physics for the University of Calcutta in 
1920 on the lines adopted by Planck. Dr. Bose dis- 
cussed the feasibility of devising a satisfactory sylla- 
bus for teaching postgraduate physics in all the 

- universities in India. Young men after getting the 
__ degree of M.Sc. generally take up (1) the teaching of 
-physics in high schools and colleges, (2) résearch work 
in the universities, government laboratories and 
industry, (3) administrative work in government, 
-technical and commercial services; and Dr. Bose 
stressed the importance of the first category to 
the economic and technological development of 
` India. . 
_ Finally, Dr. Bose dealt with the importance of 

encouraging nuclear research through non-govern- 
mental agencies. Like Brookhaven National Labora- 
tory for research and training in nuclear physics 
which is managed by nine United States universities, 
he pleaded that similar laboratories should be estab- 
lished in India on. a regional basis. 

Dr. Buechner gave an impression of his two 
months tour of India, visiting various universities 
and institutions. He remarked: upon certain. similari- 
ties between India and the United States as regards 
` the type of student who undertakes postgraduate 
studies and the lack of financial support for universi- 
ties. One striking difference is that in the United 
States, although there are a number of laboratories 
managed by the government or by industry, the 
prime centre of research is the university. This is 
not the case in India, where Dr. Buechner had the 
impression that the universities are steadily declining 
in importance, being overshadowed by government 
and other research institutions. Without government 
support research cannot flourish, and without research 
any. programme of postgraduate teaching will fail. 
It is the responsibility of the Indian universities to 
put forward their claims to the authorities and to 
make them understand the place of research in the 
university and in postgraduate teaching. i 

Sixteen other speakers, mostly heads of depart- 
ments of physics in various universities, also gave 
accounts of the methods of postgraduate teaching 
_ prevailing in their respective universities, with sugges- 
tions for improvements. 

The teachers of physics present at the seminar, 
representing almost all the universities of India, 
finally resolved (inter alia) that : 

“As the main burden of the training of future 
physicists must be borne by the universities, the 
University Grants Commission is requested to ensure 
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that the emoluments, research grants and other 
facilities available to the university teachers are 
adequate and in no way inferior to those available 
to people in similar positions in the National Labor- 
atories or elsewhere.’’ ; 

The conference viewed with concern the general 
“tendency for men with the best university qualifica- 
tions to leave their universities for more lucrative 
jobs elsewhere, including the administrative services 
in which a knowledge of physics is not necessary, 
when their knowledge is urgently required for teach- 
ing work in the universities. “The best tools must be 
retained for manufacturing the tools themselves, 
for this in turn will produce better and better tools.” 

P. C. BHATTACHARYA 


WATER QUALITY PROBLEMS IN 
THE UNITED KINGDOM 


T a meeting of the Society for Visiting Scientists 

held on October 22, under the chairmanship of 
Mr. H. W. Cremer, there was an interesting discussion 
on “Water Quality Problems in the United Kingdom” 
following short papers on different aspects of this 
subject by Dr. G. Carter (Metropolitan Water Board), 
Dr. A. Key (Ministry of Housing and Local Govern- 
ment), and Dr. B. A. Southgate (Water Pollution 
Research Laboratory). 

There is a growing demand for water of good quality, 
not only for domestic use,- but also for industry—in 
some processes of manufacture the specifications to 
which the water must conform are more stringent 
than for drinking water—and for agriculture, particu- 
larly for drinking water for attested cattle. To pro- 
duce water of this high quality from surface supplies 
a wide range of treatment processes is used; the 
Metropolitan Water Board, for example, treats 
Thames water by storage, filtration through rapid 
and slow sand-filters, and chlorination; industrial 
supplies may be treated in plants resembling those of 
municipal water undertakings, and for some purposes 
may be de-ionized by exchange processes ; drinking 
water for cattle is often chlorinated before use. 

At the same time the total volume of water asked 
for is also rapidly increasing. Usually, whether used 
for domestic or industrial purposes, the volume 
returned to a stream is substantially the same as that 
extracted, the problem being so to treat it that it 
can, if necessary, be used again farther downstream. 
For sewage, satisfactory methods of treatment are 
available, and by taking special precautions—as, 
for example, by passing the treated sewage effluent 
through sand-filters—the liquid finally returned to a 
river may be brought to a high standard of quality, 
and indeed would often be suitable, after chlorination, 
Waste waters from 
industrial processes, having a much wider range of 
composition, present more difficult problems in 
treatment. 

The large amount of research on these problems 
now being undertaken, or sponsored, by industry was 
widely recognized in the discussion. Several speakers 
referred to the difficult situation which may arise if 
there is any great increase in the practice of irrigating 
farm crops in the drier parts of Britain; water used 
in this way is lost from the cycle of use and re-use, 
being, of course, evaporated or transpired by plants. 
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STUDENT SCIENTIFIC EXPEDITION TO GHANA 


NDER the auspices of the Imperial College 
Exploration Board, seven students from the 
Imperial College of Science and Technology, London, 
organized an expedition to Ghana in the summer 
vacation, 1957. One of the seven, G. A. Matthews, 
made a detailed and restricted study of the infestation 
problems of ships’ cargoes. The remaining members, 
including two women. students, led by N. D. Jago (a 
third-year entomologist), undertook ecological research 
which centred upon soil conservation, one of the 
most important and fundamental problems in the 
tropics. 

The main body was based in the Bobiri Forest 
Reserve near Kumasi, where two suitable areas were 
selected for examination. One was a strip transect 
containing a stream, thick forest and swamp, and the 
second @ river area now drained and deforested, 
supporting @ rice crop. Rice has only recently 
been introduced into this district, and the selected 
areas provided the opportunity for comparative 
studies. 

The usual method of farming in Ghana away from 
the coastal plain is to clear the mature forest and 
to plant crops. The humus is immediately dried by 
the sun, and the soil nutrients, no longer held by an 
extensive root-system, are leached away by rain and 
the area, is soon allowed to degenerate into secondary 
bush vegetation. The focal point of the investigation 
was the factors affecting formation and destruction 
of humus. In addition, associated problems were 
studied by individual members of the party. 

During the eight-week period in the forest region 
several trips were made by the students in order to 
extend the work and see different peoples and places. 
B. M. Gerard went as far as Agades, on the southern 
fringes of the Sahara, accompanied by D. H. Barry, 
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lecturer in botany in the Kumasi College of Tech- 
nology. Together they began an analysis of leaf- 
hopper associations in different grasslands in the ° 
various savannah regions. 

Just before the party returned, an area of forest 
was completely cleared of vegetation and it is hoped 
that other expeditions from the College will be able 
to study this region and thus continue the work 
which has had so successful a beginning. 

Generous financial support was provided by a 
number of firms and institutions and invaluable help 
was also given by several departments of the Ghana 
Government and of the University College of Ghana, 
Achimota. B. M. GERARD 


FLAVONOIDS OF THE PRIMULACEAE 


Distribution of Flavonoids in Genotypes of 
Primula sinensis 


HE Chinese primrose, Primula sinensis, a plant of 
which a wide range of colour mutants is available’, 
provides excellent material for investigating the 
biochemical genetics of the flavonoid plant pigments. 
Earlier, Scott-Moncrieff2 showed that red flowers 
(K-genotypes) contained malvidin-3-monoside which 
was dominant to pelargonidin-3-monoside in coral 
flowers (kk genotypes). A Mendelian factor Dz 
controls the independent production of pelargonidin 
in the. presence of K. Other genes present influence 
flower colour by controlling production of an un- 
identified- flavone co-pigment, by altering the pH 
of the cell sap and by regulating the concentration of 
anthocyanin. 
A re-investigation. of the flavonoid pigments of this 
plant was prompted by the facts that the stocks used 
by Scott-Moncrieff were still available and that better 
methods of identifying these pigments had been 
developed since her investigations. The flavonols 
and anthocyanidins produced by acid hydrolysis of 


direct plant extracts have been examined in both the 
floral and foliar parts of the different genotypes of 
P. sinensis. Identifications have been based on 
comparisons with authentic compounds using paper 
chromatography in several solvent systems’, and 
spectrophotometry*. The results show that all the 
six common anthocyanidins and also the three 
flavonols, kempherol, quercetin and myricetin, are 
present in various forms of P. sinensis. 

The distribution of these pigments, which are all 
closely related chemically, is as follows. Flowers of 
K-genotypes which are coloured contain mainly 
malvidin, some petunidin and traces of delphinidin ; 
in the leaves and stems, there is much more of petuni- 
din than of the other two pigments. In the flowers, 
keempferol is the predominating flavonol and lesser 
amounts of quercetin and myricetin are present. In 
the leaves and stems, quercetin is present in greater 
amount than myricetin and kempferol. K-geno- 
types which bear white flowers have the same pigment 
pattern, except, of course, that there are no antho- 
cyanidins in the flowers. In addition, pelargonidin 
occasionally appears in both floral and foliar parts 
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since, even in the absence of Dz, K is incompletely 

dominant in some genetic backgrounds’. In the 

presence of Dz, large amounts of pelargonidin are 
present in the flowers of K-genotypes, but the foliar 
parts only contain traces of this compound. 

Flavonoids with hydroxyl (or methoxyl) groups in. 
the 3’, 4’ and 5’ positions, for example, myricetin 
and delphinidin, are absent from the recessive kk 
genotypes, namely, kkdzdz and kkDzDz. The latter 
_ genotype has the higher absolute content of pigment 
in tho flowers. Both contain mainly pelargonidin, 
together with a small amount of peonidin (about 
10 per cent) and traces of cyanidin in their petals. 
The foliar parts, however, contain equal amounts of 
pelargonidin and cyanidin. Kempferol and querce- 
tin occur in all parts of the plant. In the flowers, the 
former predominates, and quercetin is often absent. 
The situation is reversed in the leaves, where again 
quercetin is found most abundantly. 

Other related polyphenolic compounds are also 
present in P. sinensis. An unidentified flavanone 
glycoside, sinensin®, occurs in large quantities in the 
flowers of kkDzDz forms, from which it has been 
isolated. The aglycone, sinensetin, does not corre- 
-spond in its properties with any of the commonly 
occurring flavanones and therefore its structure is 
under investigation. 

The co-occurrence under gene control of anthocyani- 
dins and flavonols having the same hydroxylation 
pattern was first noted by Geissman et al.? in, Antirr- 
hinum majus and Dianthus caryophyllus, where the 
pairs of pigments, cyanidin and quercetin, and polar- 
gonidin and kempferol, co-occur in different geno- 
types. The co-occurrence of anthocyanidins and 
favonols at all three levels of hydroxylation of the 
B ring was first observed by one of us? in Solanum 
species. P. sinensis thus provides a fourth example, 
the situation being very similar to that in the Solanum 
series. This work, then, supports the theory that 
flavonols and anthocyanidins are derived from a 
common precursor, have a similar biosynthetic path- 
way and only diverge at a very late stage in. pigment 
synthesis. 

It is also apparent that in P. sinensis the effects of 
some genes controlling pigment metabolism differ 
in different parts of the same plant. The only other 
known case of this phenomenon is that of plants 
of the tuberous Solanums, where tuber and flower 
contain different anthocyanins’. It is hoped to pub- 
lish full details of this and other work elsewhere. 

J. B. HARBORNE 
H. 8. A. SHERRATT 
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7 Geissman, T. A., and Mehlquist, G. A. L., Genetics, 32, 410 (1947). 
Geissman, T. A., Jorgensen, B. C., and Johnson, B. L., Arch. 
Biochem. and Biophys., 49, 368 (1954). 

e Harborne, J. B., John Innes Ann. Rep., 20 (1956). 
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Anthocyanins in the Flowers of Primula 
Sinensis 
Srupres were made previously of the biochemical 
genetics of the flower pigments of Primula sinensis. 
A crystalline anthocyanin from red flowers, ‘primulin’, 
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was stated to be malvidin 3-galactoside on the basis 
of its distribution number between pentanol and 
water?, and more recently the pelargonidin derivative 
present in orange flowers (genotype kkDzDz) was 
stated to be a 3-galactoside®. ; 

As part of a re-investigation of the polyphenolic 
components of P. sinensis‘, the anthocyanins of 
KKdzdz end kkDzDz flowers were examined by | 
paper chromatography. Extracts of flowers in 
methanolic hydrochloric acid were banded. on What- 
man No. 3 paper and developed with n-butanol/2N 
hydrochloric acid 1/1 (upper layer). The separated 
anthocyanin bands were cut out and eluted with 
5 per cent acetic acid in methanol and purified by 
re-running in n-butanol/acetic acid/water, 4/1/5 
(upper layer), and then 15 per cent aqueous acetic 
acid on washed paper. The purified pigments were 
hydrolysed and the aglycone and sugar components 
identified’. 

The anthocyanins in KK flowers were found to be 
malvidin 3-glucoside with an appreciable amount of 
petunidin 3-glucoside, Orange (kkDzDz) flowers 
contained pelargonidin 3-glucoside, smaller amounts 
of peonidin 3-glucoside (about 10 per cent) and 
much smaller amounts of a cyanidin 3-hexoside 
(about 1 per cent); they also contained two other 
pelargonidin glucosides which did not correspond in 
their chromatographic behaviour in five solvent 
systems with any known pelargonidin derivative. 

No galactose was detected in the hydrolysates of 
any of the anthocyanins. It was, however, readily 
confirmed by these methods that cyanidin 3-galacto- 
side was present in the leaves of the copper beech, 
Fagus sylvatica®*. A fow milligrams of the crystalline 
anthocyanin, ‘primulin’, isolated from red flowers 
of P. sinensis, and also @ crystalline anthocyanin 
isolated from magenta flowers', were kindly made 
available by Miss V. C. Sturgess. These were both 
found to yield only glucose on hydrolysis and to 
consist of malvidin 3-glucoside containing about 15 
per cent of petunidin 3-glucoside. This material 
would therefore be expected to give a different 
distribution number from that of malvidin 3-gluco-. 
side, which might explain the earlier incorrect 
identification of ‘primulin’ as the 3-galactoside. 

Anthocyanins which have been isolated so far from 
flowers of other members of the Primulaceae are all 
glucosides, namely, malvidin 3-glucoside from P. 
polyanthus?, malvidin 3: 5-diglucoside from P. 
viscosa and P. integrifola’, delphinidin 3 : 5-digluco- ` 
side from P. obconica® and hirsutidin 3 : 5-diglucoside 
from P. hirsuta’. It is no longer necessary to retain 
the name ‘primulin’' for the supposed malvidin 
3-galactoside from P. sinensis. 

H. S. A. SHERRATT 


1 Scott-Moncrieff, R., J. Genet., 32, 117 (1936). 

2 Bell, J. C., and Robinson, R., J. Chem. Soc., 813 (1934). 

8 Harborne, J. B., and Sherratt, H. 8. A., Biochem. J., 65, 23 P (1957). 
‘Dayton, T. O., Harborne, J. B., and Sherratt, H. 8. A., Biochem. J., 
63, 29 P (1956). : . 

’ Robinson, G. M., and Robinson, R., Biochem. J., 26, 1647 (1932). 
‘Smith, H., and Robinson, R., Nature, 175, 634 (1955). 

' Scott-Moncrieff, R., Biochem. J., 24, 767 (1930). 

8 Karrer, P., and Widmer, R., Helv. Chim. Acta, 10, 14, 758 (1927). 

* Harborne, J. B. (unpublished). 


Anthocyanidins of the Primulaceae 


In connexion with detailed chemical and genetical 
investigations of the flavonoid pigments of Primula 
species, a brief survey of the anthocyanidins present 
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VISIBLE SPECTRA AND RF VALUES OF ANTHOOCYANIDINS AND ANTHOCYANINS 
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Hirsutidin 
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Delphinidin 


Rosinidin 
Peonidin 
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* Only the spectra of these pigments were affected by adding alcoholic aai chloride to the cell solution (a test for free vicinal hydroxy] 
groups 
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in the flower petals of a number of wild and cultivated 
plants of the Primulaceae has been carried out, 
using modern techniques!. The results show that a 
greater variety of pigments are present than was 
apparent from an earlier survey carried out using the 
Robinson tests’. All the six commonly occurring 
anthocyanidins have been detected in one or other of 
the Primula species examined. The rare 7-methy]l- 
ated anthocyanidin, hirsutidin (I, R = CH,), first 
isolated from P. hirsuta’, has been found in several 
other species, namely, P. auricula, P. denticulata, 
P. polyanthus and P. purpurea. In addition, a new 
anthocyanidin has been discovered in P. rosea, where 
it occurs with peonidin, and in a blue form of P. 
polyanthus. This anthocyanidin, for which the name 
rosinidin is proposed, has not yet been obtained in 
sufficient amounts for chemical analysis, but from 
spectral and chromatographic evidence it may well 
have the structure of ‘7-methyl peonidin (II, 
R = CH,): 





Rosinidin occurs in P. rosea as a glycoside, probably 
asa 3: 5-diglycoside, and is prepared from it by acid 
hydrolysis. The Ry values and visible maxima of 
both glycoside and aglycone are listed in Table 1, 
together with those of known pigments. Rosinidin, 
while showing all the characteristic colour reactions 
and solubility properties of an anthocyanidin, differs 
in its spectral and chromatographic data from any 
of the known anthocyanidins, all of which have pogi 
available for direct comparison. 

The folowing facts suggest that Wda is 
7-methyl peonidin (II, R = CH;). (1) In its proper- 
ties, it most closely resembles peonidin rather than 
any of the other anthocyanidins. The glycoside in 
particular possesses the bright orange fluorescence 





in ultra-violet light previously shown only by peonidin 
3: 5-diglycoside. (2) The Rp values of both aglycone 
and glycoside are higher than those of the known 
pigments. It is well known that stepwise masking 
of the hydroxyl groups in anthocyanidins by methyl- 
ation correspondingly increases the Rp value in aque- 
ous solvents (cf. the series delphinidin, petunidin, 
malvidin and hirsutidin in Table 1). (8) The hypso- 
chromic shift of 9 mu caused by introducing a 7-methyl 
group into malvidin (I, R = H) to give hirsutidin 
(I, R = CH,) is exactly paralleled by the difference 
of 8 my in the spectra of rosinidin (Amax. 534 my) 
and peonidin (Amax. 542 my). (4) The occurrence of 


rosinidin in Primulaceae, a genus known to make a 
7-methylated anthocyanidin, that is, hirsutidin, is 
significant. There is indeed a striking parallel between 
the occurrence of hirsutidin and malvidin in P. 
hirsuta, and rosinidin and peonidin in P. rosea. 
Furthermore, all four anthocyanidins occur in P. 
polyanthus. 


The presence of two 

rare anthocyanidins, 

OCH, hirsutidin and rosinidin, 
x in Primulaceae fits in 
‘SOH with earlier studies of 
the flavonoid pigments 

present in this genus. 

For example, certain 

Primula species are 

quite exceptional in ex- 

uding flavone and, in 

some cases, 5-hydroxy, 

or 5 : 8-dihydroxy flavone, as a white dust or ‘farina’ 
on thoir leaves and stems‘. Several other unusual flav- 
onoid pigments have been detected during this survey 
and it is hoped to characterize them in due course. 


j J. B. HARBORNE 


Joha Tanes Horticultural Tostisubion, 
Bayfordbury, Hertford, 
Herts. 


1 Bate-Smith, E. C., Biochem. J., 58, 122 (1954). Geissman, T. A., 
Harborne, Ji B., and Jorgensen, E. Chem. and Indust., 
1389 (1953). Roux, D. G., Nature, 179, 305 (1957). 

2 Lawrence, J. W. C., Price, J. R., Robinson, G. M., and Robinson, It., 
Phil. Trans. Row. Soc., 230, 149 (1939). 

? Karrer, P., and Widmer, R., Helv. Chim. Acta, 10, 758 (1927). 


4 Muller, H., J. Chem. Soc., 197, 872 (1915). 
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RELATION BETWEEN PEROXIDASE AND ‘CYTOCHROME dh’ 
IN WHEAT ROOTS 


By Pror. H. LUNDEGARDH 
Penningby, Sweden 


EROXIDASE is present in most non-chlorophyl- 
lous plant tissues'—*. The main source of this 
hemin enzyme is wild horseradish?, but roots of 
spring wheat, too, contain considerable quantities, 
amounting to 10-20 umoles per litre of root tissue?. 
The peroxidase may be extracted from roots treated 
with cold acetone. It shows the same spectrum as 
peroxidase from horseradish, namely, a high band 
at 404 my, which after reduction in dithionite moves 
to 437 mu, and a more indistinct broad elevation at 
about 500 my, sloping toward 600 myu, which at reduc- 
tion is substituted for a sharp band at 556 my. All 
these bands, as also the complexes with CN- and F~, 
are excellently recorded. in living roots!. 

Peroxidase is the quantitatively dominating hemin 
enzyme in wheat roots. The concentration commonly 
exceeds that of the sum of the cytochromes @ + Gs, 
¢ + cı and b, which are all present in the lower 
0-60 mm. of wheat roots from 2-3 week-old seed- 
lings’. Peroxidase is claimed to oxidize various 
substrates, including phenols and polyphenols, 
quinone compounds, etc., at the expense of hydrogen 
_ peroxide’. These experiments in vitro, however, have 
not contributed much to knowledge of the role of 
peroxidase, in the cell metabolism. From measure- 
ments on horseradish I concluded that peroxidase 
may conduct at most 10-15 per cent of the total 
aerobic respiration of wheat roots*e. Accumulating 
evidence in the literature points to the co-operation 
of manganous ions and complexes between peroxidase 
and organic compounds in the oxidizing activity of 
peroxidase. Long ago I showed’ that the basal 
respiration of wheat roots is stimulated by manganous 
ions. Kenten and Mann‘ showed that the oxidation of 
certain dicarboxylic acids is catalysed by peroxidase 
systems in the presence of manganous ions. Ray and 
Thimann’, studying Omphkalia flavida, claim “that 
indole-3-acetic acid is oxidized and destroyed by a 
peroxidase which forms an intermediate, possibly 
with a skatol compound. Stutz’ mentions an enzyme 
with similar properties which, in Lupinus albus, 
requires a phenolic activator and is stimulated by 
manganous ions. These studies were not supported 
by spectrophotometric observations on living tissues, 
however. 

During spectrophotometric investigations on wheat 
roots I observed‘ a band at about 571 my appearing 
under prolonged complete anaerobiosis in @ non- 
streaming medium (aqueous solutions of phosphate or 
neutral salts). Observations of the time-course of 
increasing reduction showed that this band may be 
clearly distinguished from the «-band of cytochrome 
b at 560-562 my (cytochrome b in plants has bands 
moved. about 1-2 my toward’the violet, as compared 
with cytochrome b from animals or yeast; it also 
reacts much more slowly on antimycin A than the 
yeast enzyme). As the formation of the new compound 
was inhibited by urethane, a complete spectrum of it 
could be calculated®* as the difference: e(oxygen- 


free water) minus £ (oxygen-free 10 per cent urethane). 
Because the compound showed y-, B-, and «-bands 
(at 424, 540, and 571 my respectively) quite similar to 
those of the cytochromes and also behaved similarly 
to cytochromes at reduction and reoxidation it was 
called ‘cytochrome dh’ "4. Continued investigations 
now showed that ‘cytochrome dh’ is probably not 
a true cytochrome but a peroxidase complex, appear- 
ing only under extreme anaerobiosis. An important 
step to the identification of the complex nature of 
‘dh’ was the observation that it does not, as a rule, 
appear either in the mitochondria or in the micro- 
some fractions of root homogenates'’*. The mito- 
chondria show excellent spectra of cytochrome 
6, whereas peroxidase together with fractions 
of cytochrome c and flavoprotein go into the 
supernate. 

Lhe high. band of peroxidase at 404 my as a rule 
dominates the y-spectrum of aerated roots (Fig. 1). 
The cytochromes c and b, which according to the 
60-85 per cent oxidation normally prevailing’ are 
present mainly as bands at 406 and 418-420 mu 
respectively, move the peak.of the peroxidase band 
somewhat toward the red, but the true concentration 
of peroxidase can generally be calculated from the 
difference 404-380 muy. 


0-10 





380 400 


420 


440 myu 


530 


550 570 590 my 


Fig. 1. Direct spectrograms (with 10 layers of Munktell No. 3 
filter paper as reference) of a bundle of wheat roots 14 mm. thick 
(0-20, 20-40 mm. from the tips, packed together; seedlings 2-3 
weeks old). Stages of increasing suffocation in non-streaming 
water (closed tube, containing 6 ml.). x— x, start from aerated 
water; +— +, 15 min.; O—O, 45 min.; A—A, 110 min. 
from the closure of the tube. The spectrograms show the dis- 
appearance of peroxidase and the appearance of the joined 
y-bands of cytochromes c, ¢,, b, and the peroxidase-dhk complex 
(links), and the appearance of joined a-bands of the latter com- 
pounds in the time-order ¢ > b > dh (to the right) 
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The peroxidase is not reduced if the roots are 
exposed to complete anaerobiosis, but the bands at 
404 and 500 my nevertheless more or less disappear 
(Fig. 1). The disappearance of the elevation in the 
blue-green is conveniently measured from the differ- 
ence ¢(580-520 mu), the rise of which is the main 
cause of the rising extinction in the yellow-red part 
of the root spectrum under anaerobiosis. 

Continuous records of the spectral changes occurring 
in roots which are exposed to states of increasing 
suffocation now show that the bands of ‘cytochrome 
dh’ appear synchronously with the disappearance of 
the peroxidase band at 404 my (Fig. 1). Concomit- 
antly a synchronous increase is observed of the 
difference 580-520 mu and of the band at 571 my 
(Fig. 2). These observations support the conclusion 
that ‘dh’ is @ reduced peroxidase complex. The 
spectrum of aerated roots gives no clear indication as 


to the existence of such a complex in an oxidized . 


state. Against the existence of measurable quant- 
ities of an oxidized complex is the fact that the 
quantity of free peroxidase in aerated roots, calculated 
from the height of the 404-mp band, tallies with 
calculations from the peroxidase-CN- band and 
from the bands of pyridine hemochromogen appear- 
ing after the addition of cyanide, or pyridine + 
dithionite, respectively (refs. 1,4c). The direct observ- 
ations at increasing suffocation, furthermore, clearly 
show the simultaneous disappearance of free peroxi- 
dase and formation of the ‘dh’-complex. 

The problem of the nature of the peroxidase 
acceptor is a difficult one; because the enzyme is 
apparently able to combine with a variety of sub- 
stances, which are known to occur in the root tissue, 
and which may serve as hypothetical acceptors, such 
as flavone derivatives, ascorbic acid, C,-acids, and so 
en The following observations may be mentioned 

ere. 

The aerated roots frequently show a pronounced 
elevation, or broad band, between about 530 and 
about 570 my, which may only partly be explained 
from a combination of 60-85 per cent oxidized and 
40-15 per cent reduced bands of the cytochromes 
C, Cy and b (cf. ref. 11). This elevation or broad band 
slowly disappears on prolonged washing of the roots. 
It was shown several years ago that cut roots exude 
pigments with a spectrum very similar to that of 
certain flavone derivatives!*. The effect of removing 
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Vig. 2. Curve showing the synchronous disappearance of per- 


oxidase (+— +), measured as the difference « (580-520 mz), and 

the fd eat of the peroxidase-dA complex (x— x), measured 

as the height of the band at 571 mu. The experimental conditions 
correspond to those in Fig. 1 
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530 


380 400 550 
Fig. 3. Links: difference spectrograms of a bundle ofroots 18 mm. 
thick, enclosed in a 6-ml. quartz tube, provided with inlet and 
outlet. x— x, 6 (non-streaming oxygen-free water) minus s 
(aerated streaming water); -+-—+, s (non-streaming oxygen-free 
water) minus e (streaming oxygen-free water). Peroxidase 404 mu 
reappears in the streaming oxygen-free medium, whereas the 
reduced band of cytochromes c + c, at 420 mu remains unmoved. 
To the right: direct spectrum (cf. Fig. 1) ofrootsin non-streaming 
oxygen-free water (x— x) and in streaming oxygen-free water 
+—-+. The difference between them (=) shows the spectrum of 
the peroxidase-dh complex (see the text) 


420 mp 570 690myz 


the exudate from the roots is spectral changes of 
dh. 

The ‘dh’-complex appears only in non-streaming 
oxygen-free media. If the oxygen-free medium 
starts streaming, ‘dh’ disappears. An excellent spec- 
trum of ‘dh’ can thus be computed as the difference 
between non-streaming and streaming oxygen-free 
water (Fig. 3). The cytochromes hereby remain 
reduced. ‘The possibility cannot be excluded, how- 
ever, that the streaming ‘solution supplies minute 
quantities of oxygen sufficient for oxidation of ‘dh’. 
If roots are homogenized the pigments are recovered 
in the last supernatant. This has a yellow or light 
brown colour which deepens on prolonged exposure 
to oxygen. Dithionite decolourizes the red-brown 
fraction of, the pigments, leaving bright yellow 
pigments, probably flavone derivatives together with 
certain quantities of carotene. The reddish pig- 
ments are precipitated from the supernatant by 
50 per cent ammonium sulphate. Which of these 
pigments act as peroxidase acceptor cannot yet be 
decided. 

That the acceptor substance is present in the 
supernatant from centrifugation of homogenized 
roots is shown by the fact that the combination of 
an oxygen-free poroxidase preparation with the 
oxygen-free supernatant shows spectral bands similar | 
to those of ‘dh’. These bands disappear on reoxida- 
tion. Bands also appear in the absence of oxygen if a 
preparation of wheat peroxidase is combined with 
indole-3-acetic acid + ascorbic acid (bands at 390- 
400 and 560 my) or catechol (bands at 420, 543, and 
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568 my). An interesting effect, which was touched 
upon in a previous communication", is exerted by 
fumarate (pH 3-6). The bands of ‘dh’ are 50-100 
per cent stronger in the presence of fumarate. 
Theoretically fumarate could act as &@ peroxidase 
acceptor. Because the development of ‘dh’ is posi- 
tively promoted by adenosine triphosphate% there 
is & possibility, however, that fumarate acts indirectly 
by ‘internal oxidation’ of cytochrome-b (cf. refs. 
4,6 and c). The ‘dh’-complex acts in the opposite 
direction from cytochrome-b : it is reduced in fumar- 
ate and disappears in urethane and partly in succin- 
ate, too, whereas cytochrome-b is oxidized in the 
presence of fumarate and reduced in the presence of 
urethane. This fact may possibly indicate a relation 
between the peroxidase complex andthe cytochrome 
system ; but the situation is more complicated than 
that because the formation of the ‘dh’-complex is 
obviously exposed to competitive exchange reactions. 
Urethane may thus be presumed to shield the 
acceptor from the peroxidase enzyme. Similarly 
cyanide rapidly removes the ‘dh’ acceptor and forms 
peroxidase-CN-. This is the reason why ‘dh’ disap- 
_ pears in the presence of cyanide both aerobically and 
anaerobically without leaving visible CN-bands other 
than those of peroxidase-CN-. Fluoride acts in a 
similar way, but considerably more slowly, because 
the reaction between peroxidase and fluoride proceeds 
fairly slowly13, 

More experiniental work is needed for elucidation 
of the mechanism which controls the activity of 
peroxidase in wheat roots. No direct observations 
support the idea that hydrogen peroxide co-operates 


as an oxidant. The relative velocity®* of reoxidation. ` 


of the hemin enzymes in the roots is dh >b >c >a 
+ a, and the velocity of reduction is the reverse 
(cf. ref. 11). The ‘dh’ complex is thus operating in a 
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manner which is in full agreement with the assumption 
that the oxidation of ‘dh’ is mediated by the cyto- 
chrome system. On the other hand, the fact that 
‘dh’, formed in vitro from a peroxidase preparation 
and a mixture of root pigments (see above), is 
reoxidized in the absence of cytochromes points to a 
certain autoxidation. Because peroxidase is ex- 
tremely sensitive to cyanide!‘ the ‘dh’ complex cannot 
co-operate in the ‘basal respiration’, in -which 
cytochrome 6 is probably acting as an auxiliary 
oxidase*®, From a kinetical point of view peroxidase 
is probably a slow-acting oxidant. The first step 
of its activity is obviously the formation of the 
acceptor complex ‘dh’. This formation, however, 
proceeds fairly slowly and thus controls the process. 
The second step, the oxidation of ‘dh’ and the libera- 
tion of peroxidase, proceeds rapidly. As a conse- 
quence very little is seen of the peroxidase—‘dh’ 
complex in aerated roots. According to the scheme 
outlined here the formation of a peroxidase complex 
is an intermediate step in the oxidation of the 
acceptor and not a complex enzyme, as claimed by 
others?.*. This question needs further elucidation, 
however. 
1 Lundegairdh, H., Physiologia Plantarum, 8, 84 (1956). 
2? Kellin, D., and Hartree, E. F., Biochem. J., 49, 88 (1951). 
3 Sumner and Myrbäck, “The Enzymes”, 2, chap. 56 (New York, 1951). 
4 Lundegardh, H., Ark. f. Kemi, (a) 3, 69, 469 (1951); (b) 5, 97 (1953) ; 
(c) 7, 451 (1954). 
’ Lundegirdh, H., Planta, 29, 419 (1939). 
e€ Kenten, R. H., and Mann, P. J. G., Biochem. J., 65, 179 (1957). 
I Bay say and Timang, K. V., Arch. Biochem. Biophys., 64, 193 
8 Stutz, R. E., Plant Physiology, 32, 31 (1957). 
? Lundegårdh, H., (a) Nature, 173, 939 (1954); (b) Physiologia 
Plantarum, 8, 95 (1955); (e) 8, 142 (1955). 


10 Unpublished observations. Cf. Martin, E. M., and Morton, R. K., 
Biochem. J., 65, 404 (1957). 


11 Tundegardh, H., Acta Chem. Scand., 10, 1083 (1956). 
12 Lundegårdh, H., and Stenlid, G., Ark. f. Bot., A, 31, No. 10 (1944). 


SPECTROPHOTOMETRIC, LIGHT SCATTERING, AND TITRATION 


STUDIES UPON THE 


INTERACTION OF POLYADENYLIC AND 


POLYURIDYLIC ACIDS 
By Dr. ROLAND F. BEERS, Jun. 


Robert W. Johnson Laboratory of the Bowles Research Fund, Children’s Hospital School, Inc., Baltimore | | 


AND 


` Dre ROBERT F. STEINER 
Naval Medical Research Institute, National Naval Medical Center, Bethesda l4 


T. @ previous paper we reported the presence in 
polyadenylic acid of a hydrogen ion binding 
group with a pK in the vicinity of pH 6-0, which we 
identified as the 6-amino group of adenine'. In the 
present communication we include some of our pre- 
liminary findings as’ to the role of this group in the 
interaction between polyadenylic acid and poly- 
pr acid described by Warner? and by Felsenfeld 
et al.®, . 

Polyadenylic and polyuridylic acids were prepared 
as described previously, with particular care being 
taken to remove all traces of protein’. Two different 
preparations of polyadenylic acid of molecular weights 


5:7 X 10° and 1-5 x 105 and two different prepara- 
tions of polyuridylic acid of molecular weights 
5-3 xX 10° and 2:1 x 10! were employed. 

The reaction between the two polymers was followed 
spectrophotometrically by observing the drop in 
optical density at à = 259 mu over the mean optical 
density for the non-associated species. At pH 7 
in 0-1 AZ potassium chloride and 0-05 M phosphate 
the optical density decreases linearly with mole 
fraction of uridylic acid, reaching a minimum at an 
adenylic : uridylic mole ratio of 2: 1, and thenceforth 
increases linearly, the maximum drop in optical 
density being about 40 per cent. 
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Table 1. LIGHT-SCATTERING RESULTS FOR POLYADENYLIO AOCID—POLYURIDYLIO ACID (POLY A-POLY U) INTERACTION IN 0-5 M POTASSIUM 








CHLORIDE* 
Solution Concentration Treatment Myt x 10-* < r > itt Time 

Poly A IXm 0-120 -586 258 A. 

Poly U Ie 0-158 0-580 173 È 

Poly U Ila 0-103 2:13 648 

Poly A IX’p 0-095 2 per cent HCHO for 48 hr. at 25° C. 0-866 299 

A IXm-U Ie Ca = 0:060 Equal volumes of A [Xm and U Ie mixed 3°49 709 200 sec. 
Co = 0:079 (¢ = 0) 

3°57 1020 3,000 sec. 
Ca = 0-048 To above was added additional U Ie at 6-93 1330 300 sec. 
Cu = 0:095 t = 4,200 ' ‘ 
6°47 1710 24 hr. 
ee = Aone pH of above adjusted to 10°3 0-768 660 200 sec. 
gy =0: 
A = E pH readjusted to 8'0 2°77 930 2,000 sec. 
g=0: 

1 IX’p-U Ila Ca = 0:057 A IX’p and U IIa mixed 1-28 1,800 sec. 
Co = 0-044 

* The pH is 7-6 unless otherwise specified. 

T Weight average molecular weight. 

t Radius of gyration. 


Light-scattering has been employed to follow the 
interaction between polyadenylic acid and poly- 
uridylic acid at neutral pH. In 0-5 M potassium 
chloride at pH 7 the change in optical density reaches 
completion within the period of mixing. The molecu- 
lar weight also reaches a value close to its final one 
very rapidly. However, a slow change in molecular 
configuration without an important further change 
in molecular weight appears to proceed for a much 
longer period, as Table 1 shows. This corresponds 
to an increase in radius of gyration, and probably 
reflects a rearrangement of the initial imperfect 
co ation to form a more regular doubly or triply 
stranded structure, in which ‘loops’, etc., have been 
eliminated. 
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0-230 F 
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Fig. 1. Fallin optical density at 2 = 259 mp with time for poly- 
adenylic acid IX (molecular weight 5-7 x 105) and polyuridylic 
acid I (molecular weight 5-8 x 105) in an adenylic: uridylic mole 
ratio of 1:2 at several PE aye measurements are in 0:03 M 
aQAc. 
A,pH 65; C, pH 6-1; x, pH 5'8; O, pH 5°65; A, pH 6:5; 
0-002 M Met+; @, pH 5°65, 0-002 J Mg++ 


The rate of reaction, as followed spectrophoto- 
metrically, falls off very rapidly in the region of 
titration of the 6-amino group of adenine in poly- 
adenylic acid, as Fig. 1 shows. This effect is sup- 
pressed by addition of magnesium ions, which likewise 
suppresses titration of this group in the pH region 5-6'. 

Direct evidence for the involvement of the 6-amino 
group of adenine has been obtained by treating poly- 
adenylic acid with formaldehyde under the conditions 
described in the previous paper’. In the present 
instance the 6-amino group is selectively blocked. 
Polyadenylic acid thus treated gave no evidence of 
any interaction with polyuridylic acid, both the 
extinction coefficient at à = 259 mp and the weight 
average molecular weight of equimolar mixtures of 
the two corresponding closely to the mean values for 
the two components, as Tables 1 and 2 show. 


Table 2. SPEOTROPHOTOMETRIO RESULTS FOR MIXING OF POLY- 
URIDYHIC ACID AND FORMALDEHYDE-TREATED POLYADENYLIO ACID* 


Optical 
density 


0-424 


0-379 
0°381 
0 ‘278 
0-408 


Treatment 


2 per cent HCHO for 48 hr. 
at 25° 0. 


Solution 
Poly A IX’¢ 


Poly A [Xr 
Poly U Ile 
A IXr-U Ile 
A IX’q-U IIe 


Native poly A 
Native poly U 
Equal vols. mixed 
Equal vols. mixed 





*In 0-1 M potassium chloride, 0-001 M NaOAc, pH 7'0. 


Further evidence for the involvement of the adenine 
6-amino group has been obtained from titration and 
spectrophotometric data for the complex. The 
addition of increasing amounts of polyuridylic acid 
results in a suppression of H+ binding by polyadenylic 
acid in the pH region 5-6 and a displacement of the 
region of maximum binding to lower pH’s (Fig. 2). 
This effect reaches its limiting extent at a mole ratio 
of uridylic : adenylic of 2:1. 

The extinction coefficient of equimolar mixtures of 
the two acids is, in contrast to that of polyadenylic 
acid alone, constant between pH’s 5 and 9 in 0-1 M 
potassium chloride. Below pH 5 a rapid rise in 
extinction coefficient with decreasing pH occurs, 
approaching as a limit the mean for the non-associated 
mixture, as Fig. 2 shows. 

We interpret the above results as indicating a 
lowering of the effective pK of the adenine amino- 
group as a result of its involvement in an intermolecu- 
lar linkage with uridine. Binding of a hydrogen ion 
appears to be accompanied by a dissociation of the 
complex. 


32 


1-4 


12 


ka 
© 


0°8 


0:2 





10-0 


4-0 5-0 6-0 7:0 8-0 9-0 11-0 


pH 7 


Fig. 2. Spectrophotometric and titration data for polyadenylic 
acid (molecular weight 1-5 x 10°) and polyuridylic acid (mole- 
cular weight 2-1 x 10°) in 0-1 M potassium chloride, and 23° C. 
Tn all cases the components were mixed at pH 7:5 and allowed 
to stand for 1 hr. before altering the pH. The left ordinate is 
the number of protons released per monomer unit. The right 
ordinate is the ratio of optical density at the given »H to that 


at pH 7. 

x, Relative optical density for polyadenylic acid alone; O, 
relative optical density for pol dylic acid alone; @, relative 
optical density for 1:1 mole ratio of adenylic : uridylic. 
Curve 1, titration data for polyadenylic acid alone; Curve 2, 
urtdylic : adenylic = 0°38 ; Gurre 3, uridylic : adenylic = 0-56; 
Curve 4, uridylic : adenylic = 1-11; Ourve 5, uridylic: adeny- 
Iic= 2-88: Curve 6, polyuridylic acid alone 


Polyuridylic acid, like its monomer, possesses a 
pK in the vicinity of pH 9-5. Dissociation of a 
hydrogen ion is accompanied by a decrease in extinc- 


NATURE 


_ the two components. 


daso (relative to pH 7) 
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tion coefficient at à = 259 my (Fig. 2). The equimolar 
complex with polyadenylic acid shows a sharp rise in 
extinction coefficient beginning at about pH 10. At 
higher »H’s the extinction approaches the mean for 
The change is reversible if 
renoutralization is carried out within five minutes. 
Thus, loss of a hydrogen ion from the pyrimidine base 
of uridine appears to result in dissociation of the 
complex. 

A direct confirmation of the latter conclusion has 
been obtained by light scattering (Table 1). Upon 


- adjusting the pH of a solution of the complex from 


neutrality to 10-3, a very pronounced drop in molecu- 
lar weight occurs. Upon reneutralization after a 
short interval at pH 10-3, most of the drop in 
molecular weight was recovered. | 

It appears probable that either the 6- or the 2-car- 
bonyl group, or both, of uracil can exist in an enol 
form, and loses a proton in the vicinity of pH 10. 
As the source of the latter is the 1l-nitrogen, the 
capacity of this group to serve as a proton donor for 
a hydrogen bond, as postulated by Felsenfeld et al.’, 
would thereby be eliminated. 

It is desirable to point out that the preceding 
results refer explicitly to polyadenylic acid and 
polyuridylic acid of quite high degrees of polymer- 
ization. Further work will be necessary to ascertain 
the lower limits of molecular weights for which the 
preceding observations are applicable. For these 
preparations in any event the linear variation of 
Eos) With adenylic : uridylic mole ratio would 
appear to make any abrupt transition from a doubly 
to a triply stranded structure unlikely. It appears to 
be entirely possible that it is the triply stranded 
structure which is formed at all adenylic : uridylic 
ratios under these conditions. 

This research was supported in part by the Louise C. 
Bowles Research Fund, by U.S. Public Health Grant 
C-3293, and by a grant from Miles Laboratories, Inc. 
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INDUCED POLYPLOIDY IN EGYPTIAN AND INDIAN CLOVERS 


By S. M. SIKKA, M. S. SWAMINATHAN and R.-K. MEHTA 


Indian Agricultural Research Institute, New Delhi 


GYPTIAN clover or berseem (Trifolium alexan- 

drinum L.) and Indian clover or senji (Melilotus 
indica All.) are the important fodder plants of north 
India under irrigated and rain-fed conditions re- 
spectively. Both are cross-pollinated and have the 
somatic chromosome number 16. Four different 
strains of berseem and two of senji were treated with 
colchicine in 1954 and plants with 2n = 32 were thus 
obtained. The techniques which gave the highest 
percentage of tetraploids im berseem and senji 
were the immersion of shoots of one-week-old seed- 
lings in 0-1 ‘per cent colchicine for 8 hr. and the 
immersion of whole seedlings of a similar age in 
0-05 per cent colchicine for 4-8 hr. respectively. 
The treatments were carried out at room temperature 


(75-80° F.). The tetraploid plants showed all the 
characteristic features usually associated with chromo- 
some doubling such as increase in size of cells, 
stomata, pollen and seed, and reduction in pollen and 
seed fertility. Seeds were collected from the tetraploid 
plants in April 1955, and two subsequent generations 
were raised during the winter seasons of 1955 and 
1956. The following is a summary of the observations 
made in them. 

Berseem. The tetraploids were consistently super- 
ior to the diploids in growth and yield (Fig. 1). In 
randomized row trials, the tetraploids gave 2-3 
times more yield of green fodder per cutting than the 
corresponding diploids. The average percentage dry 
matter content in the fodder was 25-71 in the diploids 
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Table 1. CELL Size IN DIPLOIDS AND TETRAPLOIDS OF BERSEEM AND, SENJI 


Somatic 
chromosome No. 


T. alerandrinum 
M. indica 


and 17-57 in the tetraploids. There was, however, a 
wide variation among the tetraploids in dry matter 
content and several tetraploid plants with 25-27 per 
cent dry matter also occurred. Nodule and root 
development was found to be better in the tetra- 
ploids. Chemical analysis showed that the diploids 
and tetraploids did not differ in the content of 
nitrogen and phosphorus per unit weight of 
fodder. Lime content was, on the other hand, 
much higher in the tetraploids, the average value 
being 3-06 per cent as against 1-54 per cent in the 
diploid. The study of meiosis in miecrosporocytes 
showed that a maximum of 6 quadrivalents per cell 
occurred at diakinesis and metaphase I in tetra- 
ploids, the mean frequency being 2-8 per cell. At 
metaphase II,*39 per cent of the gametes had un- 
balanced chromosome numbers. Seed setting as 
measured by the number of seeds per inflorescence 
Was 17:8-55-7 per cent of that found in the diploids. 
The tetraploids had, however, nearly twice as many 
inflorescences per plant as the diploids; thus, some 
tetraploid plants produced more seeds per plant than 
the diploids. Among the seeds obtained from 
tetraploid inflorescences some were small in size. 
These were also very hard and did not germinate 
when sown either in Petri dishes or in the soil. 
Chromosome numbers were determined in 421 C, 
and 1120 C, plants in oxyquinoline-oreein root tip 
squashes'. The number was found to be 32 in most 
and 24 in a few. In controlled pollinations, it was 
found that tetraploids and diploids were cross- 
compatible and this would account for the occurrence 


Fig. 1. Eight weeks old seedlings of diploid and tetraploid berseem 


Length 


29-98 
43-47 


46°23 
56:93 


of triploids. Since all tetraploid plants had 2n = 32, 
there obviously exists some mechanism for the elimin- 
ation of aneuploid gametes and zygotes. It is possible 
that the small, inviable seeds found in tetraploids 
have aneuploid embryos. 

Senji. The tetraploid plants were compact and 
uniformly slow in growth. The yield of fodder was 
low owing to poor tillering and vigour. The tetra- 
ploids were further found to be preferentially disposed 
to the attack of aphids and downy mildew. There was 
a mean quadrivalent frequency of 3 per cell at 
diakinesis, and seed-setting ranged from 25-2 to 
45-5 per cent of that found in diploids. The tetra- 
ploids and diploids were found to be capable of 
crossing with each other. 

From the results so far obtained, the outlook for 
evolving tetraploid strains of , Superior in 
yield to the existing diploid varieties, is hopeful. 
The improvement of seed fertility and the selection of 
cultures with a good fodder yield as well as a high 
percentage dry-matter content would be the chief 
problems requiring attention in future generations. 
In red clover (Trifolium pratense), Julen? has stated 
that no tetraploid strain has yet been released to the 
market in spite of the pronounced superiority of the 
tetraploids over diploids in vegetative growth, 
because of the low seed-setting ability of the tetra- 
ploid. In berseem the tetraploids fortunately show 
an increase in the number of inflorescences per plant 
and also a low coefficient of realization of multivalents. 
The ability to cross with each other would, however, 
necessitate the growing of diploid and tetraploid. 
strains in isolation. 

Berseem being an important fodder crop in many 
sub-tropical regions, the results of the present study 
may be of interest to several individuals and institu- 
tions and we would be glad to supply small quantities 
of tetraploid seeds to interested workers. 

The reasons for the differential growth pattern 
observed in tetraploids of berseem and senji are not 
clear. Among the many factors known to condition 
individual crop response to chromosome doubling, 
berseem and senji differ prominently only in cell size 
(Table 1). From the results in Table 1, it is clear 
that diploid senji has nearly the same cell size as 
tetraploid berseem. An examination of the available 
strains of senji for cell size did not reveal any signifi- 
cant intra-specific variability with reference to this 
character. These results would, thus, support 
Schwanitz's* view that once a species has attained an 
optimum cell volume, any increase in it would only 
lead to a depression in growth. 

We are grateful to Dr. B. P. Pal for his interest and 
encouragement and to Dr. N. B. Das for carrying out 
the chemical analysis. 

'Tjio, J. H., and Levan, A., An. Eat, Aula Det, 2, 21 (1950). 
s rir os Proc. 7th Int. Grassland Congress, New Zealand, p, 1-5 


* Schwanitz, F., Züchter, 21, 65 (1951). 












fits" more A EURED the equator oe a dipole rotated rane 
about the Earth’s axis 40°-45° to the west of the. southern 
‘best fit’ dipole. Rothwell and. Quenby?, on the other | ii DLO 
_ hand, find the magnetic dip equator fits adequately, ae of Sout A 
and suggest that the Earth's real field rather than (90° W., 50° 8. y 
the dipole approximation accounts for the observed of ‘selected loc: wlitio: 
distribution. _. The experim 
New evidence can be obtained from a determination: providing new evidence 
of the ‘cosmic-ray meridian’ or line on the Earths: arth *s magnetic field on cosmic. ‘rays, aad nithonge 
surface along which the rate of change of cosmic-ray it cannot be fruitfully pursued in Australia there is 
intensity is greatest. Depending on which theory every reason to expect valuable results if it is 
proves most acceptable, this might be expected to porformed ir in more suitable localities. a 
coincide with the geomagnetic meridian, the meridian a ee J. R. STORBY 
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-= production of stars in lead. The monitor uses two ©. . 
; counters and follows closely the design proposed by | Rosp, D, oo rt e (lane). ataman; J., and Simpson, J, A. Canad, 
Simpson. It was installed in a Lincoln bomber *Simps _A., Fenton, K. B., Katzman, J., and Rose, D, Cs Phys. 
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atmosphere. The presence of these currents was 
riginally invoked to explain the daily variations in 
he geomagnetic elements ; recent ionospheric analy- 
+4 and direct experiments using rockets have shown 
that this dynamo region corresponds in height with 
the ionospheric Æ region. According to Martyn, 
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| _Years to test these predictions. 
indicate that the ee modo occurs with the samo 
| hreo-hop i satt | 


‘The mutual interference problem can become serious — 


` quate: transmitter power (300 gia a and ra 
In has been suggested recently’ that the drift of OF f thone recor 
mization in the F2 region of the ionosphere, known  & 
j exist from measurements made at middle latitudes?, - 
caused directly by the electric field associated with ` 
he S system of currents in the ‘dynamo’ region of — 





this is drift houla take place, ‘and oat t the magnetit a 
equator the westward drift by day should reach large 
values of the order of 200 m./see.. a 
Results are now available from over a period. of 
Drifts in the #2 
region of the ionosphere have been measured in > 
Singapore (geographic lat. 1-4° N., long. 108-7° Eu), 


~ 10-0° south of the magnetic equator, over the period 


September 1953-August 1956. The. method “used 


-was that originated by Mitra using a pulse trans- 
-mnitter and three receiving aerials, the latter being 
‘spaced roughly a wave-length apart along two 


directions. Records of the variation of the three 


“signal amplitudes in time were obtained on film 


moving across a display tube at a speed of 10 em, jmin. 


These records were analysed by the method of iden: 
~tifying similarities in the fading patterns? and, 
providing that the fading was of a suitable irregular 
$type, mean time displacements of the signals relative i 
age to. one another were interpreted as revealing | 

constant drift of irregular patches of ionizat 
o the F region, at or near the height of refle: 
; pulsed signal. A frequency in the range. 5 
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shown in Table 1, but the number of results in each 
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n addition. and the’ mean. diurnal variations Ware 

‘plotted of the drift magnitude and direction, and of 

the east-west and north-south components, following ig. 2 : 
the convention that drifts toward the oast snd- the 1 Ma F. , Report on the Physics of the Ionosphere, 165 (Physical 
north are considered positive. The latter two curves _ ty, London, 1955). F 
were then smoothed by taking a 3-hr. running mean, a Bri B. H., and. Spencer, M., “Rep. Progr. Phys.”, 17, 245. 
the value at hour ¢ being averaged with those at vi teal Society, Tondon, 1454). e 
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Table 1. SEASONAL DISTRIBUTION OF DATA 










Winter solstice (Nov., Dec., Jan., Feb.) 44 ea 
Summer solstice (May, June, July, Aug.) Gh 4 mis 
Equinoxes (Mar., Apr., Sept., Oct.) 67 z oy 


. ae Spectral Characteristic in Solar a ; 
: Radio Emission 











nse radio emissions from active areas on. 
cy _ been studied since 1942 on ‘single’: 
ies; but the first ‘spectral’ or sweep 
vations were not initiated until 1949 
andi McCready! at Sydney commenced 
with equipment sweeping the ban 
js. These. observations, which were later 
1 to 40-240 Mc./s., marked a notable advance 
radio. techniques, and greatly simplified | 
cation of solar radio phenomena. | 
purpose of this communication is to dese 
‘ sweop-frequency experiment, broug 
tthe beginning of September 195 
‘Radio Astronomy Station, and 
ow ee: of solar burst which has rece 





























The equipment covers tho band 100-580 Mc./s. 
antenna comprises a 8-55 m. (28 ft.) diameter pa 
boloid, equatorially mounted, with three broad-ba 
primary arrays coaxially mounted at its focus ; th: 
ollecting area is 41 sq. m. at 100 Me./s. and 45 sq. 
at 500 Me./s. The primary arrays are individuall: 
onnected to three sweep-frequency receivers coveri 
he bands 100-180, 170-330 and 300-580 Me./s. T 
eceiver noise figures are pl ae aes 5, T and oe 
heir bendwidths. o po 10N $ 
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prms oF hehe in "ahs solar 
sumption is made that, for the 


è radio emission from the Sun. ata given. frequent ey | ene 


— emitting frequency. 


600-30 thousand km. above the photosphere. How- 
ever, it must be remarked that above an active area 
-o the exact heights which are to be assigned to given 
i plasma frequencies are at present uncertain. 
Analysis of the records so far obtained reveals the 
oe common phenomena of noise. storms caused by 
 Jocalized disturbances in the solar corona above sun- 

_oRpot areas : 










solar atmosphere with velocities: of the order of 
80,000 km./sec.; and slow bursts, at present etiri- 


a order of 1,000 km./sec. 


_ been correlated with the occurrence of flares, sprays, 
and other optical phenomena on the solar disk as 
“recorded at the Sacramento. Peak Observatory. Tt 
‘has been found, for example, that the fast bursts, 
which were previously unassigned to any optical 
phenomena, are quite commonly associated in time 

= with minor flares. 
>o will be published elsewhere’. 


Fig. 1 shows a remarkable new type of burst, which 2 
appears on the records in the form of an inverted. U.: 
The essential characteristics define it asa fast burst, 

and it is typical of 43 such bursts which were recorded : 


Bees a during the first 12 months observations. ‘This 
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‘Fig. i. Inverted U burst: November 29, 1956, 


oe riginates near a level in the solar. atmosphere where. SAY 
the plasma frequency corresponds to. that of the | 
Ces At the present maximum of the. 
solar cycle the frequency band 100-580 Me./s.is thas- 
transformed to a height-range- of approximately Pe 


the isolated fast bursts at present attri 
buted to disturbances moving outward through the 


buted to disturbances moving with velocities of the- 
The radio data recorded 


ae investigators. 
during the past twelve months at Fort Davis have: 


‘shock waves. 


Detailed results of this compatison, 


$ particular example covers a period of 8 seconds, its 
turning frequency is 130 Me./s. and it shows ao 


~- noticeable broadening on the return path. OF the =a low level in the solar atmosphere near, but not 


an active area. Such areas have strong magnetic > 


around the magnetic field lines Ce yee 
ash. ITM UT. fee 








eee 19 soieided wiih aaen 1 anai flare 


2 with class 2 flares, and 1 with a class 34 flare: $ 


-T per cont of these cases the U bursts occurred not : 
more than 5 min. after the commencement of the 


flare and within 3 min. of its maximum phase. Six 
of the bursts had no apparent: optical counterparts. 
In considering the origin of the fast U bursts it is 
useful first to examine the possible mechanisms which 
may give rise to the ordinary. fast bursts. Wild, ~ 
Roberta and Murray® have attributed the latter to the > 
motion of a corpuscular stream outward through the. 
corona at a velocity of 30-100 thousand km. /sec. (0-1— 
0-3 ¢). They tont: atively identified such streams with 


-cogmic rays of solar origin, although the velocities are. 


very low compared with those deduced by cosmic ray 
The U bursts, on this basis, would 
require the motion of the stream to be reversed, 
presumably by a magnetic field, A new theory 
recently suggested by M. Krook (private communica- 
tion) considers the problem in terms of fast-travelling 
This theory, which we now briefly 
outline, neither denies nor precludes the existence of 
fast-travelling corpuscular streams, although it may 


be noted that there is no direct experimental evidence ~ 
- confirming the existence of such streams. ae 
indeed, as yet no direct evidence showing that the 
frequency drifts are definitely caused. by travelling 


There is, 


disturbances—that is, that the change in frequency _ 





js associated with a systematic change in position— | 


but at present this is the most plausible interpretation. : o 
The new theory assumes that the prime origin of | 
radio bursts is some gross instability or explosion 










fields extending into the chromosphere and corona 
he explosion gives rise to large-amplitude waves th 
actual mode of propagation of which through the solar 


plasma depends. on the strength and configuration of 


1e magnetic field. In considering the propagation 
of “these waves in terms of non-linear theory, Krook 
ows that an initial transverse disturbance in the 


-region of the magnetic field gives rise to: large-ampli-~ 
tude waves propagated along the direction of the. 
In this case electron plasma and certain 
S TCDA eEree! shock waves are associated with large. _ 
velocities of propagation. 


coupled with the 








tion of the electron plasma or transverse shock waves. 
The U bursts are caused by these waves being guided 


Los me 


These disturbances are. ` 

l radio-frequency field. 

of the presence of the magnetic field, and this. 

- coupling gives rise to electromagnetic radiation which 
can escape, if it is above the plasma frequency. 


‘The. 
. fast radio bursts are thus associated with the propaga- a 








periments repotted. ae j} 
ound between the intensity 
d the number of electrons emitt 
ectron emission seems t 
ted on the surface which. 


S a small or is not detecta 
junction breakdown was m 
‘king the surface, bright w 
d at a a a ale ref. wee wi 











ien the whole eto appear 
cp heal aar wate line. 


oe: wild, Si p Murray, J. D., and Rawe, W, Go Aust. J. Rhys, 7, aa ; a 
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ig Ti A. Re, Proc. Inst: B ai, 8 lit one compares. the 
ae Maxwell, warup, G, and ompson, rac. Ins eo 
, Eng. Gn the press). : nd as determined by 


+ Maxwell, Ay; ‘Swarup, G.,.and Stone, P. H. (in preparation), = Da Esaki? GC 47 er ith the light emission spectrum 
Wid, J. zB. Roberts, J. A., and Murray, J. D., Nature, 173; ss fon ‘silicon De Fb A junctions, which, according to 
é nicer, R. S., Astrophys. Ju; 114, 356 (1951). o a an baer. » extends over photon energies 

l 1I thank Z. Trousil for preparation of the silicon 

: p-n junctions, A. Bohun for his generous help with 

Electron Emission from Silicon p- n S advi and measuring sot and A. Abrahám for his 

Junctions : holp vih the apermontal work. | 
Tr is well known that silicon p-n junctions omit Bee 
infra-red radiation when operated in the forward en 
direction? and visible light in the breakdown region amis Aa x echnical Patents 
<> of the blocking direction®.3. The experimental study —__ ae ORLONE: P emy of sciences, 
of -non-thermionic electron emission from solids - Tague. 

showed that there is often a correlation between the | 

glectron emission and the luminescence; as “was 

stressed particularly in the work by Bohun'®. The 

tion now arises whether the eloctroluminoscen ï 

notions is accompanied by. omission. of 








Jan Tavo 


















I R., and Briggs, H. B., Phys. Rev., 86, 647 (1952). Haynes 
and "Westphal, W.C., ‘Phys, Rev., "101, 1676 (1956). ERS 
Re, Phys. Rev., 100, 700 (1955). 

A. Gu and McKay, K. G., Phys. Rev., 102, 369 (1956); 
Czech. J. Phys., 5, 224 (1955). 
he Fs: Phys., 8, 496 (1956), 
hys., 128, 533. (1950). 


‘Fundamental ‘Processes of Electrical Discharge 5 
GFE , Wiley: ‘and: Sous, Inc., New York, 193 39). 


‘Phys. Bee Jë., 8, BAT. (1958). 
































xpe iments were. carried ‘out. y th gro 











cuum Breakdown | in 1 Dielectric-loaded 
Wave-guides 
WwW. Wave structure suitable for an electr 
elerator or a high-power travelling-v 


tained by loading a metal wave-gui 
trie, either in the form of a coaxial tub 

















cT This | is not ‘surprising, as 

imagine how the. electrons got gain. an onen 

< several electron volts necessary for them to es 

eis Fom the oyei _ However, i in tho br 
he: 














A low-loss. dielectric must be used, and it is als 
vantageous for the dielectric constant to be high 
meet these and other requirements a most prom 
g Tabarin i is a Mban dioxide ceramic Wich | 




















rons. T was accompanied by the 
. First, it was necessary to asce 
electron emission observed was not causi 
g action of the light emitted from the ja 
his i is not t ! i 
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n atorial which have a E efficiency and bett 
requency characteristics Bhan can ‘be obtained - 
he. conventional -method | 






















The disk shown is 3 in. in diameter. 













Fig. 1. 


ended suddenly to develop very high losses. This 


‘were present in the system. 


Queen Mary College using a resonant: cavity 20 em. 
ong loaded with four dielectric disks arranged. at 
mein intervals, power being fed to the cavity 

ya 
3,000 Mce./s. 


hole ¢ in. in diameter. 


“its mid-plane. 































10° V.jem. and at a pressure of about. 10 
“mercury it is found that a breakdown is H 
occur, 





trength the incidence of this breakdown is delayed 
but even at an intensity of 10* V./em. it is not entire 
iminated. 
"he disks sustain an entirely superficial damage, 
uction of the titanium dioxide to a lower, semi 
nducting oxide taking place. In some cases heavy: 


iding in a diffuse tree-like formation. Quite dixtinct 


ole, and whereas on some disks these two patterns 





parately. Similar discharge lines were also observed 
the work at Malvern, 

To avoid poor contact between disk and wall 
(which could give rise to intense local fields) tests 
were carried out with disks which had been silvered 
òn their outer edge, but breakdown was not greatly 
affected. 

- In recent experiments the disks were coated with 





strength resulted. Th 


of 10' V./em., wave „guides loaded with dielectric disks 


was thought to be due to a multipactor effect and- 
appeared to occur more readily if vacuuns- pump oll | 


- Further experiments have been carried out at ; 
aqueous and non-aqueous solutions, with and without 


2-MW. magnetron operating: at a frequency of | 
The dielectric disks were of thickness 
0-25 in., outer diameter 3 in. and each had a central | 
The cavity was excited in. an — 
E-mode, the electric field being most intense along. 

the axis. The field was approximately normal to the — 
plane surfaces of the disks, the maximum. value of 
< the radial component occurring inside each disk at 


is attributable’. . 
reported upon variations in absorption spectra of __ 


-ploited, but the consensus of hitherto known results 
has indicated that the presence of anions or cati 
At an axial electric field strength of less than 
yh. position, intensity, ete., of neodymium or pra: 
to mium absorption bands in the visible r 
This is accompanied by a sudden increase in Wiedert? and Fedotieff and Lebedeff* examine: 


X-ray output from the cavity ; by reducing the field. 














om this, more diffuse tracks occur around the central 


erge (Fig. 1) on other disks they are found to occur - 


a layer of glaze, and a most remarkable breakdown ment, both dissection. and wave-length 


rall- known. eer À 








enamel consisting o of lead borate. It 
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Absorption Spectra of Rare 
Earths in Glasses 


ABSORPTION spectra of rare-earth ions have. been 
increasingly studied over recent years because of 


their presentation of band and line absorption in the 


visible region. Much work has been carried owt in both 


the presence of complexing ions, which demonstrates 


the influence of these complexing or hydrating ions 
upon the absorption spectrum and hence upon elec- 


tron transitions involving the partially filled, lower- 
lying (4f) electron shell to which the band absorption « _ 
Few studies have, however, been... 


rare-earth compounds in glassy compositions, ue 
-Use of rare earths in optical filters has long been ex- 
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in the glassy stato has relatively little effect upon the 





absorption spectra of silicate glasses conta 
»dymium and found the position and intensit 
e main absorption band to be affected by alk 
and divalent ions. The effect produced. being ti 
some degree dependent upon the ionic size of these 
ions, band-shifts were attributed partially to inhomo- 
geneities produced i in the glass, but Weyl’ concluded 





ck tracks containing copper deposits, indicating that ionic size of these alkali and divalent ions could 


tense local heating, radiate from the copper wall, not be the only factor influencing the electronic 


perturbation or transition responsible for the absorp- 
tion spectra. 

In the process of fundamental research on the effect 
upon. physical properties of the inclusion of rare. 


earths in glasses, we have examined, on a preliminary - 


basis, the absorption spectra of a phosphate glass 


- containing varying concentrations of the rare earths. 


The glass was ‘Corning 4600’, containing : POs 
TT- G; Foz, 2: §2; B,0;, 8. 26 ; Hi CaO, 5- 07; es 
ALO, 3-98; MgO, 0 ‘Ol. 







As shown in the accompanying: spectrograph — 
(Fig. 1), it is evident that, in the phosphate en ny 


bee the a § 576 and 522-m 





__ -praseod: 1 
length and, while the 440-mp complex also shows _ 
evidence of shift and dissection, both bands are 
- decreased. in intensity. Loci and density are com- Se | 

-pared in both instances with aqueous solutions of the _ 
= game concentration of rare-earth ion. By analogy with | 
known effects of complex formation upon lanthanon — 

2 absorpti ion spectra. it may be considered, therefore, | 











Pr glass 


Pr soluti 


of complexed ions of the type [Ln(PO*),]y". 


comparative evidence correlating band-shift and 


dissection with thermodynamic stability of complexes 


suggests that the spectrophotographic data nöw — 
in the | * Weyl, W. A., 
formed. 
Application of the simple de Broglie-Schrédinger — 
equation to the wave-length shifts found show. 
the praseodymium and neodymium complexes. to: o 


differ by some 4-55 x 10-5 volts in thermodynamic | 


obtained indicate appreciable difference 
stabilities of the phosphate complexes 


ft o longer ae deaciha, The — Office of Scientific Research of the Air Research an 
um 480. -më band shifts to a lower wave- ee 
3 T PERS: 


e o Moeller, Te, Rees Chem. Pron.. 4, 69: (1953). 

-bhat in phosphate. glasses evidence is obtained | 
indicating the possible existence in this environment = 
Primary _ S 
+ Norton, F. H., and Shaw, D. T. H., J. Phys. Chem., 35, 3480 asno, 
os ‘Wiedert, BZ. wiss. Photog:, S1, 254 (1921-22). 


Marsh J! K., J. Chem: Soc., 854 (1939). 















ee the wider field of rare-car 
phosphate complexes genera 
but any further observation: 
* cannot be expected to be ava, 
“able for some time. This ci 
munication is therefore pr 
sented for the immediate inter 
cof workers in this and al 
fields. : 
This investigation was su : 
ported by the United States Air . 
Foree through the Air For 
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stability, and it is significant that, where phosphate a 


complexes. have been employed in 


midges 


rare-earths 
= separation, appreciable separation factors have been , 
=o obtained®.. ae 
The lanthanons are known to function as network , 4 a 
— modifiers i in phosphate glasses’, that is, the. lanthanon C7, oxygen. ion has been calculated in A.’ or 10t em. 
jong are enclosed in PO, tetrahedra, but do not play ¢ ULUS, 

-any part in the development or breaking of oxygen o 


ee lex formation would suggest, there: . between v and R, which is the number of oxygen ions a ; 


-o por network- forming atom, : 





with R between 2-051 and 3-053 with a maxin 


(maximal error 0-7 per oot 


Structure and Density of Glass | 
Fron the chemical composition and density of- 





ge voral hundred glasses! the volume v associated with — 


ae volume amounts in simple glass-forming 
Ë 18, SiO., B.Qs, P,O;,, to 21:1-22-7 ASi 
 8i10;-B.0; mixed glasses show a linear relation 









Ao terai ui 
oe eave 










3-8 R + 15-25 


olds with a ea error of 0-3 per cent. 
Sodium silicate glasses yield the equation 


v= 3-8 R + 14-9 


















rror of 0-65 per cent. 
F or potassium silicate glasses 










Similar equation 
ave ‘been. doan for calcium. AEAU and. stront i 






















we introduce anothe 
ample, Bed, ALO ay. in 
mation (4) remains valid, 
sing modified to a small. o 
asses ens alumina 








and for those pe A i 
| | = 3-8R + 14-6 


The equation for en silicate glasses contair 
boron trioxide is somewhat more complici 
‘Three-component glasses containi 
ars such as CaO, MgO, ote., are conti acted. by i ions of 
naler size and higher charge and this can be 
scounted for in a simple way. If we ‘denote 
umber of moles present in 100 gm. of: ‘glass of a ne 
ork-modifying oxide by Mg*, Ca*, ete., then the 
ntraction brought about by them is ‘proportion 
to Mg*, Ca*, ete. For Soa Hms glasses 
v= 8-8 R — 5 Ca*® + 14-9 
Or di oxide glasses T 
= 8-8 R — 0-5 Ba* pIo 
and so forth. "Te the glass contains: alsi mina 
must be considered- when — calonlating Re The; 
maximal error is 0-9 per cont. o E: e 
. The case of three-component glasses derived fom 
potassium silicate is similar, only the coefficients of | 
Ca*, etc., being different. For potash lime gineann » an eed 
Eeuation derived from (4) fe ee 
; v = 12 R — 12 Ca* — 1-1 


: ‘ í ers eee “Tie. J, Sand waves on La Chapelle Bank owing their abrupt 
i holds with a maximal error of l-l por. cont, Similar termination at the edge of the continental shelf. Section is 
equations have been found for... potassium. glasses “approximately normal to the crests. The slopes are distorted 


: containing other network- modifying oxides. oe Sere by the curvature and exaggeration of the depth seale 


Calculations for four- component glasses are being >- The crests have an average height of about 25 ft., 

made with good results and it i8 propo aged to extend 40 ft. being the maximum value observed. ‘The mean. 
them for five- and multi-component silicate, borate - separation. of the crests was about 2,800 ft., although 
and other glasses. there was considerable variation. The survey cone o. 
This makes it possible to calculate the densiti ies. of sisted: of seven lines arranged in a star-like pattert 
glasses from the composition with an accuracy much __ over the ridges. From the differences in the apparen 
- greater than the equations proposed earlie s of differ 


separation of the crests, on sounding line 
Standard errors of the above equations are o ntation, it was possible to derive ° 
much smaller than maximal errors. a iin yas | 









































































































gene pee akon from @ Has: 
| vy conical: 1 dvedae, showed that's 
rel were the. chief com 








dX] ands. ‘Our a show thst ‘ie faites 
j ear, therefore each ‘molecule’ of NaO- expan 
anetwork by the same , amount, out the 































Bron idges i 
water. Their resence p ane that the tidal. streams Se 
La Chapelle Bank, even at 90 fathoms, ar | 


+ ough to transport sand and gravel along 
fforent for ae ae ‘and potasifiien Dassen ee 











From a study of the slight asymmetry. of gfe ofiles 


Factor for sodium glasses Factor for potassium glasses Of the ridges it was inferred that there must be a neto 















5 13 westward transport of sediment. The abrupt western — 
5 12 limit of the ridges at the edge of the shelf may mean 
a 2 that the material, once it reaches the top 1e 
10 ee - continental slope, is carried away (perhaps Perios 3 
10 oe ally) into deeper water. 
A detailed account of this work is to appear in ` We shall be pleased to hear of ‘other places ae 
eta Physica, Budapest. : such feate ures occur, since we hope to make | a more 








Hungarian, Acndensy ‘of Science, foe 
| Budapest. 
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| | Absorption _— m of the 





PIE he ‘vapour ‘pressure. The wae, 
concentration of ‘OBr will be gr eatest for mar Pe 












CaCl, and "CBr The radical R. formed 
oxygen in the formation of ROO- i 


ch ; e bond is weakened to & n oa the 
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“B60 4 30°70 net cb “aed ham $s6cm? | provided in his laboratory, and to the management 
0 Bb Le) em. | mediam” | B07 ene of bhe Koninklijke/Shell-Laboratorium, Amsterdam 
3138 | a 1870 ne a | medium 325 omii -for the opportunity given to me to undertake this 
O05: 32,2 oni.” wea. SOME ES enon. Os 
3070 32,575 cm.-! | weak 370 cmb | : 
3041 32'885 em? | weak BLO ent | A, P. ZEELENBERG* | 
3015 83,165 cm." | weak 280 em ii 
2990 33,445 cm. | weak 280 em"? _ Department of Physical Chemistry, 





Meema e _ University of Cambridge. 
* Fairly sharp limit on the short wave-length side, Brey ey ee 
x * Present address: : Coninklijke/Shell-Laboratorium, Amsterdam, 


It is surprising that this band system has never : Sori a as oe “A200, 254 (1050). 
«been observed during explosions sensitized by me Coleman and Gaydon, Disc, Farad. Soc., 2, 166 (1947). 









. flash-photolysis of bromine. In an investigation on 
= the emission spectrum of flames to which bromine — 

or methyl bromide had been added, Coleman and 
Gaydon? observed some unidentified faint bands. 
‘hey mention that the strongest heads appear to be 
333 and 3384 A. These wave-lengths. coincide 

W ahs fee P bands given in. a Table 1 : 






A of Nuclear irradiation upon the 
po mporn of Lead Styphnate 
Monohydrate 


otaa: decomposition of lead styphnate ORES 
sto has been re-investigated prior to a 
the effects of gamma-ray and reactor 
tion upon. the decomposition. The two 
is studies? of this decomposition gave quite 
nt results.. x 

composition apparatus similar to thos 
ed by other workers? was used. Lead stypl 
nohydrate was found to decompose rep 
the range found by the other investigato 
~228° ©. Because of this small range 
vailable it was controlled to 0-1° ©- 
Lion curves of the present study fe 
ee By Gamer = ar ie 























































Breese ae radical OBr h: 
the absorbing species although it is realized. that 3 no 
a eke proof has been given. we 
The assignment of the spectrum to OBr alo gives 
an explanation for the diffusenoss of the bands, sin 






























od. | ial gas. ‘evolution. i in lead. paren 
hydrate corresponded to about 1 per cent o 
o total gas evolved ; this phase was followed by. 
ear region which developed into a parab 
acceleratory period. ‘The inflexion poir espon 
to 29 per cent reaction and was followed by a fir 
£ e gd Keni ‘Rate. ponstants: for 









nd ‘thus easily ‘dissociated. Prodisscei 
he high energy-level of the upper state re 

robable. The fact that no absorption spectrum was 
bsorved when ee was flashed in the. Pen 
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- Po was close to the pressure at the end of the linear 
period and was determined exactly by the method 
described by Garner et al.*. The activation energy 
for k!li? was 36:0 kcal./mol.; this is close to the 
value of 33 keal./mol. determined by Tompkins and 
Young?. Many of the present results were similar 
to those of Tompkins and Young, that is, the general 
shape of the curves, the location of the inflexion 
point, the nature of the acceleratory period and its 
activation energy. However, the initial small gas 
evolution and linear period were absent in their 
curves. This discrepancy may be due to the small 
size of the crystals used in the present work; the 
average particle size was 7°71. 

A series of cobalt-60 gamma irradiations (25° C.) 
up to 1:8 x 108 r. did not significantly alter the 
subsequent thermal decomposition curves. Noeglig- 
ible gas was evolved during an irradiation of 3 x 107r.; 
this agrees with a recent finding‘, namely, the total 
gas evolved from lead styphnate monohydrate was 
1/50 that of lead azide after a 3 x 107 r. room tem- 
perature irradiation from the 0-41 MeV. gamma-rays 
of gold-198. The stability of lead styphnate mono- 
hydrate towards ionizing radiation as reflected in its 
subsequent thermal decomposition curves is in 
marked contrast to lead azide; Groocock® has found 
that X-ray doses of 10? r. double the maximum 
decomposition-rate of «-lead azide. He also 
found that smaller doses altered the decomposition- 
rates. 

Reactor irradiation greatly affected the subsequent 
decomposition curves (Fig. 1). Small samples of 
lead styphnate monohydrate were irradiated in a 
water-cooled hole of the Brookhaven National 
Laboratory reactor. Negligible difference was found 
in the decomposition curves of samples irradiated 
in vacuo and in air; consequently most samples were 
irradiated in air. A sample-decomposed 8 days after 
irradiation gave a decomposition curve nearly identical 
with one stored for 49 days and then decomposed ; 
this indicates that the radiation damage which affected 
the decomposition curves was not removed by 
storage at room temperature. Negligible decompost- 
tion occurred during irradiation ; less than 1 micron 
of gas (Fig. 1) was evolved during irradiation of the 
sample used for curve C. 

The maximum rate of decomposition for the longest 
irradiation period (curve A, Fig. 1) is nearly three 
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Fig. 1. The thermal decomposition curves of reactor-Irradiated 
lead styphnate monohydrate (222°b° C.) 
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times that of the unirradiated sample. It is of 
interest that the maximum decomposition-rate of 
irradiated samples which did not detonate or show 
evidence of self-heating was almost twice that of an 
unirradiated decomposition which showed no ten- 
dency to self-heat or detonate. The irradiated 
material is decomposing at a large number of evenly 
distributed sites formed from fast-particle damage 
in the crystal; the unirradiated decomposition is 
proceeding at a smaller number of more localized 
regions, for example, cracks, grain boundaries, and 
other imperfections. Evidently at a given overall 
reaction-rate the probability of detonation or self- 
heating is much greater in the latter case. 

Further details of this work will appear elsewhere. 
This work was done at Brookhaven National Labora- 
tory and was supported jointly by the U.S. Atomic 
Energy Commission and Picatinny Arsenal. I am 
indebted to Drs. P. W. Levy and J. V. R. Kaufman 
for their advice and interest. 


Teb B. FLANAGAN 


Explosives Research Section, 
Samuel Feltman Ammunition Laboratory, 
Picatinny Arsenal, i 
Dover, New Jersey. 
Oct. 16. 
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Isomerism among Binuclear Thiocyanato- 
bridged Complexes 


WE earlier described! two isomeric platinous com- 
plexes of the general formula (PPr”;),Pt,(SCN).Cl., 
which we designated « (melting point, 144-152°C.) 
and B (melting point, 173-174-5° C.). These were 
shown to have trans-symmetrical structures of 
type (I), where A, B, C and D represent the thio- 
cyanato- and chloro-groups. 

Later, an examination of their infra-red spectra? 
showed that the SCN groups were in bridging positions 
in both isomers, and hence that both isomers had 
formula (I) with 4 = C = SCN and B=D =l. 
It was then suggested that the isomerism must be 
geometrical and depended upon whether the SCN 
groups were in & cis or trans relationship to each 
other about the PtS,Pt ring in a molecule of structure 
(II). This seemed probable because it had always 
been assumed that the SCN group bridges only 
through the sulphur atom in platinum(I) and 
palladium(II) complexes, and because the difference 
between the frequencies of the SCN stretching 
modes of vibration in the two isomers is only 
7 cem., 

The possibility that our isomers might be struc- 
tural, depending upon the structural arrangement of 
the SCN groups in the bridge as in formuls (Il) and 
(IIT), or geometrical as in (ITI) and (IV) also arose 
however, together with other less probable pos- 
sibilities. . 

Recently, Lindqvist? has found that silver thio- 
cyanate consists of infinite chains of structure 

-Ag—S—C=N-—>Ag—S—C=N—Ag::-, in which 
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the thiocyanate bridge is formed through both the 
sulphur and nitrogen atoms. We have therefore 
examined its infra-red spectrum and find that the 
SCN stretching vibration frequency (2,149 cm.-?) is 
closely similar to those observed in our isomers 
(x, 2,162 cm.-!; B, 2,169 cm.-1). This supports the 
possibility: of bridging by Pt—S—C=N-—Pt in our 
isomers, and if they have structures (II) and (III) 
we might expect (ILI) to be the unstable «-isomer. 

We have now examined the structure of the a- 
isomer by X-rays and do indeed find that it has 
structure (III). Until we know the structure of the 
B-isomer, which is now under investigation, the exact 
nature of the isomerism is uncertain, but it is not 
a geometrical isomerism of the type previously 
proposed?. 

We have sought this type of isomerism in other 
similar complexes and find that the tetrathiocyanate 
(I; A=B=C=D=SCN) also exists in two isomeric 
forms. In this case the unstable form is too labile 
to be isolated in a pure condition. 

Full details will be published elsewhere. 


J. CHATT 

L.-A. DUNCANSON 
F. A. HART 

P. G. OWSTON 


Imperial Chemical Industries Limited, 
l Akers Research Laboratories, 
The Frythe, 
Welwyn, Herts. 
Oct. 11. 
1 Chatt, J., and Hart, F. A., Nature, 169, 673 (1952). 
 Chatt, J., and Duncanson, L. A., Nature, 178, 997 (1956). 
3 Lindqvist, I., Acta Cryst., 10, 29 (1957). 


A New Superstructure in Gamma-Ferric 
i Oxide 


Sınce 1935 it has been generally accepted that 
gamma-ferric oxide has the structure of magnetite 
(spinel structure) with cation vacancies’. The 
vacancies were assumed to be randomly distributed 
on all octahedral iron sites of magnetite. Magnetite 
contains 8 molecules of Fe,0O, in the face-centred 
cubic unit cell and has the space group F'd3m. 
Gamma-ferric oxide contains 10% molecules of Fe,0, 
in the unit cell. Due to the occurrence of a number 
of extra reflexions in the X-ray diagram of gamma- 
ferric oxide also occurring in the diagram of ordered 
lithium ferrite Fe,[Li,Fe,.JO3., and to the fact that 
the material he used contained some water, P. B. 
Braun? of this Laboratory suggested that in these 
gamma-ferric oxide specimens the same super- 
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structure occurs as in ordered lithium ferrite. The 
ideal composition for ordering would be 
Fe,[H,Fe,.]O 52. For compositions between 
Fo, [H,Fo12]Os: and Fol (Fer; C22) Fe12]Og2 the same 
superstructure reflexions were observed. (The square 
brackets [ ] denote the cations on octahedral sites, 
the ordinary brackets ( ) those on the Li-sites in 
ordered LikFe,O i -) 

If the 14 Fe-atoms and the 2% -vacancies are 
randomly distributed on the positions of the four 
lithium atoms in ordered lithium ferrite the space 
group of gamma-ferric oxide would be the same as 
that of ordered lithium ferrite, namely, P4,3 (or P4,3). 
This is a sub-group of F'd3m. The extra reflexions 
found by Braun are compatible with a primitive 
cubic unit cell, but not with the face-centred cubic 
cell of spinel. 

In the X-ray diagrams of a number of commercial 
samples of gammea-ferric oxide of different origin 
and in the diagrams of a number of our own prepara- 
tions we have found a faint reflexion between 
Lh? = 6and Sh? = 8. In order to be certain that this 
reflexion is not caused by an impurity we prepared? 
gamma-ferric oxide by decomposing very pure ferrous 


‘oxalate dihydrate in an atmosphere of steam and. 


nitrogen followed by oxidation with a mixture of 
nitrogen and air at 250° C. The water content is less 
than one-half weight per cent. 

In the X-ray diagram made of this material on a 
‘Norelco’ diffractometer with cobalt Ka radiation, 
even the strongest reflexion of alpha-iron oxide could 
not be detected. Beside the superstructure reflexions 
found by Braun, the reflexion between Xh? = 6 and 
uh? = 8 mentioned above and fourteen others 
between 12° and 46° (20) have been found. 

It has been possible to assign indices to all the 
reflexions using a tetragonal unit cell having c/a = 3 
and a, = 8:33 A. Absence of the reflexions 00/ with 
l Æ 4n points to a fourfold screw axis with! a 
translation of 4 c. There are no indications of a 
non-primitive unit cell. 

On the assumption that the structure is still 
practically that of spinel, the new unit cell must 
contain 32 molecules of Fe,0;, and the space group 
is P4, (or P4,). This is a subgroup of P4,3. 

The position of the 3 x 14 = 4 iron atoms and the 
3 x 22 = 8 vacancies distributed on the 3 x 4 = 12 
lithium sites is determined by the fourfold screw axis. 
(Iron at 4a: x,y,z; VY +25 Y, +Z; Yx} 
+2.) A verification of the proposed structure, by 
calculation of the intensities is in progress and will 
be published in detail. 

In the course of the present work a paper by 
R. Collongues came to our attention‘. 
number of superstructure lines compatible with a 
tetragonal unit cell with c/a = 2. The discrepancy 
between his and our results is due to the fact that 
he has observed a smaller number of extra reflexions 
and because his samples contain alpha-ferric oxide. 


G. W. VAN OOSTERHOUT 
C. J. M. ROOIJMANS 


Philips Research Laboratories, 
N.V. Philips’ Glosulampenfabrieken, 
Eindhoven. 

June 28. 
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Mineralogy and Crystal Structure of 
Greenalite 


GREENALITE, & hydrous ferrous silicate, was first 
described in detail by Leith!; heavy contamination 
by other constituents of the iron-ore in which it 
occurred made analysis difficult. Discrepancies 
between analyses of the mineral by Leith and by 
Jolliffe? were ascribed by Gruner? to different methods 
of correcting for insoluble silica. Gruner found the 
X-ray pattern to be very similar to that of chrysotile, 


but different from chlorite, micas and chamosite.~ 


Gruner ascribed to greenalite a unit cell similar to 
chrysotile, although he found it impossible to tell 
whether the @-angle differed from that of chrysotile, 
93° 16’. Gruner’s analysis corresponded to a struc- 
tural formula of Fe?+,.,Fe + ,.9(81,0;9)(OH),. 

Recent research’? on chamosite from sedimentary 
ironstones, also a hydrous ferrous silicate, has shown 
it to be a member of the kaolin—antigorite group with 
an orthohexagonal unit cell, and layers stacked in an 
orthohexagonal, monoclinic or disordered sequence. 
Since greenalite and chamosite were similar in 
composition, Gruner’s finding that their X-ray 
patterns differed was unexpected, and a re-examina- 
tion of greenalite was made with a Brindley powder 
camera. The greenalite diagram closely resembled 
chamosite, much more so than chrysotile. Con- 
taminants gave sharp lines, while the greenalite gave 
broader lines which were due to the principal ortho- 
hexagonal indices. In particular, the clarity of the 
202 series showed that, unlike many chamosites®, 
greenalite has little or no a-disorder. No monoclinic 
form was observed. 

In comparing cell dimensions, the a, and cy values 
for chrysotile have been transposed, but the double 
by, and c, dimensions have not been altered (Table 1). 






Table 1 

Ironstone 
Chrysotile | Greenalite | Greenalite | Lateritic | chamosite 
(Gruner) | (Gruner) (present |chamosite | (Brindley 
work) (Brindley) | and Youell) 
5 82 540 kX. 
18-6 9-36 KX. 
14:5 14-5 7:10 KX. 

93° 16’ | ? 93° 18’ 90° 


The hydrous ferrous silicates vary consideràbly in 
chemical composition, giving rise to differences in 
unit cell dimensions even among specimens of the 
same mineral. Two factors are important in com- 
paring the unit cells of greenalite and chamosite. 
Greenalite has very little replacement of tetrahedral 
Si by Al, compared with chamosite. This factor by 
itself would produce a reduction of a, and by, by the 
same fraction, and a c, increase of about twice this 
fraction. The octahedral sites in the greenalite 
structure are nearly all filled by the large ferrous ion, 
whereas in chamosite appreciable substitution by the 
smaller Al ion occurs. Greenalite would be expected 
to have larger values of a>, bo and cy due to this 
factor, with the effect about four times as great for 
a, and 6, as for c,. Combination of these two factors 
in greenalite produces a structure in which all para- 
meters are greater than in chamosite, the increase 
being 3 per cent for a, and b, and 2-3 per cent for cp. 

Greenalite oxidizes and becomes dehydrated to a 
high-temperature ferric form, but this is nct so well 
defined as in chamosite. The oxidized and sometimes 
partially leached form of chamosite occurs extensively 
in weathered sedimentary ironstones. It seems 
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likely that a similar phenomenon occurs with green- 
alite in the field, giving rise to Jolliffe’s ‘Mineral X’. 
Despite the similarity of the two minerals, greenalite 
is virtually free from alumina, whereas in most 
chamosites, the ratio Al/Si is very nearly 1. In view 
of the differences in environment and deposition of 
greenalite and chamosite, resemblance in all respects 
would not be expected. In both cases, however, the 
low iron content of the hydrous silicates relative to 
iron oxides and siderite, and the high silica content, 
render rocks containing a high proportion of these 
minerals unworkable as iron ores, and intractable to 
beneficiation processes based on physical methods. 

A full account of this work will be published later. 


R. STEADMAN 
Department of Physics, 
Huddersfield Technical College, 
R. F. Your. 
X-Ray Laboratories, 
Department of Physics, 
University of Leeds. 
1 Leith, C. K., U.S. Geol. Survey, Mon. 43, 101 (1903). 
3 Jolliffe, F., Amer. Min., 20, 405 (1935). 
3 Gruner, J. W., Amer. Min., 21, 449 (1936). 
‘ Brindley, G. W., Min. Mag., 29, 502 (1951). 
5 Brindley, G. W., and Youell, R. F., Min. Mag., 30, 57 (1953). 
e Youell, R. F., Nature, 176, 560 (1955). 


Rapid Sedimentation of Proteins through 
Starch 


PACKED potato starch, which has been widely used 
for zone electrophoresis, offers certain advantages 
when employed as a supporting medium in the 
ultracentrifuge. Boundaries are stabilized, making 
recovery of fractions easier, and the proteins thus far . 
studied sediment at least twice as rapidly in starch 
as in free solution. This has been shown in experi- 
ments with rat hemoglobin (1 per cent) or bovine 
serum albumin (1—5 per cent) stained with bromphenol 
blue centrifuged in starch and in free solution under 
identical conditions. Centrifugation was done in the 
‘Spinco’ Model L centrifuge by use of an SW 391 
swinging-bucket rotor at approximately 20°. A 
0-1 ionic strength pH 7-5 phosphate-sodium chloride 
buffer was used in each instance. The ‘Lusteroid’ 
centrifuge tubes were completely filled with a slurry 
of starch—protein mixture and accelerated briefly to 
20,000 r.pm. After deceleration, excess fluid was 
removed and more starch slurry added. The packing 
procedure was repeated a second time and excess 
fluid again removed. It is important that the starch 
suspensions be freshly made, since part of the starch 
appears to dissolve slowly with time, destroying the 
effect observed here. 

In the experiment shown in Fig. 1, tube @ was 
filed with 5 per cent bovine serum albumin and 
tube b with 5 per cent stained bovine serum albumin 
in starch. After 5 hr. at 37,000 r.p.m., the rotor was 
decelerated without braking and the tubes gently 
removed. The distance the protein sedimented in 
free solution was measured by a method previously 
described! ; the sedimentation distance in starch was 
estimated visually. Comparison of tubes a and b 
reveals that the protein moves through starch with 
a fairly well resolved trailing edge at about twice 
the rate observed in free solution. Tubes c and d 
contain uncentrifuged stained bovine serum albumin 
in starch and starch in buffer for comparison with 
tube b. No colour was observed in the upper fourth 
of tube b. Sectioning of the tube showed that the 





Fig. 1. 


‘Lustcroid’ centrifuge tubes containing (a) 5 per cent 
albumin sedimented 5 hr. at 38,000 r.p.m.; (b) 5 per cent stained 


albumin in packed starch after 5 hr. at 38,000 r.p.m.; (e) 5 per 

- cent stained albumin in starch after brief centrifugal packing ; 

(d) starch in buffer for comparison with upper portion of tube 0 ; 

(e and f) 5 per cent albumin centrifuged 6 hr. at 37,000 r.p.m. 

Presence of stain in tube e does not change sedimentation-rate 
appreciably. Tube g contains water 


sedimentation was not confined to the edges. Stain- 
ing the bovine serum albumin does not alter its 
sedimentation noticeably, as is shown in a separate 
experiment (tubes e and f). Further refinements will 
be required: for more accurate measurements, since, 
in these observations, the effect of reversible packing 
of the starch during centrifugation could not be 
measured and has been neglected. One effect of such 
packing would be to increase the distance the boun- 
dary must sediment through free solution before 
entering the-starch. This could decrease the sedi- 
mentation-rate observed because of slower sedimen- 
tation in free solution, or could increase the observed 
rate because fluid expressed from the starch during 
, centrifugation: would fill a greater length of the tube 
while in starch than when overlaying it. We checked 
the latter point by sedimenting the protein all the 
way to the bottom. The results confirm the find- 
ing of @ more rapid sedimentation-rate in starch 
by at least a factor of 2. Experiments are now in 
progress: to adapt the analytical ultracentrifuge 
cell to the solution of the problem of reversible 
packing. 

The presence of the starch granules might be 
expected to decrease the sedimentation-rate by 
increasing the length of the path the protein must 
travel and by interacting weakly with it. The oppo- 
site effect observed (an increase in sedimentation-rate) 
is believed to be caused by the presence of @ local 
increase in protein concentration on the centripetal 
side of the starch grains caused by collision of the 
sedimenting protein molecules with the starch 
particles. Since the average velocity caused by 
Brownian movement of the proteins studied here 
(and actually up to a molecular weight of several 
million) exceeds the sedimentation velocity obtain- 
able in the ‘Spinco’ Model L ultracentrifuge, the 
protein molecules would not be held firmly against 
the starch, but would form small zones or caps of 
slightly higher concentration. These zones would 
tend to decant off the starch grains and flow or 
stream down between them until collision with 


another starch grain or randomization by diffusion: 


occurred. Flow of this type may be termed ‘micro- 
decantation’. The experiments reported were origin- 
ally carried out to see whether such flow could he 
exploited. Microdecantation offers a number of 
rather unusual possibilities, since it appears that an 
optimum particle-size exists the sedimentation-rate of 
which in starch will be faster than those of either larger 
or smaller particles. : The application of these findings 


‘along the chest wall. 
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to equilibrium centrifugation, to continuous prepara- 
tive ultracentrifugation, and to the sedimentation of 
larger molecules such as deoxyribonucleic acid will be 
discussed elsewhere. 


N. G. ANDERSON 


- Biology Division, 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 


1 Anderson, N. G., Biochim. Biophys. Acta, 25, 428 (1957). 


The Anionic Polyelectrolyte, Polyethylene 
Sulphonate, as a New Anti-neoplastic 
Agent 


HEPARIN and related sulphomucopolysaccharides 
have been recognized as mitotic imhibitors for many 
years. Although heparin has been shown to inhibit 
cell division in many biological systems, including 
animal tumours!.’, its anticoagulant activity dimin- 
ishes the likelihood of its producing anti-neoplastic 
activity in man at safe dose-levels. 

The pharmacological properties of several potential 
substitutes for heparin have been explored in man. 
Alopecia, ulceration of the gastro-intestinal tract, and 
finger-nail alteration observed as toxic manifestations 
in some patients who received these compounds may 
have been evidence of antimitotic effects on normal 
rapidly growing epithelium®. Screening studies of 
anti-neoplastic activity of several of these anionic 
polyelectrolytes, originally synthesized as heparin sub- 
stitutes for their anticoagulant or lipolytic activity 
in vivo, have been undertaken in this Institute. 

This communication concerns the polyethylene 
sulphonates (provided through the courtesy of the 
Upjohn Company, Kalamazoo, Michigan), sodium 
salts of polymers of ethylene-sulphonic acid. For 
equivalent anticoagulant activity, many of the poly- 
mers of polyethylene sulphonate have greater lipolytic 
activity than heparin (Coleman, L. L., personal com- 
munication). These same polymers, active in lipo- 
lysis, have been shown in our work to produce 
substantial suppression of growth in mouse tumours. 
Several such polymers with molecular weights ranging 
between 15,000 and 35,000 have the same anti-neo- 
plastic activities, and are considered here as one 
compound. 

Ehrlich ascites tumour clone 2 and Krebs 2 car- 
cinoma in ascitic form have been maintained and 
studied in Swiss mice. Uniform saline suspensions of 
ascites tumours were transplanted subcutaneously 
Leukemias L 1210, and strains 
of L 5178, sensitive and resistant to amethopterin, 
were maintained in dba 2 mice in ascites form and 
transplanted subcutaneously. Carcinoma 755 in C 57 
black mice and sarcoma 180 in Swiss mice were main- 
tained and transplanted as solid tumours. Tumour 
transplantation into mice of one sex was performed ; 
the mice were then allocated 3—5 to a cage at random. 
Treatment began one day after tumour inoculation, - 
except with Ca 755, where there was an interval of 
seven days after inoculation. Solutions of polyethyl- 
ene sulphonate, maintained in the frozen state until 
use, were injected in 0'5 cm.* saline into the dorsal 
subcutaneous tissue. Volume of injected material 
and distance from tumour site were such that local 
effect of the drug from high concentration in the 
vicinity of the tumour transplant was improbable. 
Subcutaneous tumours were excised and weighed one 
day after termination of drug treatment, on the 
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Table 11 








Tumour Mouse strain —_ um —— ———— 
Percentage inhibition tumour weight* Percentage inhibition tumour weight* 
No. of _ Range Average of all No. of Average of all 
experiments Min Tax. experiments | experiments Min. experiments 
Ca 755t¢ O 57 B1 1 — — 55 1 
L 1210 dba 2 3 9 57 36 1 
S 180 Swiss 3 47 59 53 3 
L 51-78R dba 2 3 40 62 50 — 
L 61788 dba 2 > 3 26 58 47 — 
Krebs 2 Swiss 4 4 59 26 5 
Ehrlich 2 Swics 10 —6 54 27 17 
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PERCENTAGE INHIBITION OF SUBCUTANEOUS TUMOURS BY POLYETHYLENE SULPHONATE ADMINISTERED SUBCUTANEOUSLY 









200 mgm. jkem. once daily 













* Percentage inhibition = (control weight — treated weight)/control weight x 100 
+ Ca 755—Treatment began seven days after tumour inoculation 


sixth or eighth day. ‘Treated and control groups 
numbered 10-20 mice. Sex of the host was appsrently 
not a factor influencing response to administration 
of the drug. 

A total of sixty-two consecutive experiments using 
polyethylene sulphonate at dose-levels of 100- 
200 mgm./kgm./day in one subcutaneous injection 
were performed. Eight of these were considered 
unsuitable for analysis because of deaths from 
hemorrhage in excess of 33 per cent. The degree of 
observed inhibition in these eight experiments, 
however, was comparable with the other fifty-four. 
The results of the remaining fifty-four experiments 
are shown in Table 1. The overall survival-rate for 
controls was 98 per cent and for treated mice 88 per 
cent (range 67-100 per cent). In forty-eight of the 
fifty-four experiments average loss in weight of 
treated animals did not exceed 10 per cent of their 
initial weight. Intraperitoneal injection of poly- 
ethylene sulphonate produced inhibition of tumours 
of similar extent to subcutaneous administration, but 
at greater cost in toxicity. The inhibition of Krebs 2 
and Ehrlich 2 tumours, although moderate, is highly 
significant on statistical analysis. The observed 
suppression of growth in the other five tumours is 
substantially greater. Increasé of dose to 200 mgm./ 
kgm. inhibited growth more than treatment at 
100 mgm./kgm. in all tumours studied, although 
usually at greater cost in toxicity (93 per cent survival 
at 100 mgm./kgm./day versus 83 per cent survival 
for 200 mgm./kgm./day). Further increase in dosage 
caused greater tumour inhibition, but the greater 
mortality from hemorrhage was prohibitive. 

The anti-neoplastic effect of polyethylene sulphon- 
ate can be recognized without encountering anti- 
coagulant properties of the compound. In’ fifteen of 
the fifty-four experiments in Table 1, inhibition of 
tumour growth up to 50 per cent (average 33 per cent) 
was seen without hemorrhagic deaths. 

Survival studies involving Krebs 2 tumour in the 
ascites form were considerably foreshortened by 
intraperitoneal hzmorrhage from drug toxicity. 
Studies of combinations of polyethylene sulphonate 
with protamine, and with other polycations which can 
reverse the anticoagulant properties of the drug, are 
in progress. 

At equivalent weights of drug simne, 
polyethylene sulphonate produces tumour inhibition 
of greater degree with less toxicity than does heparin 
in unpublished studies of our own. In addition to 
inhibition of tumour growth, anticoagulant effect and 
lipolysis, polyethylene sulphonate has also been 
shown to share certain physiological properties with 
heparin: the production of diastolic cardiac arrest in 


isolated frog-heart preparations, reversible by cal- 
clum, production of bone disease resembling osteo- 
porosis and gastro-intestinal ulceration on chronic 
administration (Coleman, L. L., personal communica- 
tion). Studies could reasonably be extended by 
others to establish whether: polyethylene sulphonate 
shares other characteristics of heparin: diminishing 
the activities of hyaluronidase’, fumarase’, ribo- 
nuclease*, deoxyribonuclease I*, and antagonism 
by adenosine triphosphate in several biological 
systems”. Polyethylene sulphonate and heparin in 
low concentrations have already been shown to inhibit 
deoxyribonuclease IT of human leukæmic leucocytes 
and mouse tumours (Tunis, M., Regelson, W., Wein- 
feld, H., and Sandberg, A., unpublished work). 

Pathological study of treated mice, aside from 
hemorrhages, showed only reticuloendothelial hyper- 
plasia in the spleens of animals which received the 
polymers of polyethylene sulphonate with higher mole- 
cular weights. There are no apparent histological 
differences between treated and non-treated tumours 
as seen with hematoxylin-eosin or Sudan III 
staining. 

We have observed that polyethylene sulphonate, a 
polymer with many chemical and physiological 
properties similar to heparin, has produced inhibition 
of growth in seven transplanted mouse tumours. 
This activity- can be separated from the lethal 
anticoagulant effects of the compound by adjustment 
of dose. Exploration of the possible anti-neoplastic 
activity of other anionic polyelectrolytes has begun 
in this Institute, and is indicative of a new class of 
anti-neoplastic agents. 

This investigation was supported in part by & 
research grant, C—2821, from the National Cancer 
Institute, National Institutes of Health, Public 
Health Service. 

WILLIAM REGELSON 
JAMES F. HOLLAND 


Medicine A Department, 
Roswell Park Memorial Institute, 
Buffalo 3, New York. 

Sept. 20. 


1 Fischer, A., Arch. Path. Anat., 279, 94 (1931). Gperner, À., J. Lab. 
and Clin. Med., 18, 369 (1931 . Zakrzewski, ull. Internat. 
Acad. Polonaise Sci. et Lett., Cl. de Med., 239 188), Heilbrunn, 
L. V., and Wilson, W. L., Proe. Soc. Exp. Biol. and Med., 179 
(1949). Balazs, A., and ‘Holmgren, H.J., ibid. ry 142 Paay 

? Runnstrom, J., and Krizat, Sa Exp. Celi. Res., 1, 497 (1950). 

3 Hirschboeck, J. S., Madi F. W., and Pisciotta, A. V., Amer, 
J. Med. Sci., 227, 279 (1854). 

1 Myers, K.. Physiol. Rev., 27, 344 (1947). 

ë Fischer, A., Enzymologia, I, 3, 180 (1937). 

*Roth, J. S., Arch. Biochem. Biophys. K444, 266 (1953). 

7 Fischer, A., and Schmitz, A., Biochem. Z., a 61 eee McIntyre, 
A. P., and Braverman, L; Fed. Prot., , 158 (1947). 


48 


a-Aminoisobutyric Acid, §-Hydroxyleucine, 
and y-Methylproline from the Hydrolysis 
of a Natural Product 


We have been examining the structure of an 
antibiotic supplied to us by the Pharmaceuticals 
Division of I.C.I., Ltd. ; but the work has now had 
to be suspended for lack of material. As there will 
be a considerable delay before it can be resumed, 
some of the results, which may have a wider interest, 
are recorded here. 

The antibiotic (I.C.I. No. 13959), which is unusually 
active against infections of Z'rypanosoma congolense 
zin mice, was produced by a strain of Paecilomyces. 
It was extracted by ethyl acetate and purified by 
chromatography on silica and then on magnesium 
carbonate. The second column separated two non- 
crystalline fractions with antibiotic activity, eluted 
by benzene and methanol respectively. Most of our 
work has been done with the former; but a cursory 
examination suggests that the latter has similar 
structural features to those reported below. 

_ Several neutral amino-acids were produced from 
the antibiotic by hydrolysis with 6 N hydrochloric 
acid at 100° for 48 hr. They were separated by 
ascending two-dimensional paper chromatography 
with butan-J-ol (10) : ethanol (10) : water (5): 
propionic acid (2) and then butan-1l-ol (10) : acetone 
(10) : water (5) : dicyclohexylamine (2)1. Five spots 
were produced with the following-ninhydrin colours 
and Rp’s in the two systems: A, blue, 0-60, 0-65 ; 
B, blue appearing only on heating to 100°, 0-50, 0-36 ; 
C, yellow, 0-45, 0-42; D, grey-green, 0-49, 0-86 ; 
E, greenish blue, 0-33, 0:35. On a semi-micro scale 
these amino-acids were separated almost completely 
by a 61-cm. column of ‘Dowex’-50 x 2 cation- 
exchange resin®. They were eluted by N hydrochloric 
acid in the order E, B, D, C, A, and then recovered 
from their hydrochlorides with the aid of a short 
column of ‘“Dowex’-1 x 2 anion-exchange resin ; 
amino-acids A, B, and D were obtained crystalline. 

The identification of A with L-leucine was made 
by elementary analysis, infra-red spectrum, optical 
rotation and paper chromatography in six solvent 
systems. Likewise,.B was found to be «-aminozso- 
butyric acid. 
been obtained from natural sources; its closest 
relatives are «-methylserine, also a component of an 
antibiotic’, and l1-aminocyclopropane carboxylic acid, 
which has recently been found among the free amino- 
acids of pears and cowberries*. 

Like proline and hydroxyproline, amino-acid C 
gave a yellow colour with ninhydrin and a blue one 


with isatin, but was clearly differentiated from them - 


by paper chromatography. It was partly crystalline 
but could not be recrystallized satisfactorily ; the 
crystalline reineckate had an analysis (C, 25-4; 
H, 4:4; N, 21-9 per cent) not far from that required 
for a homologue of proline (C,H,,0.N.Cr(SCN), 
(NH): H requires C, 26:8; H, 4:0; N, 21-8 per 
cent). As amino-acid C was distinguished from 
pipecolic acid by paper chromatography and the 
ninhydrin colour, the most likely structure was that 
of y-methylproline, which has previously been ae 
among the free amino-acids of apples’. Indeed, 
appeared on paper chromatography to be aa 
with one component of a partially purified extract 
from apple juice, generously supplied by Mr. L. F. 
Burroughs of Long Ashton, Bristol. We therefore 
regard C as y-methylproline ; but proper identifica- 
` bion must await comparison with a synthetic sample. 
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Synthesis, which we are undertaking, may also 
answer the problems of diastereoisomerism and 
optical activity. 

The conversions of amino-acid D into leucine by 
hydriodic acid and into glycine by sodium hydroxide*; 
and its rapid destruction by periodate, were consistent 
with its formulation as §-hydroxyleucine. ‘The 
DL-threo and erythro isomers of this amino-acid were 
synthesized by a method similar to one devised for 
the threonines?. As they were readily separable by 
paper chromatography in butan-l-ol saturated with 
10 per cent aqueous diethylamine®, it was possible to 
assign the structure D- or L-threo-B-hydroxyleucine to 
the natural product ; its infra-red spectrum resembled 
that of the DuL-threo-amino-acid but they were not 
identical. This is the first time that 8-hydroxyleucine 
has been obtained from natural sources. Amino-acid 
E was shown to be #-alanine by paper chromato- 
graphic comparison and by the mixed melting point 
(140-141°) of its B-naphthalenesulphony! derivative. 

Hydrolysis of the antibiotic also produces basic 
substances ; but discussion of their structures and of 
that of the antibiotic itself would be premature. 

We thank Dr. W. A. Sexton for making available 
the antibiotic which had been extracted and purified 
by Dr. A. D. Ainley and Dr. C. T. Calam’ We are 
also grateful to the Salters’ Company for a Fellowship 
(to R. C.8.). 

G. W. KENNER 
R. C. SHEPPARD 
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3¢-Methoxy-5-androsten-16¢-ol : a Cytostatic 
-and Fungistatic Steroid 


In our search for a superior ‘androgenic’ steroid 
for use in human cancer of the breast, we have 
submitted many such steroids to study in the zebra 
fish-egg test’. Using this bioassay method for 
determination of cytostatic activity, intensely cyto- 
static compounds in the C-19 or ‘androgenic’ steroids 
are difficult to find. To date, our most active com- 
pound is 36-methoxy-5-androsten-168-ol’, this steroid 
having LD50 of 1-2 parts per million. It is very 
interesting that this compound is the exact analogue 
of the steroidal cestrogen 3-methoxyostra-l-3,5(10)- 
trien-166-o0l8, which had been previously selected by 
us for use against cancer of the prostate, based on 
fish-ege cytostasis*. Also of much interest in steroidal 
cytostasis is the fact that methyl ether formation at 
C, of 5-androstene-38,168-diol? so strongly enhances 
the activity of this diol, which itself is virtually 
inactive (LD50 > 10 p.p.m.). Methyl ether formation 
at C, of 1,3,5(10)-cestratrion-3,168-diol® had also 
caused an enhancement (100 per cent) of cytostatic 
activity in the fish-egg test. 

We have also found 36-methoxy-5-androsten-168-ol 
to be among the strongest of fungistatic steroids so 
far tested by us. It is particularly active against 
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Table 1. COMPARATIVE FUNGISTATIO ACTIVITY OF 38-METHOXY-5-ANDROSTEN-168-0L AND STILBAMIDINE DI-ISETHIONATE AGAINST THREE 


STRAINS OF Histoplasm 


& cap um 





Test dilutions 





z 38-Methoxy-5-androsten-168-ol 
Parts per million 
0'5 0:25 


n eee ee | er i ir cs i a 


10 0:125 1'0 
H. capsulatum ' 
Strain 1 0 T ++ FEEF + 
0 + ++ FPEF a 
Strain 2 0 + ++++ HEFT + 
0 + Tet oes oie T 
Strain 3 0 + ++++ sae il ae 0 
0 Be PrF FEE 0 


maa n, 


0, maximally inhibited growth ; 


Histoplasma capsulatum tested in ‘Difco’ Sabouraud’s 
dextrose agar in culture plates, having a fungistatic 
effect equal to that of stilbamidine di-isethionate. 

Table 1 summarizes the comparative effect of 
36-methoxy-5-androsten-168-ol and stilbamidine di- 
isethionate, assayed simultaneously against H. 
capsulatum. 

Curiously, 3-methoxycestra-1,3,5(10)-trien-168-ol is 
relatively ineffective against H. capsulatum in the 
culture plate, producing only partial fungistasis at 
10 parts per million. 

We wish to express our appreciation for the 
generous support of this research by the Lasdon 
. Foundation, Inc., Yonkers, New York. 
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A Colour Reaction of Vitamin E with ` 
Vitamin K and Cysteine 


A FEW crystals of vitamin K {2-hydroxy-3-methyl- 
1,4-naphthoquinone) and of cysteine (chlorhydrate) 
are added to @ solution containing 7—20 ugm./ml. of 
vitamin E (sodium phosphate of alpha-tocopherol). 
The solution is heated up to boiling point. 
one minute after boiling the solution takes a blue 
tint. The intensity of colour is proportional to the 
content of vitamin E and increases during the 
following three minutes, finally rendering the solution 
opaque. 

The reaction was not obtained when we tried to 
replace cysteine by the following substances : cystine, 
ascorbic acid, sodium hydrosulphite, glutathione, 
glucuronic acid, methionine, and thiourea. 

' Nor was the reaction obtained, moreover, when wo 
tried to replace vitamin K by the following com- 
pounds: 1,4-naphthoquinone, 2-methyl-1,4-naphtho- 
quinone, sodium-beta-naphthoquinone-4-sulphonate ; 
2,4-dinitro-1-naphthol-7-sulphonic acid, 2-methyl-1,4- 


About ` 


Control dilutions 
Stilbamidine di-isethionate Acetone (per cent) 


Parts per million 
0°6 0'25 








0-125 0-4 
++ +++ | t+++ | +444 | +444 
+++ | t+tt | tet | +++4+ | +444 
~ ++ +++ +4+++ | ++++ 
+ ++ +++ ++++ | ++++ 
+ ++ +++ ++++ | +444 
+ + +++ +++ | +444 


+ + ++, maximal growth 


dipropyl-1,4-naphthoquinone, 1,8-dihydroxy-naph- 
thalene-3,6-disulphonic acid, dimethyl- alpha-naph- 
thylamine, alpha-naphthol and beta-naphthol. 

The colour reaction is completely inhibited by 
pH 2 (hydrochloric acid) or pH 11 (sodium hydroxide). 

If cysteine or vitamin K is added not as crystals 
but as a solution, even when recently prepared, only 
an indefinite tint is produced and the solution 
immediately becomes opaque. 

Vitamin E must be the first substance present in 
the solution and the crystals of cysteine and vitamin 
K must be added simultaneously before heating. 
This sequence is fundamental. 

Raising the temperature accelerated greatly the 
completion of the colour reaction, but the latter is 
produced. also without heating. 

The solution containing vitamin E, vitamin K and 
cysteine exhibits a yellow fluorescence, the intensity 
of which is not apparently proportional to the 
concentrations of any of the three ingredients. The 
same fluorescence is produced without vitamin E, 
but not in the absence of vitamin K. 

Extraction with organic solvents added to the 
solution of the three compounds was tried. Ether 
takes a red tint; the intensity of the colour is 
apparently proportional to the quantity of vitamin E 
present in the solution. The red ether solution gives 
a blue fluorescence. Petroleum-ether or acetone do 
not influence the results with ether. A drop of 
N/10 sodium hydroxide extinguishes the red tint of 
the supernatant ether almost completely, whereas 
the blue tint of the original solution takes on a colour 
between green and yellow, depending on the amount 
of vitamin E present. Variations of fluorescence are 
very slight. 

EDUARDO CRUZ-COKE 


- Institute of Physiological E 
School of Medicine, 
Universidad de Chile, 
Av. Borgoño 1470, 
Santiago, Chile. 


Molecular Rearrangement 
in the Reaction of Cysteine with 
l-Fluoro-2,4-Dinitrobenzene 


SINCE l-fluoro-2,4-dinitrobenzene has fungicidal 
properties! and is useful for the end-group and 
sequential analysis of proteins, its reaction with 
cysteine was investigated as part of a study of the 
mechanism of action of toxicants which function as 
alkylating agents. In the presence of ten molecular 
equivalents of cysteine the reaction was first order 
with respect to the disappearance of 1-fluoro-2,4- 
dinitrobenzene in dilute aqueous: buffer. At pH 7-0 
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NO, CH,SH 


avena FONE e 0N Pa sg "een CH— C00- 
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and 29° C. the half-time for the reaction was about 
38 min. at an initial concentration of 2-7 x 10-5 mole 
of 1-fluoro-2,4-dinitrobenzene per litre. When the 
reaction was followed by measuring the formation 
of the final product by absorption readings at 
360 muy, first-order kinetics were not strictly obeyed 
and the half-time was about 40 per cent longer. This 
suggested the presence of a transient intermediate. 

Since it was known that 1-fluoro-2,4-dinitro- 
benzene reacted with cysteine and other sulphydryl 
compounds about 10? times more rapidly than with 
compounds containing only primary amino- and 
carboxyl-groups’, it was suspected that alkylation of 
the mercaptan group occurred initially followed by 
a rearrangement to yield an N-substituted product. 
Thus the sequence of events was probably as in- 
dicated in the scheme above. 

Measurements made with a recording spectrophoto- 
meter revealed that the absorption maximum of the 
products shifted from 340-345 my at the beginning 
of the reaction to 360 mp after it was complete. 
These values agreed very closely with the maxima 
observed for the reaction products of 1-fluoro-2,4- 
dinitrobenzene with mercaptoacetic acid and glycine, 
respectively, indicating that alkylation of the amino 
group was preceded by alkylation of the sulphydryl 
group in the case of cysteine. 

Further evidence for a rearrangement was obtained 
by acidifying a reaction mixture with hydrochloric 
acid at half-time and extracting with an equal volume 
of benzene. After separation of the phases, yellow 
colours appeared in both the aqueous and hydro- 
carbon layers. However, when the aqueous layer 
was re-extracted 15 min. later, all the colour appeared 
in the benzene layer. This can be explained if it 
is assumed that product I was positively charged in 
the acid medium because it contained a primary 
amino group, while product JI was uncharged because 
the electronegative dinitrophenyl group reduced the 
basicity of the amino group. Thus product I should 
remain in the aqueous phase while product IT should 
be extracted into the benzene since the ionization of 
its carboxyl and sulphydryl groups would also be 
repressed by the presence of hydrochloric acid. The 
first extraction should prevent any further formation 
of I since the reactants (cysteine and 1-fluoro-2,4- 
dinitrobenzene) would appear in different phases. 
Therefore, after sufficient time had elapsed for I to 
become rearranged to II, all the yellow-coloured 
material should migrate to the benzene layer on 
re-extraction. 

The final reaction product was isolated from excess 
- cysteine by solvent extraction from an acid medium. 
It gave an intensely coloured yellow precipitate with 
silver nitrate, a positive nitroprusside test, and 
reduced iodine, thus providing evidence for the 
presence of a free sulphydryl group. 

It is not known whether this occurrence is of any 
importance in the alkylation of enzymes or other 
proteins by toxicants, but it suggests a mechanism 
by which otherwise unreactive receptor sites could 
be activated by adjacent groups. Thus the amino- 
group of cysteine was alkylated indirectly at a rate 


i 


about 10° times faster than was observed for ‘the 
direct alkylation of the amino-groups of methionine’ 
and other similar compounds. = 


H. P. BUROHFIELD 
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Detection of a-Ketoglutaric Acid and 
Other Keto-Acids on Paper 
Chromatograms with Ninhydrin 


NuMEROUS paper chromatographic methods exist 
for the detection of keto-acids as their 2,4-dinitro- 
phenylhydrazone, semicarbazone, and quinoxaline 
derivatives or as the free acids. By the ninhydrin 
spray test for amino-acids on paper chromatograms, 
it is now possible to detect as little as 1 ugm. per sq. 
cm. of «-ketoglutaric acid on chromatograms of plant 
extracts. The procedure described here thus permits 
simultaneous detection of the amino-acids on the 
same chromatogram. 

Soluble plant extracts or known keto-acids were 
chromatographed on Whatman No. 1 paper, water- 
saturated phenol being used as the first solvent and 
n-butanol—propionic acid—water? for the second. After 
drying, the chromatograms were sprayed with 0-1 per 
cent solution of ninhydrin in 95 per cent ethanol 
containing 2 drops of 2,6-lutidime per 100 ml. of 
reagent. The chromatograms were heated at 90° C. 
for 3-5 min. for development of the amino-acid 
colours, after which the papers were allowed to 
stand in the dark at room temperature for at least 
24 hr. The resultant reaction with a-ketoglutaric 
acid (recrystallized from acetone and benzene) was 
observed as an intense yellow fluorescent colour 
under 3660-A. light or as a faint yellow colour in 
visible light. «-Ketoglutaric acid migrates near 
glutamic acid with an Lp in water-saturated phenol 
of about 0:2 and in -butanol-propionic acid—water 
of 0:3. 

A number of other keto-acids were also tried 
(Table 1). Only certain «-keto-acids reacted ; none 
of the 8-keto-acids gave positive reactions. Other 
organic acids such as citric, malic, fumaric, lactic, 
glyceric, succinic, and glycolic failed to react. Less 
than 1 ugm. of «-ketoglutaric acid, when spotted on a 
paper, could easily be detected by the procedure ; 
however, 10-20 ugm. were chromatographed for 
testing. For further exploration of the variables 
influencing the reaction, only «-ketoglutaric acid was 
used since the reaction with this acid was more 
sensitive and faster than those with the other 
keto-acids tested. 

The reaction with ninhydrin was apparently 
specific in that hydrindantin and alloxan did not 
react under the conditions used. Substitution of 
1,3-indane-dione in the procedure gave a light yellow 
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COLOUR REACTIONS OF VARIOUS KETO-ACIDS WITH NIN= 
HYDRIN ON PAPER 


Table 1. 


Colour after 24 hr.f 
in white light in 8660 A. 


None None 

Pale Yellow Yellow 

Faint yellow Blue-white 
Pale yellow Intense yellow 
None Blue-whitet 
Faint yellow Faint yellow§ 
Pale yellow None 


Glyoxylic 
Pyruvic 


a-Ketobutyric - 
a-Ketoglutaric 
2-Ketogluconic 
Oxalacetic 
&-Ketoglutaric 





* Papers heated 30 min. at 90-95° O. after ninhydrin application. 

+ The visible colour in all cases was too weak to be useful as a 
diagnostic test. The fluorescence in 8660 A. light waa of sufficient 
intensity for easy detection. 


tf ee oelnconic acid in the absence of ninhydrin fluoresced with 


equal intensity 
§ This was y robably caused by the formation of pyruvic acid by 
decarboxylation. 


colour on @ faint pinkish background with «-keto- 
glutaric acid; but the spot did not fluoresce in 
ultra-violet light. 

A trace of pyridine derivative in the ninhydrin 
spray promoted more rapid development of the 
yellow fluorescence. Collidine, lutidine, the picolines, 
and pyridine were all effective in varying degrees. 
Neither sodium hydroxide nor sodium acetate were 
effective replacements for the pyridine base under 
the conditions used. In the absence of the pyridine 
base, the yellow fluorescent colour developed more 
slowly over a period of days. The colour reaction 
between amino-acids and ninhydrin on paper chromat- 
ograms is also affected by the presence of pyridine 
derivatives’. In our experience, the presence of 
collidine or lutidine, or both, in the ninhydrin spray 
promotes a variety of colours that are characteristic 
of the specific amino-acids. 

Although heating paper chromatograms after 
' spraying with ninhydrin markedly accelerates the 
colour reaction with amino-acids, the maximum 
production of the yellow fluorescence with «-keto- 
acids is best achieved with time in addition to heat. 
For example, small concentrations (<20 ugm.) of 
a-ketoglutaric acid reacted after a few minutes of 
heating to produce little visible- colour but some 
blue-white fluorescence. On standing at room 
temperature, the intense yellow fluorescence became 
increasingly apparent in one to a few days. The 
initial blue-white fluorescence is promoted by 
increased time of heating to about 30 min., but not 
longer. When concentrations of «-ketoglutarate are 
large (>20 pgm.), the yellow fluorescence is produc- 
ible within 30 min. of heating, but intensifies on 
standing. 

- Development of the yellow fluorescence occurred 
to the greatest extent in the dark. When the 
chromatograms were exposed to continuous illumin- 
ation from a ‘G. E. Daylight’ fluorescent lamp over 
several days, little of the yellow fluorescent material 
developed and, instead, a less-intense dull orange 
colour in 3660 A. light was formed. The colour 
formed by reaction of ninhydrin with amino-acids is 
also known to be destroyed by light with time‘. 

The yellow complex is easily eluted with waiter 
from the paper chromatograms, but only a broad 
band of light absorption was observed, possibly 
because of contaminants from the spray or the paper. 

When. 1 pgm. of «-ketoglutaric acid was added to 
plant extracts of Ricinis communis and then chromat- 
ographed, a marked increase occurred in the yellow 
fluorescence in the position of «-ketoglutarate as 
compared to the original plant extract. Large 
amounts of «-ketoglutaric acid have been shown to 
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be present in the stems of Mentha piperita’. Paper 
chromatograms of soluble extracts from that tissue 
also revealed considerable amounts of «-ketoglutaric 
acid when they were sprayed with ninhydrin according 
to the procedure described. Smaller amounts of 
a-ketoglutaric acid were detected by the ninhydrin 
method in the chromatographed extracts of other 
plants. 
R. RABSON 
N. E. TOLBERT 
Biology Division, - 
Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 
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Enzymatic Dehydrogenation of Hydroxy- 
purines and Hydroxypteridines 


One of the steps of the biosynthesis of .zuanylic 
acid from adenylic acid involves the diphospho- 
pyridine nucleotide-linked dehydrogenation of ino- 
sinic acid to xanthylic acid!-° : inosinic acid +diphos- 
phopyridine nucleotidet+ —xanthylic acid +reduced 
diphosphopyridine nucleotide. When this reaction 
was studied with chicken-liver enzyme extracts by 
following the appearance of the absorption peak at 
340 my characteristic of reduced diphosphopyridine 
nucleotide, a strong reduction of the coenzyme was 
observed not only in the presence of inosinic acid 
but also with the corresponding purine baso hypo- 
xanthine. 

In order to study this effect further, an assay was 
set up in which 0:5 uM hypoxanthine, 1:0 uM of 
diphosphopyridine nucleotide and 10 pM of tris 
(trishydroxymethylaminomethane, Sigma Chemical 
Co.) buffer pH 9-0 in a final volume of 0-5 ml. were 
incubated for 30 min. at 37° C. with the enzyme. 
The reaction was stopped by adding 0:1 ml. of 2 M 
acetate buffer pH 6-0, and the optical density at 
340 mu was measured in a Beckman DU spectro- 
photometer after diluting to 3-0 ml. and removing 
any precipitated protein by centrifugation. Controls 
without hypoxanthine were run at the same time and 
their optical density at 340 mp subtracted from that 
of the experimental tubes. The difference of fhe two 
values appears in Tables 1, 2 and 3 as Aĉ, The 
pH of 9:0 was chosen for the assay because it is the 
lowest value at which full activity of the enzyme was 
observed. A series of experiments designed to 


Table 1. ENZYME FRACTIONATION. 


All operations were carried out in the cold room. The enzyme unit is 
arbitrarily defined as the amount of enzyme that gives a A% of 
1-000 under the conditions of our assay 


Fractionation step Specific activity Purification 


(-fold) 
4 U/mgm.N 
6°8 U/mgm. N 17 
16 uj/mgm. N 


Crude enzyme extract 
ena e peeotptverton; 


2 mgm./m 
Ammonium sulphate, pH 7:3, 
35-47 per cent saturation 
Ammonium sulphate, pH 7'6, 
82-45 per cent saturation 
Acetone, pH 7:4, 24-34 per 
cent 83 


25 vuvjmgm. N 
U/imgm,. N 
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Table 2. ENZYME SPECIFICITY 


Assay as In text, Exeept that separate controls were run for the 
hydroxypteridines to correct for their absorption at 340 my 


Substrate Enzyme 


————— 


Crude enzyme 


Hypoxanthine 
Xanthine 


Hypoxanthine 
4-Hydroxypteridine 
2,4-Dihydroxypteridine 
2-Hydroxypteridine 
6-Hydroxypteridine 


Hypoxanthine 
4-Hydroxypteridine 
2,4-Dihydroxypteridine . 
2-Hydroxypteridine : ; Š 


Crude enzyme 


m 


Enzyme fraction 5 





Table 3. EFFECTS OF SH-QROUP INHIBITORS AND OF GLUTATHIONE 
The concentrations are the final concentrationsin the reaction mixtures. 
Assay as described in text 


o-Lodoso- 


Glutathione | »-Chloromercurl- 
b benzoate 


enzoate 





Mera 


' determine the optimal pH of the enzymatic reaction 
‘showed essentially no activity at pH 8-0, followed 
by a rapid rise in activity between pH 8-0 and 9-0, 
with the activity remaining constant thereafter until 
past pH 11-0. 

To prepare the enzyme, chicken liver acetone 
powder was extracted with 0:1 M tris buffer pH 7-3 
containing 0-2 M potassium chloride. After centri- 
fugation, the supernatant liquid was dialysed over- 
night against 0-005 M tris pH 7-3-0-02 M potassium 
chloride and centrifuged again. An approximately 
twenty-fold purification of the enzyme with an overall 
yield of about 25 per cent was obtained by the 
fractionation steps outlined in Table 1. 

When. the specificity of the enzyme system was 
examined, it was found that hypoxanthine and 
xanthine are equally good substrates (Table 2), 
indicating that the oxidation of the hypoxanthine 
must proceed to uric acid through xanthine. Adenine, 
purine, uracil and thymine were inert in the system. 
4-Hydroxypteridine and 2,4-dihydroxypteridine, 
however, reacted almost as effectively as their 
purine analogues hypoxanthine and xanthine (Table 
2). This is of interest since relatively little informa- 
tion on the metabolism of the hydroxypteridines is 
available. When 2-hydroxypteridine was used as a 
substrate increased formation of reduced diphospho- 
pyridine nucleotide was noted. 2-Hydroxypteridine 
has been shown to be covalently hydrated across the 
3,4 double bond and to be more prone to permangan- 
ate oxidation than the other hydroxypteridines‘, 
and it is tempting to speculate that the 3,4-hydrate 
structure may also be responsible for the greater 
ease of the enzymatic dehydrogenation. It does not 
soom that the same enzyme acts on both hydroxy- 
purines and hydroxypteridines since the partially 
purified enzyme has lost some of its activity towards 
the hydroxypteridines (Table 2). The enzyme system 
responsible for the oxidation of the hydroxypteridines 
is now being studied. 
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Both. p-chloromercuribenzoate and o-iodosoben- 
zoate completely inhibited the enzyme at concen- 
trations of 10-4 M and 10-5 M respectively (Table 3). 
This, as well as the fact that the inhibition is com- 
pletely reversed by glutathione, indicates that the 
chicken liver hypoxanthine dehydrogenase belongs to 
the group of sulphhydryl enzymes. 

We are grateful to Prof. A. Albert, of the Australian 
National University, Canberra, for the generous gift 
of the hydroxypteridines used in this work. 
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Microchemical Method for the Determin- 
ation of Sakaguchi-positive Antibiotics. 


ANTIBIOTICS of actinomycete origin containing & 
guanidine group (such as streptomycin and vio- 
mycin) are known to have an antitubercular action. 
Recently a new antibiotic, primycin, was described! 
as an agent active against various mycobacteria 
and Gram-positive pathogens (0:02 ygm./ml.), and 
also giving a positive Sakaguchi reaction. 

The colour test (l-naphthol and ‘sodium hypo- 
bromite) developed for arginine thirty years ago*? 
has been modified by using 8-hydroxyquinoline’ and 
naphthol-1-sulphonic-8 acid‘, respectively. However, 
the reproducibility of this reaction was affected to a 
great extent by the concentration of bromine and 
hypobromite, respectively. Ziegler’ was the first to 
mention æ selective bromine substitution with the 
use of N-bromosuccinimide. This well-defined 
crystalline compound proved to be extremely well 
suited for the production of nascent hypobromite in 
an alkaline medium: on the alkaline hydrolysis 
of N-bromosuccinimide, the bromine acts as a 
cation and combines with hydroxyl to form hypo- 
bromite. oo: 

The optimum concentrations of the reactive com- 
ponents were established, using arginine as @ test 
substance. 
I-naphthol was added to the system directly as an 
alkaline solution. Under identical conditions, lower 
values were obtained with 8-hydroxyquinoline. The 
shape of the arginine curves was similar whether 
sodium hypobromite or N-bromosuccinimide were 
used. On increasing the concentration of alcohol 
from 5 to 80 per cent in the system, the extinction 
values of the solutions showed a linear decrease. 
The method of adding the N-bromosuccinimide 
(dropwise addition, pouring, etc.) affected the 
intensity of the colour developed. A mean of. 
thirty determinations of arginine (20 ugm./ml.) was 
e = 0:644, with a standard deviation of + 0:0122. 
Thus, the relative error of the method was + 0-4 per 
cent. ; 

The naphthol reagent (0:01 per cent) was prepared 
by adding to 5 ml. of a 0-2 per cent ethanolic solution 
of ‘I-naphthol (anal. grade) a 10 per cent aqueous 


Light-absorption did not change when~-- 
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solution of sodium hydroxide (analade) to make 


up exactly 100 ml. The reagent ible for seven 
days at 0° C. For the N-bromosut‘mide reagent, 


——~448 mgm. of that substance (anal. le), equivalent 


to 200 mgm. bromine, was madefin 100 ml. of 
10 per cent ethanol ; it is stable $ days at 0° ©. 
A 40 per cent aqueous solution frea was used. 
The standard solution of argininds & solution of 
arginine chlorohydrate (anal. je, La Roche) 
10-20 .fal.). 
The poe and reagents afooled to 0° C. 
(30 min.), then 5 ml. of the soli to be tested is 
pipetted into ordinary numbered /tubes (1). Fora 
blank test, distilled water and gents were used. 
Then 2 ml. of naphthol reagenipdded, the tubes 
shaken and allowed to stand/3 min. In the 
meantime, 0:5-ml. portions ofPromosuccinimide 
reagent are pipetted into sep® glass-stoppered 
test-tubes (2) placed parallel tqt-tubes (1), and a 
medical syringe is filled with a d solution of urea. 
Then the liquid in test-tubes (1)4tion to be tested + 
naphthol reagent) is rapidly pal nto the N-bromo- 
succinimide reagent in tubes (A vivid red colour 
appears, the blank remaining less. Afterwards, 
the tubes (2) are vigorously sP. and J ml. of urea 
solution added in 15 sec. jmction values were 
read in 5 min., against bS, using a Unicam 
photoelectric colorimeter wij blue filter. 

The N-bromosuccinimide fod has been used for 
the determination of pri, streptomycin and 
viomycin. The content active substance m 
unknown solutions was ob? by extrapolation of 
the standard curves of s@?™8 of known concen- 
tration (see Fig. 1). Antiies dissolved in organic 
solvents immiscible with /®!. such as n-butanol, 
may be investigated direci#Ovided they are shaken 
with the cooled solution the reagents. In this 
case, the red colour app ™ the organic phase. 
Arginine could not be tfetred into the butanolic 
phase. A close correlati®@s found to exist between 
the intensity of biologi®ction of antibiotics and 
the ¢-values read. 

The detection by pachromatography of Saka- 
guchi-positive antibiovend arginine was, carried 
out also with the uséN fale ta eta The 

aper strips were dippato & 0-01 per cent solution 
of Tiaph enol in 5 oe emethanolic sodium hydrox- 
ide, dried in air, thets developed by a cooled 
0-5 per cent solutiof N-bromosuccinimide and 
stabilized by a 40 pert solution of urea. 
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Details of the present work will be published 
elsewhere. : 
I. SzivAey1 
I. SZABÓ 
Department of Antibiotics, 
Research Institute of Experimental 
Medical Sciences, 
Hungarian Academy of Sciences, 
Debrecen, 12.. 
* Valyi-Nagy, T., Uri, J., and Szilágyi, I., Nature, 174, 1105 (1954). 
* Sakaguchi, S. Biochem. J., 5, 25 (1925); Jap. Med. J., 1, 278 (1948). 
* Weber, C. J., J. Biol. Ohem., 86, 217 (1930). 


‘Kraut, H; Schrader-Belstein, E., and Weber, M., Hoppe-Seyl. 
Z. phys. Chem., 286, 248 (1951). 


5 soa a K., Späth, A., Schaaf, E. 3 Sonn, W., and Winkelmann, 


Tnebigs Ann. Chem., 551, (1942). 


Activity of Glucose-I-phosphate on 
Liver Steatosis 


Four groups of rats were employed in studying the 
influence of glucose-l-phosphate on liver steatosis, 
induced by & high-fat, low-protein diet in rats: one, 
which served as control, was on a normal diet, and 
the remaining groups were placed on the steatogenous 
diet of Handler! for 30 days. Of tho latter groups 
one did not receive any treatment, one was treated 
with 3 gm./kgm. of glucose per os daily and the last 
one was treated with 3 gm./kgm. of glucose-1-phos- 
phate daily. Treatment with glucose or glucose-1- 
phosphate was started 15 days after the administra- 
tion of the steatogenous diet. The effect of treatment 
was studied by determining the liver content of total 
lipids, glycogen and easily hydrolysable phosphorus. 

The following procedures were adopted: method 
of van der Vies for glycogen®, method of Fenn for 
total lipids’, method of Le Page for hydrolysable 
phosphorus’. 


Table 1 


| Content of rat livers 


Treatment No. of | Total lipids 


Glycogen Hydrolyannle 
P 


animals (gm./ gm, osphorus* 
100 gm.) 100 gm.) (mgm./ 
100 gm.) 

Normal diet 15 4°88+0:23 | 3-97+40-27 | 15-2240°75 
Steatogenous 

diet 10 16°1640°47 | 2:2140:21| 7284082 
Steatogenous 

dlet + glucoset 11 12 -22 +0:37 | 2-394026] 8094+029 
Steatogenous ; = 

diet +glucose- 


1-phosphate t 12 7:77 £029 | 83-77130-24 


183 6540-58 





Data represent the mean 4- the standard errors of the means. 
The differences between oups 1 and 2, 2 and 3, 2 and 4, 3 and 4 
were tested statisticall n all cases P < 0°05 


san Phosphorus hydrobsasble in 7 min. in N hydrochloric acid at 


t Treatment began 15 days after the administration of the steato- 
genous diet, Glucose and glucose-1-phosphate were administered per os 
at the daily dosage of 3 gm./kgm., ts were killed 80 days after the 
beginning of the steatogenous diet. 


Glucose-1-phosphate was more effective than 
glucose both in preventing fatty infiltration of the 
liver and in bringing it back to normal when steatosis 
was already established. In the latter case glucose 
did not show any appreciable activity (see Table 1). 

GIULIANA GIALDRONI-GRASSI 
Istituto di Ricerche Terapeutiche = 
A. Fleming, Via Biella, 8, Milano. 
1 Handler, P., J. Biol. Chem., 173, 295 (1948). 
2 van der Vies, Biochem. J., 57, 410 (1954). 
* Fenn, W. O., J. Biol. Chem., 128, 297 (1939). - 


‘Le Page, G. A., “Manomotric Techniques and Tissue Metabolism”, 
185 (Burgess Pub. Co., Minneapolis, 1951). 


f 


'+ depressant for the interbrain. 
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_ Inhibiting Effect of Chlorpromazine on the 
Experimental Production of Liver Cancer 


RECENTLY, Griffin, Rinfret and Corsigilia' reported 
that development of hepatic tumours in rats fed on 
a diet containing 0:06 per cent 3’-methyl-4-dimethyl- 
aminoazobenzene may be effectively inhibited by 
hypophysectomy. Chlorpromazine is & phenothiazine 
derivative, which is used medicinally as a potent 
Aron, Guelfi and 
Voisin? reported an atonic effect of this drug on the 
sensibility of the pituitary gland induced by stress. 

The present communication deals with the results 
of the subcutaneous injection of chlorpromazine on 
the incidence and growth of tumours induced by 
4-dimethyl-aminoazobenzene. In these experiments 
chlorpromazine injection was begun with a dose of 
100 ugm. in 1 ml. of cold sterile distilled water and 
continued at intervals of two days, increasing by 
100 ugm. per dose after about every four injections. 
A group of fifteen rats of mixed breed weighing 70- 
153 gm. were fed for the first month with a diet 
containing 0-02 per cent 4-dimethyl-aminoazobenzene, 
during the second month with one 
containing 0-04 per cent, and there- 
after with a diet containing 0:06 per 
cent, until the dose for each rat 
totalled about 500-600 mgm. In 
addition, 1 ml. of distilled water 
was injected every two days over | 
a period of six months (group 1). 
A. second. group of twenty rats was 
given the same diet but. with in- 
jections of chlorpromazine (group 
2). A third group consisted of 
fifteen rats fed on the basal diet 
without 4-dimethylaminoazobenz- 
ene but given chlorpromazine. The 
basal diet consisted of unpolished 
rice containing 2:71 mgm. ribo- 
flavin per kgm. and 73:7 gm. pro- 
tein per kgm., supplemented by 
unlimited quantities of water and 
some greenstuff, daily. ‘The amounts 
of basal diet consumed totalled 
1,011-1,154 gm. per rat. The ex- 
periments, which began on June 16, were terminated 
six months later. 

During the course of this investigation, it was 
noted that, among the animals which received 
chlorpromazine until they died or those killed at the 
end of the experiment, rats weighing 70-100 gm. 
showed more decrease in weight and higher mortality 
due to respiratory infections than those weighing 
110-153 gm., suggesting toxicity of the drugs. Most 
of the thirteen rats which were given about 505- 
599 of 4-dimethyl-aminoazobenzene for a 
period of 162-183 days (group 1) developed hepatic 
cancer (Fig. 1). On the other hand, the group given 
chlorpromazine as well (group 2) showed carcinoma 
of the liver in 1 out of 6 rats which survived the 
same period. Further, in group 1, the induced liver 
cancer attained considerable size after six months 
when compared with the livers of group 2, and 
metastases sometimes appeared in the abdominal 
lymph nodes and lungs. These results may suggest 
delay due to chlorpromazine in the formation of 


hepatic neoplasia induced by 4-dimethyl-amino- - 


azobenzene. 
Histologically, noticeable alterations were found in 
the hypophysis and adrenal glands as well as the 


NATURE 


Fig. 1. "Livers obtained after 180-1838 days. Up 
and chlorpromazine). 
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liver. Ə two goups treated with chlorpromazine, 
atrophy the pititary gland was noticed, and the 
anterior {be conisted largely of the chief cells 
(chromopbes) vith the number of chromophils 
reasd. In the adrenal glands, pycnosis 
d weuolation of cytoplasm were seen 
in the cofl cels. Parenchymal cells of the liver 
at arophic and degenerative. Precan- 
cerous clges, such as nodular hyperplasia or 
cholangioj081s, were rarely seen except in one case 
a developed, although cirrhotic changes 
of the liveere observed. 


tion of radium therapy and chlor- 
promazinemgs about in mice an increase in the 
effect of ration on ascitic tumours, and that the 
effect of thrug.is based on an increased inhibition 
of mitoses,reduction.of the excitatory reactions 
produced bradiation and an increased incidence 
of damaged|s and of cells in the stages of division. 
It may be posed, therefore, that the inhibitory 
effect of t for carcinogenesis induced by 
4-dimethyl-aoazobenzene is due to the. delayin 





w: group 2 (4-dimethyl-aminoazobenzene 


Lower row : gf0\4.qimeéthyl-aminoazobenzene) 


transition from threcancerous to the cancerous 
stages. 
_ Longer exper with more experimental 
animals are under} with the view of obtaining 
definite conclusions 
We thank Shionlend Co., Ltd., for the gift 

of chlorpromazine ( termin’), and Prof. K. Hotta 
and Dr. T. Oya their encouragement and 
advice. This work Kasisod by a grant from the 
Niihama Psychiatric\gnital Foundation (Dr. Y. 
Fujita). - i 
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T. Iro 

M. MATSUYAMA 
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Medicine, 
Japan. 
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* Aron, E., Guelf, J., and Voisin’ R. Soc. Biol., 149, 891 (1955). 


3 Porai Gärtner, H., and K\w,, Strahlentherapie, 97/4, 579 


i mp as “infant Pekero ‘cannot: pret antibodie 

r administration of antigens during © early poste y 
al period’. This experimental modelas been used y a 
Ge arte by Mitchison’, who breil a e 


AUNIZE “24 hr. peer 
n colls mira with P in vit 


EE R Conference of Cze 

: / L562 ky ance. (Nov. 29-Dee. 1, 1954); Fol. Bi 

e ae as putes of pea cells.. { sie: A i an Trnka, Z., Nature, 179, 18 | 

Salmonella. par atyphi B and Brulla suis cor a D 4 d o a. ois A ea 

| , Epa ei 

found in their serum by agglutation. — | OAT. ee ant Weigle, 0. W. Fed. Prot, 18. 
were used as antigen. Spleen cell were isolated © Steral, J., Fol. Biol., 8,1 (1957). CES ee 
according to Sterzl*. Isolated spen cells were — Simonsen, M., Acta Path, Mikrobiol. Send., 40, 480 aw a), CE 
liluted quantitatively (6 x 107) aeeding to counts = : ue pe er 

ca Bicker chamber either with phsphato physio- 


gical saline or directly into a suension of heat- 

inactivated bacteria (Salmonella parqphi B 12 x 1073. i | a rr Plasma Sibu in in the E S 
Brucella suis 36 x 10°). After 10 minof incubation at ne FAE + Issue in Cases of Silicosis _ aA 
room temperature they were injectd by the intra- Previous chemical results! obtained by one of Us 
peritoneal route into Leghorn chick 48-56 hr. after show that the hyaline tissue in cases: of silicosis- 
hatching. 1 ml. of suspension waadministered to contains appreciable amounts of non-collagenous pret 
= each bird. Blood from the chickswas obtained by proteins. In fact the determination of the. amino- E 
-cardiac puncture 3, 5, 7, 9, 12, 16, 24nd 31 days after acid composition, and the ultra-violet. absorption | $ 
transfer of a mixture of spleen dis and bacterial spectrum of the residue left after extraction of < 

antigen. Further details of the laput of the experi- collagen by autoclaving, suggested the presence of __ 
ment- and results are apparent fronTable 1. Positive proteins chemically related to 8- or -plasma globu 
-= Yesults were obtained with the misures ; but results lins. These proteins constitute up. to one-half of 1 
were negative when only a suspnsion of bacteria total protein content of the original tissu l ore 
cor spleen cells alone was given. fo ascertain beyond all doubt the presen 
<o Cells must be transferred to armals of the same — hyaline tissue of plasma globulins, it w 
species. Results were negative when spleen cells investigate whether a 
from rabbits mixed tn vitro with atigen Br ucella suis  ogical properties of plasma, globuli i 
as given to chicks (Table 1). l tified in it. Hyaline tissue was tI 
The results of Dixon and Wigle‘. 5 are not in carefully from the pulmonary noduli 
agreement with ours. These awors conclude that of typical silicosis immediately aft 
nfant animals are not suitable’ asvecipionts and that tissue was washed and homogeniz J 




















































No, of chicks: pas, my 















Amount of 































ian of | Age of chicks | p No. of surviving at f. 
-cells injected | =- atigen ün hr, after- obiska in | least 12 days 
into recipient hatching) | experiment | after tran er a 
6 x10" |S, pratyphi B iss | bo | i 16, eres ron 5 
E aN voh f ER Pood 16, 16, 16, 8, 9. 1 5,8 
_ 48-50 b- 2 0, 9 rae 


P | $ 0, 0, 0, 0, 0 








3; y paratuphi Bi ‘48-56 


48-58 gi 20 128, 64, 128, 64, 
128; 32. 64, 128 ; 
128, 32, go" 


32, 8, 16, 8, f, ‘o 
0,0,0,0 — ie 

6,0, 0,0,0,0,0 | 12, 81.8 
| 0, 0, 0, 0 i 
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spleen of normal |. ; 
manit rabbit 





irran. 





















ie blade bléidor (15 min, 0,00: ot pi eT 
* heat being prevented by g na E ae nates of normal lung and of si 
l ing suspension. was th dule ten times before being used for: abiotp 
six further times with sali ie: 





atest aver smapmiangtermrens 


Dilutions as is 
7 ga ons 2-6 get ors eee gle 2 a 











i peee o 
gm. mi p 




























red mila. : 5 5 5 15 | 4 $312 4 
Bh-sensitized 
(1 & } 44 6 4 413123]; 1I1j6ð| 
5 | 5 | & 4 3 $7241110 
git 5 5 5 5i 5 5 4 3 2 
| Normallung | 6151),615 |.56 | 5] 4 4,2i/1 
Hyaline sil- | i l 
cotie tissue §| 3 | 2 1 0 0 0 0 0 0 
‘Hyaline sili- © 
cotie tissue | 11,0 ),0;) 0/04, OF 0] OF Of. 
| Hyaline sili- © l ody crah 
3] 3j 1 | 0; 0; 0; OF OF OF. 


| cotie tissue 3 











Homogenizl and washed silicosis hyaline tiss 
prepared. simi rly to that used in absorption exper 
8, was hen injected intraperitoneally ir 
bits, ‘wad iara were quickly obtained whic 
‘reacted with mmal human serum electrophoretically 
separated in a agar plate, giving a single line of- 
precipitation etending through the zone of p- and 

y-globulins (seFig..1, 6). The occurrence in these 
 anti-silicosis hline tissue sera of antibodies specific 


nd on arian are. ‘obser 
i normal ling (Fig. 1,1). the ; 
cof reaction with the protein fraction electrophoret 
cally spread in the zones of p- and y-globulin 
disappears when the immune sorum has been absorbed 
with silicosis hyaline tissue, all other bands remaining 
unmodified (Fig. 1, 3). It is concluded that a single — 
type of rabbit antibodies against ._ human serum 
proteins has been removed by absorption with- 


silicosis hyaline tissue. for antigens fouliar to the silicotic nodule, but 
. As a more quantitative test, aliquots of the anbi- absent from nonal human serum, is being investi- 
human rabbit serum, (i) untreated, (ii) absorbed with- gated. 


, normal lung homogenate, and (iii) absorbed with 
Hos, silicosis hyaline tissue have been titrated against 
D-sensitized Rh-positive red cells (indirect Coombs 
test). It is apparent from Table 1 that the same 
“amounts of silicosis hyaline tissue homogenates 
= absorb about thirty times more anti-y-globulin 
antibodies than the normal lung homogenate. Three 
di samples of normal lungs and the hyaline 
tissue from thro cases sof silicosis have been analysed 


































We can thereire assume that the acellular silicosis 
hyaline tissue catains a globulin fraction which may _ 
be identified wi a plasma-globulin having definite 
antigenic propones and an electrophoretic mobility — 
corresponding tadhat of B- or y-globulins. It is well 
known that cirqlating antibodies? and properdin* 
belong precisely 5 this: fraction. 

Our results ee therefore consistent with the. 
hypothesis that a antigen-antibody or a properdin- 
substrate precipittion plays a part in the genesis of — 
+ silicosis hyaline tissue. Further details will be 
published elsewhee', a 

-= This work has ben supported by a grant from the .— 
European oma iy for Coal and Steel. o 
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E Transfer of Sheep Kids, Melophagus ovinu 
: (L. ) from Ewis to their Lambs 


: he hes regularly been. gated), 2 that sheep keds (pre 
i surhably of all-ages) are tansferred from ewes to thei 
lambs. To this transfe has been attributed muc 
of the decline in ked jopulations on ewes during 
the spring and. summer? In detailed studies .of be 
haviour of sheep keds o onpwes after parturition, it ha 
been observed at Leth : erg 













lectrophor is in agar plates (Grabar's teeh 
bjected. to electrophoresis: whole norma 
an ra (in the longitudinal wells 

l ized with whole human. serum 































re were found an average of 11-6 - 
no puparia on lambs two weoks of See. 43-3 + 
eds and 1-5 + 1-8 puparia at four weeks of 









ria at six weeks of age. 
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Effect of Age of Young Dairy Calves on 
Dry-Matter Digestibility of Alfalfa Pellets 


_ Successrvr attempts to rear dairy calves on high- 
quality forage (dry-matter digestibility more than 
10 per cent) without ¢rain feeding have been. reported 
by McCullough et al.', MceMeekan? and Roy et al.*. 
-Utilizing similar forage, Preston et al.* investigated 
the effect of age on digestibility and intake with 

-calves 3-9 weeks old. Their findings suggested that : 
(a). rumen development is anatomical; (6) the 
development of microflora~-in, respect of their 
ability to ferment and digest grass dry matter-—is 
instantaneous or practically so, and is dependent on 
there. being a suitable substrate in the rumen” 
















© digestibility of a lower-quality forage. 






birth to 12 weeks of age. 
of similar alfalfa as 57 per cent. 






ous work by Kane et alt and Cook et. al.’ 







go did not affect the digestion of grass. The 


a - ‘DRy-Marren DIGBSTIBOATY oF FORAGE AND. AVERAGE 
DAILY GAIN OF CALYRS 
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vork of other ie and e hak: the ked T 
its its first offspring in 14-30 days after it has — w 
rged. On 10 lambs examined at. a ae: : 

- 6-53 keds | 


md 137-3 + 59-84 keds and 25- 5 E; 18- 34 


NELSON a: 





; is i MeMeekan, c. B., New mi Hw grie 
T Roy, JH Be aa K. W. G., Parmer 


* Preston, P, r R, 5, Avonibald, 3. D. H., 


and of the species of the genus ‘Hacatin 
by Boschma (1955)!. 


-a Goneplax angulata, takon from th 3 
Since all previous work with young calves had of a cod trawled in 50-5 | 
approximately eight miles” 


on done with highly digestible fi , it seemed | 
: ee ee ee ‘Head, Isle of Man. 


esirable to determine the apparent effect of age on - 
Four of 23 mm. 


uernsey calves were fed whole milk at 10 per cent yet taken place, suggesting that 


irth weight and alfalfa meal pellets frée choice swallowed. The dimensions of 


Morrison’ lists the . larger diameter, 13 mm., smalle 
3 | Dry-matter 
bility was determined from grab samples Isle of Cumbrae, in a personal comm 


eekly intervals from 6 to 12 weeks of age. me that he obtained a Sacculina « 


on November 3, 1985, which. ch 
identified as 8 


hown the chromogen technique® to be suitable 
ng a -was collected by Mr. Latha 


similar hays, and the work of Preston et alt 
~indieated that milk fed simultaneously with — Channel, Firth of Clyd 
Dr 

ets were unpalatable to the calves and intake _ measurements : 


12 mm. 
i identified thom as Sacculina gonop 


| from the Gulf of Cadiz, from off the A a 
- Morocco, and from various localities 
. ranean. 
ee yarn co ‘to tho 
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‘Sacculina gonoplaxae Guérin-Ganivet, 
i911, a Rhizocephalan Parasite New to 
British Waters . 


Sacoulina gonoplaxae Guérin-Ganivet, 191 1, i is 
Rhizocephalan parasite on Goneplax angulata Pon. 
nant) [= Gonoplax rhomboides, L.]. Full dotails of — 
the taxonomy of the genera of the family Sacculinide 












On April 29, 1957, a single £ specimen 











-The host. 
Apparently digestion 
















Dr. R. B. Pike, of the Marine 











acculina gono 










Pike’s specimen conforme 
width of the: car, 
angulata (host), 19 mm. ; greatest 



















Both specimens were sent. to 


Up to now, Saceulina gonoplaxae h 












The distribution of fae paras 





P dae ees 


-length of day falls by 14 min., from 12 hr. 12 mi 
ll hr. 58 min. It has not so far been practic 
_- . artificially to reduce photoperiod by such sma 
xual amounts. Preliminary experiments with stationa 

t greg a photoperiods suggest that these are less effective 







ing with winter - day-length matur uy than 
those emer ging in summer or ‘kept in artificial summer 
: ag oe tare 


Tanganyika, between latitudes. 7 and 9° 8. The | 
adults. emerge. in March or April and undergo. ao 
“prolonged diapause of 8 or 9 months, finally laying | 
_their eggs during the rainy season in November and 
Inhabits the Mediterranean, region, normally has only , 


one generation in the year, the adults emerging in- 


` December. Uvarov? and Hamilton? showed that this 
diapause was not obligatory and that rapid oviposi- 


tion could be induced by keeping the locusts at high 


temperatures, Hamilton found, however, that this 
could only. be done for one generation, after which 

_ diapause intervened in spite of high temperature. A 

_ series. of breedings which has been carried out in this 
o - laboratory. over a period of three years has shown 
„that the occurrence of diapause in conditions of con- 
_ stant temperature and humidity is seasonal. Locusts 
which emerge as adults in spring and summer mature 
aly rapidly in 5-10 weeks, whereas those which 
emerge after the end of July or the middle of August 
fail to mature until the following March or April. 
They have, therefore, a diapause of 7-8 months, 
comparable with that of field locusts. 














1an two years by the use o 
deta 








that there is a critical field for effects on maturatio 
has its main outbreak area in the Rukwa Valley of lying between 11 and 13$ hr. Since length of day in 
the natural habitat varies from about 114 to 124 hr. o 

the possibility that it is responsible for the establish- o 
ment of diapause must be considered. a8 


The red locust (N aa. septemfasciata. Berv. y 


; following spring. This species, like Nomadacris, also _ 
enters diapause in the constant laboratory environ- _ 


Whether oF F 
has been shown. by Corbett to be the position in the. 
o -larval diapause of the emperor dragonfly, in which © 
d- immediate metamorphosis. from the last larval instar: 
~~ to the adult occurs in increasing photoperiods, but is: 
inhibited both by diminishin g and by stationary long 
1 photoperiods. 













thor hond, the earliest ime as the 
on pe ore August, in which ; 


Anti-Looust Research Centre, 












riod had. cece to 1 r i ye in mid. 
tured in 69 days, while those which 
' a ‘autumn’ abn when the photo- 








tO mi re. "Conana breeding 
: rtion: of diapause has now been. 


ils of the experiments. 







ad “of the Rukwa Valley (about 7 7° S. y amounts 
mily 50 min. in the year; but the most rapid deere: 
Jength of day occurs in March, at the time wh 
he adults are emerging. From March 1 to Ap: 





















establishing prolonged diapause than decreasing on 
. although the latter may start at a much high 
. Stationary 8-hr. photoperiods allow mat 
in 5 or 6 months, and in one experiment adu 
th photoperiods of 8, 11 and 13} hr. mature 
63, 154 and 78 days respectively. This suggest: 























The grasshopper Anacridium aegyptium L., whiel 
July and August but not ovipositing until the 


ment. Adults which emerge in spring mature in — 


7-12 weeks, whereas those which emerge after the . 
end of May usually do not mature until January, 
‘February or March. Here again rapid maturation of 


summer-emerged individuals can be induced by 


“keeping them in artificially increasing day-length. In- 


this species diapause appears so early in the year that 
it is necessary to suppose that it is only the increasing 
spring day-length which allows rapid maturation and 


that it is inhibited by the long days of summer as.” 


well as by the decreasing day-length of autumn. This- 
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Ulera-Structure of the Choanocyte Collar 
_ Cells in Freshwater Sponges 


Aa r? as 1896 Bidder! mentioned the presence 
f fibrils in the collars. of the relatively large collar 
cells of calcareous sponges. Later, the very existe 
of such a structure was denied’ by several authors 
hough cor 2 firmed by a few particularly D De Baedoleer 3 
























































ig. 1. General view of a ‘vibratile nest’ of E. fluviatilis: 

served with the optical microscope (immersion). P-P represe 
ie plane through which a similar ‘vibratile nest’ has be 
sectioned for observation with the electron microscope 















es in the much smaller collars of siliceous spi 
collar cells. That author observed by means- 





lis which were previously dilacerated and fixed. Yet 
e stated himself that the fixatives he used caused 
ere contractions of the collars. De Saedeleer? is 
© only one who suggested that the collar should 
be considered as an ‘eel-trap’ made up from separate 
tentacles. 
It was generally admitted that the fibrils were 
“embedded in a common hyaline wall, which they 
would sustain and eventually make contractile. 
~~ We tried to solve the problem of the true structure 
- Of the collars by the observation of ultra-thin sections 
-owith the electron microscope. 
oo. The specimen of Spongillidae studied here was 
probably Hphydatia fluviatilis. The absence of 
~gemmule in the sample collected made a more 
v accurate determination so far impossible. The 
material was fixed in a solution of 2 per cent osmium 
tetroxide buffered at a pH of 7-4. 
Fig. 1, representing a ‘vibratile nest’ of E. fluviatilis 
as observe d with an optical microscope, will allow 
a better and easier interpretation of the electron 
micrographs. In Fig. 2 one can see that the collar 















Fig. 2. seen micrograph of a vibratile nest, cut as indicated 
in Fig. 1. C, collars; flagela: G, Golgi apparatus; M, - 


| mitochondria 








| the microvilos sities observed on aa 


‘ons to be | ad of (hess fibril . 
can they 
sheath. 


also. to exist between microvilositi 
of freshwater mussols*. 


of 


the electron microscope whole Spongillidae collar — be an artefact due to contraction, as he ind æd 


‘suggested himself. 
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hirty fibrils, which have a. 
They are. heterogeneous, — 
smiophil sheath, surrounding 
ated by a. Jess dense layer. 
plasm does. not sh w 





















“ture, as well as in diameter, they a are lik 








seon to be embedded 
Nevertheless, sometimes: 
quently several, fibrils may be w 
bridgelike structures. Moreover, g 





eral micrographs which have 
ined strongly suggest that the 
bridges exist only near the bases of the fi 
‘ould be completely free along their length. -We have: 
; seen, either in longitudinal or in transverse sec- - 
ons, any evidence which could support the idea of 
fibrils, consisting of alternate more and less dense parts. 


Such a structure, as mentioned by Kilian‘, seems to .. 











As it seems to be established from. our present” 
investigations that the collars really have a web-like 
structure, this has impelled us to reconsider the so far 
generally accepted hypothesis of the functioning -o of 
these collars. 

A more detailed account of this work, which is 


still in progress, together with further observations : 


of the ultra-structure of the complete collar-cells, Le 
will be published elsewhere. : 
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Relationship between Some Clo 
Ea ea destructor Tho 


and dol shaken) and some. within: mat 
these plants but very few in or abou 
Adults and larva were both present 
spheres of sete ayes om a frowet 











` Table ER 
VARIOUS: “Legumes, 1954- 
. Four ‘TAKEN. 


T. repens. - 
peered è of 


eae ne a Wenderson, Y. E., Nature, 167, 982 (19081). 
E Baker, A. D., Brown, G. L., and James, A. B., Science, 11 





ma ’ field infostod wh D. destr ecto Hi 
species of plants that favour an in 
nematode population. The plots were arranged in 

balanced incomplete block design in four replications 





and planted in June 1954 with 13 species: Trifolium | 
repens, T. pratense, T. hybridum, Medicago. sativa, — 
Melilotus officinalis, Agrostis alba, Phalaris arundina-- 
ceae, Phleum pratense, oats, barley, soy bean and 


potato. The annual species were replanted in 1955 
in the same plots as in 1954. Random samples of 
four plants from each plot were examined at intervals 
during the summer of 1904 and. of 1955. In 1956 
samples of T. pratense, M. officinalis, M: sativa, P. 
arundinaceae and Phleum pratense were ‘taken in 
September only. The numbers of D. destructor in 


| the rhizospheres of each sample were determined, by 


- a modified Baermann funnel technique. The roots 
= were stained with hot acid-fuchsin lacto-phenol for 
i ubsequent examination. F 











a the rhizospheres of any plant species. 
3 nd n the stained roots. Root necrosis 


). ), destr uctor Was abundant 


z (Table 1). 









a cortex. 

















zne to bo oo to ‘fields infested with D. aa. 







-2 Fezer, K. D., Dissert. Abst. 17, 939 (1957). 


IF 
plum, and apricot trees to be a prolific source oË 


the organism causing the bacterial canker disease of. _ 


In 19. 754 fewer than one of D. destructor per sample 


gumes, particularly of 
The num- 
Ro the other pani ae 







M. i ee at 37° C. and the plates incubated s 
3 26° C. Plaques, varying in number with differer 


the ma a e eeke. wth a glass rod, a small drop of a lyse 
tie epidermis,“ Sok dead, still sur- Ran 
A y ne number of nema- -sown with 1ml. of a 48-hr. culture of NA3. Isolate 
1 plaques thus obtained were cut from the agar an 
Po r  re-propagated in broth culture. 
` was repeated 2~3 times and the phages finally brought 
to high titre by serial transmissions in broth cultures. 
= of 3 the root necrosis is not knows ey 
1. to filter-sterilization and proved very effective 
` contaminant bacteria were rarely encountered on the 
= isolation plates and never in sufficient numbers to 
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A Method for isolating Pseudomonas | 
nors-prunorum Phages from the Soil 
ERIOPHAGES active against plant pathoger 
fia have been isolated from various sources 

iding diseased plant material’, seed? and the soi 
e have found the soil beneath diseased cherry 





phages for Pseudomonas mors-prunorum Wormald, 








stone fruits. Phages were isolated by the following 
method. : 
About 150 gm. of soil, consisting of several smaller a 
samples taken from near the crowns of young trees 
in cultivated stone-fruit. orchards, were placed in 
sterile glass jars and enriched with a 48-hr. culture | 
of Ps. mors-prunorum (strain NA3) in nutrient broth 
plus 2 per cent glycerine. This appears to be essential, 
as attempts at recovering phages from unenriched —. 


soils were unsuccessful. The mixture was shaken 


periodically during the next 48 hr., after which the 


free liquid was decanted and partially clarified by 


ordinary filtration followed by centrifuging ab 
34,000 rev./min. for 30 min. Next, 5 ml. of the super- © 
natant liquid was transferred to a stoppered 20-ml. 


bottle and shaken vigorously with 0-1 ml. of chloro- 
“form to kill the bacteria‘. 


After the chloroform had i 


settled. out, 1 ml. of the treated soil extract was- 


“withdrawn and examined for plaque fermation by 







the poured plate method‘, using NA3 as the propagat- 
ag strain and a 1 per cent agar medium containing 
peptone (0-5 per cent), yeast extract (0-3 por cent) 
md glycerine (2 per cent), adjusted to pH 7-2 with 
phosphate buffer. The surface of the agar was dri 




























soil samples from a few to several hundred per pk 
observed after 24 or 48 hr. Single plaques w 
ked off and the phages propagated on yot 
tures of N.A3 in a broth of the same constitut 
i\e plating medium. The phages were purified t 











culture across. the dried surface of an agar plat 










The whole proce 







Chloroform treatment was used as an alternativ 













nterfere. with plaque formation. 


the isolation: pr cedure was consid 











By avoiding filtra- 








7 Phages with different plague forms, isolated f from. ohare 


susing asingle propagating strain, NAS, of Ps. mors-prunorum S 


(actual size) 


and several soil samples could be handled: oe 


ultaneously, Heat treatment. (58° C. for 30 min.) 


3 also tried as an alternative to filt ration, but. led 


inactivation of the phages. 
Tn a test of the method on twelve soil samp 
n from beneath cherry, plum and apricot 1 3 
n several different localities, phages were is 
from nine of the samples.. The isolates were classifie 


to three groups on the basis plaque morphology 
ig. 1), namely, large (2 mm.) circular plaques with 


a ‘halo’; medium sized (1 mm.) irregularly-shaped 
Jaques ; ; Small (0-5 mm.) pin-point plaques. These 
oups, which have been further differentiated by 


Oss-resistance tests, were obtained using a single. 


enrichment strain, N.A3, of Ps. mors-prunorum. 


This work was carried out at East Malling Research | 
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Occurrence of Soft Rot Bacteria in 
Scottish Soils 


A METHOD of isolating soft rot bacteria from soil - 
“Noble, M., and Graham, D: C, Natur 


8 Dowson, W, J., Nature, 170, 682 (195 
“4 Paton, A, M., Ph. D, thesis, University of Eg d 


ig immature potato tubers as a form of enrichment 
ium was described by Kerri. 


ive bacteria capable of rotting potato tuber 


‘hen the term ‘soft rot bacteria’ is employed most 
kers generally assume that this implies ‘coliform 
Prot bacteria’, that is, Erwinia carotovora and 
ted species. With this assumption is associated 

revalent view that soft rot coliforms are com- 
ily present in soils, and can be isolated readily 

m them. On this basis it is usually considered 
at the organisms isolated by Kerr were Erwinia 

; although he did not identify the genus to which 
is isclates belonged. 

A study of the soft rot bacteria in Scottish soils 
as undertaken in connexion with investigations on 
lack leg disease of potato, caused by E. atroseptica. 
uring the years 1956 and 1957, seventeen soil samples, 


n from different localities, and including peaty, we 
pes, all “current, acter 


: sandy ‘and clay. ty „andor. 


He found that of 
7 Scottish soils examined all contained Gram- 


devi apa by Pa with ‘coliforms s 
tests are applied. 
-other experiments, 


The jars were 


room temperature... Using Kerr’s method and the 
salicin agar technique, isolations from all jars, in 
May 1956 and 1957, yielded only soft rot organisms 
of the genus Pseudomonas, none of which could be 
specifically identified. Similar pseudomonads have 
been obtained from naturally rotting tissues of a _ 


number of plants, including potato, carrot, leek, celery ai 


and cauliflower. 


Some Gram-positive organisins were associated with 
-rotting when Kerr’s technique was used for isolation, —__ 
„and all were members of the genus Bacillus. B. 
“polymyxa (Voges-Proskauer positive) was fairly 


common, but B. macerans (Voges-Proskauer-negative) . 
was obtained on two occasions only. =<ă— | 
It is concluded that in enrichment | ultures. from 


r soils the dominant. nn rot organisms are 


Scientific Serve 
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Kast Craigs 
Edinburgh 12 


1 Kerr, A., Nature, 172, 1155 (1958 


Pectin-decompo sin : 
THe ability of ce 


degrade pectin prepa t kr 
time. It is surprising “that chia’ chava 
pseudomonads has not been given mor 
‘considering the very common occurrence 
of this genus in Nature and the econom 
of soft rots in plant tissue. 

While investigating cases of tomato st 
or soft rot, commonly ascribed to Erwind 
it became evident that the coliform types of 


bacteria could not be determined in the 1 


specimens. The isolates most frequer 





heavy suspensions Sof es. 
mixture of two strains of E. atroseptica were poured — 

on. to 500 gm. of various soils (sandy, clay, shale, peat = 

and unsterilized John Innes compost) contained in 
Kilner jars with loose- fitting lids. 
buried up to the neck in soil in the open during 
November 1955 and 1956, while others were kept at 

















hy plastic anemia 
transfusions. Hi 





MNS, P+, Fela +b— J 











groups. | 
Pyla—), Iari i 
The ABO group of this patient is r: conside 
terest since his red cells do not react with h 
nti-A of natural or immune variety, nor with in imm 
abbit anti-A serum, but only with human gË! 
from certain group O individuals at 16° C. The 
no agglutination with anti-B sera. No anti-A 
present in the patient’s serum, but his anti-B 
titre of 32, He is a non-secretor of A and H. 

red cells are mixed with anti-A serum and wrist 
anti-A antibody may be eluted from the treated ¢ 
During his Army career, the patient was groupe 
. normal blood group A. His wife is group O, 
th anti-A and anti-B in the serum, and his daug 
1ormal group A,. Some difficulties were en 
etermining the patient’s other groups OV 
argo number of transfused cells present in 
but blood from the bone marrow was te 











growing o plants. C 
slices were g ctively rotted and 

































ee ra: fec ii a Vaney | of sourco 
“and the gut of the earthworm as” 
_» diseased plants, were screened for acti 
on cucumber slices. A culture was conside: 


if the tissue was reduced to a pulp after 24 
incubation in a Petri dish containing damp filte gil a8 the peripheral blood and no difference 


oe ‘detected. ‘Recently, transfusions have been purposely 
paper at 27°C. On this basis about 5 per cent of | 
the strains tested were actively pectolytic anda giron of elect A a a e i serie 
further 5 per cent produced a slower (2 days) but — inary share wo have no A EEA ii peeky th 
similar action. As thesë strains were not selected- an wy M j tien cte A anngoa- Ato affec tod. 
originally on the basis of any association with soft aaa of ee that thi ene ean 
rots in plants it would appear that the occurrence ddaa 7 T A F d that itie oniyT igir 
_of pectolytic pseudomonads in Nature is commoner hat hi ney as gr be 7 spine h y i 
- than has been supposed. The evidence so far collected | nse bona: as is ag EEE AA ee POTR 
suggests that such organisms may be of greater 
_ significance than the better-known group of coliform- we agiasinebility hearra eei ootion 
Take i 
Uke organisms in causing some types OF soft Fot. in occasion the condition has been found in people who 


plants s$: These strains of Pseudomonas are now the - 
- subject. ofa more detailed bacteriological examination, E are apparently healthy at the time they were tested. 
It may be of a transient nature and appear and 


Oath l hich will be publish h 
z a resu ts of w ih mi wi a published. elsow ere. disappear in a short period of timet. The person's 































es A. M. Paros < red cells so affected react with a proportion of normal | 
oo ol ogý, i a ~~ gera at a lower temperature but not at 37° C. and 
ast of Scotland os. nob with their own serum. Two recent cases, 


both. associated with infection, showed unusual - 
: ee - features. . 
: os In the first case, the patient had a pelvic abscess 
TUME Tere a = of long standing. Her rod cells Lad the typica 
“changes of polyagglutinability, but the unusu: 
eature was that her own red cells reacted weak 
with her own serum at lower temperatures. _ 7 
“serum contained a pan-agglutinin active at k 
temperatures but inactive at 37°C. This was witho 
blood group specificity. It seems possible in 
case that this pan-agglutinin arose from some © 
-on the patient’s serum similar to that which | 
he change in her red cells. 
In the second case, the patient’s red cells 8 
hi typical changes of polyagglutinability, but. 
ther cases these red cells were agglutinated - 
umber of sera at 37° C. The direct Coombs 
vas negative. The patient’s serum contained 
ypical. antibody, but cultures of fæces show 
growth of Staphylococcus aureus. She had a se 
anemia of doubtful etiology and died before. furt 
investigations could. be undertaken; it was- 
“possible to establish that the in vitro reactions h 
any counterpart in vivo. l 
© Bessis et al.’ have commented on the fact th 
n sickle-cell. anemia the agglutinability of the 
cells is much reduced or even abolished when ~ 

: , but is oe when they are. 





















to. Bacteria”, 99 (Cambridge 





: Copenhagen; : 
















































a r p PA e Oo 
od, by anti-A sera, and it appears that 
of the red cells can be modified i 
rent ways, both by disease and by 
In nae case described byy Weiner ¢ eat a >: 





































be inability, but in a ret oao we. TEn beer : 
ble to establish any decreased agglutinability mo} 
pect of any antigen other than the A-antigen. This — 
unlike the experiments of Moskowitz and Carb, 
where the decrease in agglutinability appears to be 
_& more general nature. The change in poly- 
lutinability is an actual change in the antigenic — 
natitution of the red cell; indeed, we have prepared 
in rabbits which will agglutinate certain poly- 
tinable cells. It is of importance in blood 
ng work to consider whether disease has 5 
fected red cell agglutinability in a particular case, Fig. 
dit. seems possible that study of the mechanism- 
which disease can produce these effects could h 
6 to understand the way in which modifying | 7 
erate in the production of similar effects. . 


































_during and after the pine, i 
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i ‘ail’ ‘showed signs of ar. wihoub. any 
further aggravation. It is well recognized? that after 
the seventeenth day the young are not entirely depen- 
=o dent upon maternal milk supply, and, possibly, the 
retardation in the condition could be attributed to the 


















National Blood Transfusion Service, 
Roby Street, Manchester, 1. 


Nov. 25 | 7 nibbling of the stock ration. (3)-The sudden outbreak 
acne of ‘ringtail’ was traceable to a minor alteration in the 
Moskowitz, M., and Carb, S., Nature, 180, 1049 (1957). stock ration. The practice of incorporating crude 


Wemer, To Lewis, n B. M., eea Payis, Sanger, Ruth, and shark liver oilin the stock ration (the fat content of- 
ce Ox anguinis, 5 
an Loghem, jun., J. J., Dorfrneier, et ai van der Hart, Min, which was 3 per cent, which is admittedly low). asa. iia 
“Vou Sanguinis, 2, 16 (1957). source of vitamin A, which also is ‘known to be a rich | 
ratton, F., Vor Sanguinis, 4, 48 (1954). source of unsaturated fatty acids, but comparatively: $ 
K pae joe oka, M., Breton-Gorious, J., and Tabuis, J., Blood, poor in essential fatty acids, was stopped. Instead, - 
a a concentrate of vitamin A acetate (Vanitin’, manus 
factured by Hoffmann-LaRoche and Co., Ltd.) was 
introduced. (4) When the fat content « he diet — 
Caudal Necrosis in Suckling Rats was increased to more than 5 por con ay the n 


Tee communication by Njaa et al.? concerning the 
|. presence of ‘ringtail’ in newborn rats has prompted 
us to report similar observations in the colony 
< maintamed at these Laboratories. During the winter 
of 1954-55 signs of ‘ringtail’ were noticed in many 
suckling rats. Generally, these symptoms were seen 
in 8-day-old young rats, the first signs being a 
marked scaliness of the tail and reddening of the tail 
tip (Fig. 1). In many cases the condition of the 
tail deteriorated, resulting in necrosis followed by its 
severance from the body. Microscopic examination Pa aw ania 
f sections of the tails revealed in the early stages a ‘a de ‘ an) e : 
arked hyperkeratosis and parakeratosis (Fig. 2). i pe RAE EE ERES 
ere was cedema (spongiosis) and hyperplasia of the — 
kle cell layer, resulting in acanthosis. In some 
he specimens, the prickle cells at all levels con- 
ined large amounts of keratohyaline granules. The 

ir follicles were slightly dilated and were filled with 
‘atinized invaginations of the cornified layers of 

> epidermis. The corium was cedematous and often 
gested with blood. In the more advanced lesions, 
ro was extensive eosinophilic necrosis of both the 
dermis and the corium, accompanied by leucocytie 
itration. In general, these histological characters 
losely resemble those observed in the ring tails of 
ats born to mothers deprived of essential fatty 
cids?. 

. The phenomenon of ‘ringtail’ observed in the 
newborn rats of our stock colony had the following 
interesting features: (1) The condition was not 
attributable to any significant fluctuations in the . 
relative humidity as revealed by a careful study of 
the wearer terore „Actually, these cases of ringtail ar 




















resulting i in the complete « ora 
the suckling rats. None ha T 
three years. 























with pra to ihe 
stock diet, plays an i 
ment of ‘ringtail’ in ne 

















Fig. 2. Phobsintsrogragh of the ana 
marked. hyperkeratosis, parakeratos 
. a Moxyun and eosi 



















phorus electricus. 














Testo’ of essential fatty 
be enhanced ee a deworlng 


Nutrition Research ‘Labora 3 
Indian Council of Medical Rogoairóh, 
Coonoor. Oct. 11. a 


1 Njaa, L. Ro, Utne; Bs and Braekkan, 0. R., 

a Guggenheim, Ma ‘and. Jurgens, R. Helv. Phy 

2,417 (1944), “quoted. ‘from Holman, B. T, 

edt DER Sebrell and. Harris, 293 (Acad, ‘Pr 

* Hubbell, R. B., Ji Nutr., 53, 429 (1954). „Diksh 
D., Proc. Soe. Eep. Biol. Med., a, 2 23 

: + putt 6 Ox Fed. Proe., 1, 224 (1942). 





p ‘New York, 



















An Electrical Í Receptor inl 
ae CERTAIN families of fishes, namely 
of tropical Africa and the Gymnotidae 
South America, possess a small electric orga: 
exhibits intermittent activity. Lissmann? fo 
Gymnarchus niloticus Cuv., swimming freely, emitt 
pulses at an even rhythm of about 300 per see. the 
frequency was unaffected by the activity of the fist 





Similar observations have been made on six species of 7 
the Gymnotide by Coates et al.2 and Coates*, who found _ 
regular rhythmic discharges the frequency of which 


varied with the species and ranged between 65 and 
1,000 per sec. Again, the rhythm was unaffected by 
the activity of the fish. .Coates* also reported a low- 
voltage discharge at about 50 per sec. from Electro- 
Mormyrus kannume has. been 
: reported — to discharge pulses at a low rate when 
i resting and at 80-100 pulses per min. when disturbed*.*. 


We have found that Mormyrus: kannume discharges - 
at about 1 per sec. when quiescent in a tank; but 
the discharge accelerates when the fish is disturbed. 


and when it swims about. The frequency often 

increases to 30 por ec, under these conditions. The 

discharge continues at a declining rate during 

_anexsthetization with urethane, but only disappears 

complete » when the level pL surgical anesthesia is 
shed ; 




















f about 30 em. in. le ng 
: Tt owas 


tee this solution i is Rist inea a ad 


al o Sere 
) sha 












"Phe recorded monophasic action potentials have been traced an 


-© shown in Fig. 1. 


; ventral branch, sectioned, and the cut peripheral en 
_ placed upon platinum electrodes. 


electrodes placed in the bath but not in contact with | 


natural discharge from the electric organ. 
solution was earthed throughout. 


«with the base of the dorsal fin in the middle region, : 


| o react to o ; 
< tailwards 


-the electrodes reduced the potential amplitude. 


Bach & pains tee 
© form of shear for trodes approached the recording ones. 
assumption that the current spread between 
electrodes and the excitation processes are consta 
then the plot of the time-interval against dist 


, A Lives a velocity of about 100 m. per sec. at the 



















‘action potential amplitude decreased, but the ti 
-interval to peak remained constant. 


‘for Mormyrus it was sufficiently close for 
“that the site of excitation was no longer ee wit 


The fish were anassthehiged 
no electrodes. 


Ə- 10 larger stimulus amplitudes, the shape of the actio 
: et potential becomes more complex, showing other fib: 
myrus a pair of cranial nerves EER EE s : 
and after. eS a brandi Mesias fae - has not been possible yet to obtain a discharge. ! 
: : +d va part of the nerve and thus information about. the 


i >: M0calization of pare nia because the nerve deterior- 
i vhen its sheath is removed: A ubs 















Diagram showing the experimental arrangement, The. 











cae electrodes A are shown in position on the dorsal nerve B.. 






are shown attached to the site occupied by the stimulati 
electrodes which elicited them. C is the electric organ 





















This nerve has been exposed on | 
side close to its entry into the skull but distal to th 


The nerve on th 
jlectrodes was isolated from the bath solution by 
eum-jelly barrier and covered in liquid parafi 
etrodes were connected via a cathode followe 
condensei-coupled pre-amplifier and Cos 
zope. 
lectrical pulses of 0-1 msec. duration from can 
isolating transformer were delivered between silver | 



























the fish. This pulse duration approximates the | 
The bath 
Using electrode 
of 0-8 mm. diameter, 5 mm. long, and 10 mm. apart 
placed horizontally 10 mm. from the fish on a leve 


stimulus pulse of about 5 volts was followed by the 
appearance of an action potential in the dorsal nerve. _ 


-Increasing the electrode size, the imter-electrode _ 
distance and/or the pulse amplitude caused an increase 


in amplitude and duration of the action potential. 
Using a fixed inter-electrode distance and stimulus. 
intensity, but moving the electrodes forwards or 

backwards while retaining their position relative to 
the surface of the fish, caused a change in the actioni 
potential amplitude depicted in the diagram. The: 
potential was at a maximum when the stimulating» 
electrodes were in the vicinity of the headward part- 
of the dorsal fin at the level of its base ; it decreased. 
and it decreased headwards near the. 
emerging nerve and beyond it. Raising or lowering 
The. 
time-interval between the stimulus artefact and the. 
origin or peak of the action potential decreased over 
the region of the dorsal fin as the stimulating elec 
If it is a fa 














+ 


omporature of about 23° C. for conduction alo 
ihe nerve. Since the nerve contains many lai 
myelinated fibres this seems reasonable. Also, towa 
he. caudal end of the dorsal fin and beyond it, 


This mean 
| Wit 


‘These results are necessarily incomplete. 


groups or the result of a wider stimulus spread. 


























ery its erivironment. Further ë meor 
rogress, and will be reported in detail elsewhere 











lirectly to it and that the receptor systern is localized 
to the region of the base of the dorsal fin. 


P. G. WRIGHT 
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Effect of Uitra-Violet Irradiation o 
Electrophoretic Properties of | 
Serum Protein 


In the course of an investigation of the complement 
and antibody activities of animal sera (to be reported 
elsewhere) the effect of several agents on the serum 
rotein has been examined by paper electrophoresis. 
It has recently been demonstrated that while con- 
trolled heat modified in various ways the electro- 
yhoretic pattern of serum protein it also affected 
differently the reactiveness of the 
serum with complement’. It has 
. also been reported? that ultra-violet 
- irradiation of immune serum would 
-either impair or completely destroy 
the ability to lyse, to agglutinate, 
coto combine with toxins, to pre- 
- -eipitate, to fix complement, or to 
-confer passive anaphylaxis. 
>> Preliminary experiments with 
<o ultra-violet irradiation of sera 
“showed that the complement act- 
-co Ivity of guinea pig serum was com- 
pletely destroyed by irradiating it 
for 6 hr. at 3° ©. On the other hand, 
the complement-fixing antibody to 
‘anine hepatitis virus in canine 
erum was active, after it had been 
rradiated for 8 hr. at room tem- 
rature. Allirradiated sera acquired 
characteristic odour resembling 
nt wool; otherwise no altera- 
i in the appearance or in pH of 
serum was observed. However, 
trophoretic analysis suggested 
at some modification of the protein had taken place 
, since no observations could be found in the litera- 
e, it was decided to examine electrophoretically 
effect of ultra-violet irradiation on the protein of 
era obtained from healthy adult human subjects 
und three animal species (the dog, rabbit and guinea 
pig). 
o Undiluted serum was irradiated either at room 
temperature or at 3° C. in a “Vycor’ glass tube, sealed 
with a rubber stopper. The tube was placed horizon- 
tally at a distance of 15 em. from a 15-W. mercury 
vapour lamp (“Hanovia’) emitting predominantly at 
2537 A. The irradiation was controlled by varying 
the times of exposure, Serum aliquots in ‘“Vycor’ 


























owever, we consider that the results so far indicate — 
a receptor system exists in Mormyrus kannume irradiated 
hich is sensitive to electrical stimuli not delivered - 








B asked on e strips 

tic analysis. Paper electrophoresis 

sentially as described. previously’, 

WV he ctrophoresis 

was conducted ab constant current. ay mamp. for 
for. 28 hr. at room bogs are 





P oged i ieradiation resulte ed in a eee = 
jange in the electrophoretic pattern. A 
etailed analysis of the relationships between the : 
echanism of electrical transport of the protein and 
the activity in vitro of either antibody or complement 






wust clearly await further experimental studies. 
“The present work shows, however, that regardless of 


mechanism, electrophoretic analysis of native and 
modified serum protein may provide a better under- 
standing of the activities of antibodies and comple- 
ment. It shows also that serum protein is con- 
siderably denatured by ultra-violet irradiation; as a 


. judged by paper electrophoresis. 





Fig. 1 L Effect of altievioiet radiation upon peleni of normal rabbit ser 
electrophoretic pattern of control serum aliquot. (N) compared with the pas 
aliquots irradiated for 2, 4, 6, 









8 and 12 hr, Arrows indicate site of application and directic 


of run 


I am grateful to Dr. C. B. V. Walker, of the Cam- 
bridge Blood Transfusion Centre, for samples of 
normal human serum, and to Mr. W. G. Orbell and 
Miss M. Baker of these laboratories for o 
assistance. í 


Virology Laboratory, 
Canine Research Station of the 
Animal Health Trust, 
Kennett, Nr. Newmarket, 
Suffolk. 
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changes Sopouible’ i for eo an 
ventricular dissociation. 


fibres of the atrio-ventricular node and bundle of 


His have been recorded by means of intracellular: 
micro-electrodes - inorder to obtain an answer. to 


these questions. The atrio- ventricular node and His 
bundle have been studied either in the intact perfused 
rabbit heart or in isolated preparations of the right 
atrium and interatrial septum of the same heart. 
modified ‘Tyrode solution. maintained st 33 C, x 
employed in. both types of experiments, oink ric 
instances two intracellular micro-electrodes wor 
employed. simultaneously to demonstrate eonductio 


. delay and site of origin of activity. Similar results 


were obtained from both intact and isolat ed. prep 
arations. 


A micro-electrode inserted in a sagis atrial muscle ; 
fibre just proximal to the atrio-ventricular node | 
records an action potential typical of this. tissue’. : 


Another: electrode, inserted only F mm: away in a 

single fibre of the atrio-ventricular: node, records, 

after & conduction delay of 20:-msee., an action poten- 

tial similar in voltage-time course to those of the 

- gino-atrial node! (top trace, Fig. L 4). This action 
potential differs from that of atrial muscle i in that the 
-rising velocity is low and diastolic depolarization. is 

_ prominent. If this electrode is moved 1 mm. towards 
the bundle of His and re-inserted in a single fibre of 
the atrio-ventricular node, the action potential is 
virtually unchanged i in configu ration but appears only 
oe La after en : aditional delay oF 20 msec. (Fig. 1, B). 





































ntials recorded from single fibres in the 
md. distal portions (C) of the atrio- 
i idle dust ve to the. node. D}. 

$ ivisio 






A 


as node tinder hypoxic conditions. Activity originates in the sino- 


“Action potentials recorded from the atrio-ventrieular | 
-node just proximal to the His bundle show an addi- 


potential resembles that of a Purkinje fibre’. 


acetylcholine but also during hypoxia. | 
under conditions of poor oxygenation, nodal action 
potentials arise out of every other one of a series 
of small local depolarizations both when activity 
aap originates: in the sino-atrial node (Fig. 2, E) and it 
originates in the His bundle (Fig. 2, F). 





the bottom trace are trans-membrane potentials | er 
om: trial Yousele just proximal to the atrio-ventricular =) 


i Gala nodal delays result from slow conduction hi 
: fibre is. employed. fof records B,C and D. Għ the < —— Y within 


. the node rather than from refractoriness of nodal 
--tissue* or from some synaptic-like ane at the 
eS junction of nodal fibres with those of the : . 





























complete atric. Wf 
In the experiments to beo 
described the trans-membrane potentials. of single — 






Aspi On the bottom trace are trans-membrane poteritix ae 
Pi ied from a single fibre of the atrio-ventricular node. before - 
and ‘after (H-P) application of acetyleholine., Records af: 
-libre activity in the His bundle (top trace) show theo © 
dven response (4-H) and the onset of pacemaker activity CD). 
“and F show activity of a single fibre of the atrio-ventricular 









atria i node in Æ and in the His bundle in # 





tional conduction delay of 20-30 msec. and also an 
increase in duration, increased velocity of rise and 
diminished phase of slow diastolic depolarizatio 

(Fig. 1, C) Finally, when the micro-electrode” is 
inserted in e single fibre of the His bundle, the action | 
Tracings | 
obtained from fibres of the His bundle distal to this- 


site show no additional conduction delay of the same 


order of magnitude as demonstrated within the node.: 
Under conditions associated with pacemaker activity 
of the His bundle, the conduction time from the: 
pacemaker site to the atrium is similar to that seen: 
during normal atrio-ventricular transmission. a 
If the atrium. is driven at a regular rate by means- 
of electrical stimuli and acetylcholine is added to the 
perfusion fluid, records of the trans-membrane. 
potential of single nodal fibres show several changes 
of interest. The action potential decreases progres- 
sively in arnplitude and velocity of rise (bottom trace, 
Fig. 2, A and B) until conduction fails (Fig. 2, C). This. 
failure of depolarization appears in the absence of an. 
appreciable change in the level of the resting poten- 
tial. During the pəriod of complete conduction | 
block, pacemaker activity originates in fibres of tho 
His bundle and is propagated to the ventricle (Fig. 2, 
D). Ifthe concentration of acetylcholine is low enough 
there, is some spread of activity in a retrograde | 
direction and small depolarizations are recorded from’ 





_atrio-ventricular nodal fibres (bottom trace, Fig. 2, D). 


Graded activity of this type is a prominent aspect of- 
nodal activity not only under the influence of 
At time 









These experiments show that normal atrio-ventri- 






















gent is Ga to gene: in nR voltage-tim 
se of the nodal action potential. During so-called 
pe from acetylcholine inhibition, the pacemaker explo 
is in the His bundle rather than in the fibres of => 
trio-ventricular node. The mechanism for partial  ~ 
ock (2:1 response) demonstrated also constitutes = 
dditional mechanism for conduction delay which = Fp ==- 
be of importance in the diseased heart. Finally, = oo 
1 activity appears to be a frequent occurrence eae 
pres of the atrio-ventricular node. | s 
Baran F. Horrman* 
A. PAES DE CARVALHO © 
W. CARLOS DE MELLI 
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ide of the uterus is prea on the rishte half ¢ of theo 
1 figure. - - The excellent. correspondence ` between the 
a left-sided. wave: -forms observed in the human. electro-. 
gram and the wave-form as developed from. 
tical considerations is evident. From this 
agreement between theory and experimental evidence. pn 


the following tentative conclosions may be. d irawn 



























Physical Bases of the Electrohysterogram 


: [NTERPRETATION of the electrical activity associated | 
“with the uterine contractions of labour has been 
— beset with many difficulties. For the most part, the 
__ studies have concentrated on certain fast components’, 
_ and. did not readily lend themselves to physiological 
interpretation. In this laboratory a uterine electrical 
_ complex bearing a one-to-one relationship to the 
uterine contractions of labour has been demonstrated, 
and the techniques described?. 
With the aid of multichannel recording techniques 
now under development, additional information about 
he appearance of the electrohysterogram has been 
obtained. With two-channel recording of the elec- 
ical activity on the right and left sides of the uterus 
n active developing labour, the wave-forms have 
en observed to be repetitive on each side, yet with 
nteresting differences as between the sides. On the 
oft side the wave-form shows an initial largo ESER 


electrically — lko an auricle, namely, as : o ite 
chambered organ _ an which aleetan : excitation 







in developing labour i is : 
of a single pace-maker : 
validity. only if the m 




















activity at the sin 
wave-forms, and ft 
interesting evidence, 
3 „gitea above, arises ape 





| thereafter ee recov - 
> On the right side, 


ity seems to begin 30 
ier, and to consist of an 20 
latory repetitive dis- 10 


rge during most of the 
mtractile epoch, followed 



















mind the auricle, with ex- 


a fast monophasic shift ~? 

| a slow recovery. ~20 

nan investigation of the  —30 

oretical implications of  _ 4 

sewave-forms,thecardiac a 

estigations of F. N. Wil- H 

have been utilized?. He ~ 
considered theoretically the  ~7 
electrical effects of radial i 
excitation. Wilson had in deveio On the left is shown the predicted wave-form, as plotted from. ah 


tation spreading from the- 
sinus node, but the mathe: PE 









by Wilson. On the right is shown the left-sided wave-form, AST 
ality developing labour. The spike-likeinitial variation was correlat 

palpable contraction. The calibration signal shown representa 5 | 
os complete complex aly she horizontal axis is abe 














“with ‘pace-make or e 
Thus ¢ an electric 





some time | ‘during de 
form is dominantly mor : 
diphasic elsewhere. In the a 
wave- -form, higher-frequency com 
$ ay be related to the fo 
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Longe € Queens prior 
ight 


has published a description 
ər honeybees push, pull and 
ore she leaves the hive 
ch of these flights the 
t they increase in 










nated queen, and of 
was by far the most 
“been described pre~ 


s to its function has 
sically of a rapid 
y lasting 1-2 sec... 
een or another - 














s never seen an 














» important exception, 
“between. emergence and 
ie swarming season. 












but otherwise normal colony 
hook their queen. 





~ monophasic 
ats may be 





shaking was on May 30, but it was only after ‘the 


‘on the frequency rose rapidly to a peak on July 13, _ 


queen. for flight. | 
ext flight, only < incidence of the shaking of the queen is governed at 
onces egg-laying. : 
vement which the — 


~Jeast | partly by an internal (colony) factor since it- 
occurs at definite stages in colony development. It 


from a description of the process is available on th 
subject. 
“results of a series of observations on the shakin; 
workers, but at present it can be stated that, 
“contrast to the shaking of the queen, this occ 
relatively frequently throughout the year. 


iè workers, and I 
, It, too, appears to have a connexion with flig 


he year the queen — 


: At. 

- makes extensive preparations 

i the departure of the mated. queen 

, and during this period | the queen 
tly be shaken, as shown in Figel, ~ 

rded_ the number of times per hour = +Hiaiamans, Eleonore, Insectes social 4, 91 (1957). 

| a Emor, G. E., and Ivanova, L. ACRA 






Observa- ie he 
$ d t tho. earliest Todora of j 








3 + Allen, M. Delia, Brit. J. Anim. Behav. ; 















No, of times queen shaken per hr A a a 








e+ 





10 
May -June July 


Shaking of the honeybee queen by the workers. 4, First’. 
first drone eggs laid: C, first queen cup: 
D, departure of swarm 


30 











Piet x 
-record of shaking; B, fi 
built ; 


formation of the first queen cup on June 23 th 
shaking reached any major proportions. From then 


when the queen left the hive with the swarm. A 
similar sequence of events was observed, though in- 
rather less detail, in two other colonies. 

From the coincident occurrence of swarm prepara- 
tions and the shaking of the queen it would seem- 
evident that the two events are closely connected ;` 
furthermore, it is surely not by chance that the only 
times when the queen is shaken are before she flies- 
out from the hive, either with the swarm or on a. 
mating flight. It would therefore appear that. 


shaking is a mechanism in some way preparing the | 
It may also be assumed that the- 






may also possibly be influenced by external factors 


such as weather conditions. 
As already mentioned it is known that workers 
may shake other workers, but little information apart 












It is hoped shortly to publish elsewhere t 
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ectrical Engineers, Savoy Place, London, W.C. 2), 


criber Trunk Dialing”. 


London, 8.W.1), at 6.30 p.m.—Prof. G. E. Contes? 
Co-ordination Compounds”, 


Tuesday, January 7 


i H COMPUTER Socrery (at the tale ton College of 
d Technology, St. John Street, London 1), at 2.80 pm. 
KA Davies: “The Logical Design of the wt Computer at 


BRURION OF ELRCTRICAL ENGINEERS, MANAGEMENT AND SUPPLY 
and Dr. H H. Tropper: “Phe Breakdown of Transformer OJ 
pulse Voltages”, 


BRrtisn INSTITUTION oF RAMO ENGINEERS (in the Lecture Theatre 
ee pened ETAN: of Hygiene and Tropical Medicine, Gower Street, 
i On. {£ A 
j a for Television Tuners” , opened by Mr. P.C 


Wednesday, January 8 





ter Meeting, 


e OF 
icroscopy”. 


GEOLOGICAL Sootery or Lowpow fo Burlington House, Piccadilly 
ndon, W. 1} at 5 pim -Prof F, Shotton, F.R.S., and Dr, L 
achan: “The Investigation of a Peat Moor at Rodbaston, Penk- 
kige, Staffordshire’: Dr. D, Flinn: “On the Nappe Structure of 
forth-East Shetland” {to be read by Prof. R. M, Shackleton). 


TNSTITUNON or Civ, Excrneens (at Great George Street, London, 
tT). at 6.30 pam—Mr. W, R. Hockaday: “Lifting Equipment” 
D gala Clerk Lecture),| 


Thursday, January 9 


_Ixsmmmorion OF NAVAL Anonitnors (in the Weir Lecture Hall, 
0 Upper Belgrave Street, London, 8.W.1), at 4.45 pom.—Dr. y 


Ratnsay Gebbie: Amos Ayre Leoture. 


i INSITTUTION or ELEoTRIcAL ENGINEERS (at Savoy Place, London, 
v ©.2), at 5.30 p.m.—Selentific Papers, 


Friday, january 10 


C BOCIRTY OF DYERS AND CoLovRists, LoNpon SETON (joint 

| meeting with the LONDON SECTION of the OIL AND COLOUR CHEMISTS’ 

BSOCIATION, af phe Royal ar Purineon House, Piceadilly, 

London, Wi, at 6 p.m.—Prof. W. D. Wright: “Colour for the 
yer” 


NORTR Bast Coast ENSTITUTION OF ENGINEERS AND SHIPRUILDERS 
in the Lecture Theatre of the Mining Institute, Newcastle upon 
‘'yne), at 6.15 pnt. Prof. G. H. Chambers : “University Education 
in Marine Engineering”. 


“SOCIETY OF CHEMICAL INDUSTRY, Fink CHEMICALS GROUP {at 
Belgrave ghar London, 8, W. A), at 6.86 p.m.—Prof. iR. M. 
Barrer, F.R.S.: “Molecular Sieves”, 


Saturday, January 1] 


-trisa Myroonogican Socrery (in the Large Physics Lecture 
Pheatre iret College, Malet Street, London, W.C.1), at 11 ame- 
nie Papers 


APPOINTMENTS VACANT 


ACATIONS are invited for the following appointments on or 

the dates mentioned : 

[MISTRATIVE ASSISTANT (graduate of a British university) IN 

EPARTMENT OF Paysics~The Registrar, The University, 

ester 18 (January 11). 

ART LECTUR R (Grade TIT) or JONIOR FELLOW IN (Verer- 

LHMACOLOGY—-The Registrar and Secretary, The University, 

annary 15), 

OR er ATRRHATIO phe Secretary, The University, 

wary : 

por- BSCIENTIFIO ÖFRFIER (with a firgi- or second- 

B Gr chemistry: and a knowledge of one or more of 
pil chemistry, radiochemistry, low-level counting 

T araa Physical Laboratory (D.S.LE-Y}, 
Moto dating by radioactive methods. inclading 

g measurement of carbon-14 in archeo- 
' of Labour and National Service, 
26 King Street, London, 8.W.1, 


l Feseareh experience in the 
my af the University of 
on of Universities of the 
alo R, WLO.1 (Australia, 


pes ofm 
Bi rector: of ‘atablishanen ig, Central Electricity . 


A. J. Thompson and Mr. N. Walker: “The Intro- : 
oe “Street, London, W.1, quoting Ref. N/614 (January 20 H 


or CHEMroar, INDUSTRY, LONDON noton {at 14 Belgrave 
“Organo- 


NE (at. Savoy Place, London, W. È, 2}, at 6.80 p.m—Dr. R` 


6.80 p.m.—Discussion on ‘Mass Production aed 
n Ganderton. = -the 















A215 p.m, -iin conjunction with the Mrcropronogy Grover of the 
aT MICAL OINDUSTRY)—-Meeting on “New Techniques in’ 


of concrete inchiding various aapects 6 





e Registrar, Trinity © 


OT equivalent qualification 
more ‘branches of non-destractive 
if ries, Central Electricity Authority 
‘ch into the non-destructive testing of all 

in the Electricity Supply. Industry-~The 
norin: Winsley 








5 VBCTURER or r Ags ie eet LECTURER IN Parity Cou Cli Univer. ia 


Bq are, London, WiC. f muary. BER F 
RER IN CHEMISTRY at the University: College 
Seeretary, Inter-University Counci) for Higher Educatis aR 
29 Woburn. Square, London, W.C.1 (lanuary 31), l ee 
LECTURER IN MATHEMATIC8—The Segre tary: of University. Court, - 
The University, Glasgow (January 31). wee 
- TLROTURER IN THE DEPARTMENT OF ZOOLOGY, Victoria University, 
Wellington, New Zealand—The Secretary, Association. of Universities: 
e ‘British Commonwealth, 36 Gordon Square, London, w A 
(New Zealand, January S1). 
- LECTERER/ SEKTOR LECTURER (with a principal interest in morpho- 





a gical, physiological or chemical cytology) ry HISTOLOGY ANT: 
Sociery FOR APPLIED BACTERIOLOGY (in the Barnes Hall, Ro a 
ocety of Medicine, 1 Wimpole Street, London, W.1), at 10° am S 


EMBRYOLOGY at the University of Sydney, Australis—The Secretary, 


Assoelation of Universities of the British Commonwealth, 36 Gordon ee 
Be are, London, W.O (Australia, Janmary 31). 


EOTURERS IN CHEMISTRY (INORGANIC AND PHYSICAL} Fhe 


Registrar, The Manchester College of Selence and Technology 


‘Manchester 1 (January 31). 
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The ‘University College of East Africa—-The Secretary, Inter-Univer«. 
sity Counell for Higher Education Overseas, 20 Woburn Square, o. 
London, W.C.1 (February 3). 

SENIOR LECTURER or LECTURES In Rapto.ocy in the Faculty of © 
Medicine, University College, Ibadan, Nigeria~-'The Secretary, Senate 
Cominittee on Colleges Overseas in Special Relation, University of - 
London, Senate Honse, London, W.C.1 (February S). ee 
NUFFIELD INVESTIGATOR (with a degree in metallurgy, chemistry oe 
or physics, and axperience in research) IN THE METALLURGY DEPART] oc 
MENT, bo conduct research on his own account and help- in tuuming o 
the Nuffield Research Group-in Extraction Metau pr Eon F; D. ee 
Richardson, Imperial College, London, 8.W.7 (February nn te 

SENIOR RESEARCH OFFICER. ‘(graduate in ‘ulbing/metativngica ees 
engineering froma recognized university or with equivalent qualifica- x 
tions, and research experience in milling aud treatment problems) | ~ 
IN THE DEPARTMENT OF MINING AND METALLURGICAL ENGINEERING, 
University of Queensland. Australia—The Secretary, Association oto o 0o 
Universities of the British: Commonwealth, 36 Gordon Square, ‘London, | SEG 
W.C.1 (Australia, February TEk Ae Oe a 

BaRCOCK AND WILCOX RESEARCH FELLOW IX : NUCLEAR Exo amser o 
Ina—The Registrar, Queen Mary College. (University. aA London), eons 
Mile End Road, London, E1 (Pebruary 28). - is ate 

REGIUS PROFESSOR OF PHYSIOLOGY. i thë University oo | Aberdeen a 
Be i hag Secretary, St. Andrew's, House, Edinburgh 1 Febe 3 
FUREY 

LECTURER (graduate with an interest in electronics) m 1HE Daman s 
MENT oF TExtiILE InpustRims—The Registrar, Tho Manchester 
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AUTOMATION IN THE POST OFFICE: TECHNOLOGY 
AND HUMANISM 


HE changes in the telephone service of Britain 
announced by the Postmaster-General in’ the 
` House of Commons on November 13 and outlined 
more fully in a White Paper* published that afternoon 
have more than usual scientific and technical interest. 
Essentially they represent a dividend to the nation 
from an investment in technology. They provide 
also a striking example of the contribution which 
“automation can bring to the improvement of con- 
ditions of everyday life and the way in which a 
service, hitherto expensive, comparatively restricted 
and sometimes slow, can be made cheap, almost 
universal and generally rapid. Perhaps even more 
important, .they provide a noteworthy example 
of the way in which technical change such as 
automation should be handled; not merely its 
effect. on the worker is- discussed but also its 
dependence for full effect on his co-operation and 
understanding (see also p. 92 of this issue). 

The White Paper explains that the Post Office is 
taking two big steps towards full telephone auto- 
mation, and is pressing on quickly with a system in 
which all numbers are obtained automatically and 
charges for calls are recorded mechanically, thus 
giving better service at lower cost. The first step is 
to remove the system of charges designed for manual 
operation, which has hindered progress ever since 
the first automatic exchange was opened in 1912. 
Accordingly, from January 1, 1958, the present 6,000 
exchanges, each with its own list of charges, will be 
reduced to about 600 charging units which will be 
called groups, and all exchanges in a group will have 
the same list of charges. In consequence, any sub- 
scriber will be able to call any other subscriber within 
his own group or an adjoining group (with few 
exceptions) for 3d., and existing equipment will be 
fully used for the first time. The 150 million calls a 
year now handled by operators will be dialled direct 
by subscribers, with very little additional equipment, 
and. telephone costs will be cut by £2 million a year. 
Most trunk calls will also be cheaper under the new 
system; though about 3 per cent will be slightly 
dearer. 

This step paves the way for the second step of full 
automation which is to follow later, commencing 
with the exchange at Bristol. Local, toll and trunk 
exchanges will be merged into one fully integrated 
automatic unit so that ultimately subscribers will be 
able to dial all calls. Charges will be recorded auto- 
matically on the subscriber’s meter, eliminating all 
possibility of human error, and the minimum three- 
minute charge will be abolished. Ultimate savings in 
operating and accounting of £15 million a year are 
visualized, and by the end of 1958 it is expected that 
subscribers in Bristol will be able to dial about half 


* Full Automation of the Telephone te aon 14. (Cmnd. 303.) 
(London: H.M. Stationery Office, 1957.) 9 


the subscribers in Britain. Forty other towns will be 
similarly equipped by the end of 1960, and by 1970 
three-quarters of all trunk calls in Britain will be 
dialled by subscribers. 

The ‘brain’ of the new system is a robot telephone 
operator devised by Post Office research engineers 
and Imown as Group Routing and Charging Equip- 
ment, or ‘Grace’. It will interpret the numbers 
dialled by subscribers, and route calls in the required 
direction, operate switches at intermediate telephone 
exchanges until the required exchange is reached, 
and then dial the number on that exchange. Some 
operators will still be required to “provide such 
specialized services as personal calls, reverse charge 
calls, etc.; but the number of telephone operators ' 
will be greatly reduced during the next ten years 
and the automatic accounting already noted will 
also eliminate the work of 1,500 clerks. 

The White Paper emphasizes that the biggest 
problems of this automation of the telephone system 
are not in the technical field; the human problems 
are much greater. Men and women are displaced, 
less staff is required and prospects of a career are 
jeopardized. The Post Office is well aware of the © 
anxiety and hardship that could be caused in this 
way, and intends that this development shall be 
undertaken with the good-will of the staff. Full 
regard. will be paid to the interests of those who have 
given long service, and to such added responsibilities 
as the staff may carry in future. These problems 
will be tackled by the Post Office and the trades 
unions together, and the Post Office trades unions 
have already declared their willingness to co-operate 
and to serve on working parties set up to consider 
the introduction of telephone automation and its 
problems. 

These two steps together constitute the most 
sweeping and radical reform of the telephone service 
of Britain since the Post Office took over in 1912. 
Technically, they represent an advance of which 
Britain has a right to be proud, and a demonstration 
of how closely scientific and technical advance touches 
the everyday life of the community. They show that 
technical advance can—as it should—be shared with 
the community that pays for it, and perhaps the 
deepest interest of the White Paper even to the 
scientist and technologist is in the evidence it affords 
of the care which the Post Office has given to the 
social implications of automation. Lord Halsbury’s 
arguments are seen here to be accepted and applied, 
and are in accord with the conclusions of the recent 
studies of PEP in this field. 

Here, however, a remark which the Postmaster- 
General made should be noted. He pointed out that 
the development had been brought about not by 
new machinery but by the better use of existing 
machinery. Mr. Marples claimed categorically that 
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the benefits now offered to the nation have been 
made possible by the removal of administrative 
restrictive practices from the machinery or equip- 
ment already available and not being fully or 
efficiently used. 

Mr. Marples may have been using the term 
‘restrictive’ in the sense of ‘obsolete’, but the point 
is important. If Britain is to enjoy the full benefits 
which automation and other major technological 
developments like nuclear power offer, such develop- 
ments must be operated under the appropriate con- 
ditions. The proper return on the vast investment 
involved will not be secured unless the equipment is 
operated at full load; and this is equally the case 
for investment in roads, railways and coal mines and 
also nuclear power. 

It is true that, as the White Paper makes clear, in 
these developments in telecommunications there is 
little danger that the replacement of the drudgery of 
many.by the skill of a relatively few technicians will 
involve large or sudden dismissals of staff; but the 
Post Office is taking no chances that normal wastage 
will not suffice to meet the situation and is adopting 
appropriate measures to deal with the human prob- 
lems. Nor is it not simply in this respect that the 
whole attitude revealed in the White Paper is of 
outstanding interest. It was a main argument in the 
report by Pref. C. F. Carter and Prof. B. R. Williams 
on “Industry and Technical Progress”? that lack of 
vision and enterprise and obsolete or restrictive 
- practices both on the part of management and of 
trades unions in important sections of industry in 
Britain were preventing the adoption and exploitation 
of inventions and new discoveries. We have here a 
first-class illustration of the dividends in saving of 
labour and reduction of costs which a forward-looking 
attitude can pay in both social and commercial life, 
and also of the way in which problems of techno- 
logical development should be approached. 

Tribute has rightly been paid to the research 
workers whose achievements have made these 
advances possible. It is no less fitting that tribute 
should be paid to the vision and enterprise of the 
management that has broken through the prac- 
tices and methods that have hitherto prevented 
Britain from enjoying the advantages those achieve- 
ments offered ; and. also to the courage and respons- 
ibility of the trades unions concerned as well as of 
-~ the management in tackling the human problems of 
adjustment with sympathy and openmindedness. 
The example which the Post Office is setting of the 
way in which to face the human problems of tech- 
nological advance could prove one of the most 
important benefits the nation will reap from this 
striking development ; this must be as significant as 
its demonstration that full use of technological 
advance can reduce prices and costs for the benefit of 
the whole economy. It could also assist to establish 
that confidence in the scientist and technologist 
and dispel the suggestion of mystery with which 
they are surrounded, thus making a further con- 
tribution to the effective use both of science and 
technology. 
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THE SEROLOGICAL APPROACH TO 
THE STUDY OF PLANT VIRUSES 


Plant Virus Serology 

By R. E. F. Matthews. Pp. xii+128+6 plates. 
(Cambridge : At the University Press, 1957.) 27s. 6d. 
net. 


HE fact that plants do not apparently give rise 

to antibodies is liable to cause some confusion 
on the question as to how serology can have an appli- 
cation in the study of plant viruses. However, in, 
1928, Helen Purdy Beale demonstrated that the 
virus of tobacco mosaic was & good antigen ; in other 
words, that the blood of a suitable animal, usually the 
rabbit, contains antibodies which react specifically in 
an. observable way to the virus antigen when injected 
into it. This discovery provided a hew and mportant 
tool for plant virus research, and its application is 
continually being developed and improved. By 
means of the serological reactions, latent virus 
infections can be readily demonstrated. This is of 
practical importance for several economically impor- 
tant crops, as in the building-up of virus-free stocks 
of potatoes and flower bulbs, for example. Further- 
more, by means of this technique, relationships can 
be shown to exist between viruses which would 
otherwise never have been suspected of a close 
connexion. This, in turn, may throw light upon 
some problems which have long puzzled plant 
virologists. The ability to establish serological 
relationships between viruses gains an added impor- 
tance in view of the unreliability of cross-protection 
tests which is only now being realized. Up to now 
all this information has been scattered widely 
throughout the plant virus literature, or given 
necessarily brief treatment in text-books of general 
plant virology, so .that Dr. Matthews is to be con- 
gratulated on his book which, for the first time, gives 
a descriptive survey of plant virus serological methods 
together. with practical instructions. 

After a brief introduction, there is a description 
of the methods of preparing the viruses for injection 
into the rabbit and for collection of the antisera. The 
types of serological tests are next explained, followed 
by an account of the routine testing for virus infection. 
In routine work, the precipitation test is of particular 
value when large numbers of plants have to be 
examined for the presence of a latent virus infection ; 
this is especially true in certification schemes for 

- vegetatively reproduced plants. With modern 
developments this technique can now be applied 
directly in the field by persons without much 
training in the subject. 

Chapter 5 gives a good description of the serological 
tests used for determining relationships among plant 
viruses. In Chapter 6, in his account of the precipita- 
tion reaction, the author includes some of his own 
original work. Certain plant virus nucleoproteins, 
which can be isolated in large quantities, are relatively 
homogeneous from the serological point of view, as 
compared with other protein antigens. The virus of 
turnip yellow mosaic is particularly suitable in this 
respect, and some aspects of the precipitation reaction 
are illustrated by new data obtained with this virus. 
These experiments have implications extending 
beyond the field of plant virus serology and should 
interest the general immunologist. i 
_ Chapter 7 deals with the antibody content of sera ; 
this has not.a general application to plant virus work, 
but it is useful on occasions. For example, titre 
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méasurements on antisera showed that the ‘top 
component’ of turnip yellow mosaic virus, which 
has no nucleic acid, was much less efficient in stimu- 
lating antibody production than the ‘bottom com- 
ponent’ which is the nucleoprotein. In Chapter 8 
the methods for estimating virus concentration are 
discussed, the precipitation reaction providing a 
rapid and convenient means towards this end. The 
specificity of the reaction allows virus to be estimated 
in the presence not only of plant impurities but also 
of unrelated viruses. In Chapter 9 the cross-absorp- 
tion procedure is dealt with which can be used for 
estimating degrees of relationship between viruses, and 
in Chapters 10 and 11 experiments with mixtures of 
viruses and strains of viruses, and the causes of failure 
to obtain positive serological tests, are discussed. 
With regard to the last point, antisera have been 
prepared for about thirty plant viruses or groups of 
virus strains, but there are still 200 or more viruses to 
which serological methods have not yet been applied. 
In some cases repeated attempts to obtain antisera 
have resulted in failure ; this may be in part due to 
lack of concentration of the virus, so that new methods 
of virus concentration may have to be devised. Then, 
of course, a large number of viruses are not mechani- 
cally transmissible and this greatly complicates the 
study of their serology. 

This book is a valuable contribution to the study 
of plant viruses, and should be read by all plant 
virologists and by immunologists in general. The 
different procedures and their pitfalls are carefully 
and lucidly explained, and the illustrations and tables 
are excellent. The electron micrograph, in the 
frontispiece, shows dramatically how, in a mixture of 
viruses, the antiserum aggregates only the virus against 
which it was prepared. KENNETH M. SMITH 


THEORY OF INSTRUMENTATION 


Instrument Technology 

By E. B. Jones. Vol. 2: Analysis Instruments. 
Pp. xi+208. 40s. Vol. 3: Telemetering and Auto- 
matic Control. Pp. x+198. 40s. (London: 
Butterworths Scientific Publications, 1956-57.) 


T is always a pleasure to read clear prose, and quite 

apart from the technical merits of these volumes, 
one is impressed by their lucidity. In these volumes, 
as in their predecessor, the author chooses as his 
audience the instrument mechanics of industry. 
Anyone interested in his subject can sympathize with 
the author in his task of selecting material and restrict- 
ing explanations in a field where to-day’s success may 
be to-morrow’s museum exhibit. Mr. E. B. Jones is to 
be congratulated on providing a theoretical back- 
ground to efficient instrument use and maintenance, 
even if it is possible to differ from the publisher’s 
announcement which rather suggests the work is a 
maintenance guide. Obviously, nothing can replace 
the manufacturer’s manual and still remain of general 
interest. 

The second volume describes the principles and 
applications of measurements based on the composi- 
tion of fluid streams or samples, and thus continues 
the treatment of pressure, level, and temperature 
measurement which was covered in Vol. 1. In this 
volume the very clear diagrams, and the short 
accounts of physical and chemical principles, are very 
attractive. The third volume attempts to show the 
application of automatic control to processes where 
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variables are measured by the means examined in 
earlier volumes. In the discussion on telemetering, 
and especially of automatic control, all material 
appears to have been tested by the yardstick of 
usefulness, so that a well-grounded, but general,’ 
treatment results. 

One can recommend this book for the training of 
instrument mechanics, since the level of knowledge 
that it will provide as adjuncts to the practical skills 
of installation, maintenance and ‘trouble-shooting’ 
can only result in a more intelligent use of instruments 
and automatic control devices. T. K. Ross 


ELECTRONICS DIGEST 


Handbook of Industrial Electronic Control Circuits 
By John Markus and Vin Zeluff. Pp. xv+352. 
(London: McGraw-Hill Publishing Company, Ltd., 
1956.) 66s. 


The Cathode Ray Oscilloscope 

Circuitry and Practical Applications. By J. Czech. 
Pp. xii +340. (Eindhoven: N. V. Philips’ Gloei- 
lampenfabrieken ; London: Cleaver-Hume Press, 
Ltd., 1957.) 57s. 6d. 


CRITICAL survey of some aspect of technology 

is no mean task when undertaken by an 
individual author, if his book is to be reasonably up 
to date at the time that it appears. There are other 
and complementary ways of presenting accounts of 
current practice, either through collected digests of 
articles that have appeared in the technical period- — 
icals, or from the collective experience of a company 
specializing in a particular field. 

The book by Markus and Zeluff might be described 
as ‘articles of lasting interest, skilfully digested’ from 
the well-known journal Electronics. Some 350 articles 
that appeared during 1948-55 are included in a 
volume weighing 3 lb., a worth-while reduction from 
the 6 ft. shelf and 200 lb. of the original magazines. 

Czech’s book for users of the cathode ray oscillo- 
scope is translated from the German, and is one of 
the extensive series of Philips’s technical and scientific 
publications. Like many titles in the series, it is 
closely related to the experience and products of that 
Company. 

While both books lack the critical approach to 
first principles so valuable to the advanced designers 
of equipment, they will be helpful to the wider circle 
of technicians interested in particular applications. 
The selection from Electronics has been classified 
under such headings as amplifier circuits, capacitance 
control, counting circuits, measuring circuits, metal 
detectors, motor control, oscillators, photoelectric 
controls, temperature control, timing, power supply 
and transistor circuits. A rather full index has been 
added, and provides a useful cross-reference between 
articles containing related material; the original 
reference is given in each case. As the title suggests, 
the emphasis is upon industrial control applications, 
written at the consistently practical level of the 
journal in which they appeared. 

The user of cathode ray oscillographs -will find the 
second book helpful, particularly because of the large 
number of oscillograms used as illustrations. It is 
not recommended as a ‘first reader’ on the subject, 
but is valuable for being written from a point of view 
different from the several English standard works. 
Its origin is most evident in the bibliography, and in 
the illustrations of instruments and circuits of one 
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particular manufacturer. There are excellent sections 
on general measuring technique in bridge circuits, 
for phase and frequency measurement, and for prac- 
tical work on fluorescent lamps, camera shutters, 
flash bulbs and television receivers. 

Neither book deals with the preferred functional 
circuit, a concept that would greatly simplify the 
pursuit of conventional circuits and reduce them to 
system-design, by building up an assembly of func- 
tional circuit ‘bricks’. 

Whether or not it is worth while using this approach 
to clear away retrospectively the profusion of detail 
in circuit design is in question for thermionic circuits, 
but it should be done for transistor circuits. The 
treatment of transistors in the first book extends 
only to the end of 1955, but is an excellent guide of 
what is to come, as semi-conductors are particularly 
suited to industrial applications. The second book 
looks backward rather than ahead in its field, and 
transistors are not mentioned, although they have 
made possible a significant future development, the 
miniature, portable, earth-free oscilloscope. 

Denis L. JOHNSTON 


FLAME SPECTROSCOPY 


The Spectroscopy of Flames 
By Dr. A. G. Gaydon. Pp. ix+279+6 plates. 
(London: Chapman and Hall, Ltd., 1957.) 50s. net. 


ROM the earliest times of recorded observations 
of matter, flame and fire have occupied a place 
of particular interest and importance, being so 
obviously remarkable in nature that they ‘were 
frequently regarded as constituting a principle, or 
element. In the early nineteenth century it became 
clear that flames were generally to be associated with 
very rapid chemical reactions, usually of combustion, 
and attempts to understand them, on the basis of the 
characteristic light emitted from them, commenced. 
Serious attempts of this kind have had to await the 
development of the application of wave mechanics to 
spectroscopic data, which allowed of the analysis and 
identification of the spectra of short-lived radicals 
such as, for example, Ca CH, OH, which appear in 
many common flames. The next step is to deduce 
the part played by such radicals in the physico- 
chemical processes occurring in flames, as part of a 
general scheme of elucidation of the detailed reactions 
of combustion. 

A major part has been played in these studies in 
recent years by Dr. A. G. Gaydon, the author of the 
work under review. From time to time Dr. Gaydon 
has published monographs relating to the physics 
and chemistry of flames, which have been distin- 
guished by their scope, their presentation of conflict- 
ing theories or points of view in a fair-minded way, 
and their ability to stimulate further work of impor- 
tance. The present volume is no exception to this, 
and like the previous ones, is also most valuable for 
the large number of useful practical hints to workers 
in the field. 

The book opens with a number of introductory 
chapters on methods of studying flame spectra, on 
techniques for obtaining special types of flames, 
such as diffusion and low-pressure flames, and 
on the elementary theory of atomic and molecular 
spectra. ‘The last of these, while by no means supply- 
ing all the spectroscopic knowledge required by an 
intending worker in the field, is nevertheless a useful 
introduction. 
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The next three chapters deal, broadly, with 
accounts of the electronic spectra of hydrogen, carbon 
monoxide, and hydrocarbon flames with oxygen o1 
air. They provide very complete descriptions of the 
observed features, with some discussion of whether 
the spectra show chemiluminescence (that is, non- 
thermal excitation), and of whether the concentra- 
tions of emitters are in excess of those to be expected 
for thermodynamic equilibrium. For example, a 
typically balanced account of the various views 
of processes of reaction in carbon monoxide flames 
is given. A further chapter discusses the analysis of 
spectra so as to obtain the effective translational, 
rotational, vibrational, etc., temperatures, under- 
standing of which is required if the complicated dis- 
tribution and exchange of energy between various 
types of molecule and degrees of freedom occurring 
in flames is ever to be solved in detail. 

In further useful chapters the book deals with 
infra-red emission from flames (a rather neglected 
topic), the correlation of spectroscopic results with 
processes of reaction (including an account of carbon 
formation ‘in flames), and industrial flames and 
engines. The book ends with an interesting account 
of various unusual flames, in which oxides of nitrogen, 
halogens, compounds of sulphur, etc., take part, 
and with a brief discussion of spectrophotometry of 
trace additives, which is itself beginning to throw 
light on the chemistry of flame reactions. 

This is a most valuable book to all those working 
in any field which has points of contact with the 
study of rapid reactions of simple molecules. It may 
be that spectroscopic studies tend to emphasize the 
role of a small number of rather special free radicals 
and molecules, but it must be agreed, with the author, 
that “emission of light is the most distinctive property 
of a flame and must surely be capable of giving much 
information about what is happening”. 

T. M. SUGDEN 


THE BIOLOGY OF AGEING 


Ciba Foundation Colloquia on Ageing 

Vol. 2: Ageing in Transient Tissues. Edited by 
G. E. W. Wolstenholme and Elaine C. P. Millar. 
Pp. xi+263. 36s. net. Vol. 3: Methodology of the 
Study of Ageing. Edited by G. E. W. Wolstenholme 
and Cecilia M. O’Connor. Pp. x+202. 32s. 6d. net. 
(London: J. and A. Churchill, Ltd., 1956-57.) 


The Biology of Ageing 

Edited by W. B. Yapp and G. H. Bourne. (Symposia 
of the Institute of Biology, No. 6.) Pp. xiv+128. 
(London: Institute of Biology, 1957.) 25s. 


EPORTS of the various symposia and colloquia, 

especially on endocrinological subjects, which 
have been organized by the Ciba Foundation, are by 
now widely known and appreciated. A series of 
colloquia on ageing is one of the more recent activities 
of the Foundation, and Volumes 2 and 3 provide the 
material which was presented at two meetings of 
gerontologists in July 1955 and July 1956. 

Volume 2, which is devoted to a study of the 
ageing of component tissues of the body whose span 
of life is shorter than that of the whole animal, might 
at first glance be mistaken for one in the series of 
endocrinological symposia ; for many of the papers 
deal with the growth and development of tissues 
concerned with reproductive processes in a fairly 
narrow endocrinological context. Thus, among 
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Other papers by Dr. Mollison and Dr. Lovelock ; 
discuss what happens to the red blood cells to- 


_ bring their life to such a rapid end, and what could 
- be done to prolong their survival in storage. Age 
_ ehanges in the sweat glands of the human female, the 
- factors controlling growth of the antlers in deer, and 
- finally a botanical paper on the metabolism of senes- 
-cent leaves, are titles which give some indication that, 
_ on this occasion, the limits of the definition of ageing 
were very widely stretched, perhaps to the extent of 
causing a lack of cohesion in the contents of the 
= volume. 
Contributors to the third colloquium on the 
“Methodology of the Study of Ageing” related their 
papers more closely to a single general theme. The 
-study of ageing is of such relatively recent scientific 
-Tespectability that workers in the field are acutely 
conscious of the need to agree on the basic definitions 
of their subject and on the limitations of various 
- methods for studying the problem. At present they 
-aro more aware of the needs than confident that they 
have found solutions. It is clear that no one was sure 
about tho level of organization at which ageing can 
be studied most profitably. Some thought that the 
omparative approach in studying whole populations 
ad been badly neglected, whereas others discussed 
he ways in which ageing in separate organ systems 
r in individual cells might provide the important 
lues. Clinicians at the meeting were perhaps unneces- 
sarily humble in believing that studies on human 
beings were less likely to be valuable than those of 
experimental workers on the mouse or the hamster. 
The latter part of Volume 3 is taken up with a 
iscussion of the psychological aspects of ageing and 
notable for an excellent account by Welford of the 
roblems which face those who want to understand 
he reasons why the work performance of human 
eings changes as they get older. Much of what he 
had to say about the design of experimental studies 
-in psychological problems is very relevant to the 
design of experiments on animals for other geronto- 
logical purposes. 
“The Biology of Ageing” summarizes the contribu- 
tions to a symposium, organized by the Institute of 
Biology, which was intended for a much wider 
3 audience thani is to be found a at i the Ciba Foundation. 
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T HIS book describes in great detail the remarkable 
discussion of the chemical basis of heredity 
held in 1956 at the Johns Hopkins Institute. Almost 

y aspect of the problem of heredity was discussed 
and the very. wide extent of the matters under 
survey is shown by the fact that Dr. Bentley Glass 
oceupies no less than 77 pages in his summary of the 
whole symposium, 

Original work is described in eight chapters which ` 
are subdivided into sections with the. various 
discussions within the sections. The chapters concorn 
“Cellular Units of Heredity’, “The Role. of the 
Nucleus”, “Nucleic Acids and Associated Structures in 
Cell Division and Protein Synthesis”, “Nucleic Acids 
—~as Transforming Agents”, “Viruses as Bearers ofo _ 
Heritable Characteristics’, “Nucleic Acids—-Chemical 
Composition and Structure’, “Synthesis of Nucleo- 
tides and Nucleic Acids” and “Mechanism of Duplica 
tion”. In this book all the papera aro written wie 
great clarity and are freque illustrated by 
graphs and diagrams.. Fi 
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THE FARM LIVESTOCK RESEARCH CENTRE OF THE 
ANIMAL HEALTH TRUST 


By Dr. W. R. WOOLDRIDGE 


Scientific Director of the Trust 


lie opening the new Farm Livestock Research 
Centre of the Animal Health Trust at Stock in 
Essex on Friday, December 6, H.R.H. Prince Philip, 
the Duke of Edinburgh, said: “There are three 
reasons why I am very pleased and delighted to be 
able to visit, open and look round these Animal 
Health Trust Laboratories. As you have just heard, 
I do not believe in half measures, and so I am presi- 
dent of the Royal Agricultural Society, president of 
the British Dairy Farmers Association and president 
of the Smithfield Show, and all of them are vitally 
interested in the health of farm animals. It also 
gives me an opportunity in the capacity of president 
of these three organizations and also in my personal 
capacity to express our admiration and appreciation 
of all the work that is done by the Animal Health 
Trust in all their laboratories in different parts of the 
country for the domestic animals of this country and, 
of course, animals all over the world. 

‘The third reason is because I am personally quite 
interested in farming and livestock generally and 
also because I am fascinated by all kinds of research. 
I like to see these ingenious techniques that are used 
to solve rather complicated problems. I like the 
atmosphere in a research establishment—the pleasure 
and excitement whenever some useful bit of work 
has been achieved after a great 
deal of hard work. I believe that in ma 
this world where we think that wo | 
know everything and we think that =~ 
we can do everything it is some- 
times good for the soul to be re- 
minded how much we do not know, 
and one of the best places to find 
out is in a research laboratory. 

“In this place there will be plenty 
to do—there is no doubt about 
that—for the prevention of disease 
and sickness and suffering in ani- 
mals and also to help agriculture 
in the commercial sense. Disease 
in farm livestock is supposed to 
cost farmers something like £70 
million a year, and so any investiga- 
tion into disease and methods of 
cure and prevention is of the first 
importance. But there is an 
enormous gap between actual sick- 
ness on one hand and what one 
might describe as vigorous health 
on the other. There are all sorts 
of things in that gap. Infant 
mortality among human beings is 
something like 2 per cent; in 
farm livestock it is anything be- 
tween 15 and 20 per cent. That is 
not an actual disease, but it is also 
not good health. Then there is in- 
fertility, that is not necessarily a 
disease, but there is something not 
exactly right, and in farm livestock 


in this country it is becoming rather a problem. A great 
many farm animals are becoming worn out sooner 
than they ought to—their productive life is not as 
long as it used to be. We do not know why strange 
things happen when we change the diet. We know 
some of the things that happen, but we do not know 
other things that happen. We do not know how the 
treatment of feeding stuffs with different things will 
affect the people who eat the animal products. I 
hope these and many other things will be investigated 
that are in the capable hands of Dr. Sellers and his 
helpers in these laboratories. I am quite sure they 
will soon be responsible for many, I hope, fruitful 
developments. 

“T would also like to add my appreciation of the 
work and support that is being given to this effort 
by the Boreham Institute and their generosity, and 
I hope for their sakes also we may see some fruitful 
developments”. 

This Centre is one of four established by the 
Animal Health Trust—the others being organized 
also on a species basis and devoting their energies, 
respectively, to horses, dogs (and cats) and poultry. 
The Equine and Canine Centres are at Newmarket, 
and the Poultry Research Station, which is now an 
independent entity jointly supported by the Agri- 





Fig. 1. Lilystone Hall, Farm Livestock Research Centre, Stock 
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Fig. 2. 


cultural Research Council and the Animal Health 
Trust, is at Houghton, Huntingdonshire. 

The Trust is a unique organization, in that it is 
entirely independent ; it was founded at the end of 
1942 and has maintained itself by voluntary sub- 
scriptions from owners of animals, from the general 
public and from organizations interested in animals. 
Up to date it has raised more than £1 million, which 
has been spent in carrying out its aims, namely to 
assist in the field of veterinary education and to 
promote researches into disease of animals and the 
relief of animal suffering. On the educational side it 
assists needy veterinary students of merit to com- 
plete their studies at the universities and makes 
postgraduate awards to those desiring to enter 
research or academic careers. It has awarded more 
than one hundred undergraduate studentships and 
more than eighty postgraduate scholarships and 
fellowships at a total cost of more than £100,000. 

The Farm Livestock Research Centre, like the 
other stations, has an entity of its own, although 
they all come under the ultimate supervision of the 
scientific director of the Trust, who is advised by a 
Scientific Advisory Committee. Dr. K. C. Sellers is 
the director at Stock. The scientific staff at the 
moment is small, including Dr. Williams Smith as 
bacteriologist ; Mr. G. Skulski, pathologist; Mr. 
A. L. Ogden, in charge of field surveys; Mr, C. G. 
Ashton, biochemist. 

The new laboratories, which will allow for some 
increase in the scientific staff, have been erected by 
the Boreham Trust, which, in addition to paying for 


New Laboratory Buildings of the Farm Livestock Research Centre 


these new buildings, has let the whole of the Lily- 
stone Hall Estate, comprising a mansion and 37 acres, 
to the Animal Health Trust at a peppercorn rent 
(Figs. 1 and 2). The animal houses, few in number 
at the moment but allowing plenty of room for later 
development, are of a type which will permit them 
to be adapted fairly readily for use with different 
species of animals. 

As with the other research centres of the Trust, 
the scientific staff maintains effective liaison with the 
farmer or other animal owner, as it is part of the 
policy of the Trust to employ scientists who have m 
addition to their own specialist experience a reason- 
able knowledge of the management and husbandry 
methods used with the species they are studying. A 
Livestock Advisory Committee composed of repre- 
sentatives of the major livestock organizations in 
Britain advises the director. 

One of the major developments at this Centre is 
the carrying out of surveys in connexion with various 
diseases of livestock. Dr. Sellers has himself carried 
out a survey in east Yorkshire on the diseases of 
sheep, paying particular attention to losses in preg- 
nant ewes. This survey is being continued and 
followed up in the laboratory. 

Mr. Ogden is making a thorough survey of bovine 
infertility in the eastern counties in co-operation with 
the Milk Marketing Board. He is in close touch with 
the Board’s progeny-testing schemes and artificial- 
insemination centres, and the animals, chosen at 
random, under his direct supervision include 3,000- 
4.000 cattle from some two hundred herds. Wherever 
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birth to weaning. ae. 
The work of the Bacteriology. 


Work is also continuing on Johne's disease. Fol- 
lowing earlier work whereby a medium was devised 
for the more rapid culture of the Johne’s disease 
bacillus, the presence of these microbes in various 
organs and tissues of the body is being examined, and 
useful information is being obtained which may throw 
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= > has been carried out upon an investigation of the- 
ful- blood serum proteins of cattle, sheep and pigs. The ` 
of work has so far been done mainly with cattle, and- 
ios = the technique of examination is that of electro- 
n phoresis using specially prepared starch gels. Asa- 


result of this fairly extensive examination, it has- 
been shown that the serum proteins of cattle fal- 
into five patterns when examined in this way, and it 
has further been demonstrated that these patterns — 
have a hereditary basis. The work is being extended — 
to see whether, in addition, the patterns are linked in 
any way with such economic factors as the butter-fat - 


- or the gsolids-not-fat content of milk. Theoretically, 


ld appear that there should be a sixth pattern, - 
evidence of this has been obtained it is- 
at the mating which would give rise to- 
attern is also linked with a lethal factor. | 
In the future it is hoped to increase the scientific 





staff and investigate other problems of importance | 
to livestock farming. 


Certain ad hoc problems are 
already being examined, such as the treatment of- 
bovine ringworm and the part played by iodine and © 
vitamin A in the growth and possible disease of. 
piglets. It is not intended, however, that this Station — 
shall become a huge one, although there is still room’ 
for improvement which will, of course, in an organ- 
ization such as the Animal Health Trust, depend upon 
the support it receives from livestock owners and 
other bodies interested in agriculture. 


_ SCIENTIFIC OBSERVATIONS OF THE ARTIFICIAL EARTH SATELLITES 
AND THEIR ANALYSIS 


. Methods for radio, visual and radar tracking were | 
hastily improvized. In Britain a remarkable amount — 


of scientific work has been carried out by a great 
: number of observers in universities and Government © 
departments as well as by amateurs. Because of the © 


wide range of techniques employed and the need for = 
co-ordination of effort, a discussion was arranged by __ 


the Royal Society and was held on November 29... 
Papers were presented by representatives of the ` 
. Cavendish and Mullard Laboratories at the University 
Of Cambridge, the Jodrell Bank Station of the. 

ir. University of Manchester, the Royal Aircraft and. 
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future work in this field. It is now quite clear that 
radio tracking, while not suitable for very precise 
determination of satellite orbits, is quite essential 
as an adjunct to the use of more precise methods 
involving optical or radar techniques. The Russian 
choice of frequencies of 20-and 40 Mc./s., much lower 
than the American, was criticized initially because 
of the relatively large tracking errors introduced by 
the ionosphere. Experience has shown that, in fact, 
the accuracy is good enough to provide predictions 
of value for optical and'radar observers, while the 
sensitivity to ionospheric effects can be used with 
great advantage for studying the structure of the 
ionosphere. However, it is important that the precise 
methods be brought to bear before failure of the 
radio allows the satellite to be lost. 

It has been established also that optical observa- 
tion of a satellite as small as the first one is a very 
difficult matter. This satellite seems rarely to be 
brighter than a sixth-magnitude star. Very good 
seeing conditions are required in order to observe it 
during the brief intervals at dawn and twilight when 
it is illuminated by the Sun. It was fortunate, 
therefore, that the rocket case which accompanied 
the first satellite was a very bright object when 
illuminated, equivalent to a star of magnitude — l. 

Because of the difficulty of optical tracking and the 
failure of the batteries supplying the power for the 
radio beacons (after three weeks for the first satellite 
and one week for the second), special emphasis was 
placed on the importance of radar tracking. The 
world’s largest radio telescope at Jodrell Bank and 
also the 45-ft. diameter instrument at the Royal 
Radar Establishment were used with much success. 
In both cases the equipment was built primarily for 
radio-astronomical studies, and rapid improvization 
was necessary to fit them with reflexion radar. 

The potentialities of the radar methods are consider- 
able, and it is fortunate that two telescopes are avail- 
able with such differing characteristics. The smaller, 
3,000 Mc./s. telescope should be capable of detecting 
the small satellite at a range of 1,000 miles, and the 
short pulse-length (5 usec.) gives the range to a pre- 
cision of 1 km. The angular accuracy is better than 4°, 
and the short-wave beam is barely affected by iono- 
spheric refraction. Further, spurious reflexions from 
meteor trails, which are a major annoyance in using 
pulses of lower frequency, are greatly reduced. 
However, the narrow beam width, 4°, makes searching 
for the satellite a long process unless its position is 
already fairly well known, and in fact so far the 
small satellite has not been observed with this instru- 
ment. Here the larger telescope, operating on 
frequencies of 36 and 120 Mc./s., had the advantage. 
Though the range on 36 Mc./s. was considerably less 
than that of the 45-ft. mstrument, the beam width 
of 4° semi-angle was a great asset when searching. 
Radar is also of special value in the last stages of a 
satellite’s life, and the interesting possibilities should 
the satellite leave a meteor type of ionization trail 
were emphasized. 

The radar methods provide a means of determining 
the reflecting area of the satellite. For the rocket, a 
figure of 10 m.? is obtained, while for the sphere it is 
about $m.*. This is consistent with rocket dimensions 
of about 4 ft. diameter and 25 ft. long, but there 
appears to be some discrepancy between the drag to 
be expected for such a body randomly orientated 
and the drag actually observed. The large size of 
the rocket body is supported by the visual observa- 
tions, and it has been suggested that the low drag is 
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to be accounted for by the presence of sufficient 
aerodynamic stability to keep the rocket moving 
head-on to its direction of motion. 

Results obtained for the orbits of the first satellite 
by the use of radio interferometers and Doppler 
recorders were described by Mr. M. Ryle (Mullard’ 
Laboratory, Cambridge) and Messrs. A. N. Beresford, 
E. G. C. Burt and D. G. King-Hele (Royal Aircraft 
Establishment). The techniques employed in the 
observational and analytical aspects of this work have 
already been described in Nature of November 2 and 
9. The accuracy attainable is sufficient to detect and 
check the major effects of the Earth’s equatorial 
bulge. Normally this produces two principal effects 
—a precession of the plane of the orbit about the 
Earth’s axis in a sense opposite to that of revolution 
of the satellite, and a rotation of the major axis in 
the orbital plane. At the inclinations (nearly 65°) of 
the Russian Earth satellites, the second effect is very 
nearly zero—it vanishes for orbits with inclination 
63-4°. The predicted rate of precession of the orbital 
plane about the Earth’s axis is 3-2°, which is close 
to the values 3-18° and 3-17° found by the Royal 
Aircraft Establishment and Mullard Laboratory 
observers, respectively. 

The effect of air resistance is to reduce the period 
of revolution of a satellite at a gradually increasing 
rate. In principle, it is possible to derive information 
from observations of this kind about the air density 
and temperature at different levels of the atmosphere 
through which the satellites pass. Actually, an 
additional complication arises from the existence of 
an electrical drag effect due to the effect of charging 
up of the satellite in its passage through the iono- 
sphere. The fact that no less than three objects of 
different aspect—the satellite itself, the rocket-case 
and the nose-cone—were put into orbit by the first 


launching has been of value in studying drag. Mr. 


Ryle explained how it was possible, from a com- 
bination of the radio observations of the satellite 
with the optical and radar observations of the rocket 
case, to make a calibration to determine the effective 
drag cross-section of the latter, assuming it to be 
spherical. Thus in the first week or so the rate 
of change of period per revolution was 1:84 times 
greater for the rocket case than for the satellite. It 
seems that the satellite separated from the rocket case 
at a relative velocity of 186 cm./s. in a direction 
opposite to the orbiting motion. It thus fell to a lower 
altitude and commenced orbiting more rapidly, very 
soon overtaking the case. Soon, however, the greater 
drag on the case reduced its altitude and caused it 
once again to overtake the satellite. 

Probably the most prominent feature of the dis- 
cussion was the clear need for accurate orbit data. 
The radio methods can give apparent position with 
considerable precision. Thus the interferometers give 
apparent direction to 1 minute of arc, while the 
Doppler method gives the time of nearest approach 
(electrical) to a few milliseconds. That these results are 
very far from giving the true position can be judged 
from the fact that the time of nearest approach given 
by the 40 Mc./s. signal may differ by many seconds 
from the time given by the 20'‘Mc./s. signal, and 
signals may be received from beyond the horizon. 

The discouragement of orbit-computing with data 
containing some material of doubtful reliability was 
clear from Mr. D. H. Sadler’s account of the excellent 
work done at the Nautical Almanac Office. At Herst- 
monceux every observable transit had been observed. 
To be useful, position data should be accurate to 
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1/10° and 1/10 sec. time. Ten times this precision is 
required to derive useful information from the 
periodic deviation from ellipticity caused by terres- 
trial oblations, and for geodetic purposes another 
order of magnitude in precision is necessary. 

Dr. Jacchia described the computational pro- 
cedures used at the Smithsonian Institution, where 
they have the large IBM 704 type of electronic 
computer. He had ten good optical observations of 
the sphere and seven of the nose cone. The following 


expressions were given for the position of the com-_ 


ponents of the first satellite at time ż; œ is the right 
ascension of the ascending node_and ¢, the time of 
nth crossing. Time is in year days (that is, Jan. 1, 
1957, = 0; Oct. 7, ¢ = 280). 
Sputnik 1: 

a = 334-3° — 3-058° (¢—280) — 0:00408°(¢ — 280)? 
Rocket : 


în = 282-82058 + 0-0686222n — l 
1:47721 exp0-00134n — 1-769 x 10-5 exp0-0102n 


Sphere : 


ty = 277-87138( + 0-00025) + 
0-0668120( + 0-0000036)n — 8-84 (+ 0:12) x 10-77? 
Nose cone: 
tn = 277-87224 (+ 0-00013) + 
: 0:0667072( + 0-0000023)n — 
6:007 (+. 0-079) x 10-*n? 


The right ascension of the ascending node for 
Sputnik 2 was given as: 
æ = 306-7° — 3-18° (t — 289) 


‘The probable errors for the present position of the 
components emphasize the necessity of obtaining 
accurate data while the radio transmitter is still 
operative. If inadequate precision is attained during 
this phase, the satellite may be lost, as has occurred 
with the sphere, and-optical and radar equipment 
may have much difficulty in finding it. At the time 
of the conference, a few kinetheodolite observations 
had been made in Australia, and at the Royal Air- 
craft Establishment it is intended soon to use kine- 
theodolites to give a precision of 1 msec. in time and 
30 sec. of arc; but on the whole, in Great Britain 
especially, there has been a paucity of precise data. 

The great benefit to ionospheric research of a pair 
of radio transmitters circulating within the F-layers 
` was very evident. Much data have been accumulated, 
though of necessity interpretation lags behind. 
Indeed, inadequate orbit figures may reduce the 
value of some of the radio data. From the first, 
_the B.B.C. carried out precise monitoring of all 
the telemetry and radio beacon signals. Several 
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false starts to the Doppler frequency —time curves 
were noticed, which suggested 24, 14 and 4 hop- 
modes of propagation by ionospheric reflexion. 

. Asomewhat similar phenomenon had been observed 
by the Post Office Engineering Department, æ% con- 
siderable portion of a-Doppler frequency drop having 
occurred while the satellite was still 2,000 miles away. 
This was tentatively attributed to reflexion from some 
patch of intense ionization near to the satellite. 

Using a wide-aperture high-frequency direction 
finder, the Admiralty Signals Establishment observed 
the satellite over global distances at night. Propa- 
gation, it was suggested, might be by a leaky wave- 
guide mode in the ionosphere, or by a multihop 
system. Another ionospheric effect was evidenced in 
the widespread observation that the Doppler fre- 
quency appeared to rise again before the signal 
finally disappeared. The influence of the ionosphere 
was also evident in the observations made of apparent 
bearing and elevation at 20 and 40 Mc./s. at the 
Radio Research, Station. It was once more evident 
that, before these efforts can be interpreted in detail, 
more accurate data on time, bearing and elevation 
are required. 

The first satellite’s transmitters were keyed on 
both frequencies at rates varying from 108 to 180/min. 
The mark-to-space ratio varied considerably, and on 
one or two transits a curious repetitive variation in 
transmitter-frequency occurred during the pulse. At 
times also the signals from one transmitter were 
received at reduced strength during the transmission 
of the other frequency. Several measurements of 
field-strength gave the beacon power as a little more 
than 1 watt. - 

A variety of types of signal fading were noticed by 
many observers, including those using reflexion 
radar. A comparison. of the behaviour of signals in 
aerials polarized at right angles and of the relative 
frequency of the fading on the two beacon frequencies 
makes it:possible to distinguish between the effect of 
the satellite rotation, the Faraday effect and scin- 
tillation due to ionospheric irregularities. It appears 
that the first satellite was rotating at about 7 rev./min. 

The determination of ionospheric density by 
Doppler measurements, by the Faraday rotation of 
the plane of polarization and by refraction as given 
by the interferometer was discussed by Dr. K. 
Weekes. The Faraday effect would appear to be the 
most promising method, though results obtained in - 
this way so far seem to give values for electron 
number per unit area column in excess of those 
obtained by conventional radio probing. 

H. S. W. Massrey 
R. L. F. Boyp 


THE GRASS COVER OF AFRICA 
By R. O. WHYTE and J. M. RATTRAY 


Agriculture Division, Food and Agriculture Organization of the United Nations, Rome 


N those regions of Africa in which tsetse fly is not 
A a limiting factor, domestic livestock play an 
important part in the economy of both European 
and African agriculture, and their grazing is provided 
almost entirely by the natural vegetation. It is 
therefore essential to have information on the 
ecological status and behaviour of that vegetation 
and particularly of the grass components, as a basis 


for what has come to be called the ecological manage- 
ment of grassland, in relation to its most efficient 
utilization and optimal productivity. 

There are three main stages of the mapping of 
grazing lands and grass associations: (1) a physio- 
gnomic map of vegetation made by plant geographers ; 
(2) a generalized map of the grass associations; (3) 
detailed studies of botanical composition and suc- 
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cession made on individual grass associations and on 
limited areas. 

The latest map of the first type is that TE 
by A.E.T.F.A.T. (Association pour l'Étude Taxon- 
omique de la Flore d’Afrique), which recognizes, 
along with various types of forest and woodland, the 
geographical distribution .of savannah, woodland 
savannah, xerophilous woodland, semi-desert scrub 
and grassland, all of which may represent a grazing 
resource of varying importance. The grassland 
ecologist and agronomist then knows where the 
grasslands are; but he must obtain further informa- 
tion regarding the botanical composition and 
ecological status and behaviour of the grass associa- 
tions before he can make recommendations regarding 
their management. 

The Food and Agriculture Organization of the 
United Nations has as a long-term objective the 
mapping of the grazing resources of the under- 
developed regions of the world on some basis which 
will be of value to those concerned with the improve- 
ment of grassland management and of the livestock 
industries which depend on them. The grazing 
and other resources of northern Australia are already 
being dealt with by Land Research and Regional 
Survey of the Commonwealth Scientific and In- 
dustrial Research Organization using the compre- 
hensive survey technique involving team-work on 
geomorphology, geology, soils, climaté, vegetation 
and land utilization, and leading to the recognition 
of land’ systems. 

As a result of recommendations made by R. O. 
Whyte while acting as grassland adviser to the 
Government of India, a five-year reconnaissance 
survey of the grasslands was begun in 1954, and has 
already covered more than half the country. In a 
forest environment where climax grassland com- 
parable with steppe, pampas and prairie (if these are 
true climaxes) appears to be absent, a grouping into 
eight main floristic grass associations has been made ; 
the thirty or forty floristic types of grass cover which 
can at present be found in different parts of India 
are merely stages in succession produced by local 
variations in edaphic or other natural conditions or 
by the operation in varying degrees of intensity of the 
major biotic factors of burning, grazing and cutting. 

As, apart from the broad surveys on the Australian 
pattern now being made by B. W. Taylor, Food and 
Agriculture Organization field officer in Nicaragua, 
the information regarding the vegetation and grass 
associations of Latin America is less complete than 
that for Africa, the Organization has concentrated 
first on the latter continent. J. M. Rattray has pro- 
duced a map of the grass cover of the greater part of 
Africa on similar floristic lines to those which he had 
adopted earlier for his map of Southern Rhodesia. 

The distribution of the main species contributing 
to the grass cover of Africa is a matter of consider- 
able economic importance when it is realized that 
probably more than half the land surface of the 
continent carries & type of vegetation of which grass 
is an essential feature. While there already exist a 
number of vegetation maps of the individual terri- 
tories of Africa (but only one of the continent as a 
whole), most if not all of these place the emphasis 
on the distribution of broad vegetation units which 
have been classified on a physiognomic or ecological 
basis. When a floristic classification has been used, 
the distribution of the woody dominants of the 
vegetation has generally been mapped, and the 


NATURE 81 


identity of the less-prominent but equally significant 
grass constituents has been touched on only very 
lightly or omitted altogether. 

It is well known that the vegetation of Africa 

ranges from tropical forest to desert and that it 
includes a large number of transitional associations ; 
it is often difficult to decide where one type starts 
and another ends. Rainfall and temperature are the 
most important factors affecting plant distribution 
since they are jointly responsible for the amount of 
moisture which the vegetation receives. When the 
change in climatic pattern is gradual, the change in 
physiognomic type is correspondingly slow, and vice 
versa. These changes in appearance are usually 
associated with changes in the density and nature of 
the tree population, the merging of forest into wood- 
land, woodland into savannah and savannah into 
steppe being characteristic of the manner in which 
woody vegetation reacts to a gradual reduction in 
the amount of available soil moisture. Fire also 
plays a very important part in controlling the density 
of the tree population in Africa. Much of the more 
open savannah country has developed as a result of 
frequent burning, and when fire is excluded a tree 
cover tends to regenerate. 
- The climatic range of the grass constituents of the 
types of woody vegetation does not necessarily 
coincide with that of the associated tree species ; 
while there may be some change in the physiognomy of 
the vegetation, the botanical nature of the associated 
grasses may remain unchanged. It has not always 
been possible to rely entirely on vegetation maps ` 
based on physiognomy as an accurate guide to the 
main grass species unless the changes in climatic 
pattern are sufficiently drastic to cause very con- 
siderable changes in the type of vegetation. One of 
the chief difficulties in compiling the Food and 
Agriculture Organization map has been the linking 
up of adjacent territories from the existing informa- 
tion and maps. Frequently the botanical composition 
of the grass cover would appear to undergo & complete - 
change precisely on the boundary between two 
countries. Sometimes this may be attributed to the 
fact that there mountain ranges form the dividing 
line, for example, between certain East African 
territories, so that the climatic pattern on either side 
is sufficiently different to affect the composition of 
the vegetation. In other areas, however, the sudden 
change would appear to have resulted from differences 
in the technique of surveying or nomenclature, or in 
the interpretation of the vegetation types by those 
responsible for botanical surveys. In addition, the 
time of year when the survey was conducted is very 
important in relation to the dominance of the grass 
species in particular; surveys made early in the 
growing season frequently give a very different 
picture from those made late in the season, especially 
in the absence of plant counts. Where this situation 
arose, lists were obtained of the species which occur 
on both sides of the boundary; those which are 
characteristic of the area as a whole were ascertained, 
and a degree of continuity between the botanical 
composition of the grass cover in the neighbouring 
territories was thus obtained. 

In the Food and Agriculture Organization map of 
Africa, emphasis has been placed first on the dis- 
tribution of the main grass associations characterized, 
but not necessarily dominated, by a particular genus, 
and secondly, on the type of vegetation with which 


.these are commonly found. The sixteen main types 
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of grass associations, with a number of sub-associa- 
tions which have been recognized within each main 
class, are as follow: 


Main grass No. of Main grass ‘No. of 
associations in sub- associations in gub- 
Africa associations Africa associations 
Andropogon 7 Exotheca 1 
Aristida 8 Heteropogon 1 
Cenchrus 2 Hyparrhenia 80 
Chasmopodium 2 Loudetia 4 
Chloris 1 Panicum 3 
Chrysopogon 6 Pennisetum 3 
Ehrharta 1 Setaria 2 
Eragrostis 7 Themeda 22 


The main grass associations are given in different 
colours (sixteen in all); these colours are entered in 
the map in various shadings and hatchings to indicate 
the occurrence of the grass type in different physio- 
gnomic formations. Thus the colour blue indicates 
management of lesser-known grasslands in, for 
of this basic blue colour represent: (1) species of 
Hyparrhenia and other grasses, forming grassland ; 
(2) species of Hyparrhenia and other grasses, associ- 
ated with woodland of varying density ; (3) species 
of Hyparrhenia and other grasses, associated with 
savanneh of varying density; (4) species of Hypar- 
rhenia and other grasses, associated with tree steppe. 

Within these types are entered a letter and number 
to indicate the approximate location of a particular 
sub-type; the thirty sub-types within the main 
Hyparrhenia type are therefore entered as H1 to 
H30. The accompanying text indicates in varying 
degrees of completeness, depending on the information 
available, the associated grass, tree and other species, 
altitude, rainfall and present management as grazing 
land or utilization as crop land. 

These basic studies on the distribution of types of 
grass associations in Africa, when considered along- 
side the results being obtained in India and northern 
Australia, may be used for a number of purposes. 
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Within the overall picture of distribution of tropical 
grasslands, it is expected that these studies will show 
a considerable degree of similarity between the types 
of grass cover in the great arc of lands from central, 
east and north-east Africa to India, and on to 
northern Australia. ` As knowledge of this type 
accumulates, it should be applicable to the ecological 
management of lesser-known grasslands in, for 
example, West and East Pakistan, Ceylon, Burma and 
the countries of south-east Asia. Since the greater part 
of the grass cover in the deforested areas of tropical 
and sub-tropical Latin America is dominated by 
species which may have been fortuitously or inten- 
tionally introduced from Africa, the experience 
obtained and the technique of mapping adopted in 
the preparation of the Food and Agriculture Organ- 
ization map of Africa should be of great value when 
the Organization comes to prepare a map of the 
grass cover of Latin America. 

From the point of view of management of natural 
vegetation for grazing purposes, it should be possible 
to transpose methods which have been worked out 
for one region of Africa to another with a similar 
type of grass cover but lacking adequate facilities for 
research. In the text accompanying the map it has 
been possible to give full details regarding manage- 
ment for the grass types which occur in Southern 
Rhodesia and Kenya, covering such aspects as the 
duration of the grazing season, the need for resting 
vegetation from time to time and the place of burning 
in a system of management. The ultimate objective 
is to be able to give this type of information for all 
the economically important types of grass cover in 
Africa. It should further be possible to use the grass 
map in association with soil and climatic maps to 
indicate the capability of various land classes for the 
cultivation of specific crops in fertility-maintaining 
rotations, bearing in mind always the optimal con- 
servation of vegetation, soil and water. 


BIOLOGICAL PRODUCTIVITY OF BRITAIN 


SYMPOSIUM on “The Biological Productivity 

of Britain’, organized by the Institute of 
Biology, was held during October 4-5, in the lecture 
theatre of the Royal Geographical Society. It 
attempted to survey present and possible. future 
production from agriculture, horticulture and forestry, 
from the uncultivated uplands and from rivers and 
inland waters of Britain. So large a subject could not 
be covered in detail, and some important aspects of 
it, notably the losses from diseases and pests, were 
deliberately omitted; it is hoped that these may 
provide subjects for future symposia. 

The proceedings were opened by Lord St. Aldwyn, 
Parliamentary Secretary to the Ministry of Agricul- 
ture, Fisheries and Food, who said that the Institute 
of Biology, by providing a forum for interchange of 
ideas between scientists of many different disciplines, 
and acting as a focus of views of biologists, is of great 
value to the Government, which regards it as its 
function to encourage, assist and put on a sound 
organizational basis the work of the scientist in the 
biological field. The promotion of an efficient agri- 
culture is a vital interest of the community, and so 
the elucidation by biologists of productive potential 


takes place in a favourable climate of opinion. How 
far this potential can be realized depends on economic, 
social, psychological and political considerations, 
but that does not diminish the value of asking the 
fundamental questions. 

The first session, with Prof. H. D. Kay as chairman, 
dealt with limitations on production set by the avail- 
able land area and by climatic and physiological 
factors. Prof. L. Dudley Stamp (London School of 
Economics) said that the pattern of land-use in Britain 
is remarkably stable; it is determined mainly by 
elevation, slope and rainfall, with soil-type as a more 
local influence. He advocated that classification of 
land to indicate its agricultural potential should in 
future be based on the number of standard nutrition 
units (each equal to 10°! calories per annum, sufficient 
to support one human being in health) that can be 
produced per acre. Recent changes in land use, 
described by Dr. G. P. Wibberley (Wye College), are 
difficult to assess quantitatively because of the 
inaccuracy of the records ; thus loss of farm-land to 
other uses, mainly urban development, in England 
and Wales during 1900-50 was nearly twice as 
great as indicated by the official statistics, and 
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amounted to 24 million acres. Discussion of these 
papers revealed disagreements about the economics 
of glasshouse production, emphasized that urban land 
is not wholly sterile—it was said to account for about 
5 per cent of home food production at present, and 
for about 10 per cent during the Second World 
War—and questioned the validity of a standard 
nutrition unit based only on calories and ignoring 
quality aspects of food, especially protem content. 

Biological productivity depends ultimately on 
factors that limit total photosynthesis per unit area 
ofland. Dr. D.J. Watson (Rothamsted Experimental 
Station) showed that there is little hope of improving 
the photosynthetic efficiency of field crops, and as the 
maximal leaf area of some species is already close to 
the optimum. for dry-maiter production, the main 
possibility for increasing yield lies in increasing leaf 
area during parts of the growth period when it is 
small. Possible ways of doing this, such as breeding 
for frost resistance to permit earlier leaf growth in 
spring, and the use of gibberellic acid, were suggested 
by several speakers, and others speculated on the 
ideal architecture of a crop plant. 

The second session, with Mr. F. C. Bawden in the 
chair, began with an account by Dr. H. G. Sanders 
(Ministry of Agriculture, Fisheries and Food) of 
present agricultural production in Britain, which 
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he thought “just about right”, though undeniably | 


below the biological potential of the land. The 
fertility of the soil is well maintained, but drainage 
has been neglected. Production of good-quality beef 
and lamb should be increased, and this depends on 
improvements in production, conservation and utiliza- 
tion of grassland herbage. 

The development of more efficient systems of hus- 
bandry calls for improved varieties of crop plants 
adapted to changed environmental conditions. Dr. 
G. D. H. Bell (Plant Breeding Institute, Cambridge) 
described the methods of controlled hybridization 
and selection used by plant breeders for producing new 
varieties to satisfy particular needs. Of the newer 
techniques, chromosome doubling has already pro- 
duced commercially valuable polyploid strains of 
sugar beet. The chief value of mutations induced 
artificially by ionizing radiation or chemical treat- 
ment may be to provide new parental types for 
hybridization. 

In @ paper on expansion of animal production, 
Prof. M. McG. Cooper (King’s College, Newcastle) 
agreed with Dr. Sanders that only beef and lamb 
production should be increased; there is already 
“some over-production of eggs and milk. The high 
intensity of grassland farming appropriate for milk 
production may not be so effective for fat lamb or 
beef. Much beef production would have to be a by- 
product of dairying, using steers bred from dairy 
cows by beef bulls, and reared by more economical 
methods based on early weaning and the ‘use of 
antibiotics. Singularly little progress has been made 
in the past fifty years in improving the inherent 
quality of farm livestock, partly because most herds 
and flocks are too small to be effective breeding units. 
British livestock are performing well below their 
potential, and the basic problem still is adequate 
agricultural education. 

Some very variable estimates of productivity per 
man in British agriculture were put forward in the 
subsequent discussion, ranging from nearly £700 
& year to zero or a negative amount depending on 
how far subsidies are allowed to enter into the sum. 
It was claimed that capital invested in reclamation of 
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wasto land in the lowlands would give a greater 
return than schemes for improving hill land. It was 
also suggested that soils of low productivity should 
be improved by using earth-moving machinery to 
mix adjacent heavy clays and light sands, and that 
more wild species of animals and plants might be 
domesticated. 

Mr. E. M. Nicholson took the chair for the third 
session, which dealt with productivity of rivers, 
lakes and forests. Dr. J. W. G. Lund (Freshwater 
Biological Association, Windermere) stressed the lack 
of information on primary production in fresh waters ; 
most studies considered only the phytoplankton, but 
in fresh water benthic plants may produce far more 
than the plankton. The standing crop may give & 
fallacious idea of the primary production, if it is not 
measured at short intervals. There is at present 
little economic interest in increasing the production 
of aquatic plants; on the contrary, water under- 
takings and some industries are concerned to keep it 
at alow level. In a paper on the production of fish, 
Mr. E. D. Le Cren (Freshwater Biological Association, 
Windermere) said that under intensive management 
fresh waters can produce large crops of first-class 
protein that compare favourably with agriculture 
in yield and economic value, but except for trout 
there is no market for freshwater fish in Britain. 
A large part of the productivity of British waters 
goes towards the production of eggs and milt and 
the rearing of fry that then die; the angler catches 
only a tiny fraction of the fish-flesh producea, and 
then returns much of it in fear of depleting the 
spawning stock. 

Present production from forestry in Britain, unlike 
that from agriculture, is far from being “just about 
right”. Mr. M. V. Laurie (Forestry Research Station, 
Farnham) said that per head of population it is nearly 
the lowest in Europe, and satisfies only 10 per cent 
of Britain’s timber requirements. Since the War, 
the programme of reafforestation is falling behind for 
lack of sites within the narrow range between what is 
unsuitable for agriculture and what is unsuitable 
for forestry, and research is in progress to extend the 
planting limits that are set mainly by exposure, which 
prevents planting above 1,500 ft., and by depth of 
soil Dr. J. D. Ovington (Merlewood Research 
Station, Nature Conservancy) said that forestry has 
ceased to be exploitation of natural vegetation, and 
sylviculturists are attempting to domesticate trees, 
just as herbaceous plants were domesticated for 
agriculture. How far better management techniques, 
introduction of new species, and breeding for desirable 
qualities can raise the productivity of British wood- 
lands is doubtful, because little is known about the 
ecological factors that control productivity. Fertil- 
izers may be necessary for sustained production over 
long periods. Growth studies on an age series of © 
Scots pine plantations showed greater annual dry- 
matter production than by neighbouring agricultural 
crops, presumably because of the continuous leaf 
cover, but only a small fraction of the dry matter 
produced in woodland is utilized by man ; controlled 
grazing of the ground flora might be one way of 
increasing it. i 

The discussion covered a wide range of topics 
including the value of leguminous ground crops in 
young forest, the effect of coniferous trees on soil pH, 
the influence of different tree species on soil forrnation, 
the effect of forest cover on the supply of water from 
a catchment area, and the possibility of using some | 
good agricultural land for hardwood forest. 
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In the fourth session there were papers on water 
control for increased crop production, the future of 
British uplands and unconventional production of 
foodstuffs. Dr. H. L. Penman (Rothamsted Experi- 
mental Station) said that though the agricultural 
value of field drainage is undoubted, there are no 
data that give a quantitative measure of it. More 


than half the clay lands in England and Wales are ° 


inadequately drained. In the eastern counties, 
irrigation would increase production of potatoes, sugar 
beet and grass in a majority of seasons, but to have 
@ significant effect on national food production 
@ very large amount of water would have to be 
provided by impounding winter rain that at present 
runs to waste, or by importation from elsewhere in 
Britain. 

Prof. J. B. Cragg (University of Durham) advocated 
& multi-purpose use of the uplands, based. on ecological 
surveys and a classification of the capability of the 
land. Extractive processes such as grazing should be 
so arranged that the ecological complex of soil, 
flora and fauna retains sufficient reserves and variety 
to resist deterioration. In some areas fertilizer 
application may suffice to fit the soil for grassland or 
crop production ; in others of lower mineral status 
reafforestation may be essential to restore fertility, 
or removal of peat deposits may expose soils capable 
of agricultural development. 

The most extreme unconventionality in food pro- 
duction would be total synthesis, but Mr. N. W. 
Pirie (Rothamsted Experimental Station) thought 
this could provide only a small fraction of future food 
supplies, because of the scale of the industry required. 
The primary source of food would probably continue 
to be higher plants grown essentially as they grow 
now; but biochemical engineering, by developing 
ways of separating edible fractions from plant 


SMOKING HABITS 
CIGARETTE 


PAPER entitled “Smoking Habits and Mor- 

tality among Workers in Cigarette Factories”, 
by H. B. Haag and H. R. Hanmer, was read before 
the Section on Industrial Medicine and Surgery 
of the Southern Medical Association at its 5lst 
annual meeting at Miami Beach, Florida, on Novem- 
ber 14. The paper deals with a four-year survey of 
the mortality among permanent employees and retired 
employees in nine processing plants of the American 
Tobacco Company and links this with observations 
made by Finkner and his co-workers! on the smoking 
habits of cigarette factory employees and by Haenszel 
and others? on- the smoking habits of the ‘general 
population’ of the United States. 

Haag and Hanmer conclude that their study of 
this sub-population shows “a higher-than-average 
percentage of smokers and a much higher-than- 
average rate of smoking to be associated with greater 
longevity, relatively lower death rates from cancer 
and cardiovascular diseases and respiratory cancer 
rates no higher than the general population”. Their 
results are summarized in Table 1. 

The authors make two further claims : 

(1) That “The existence of such a population makes 
it evident that cigarette smoking per se is not neces- 
sarily or invariably associated with a higher risk of 
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` economics and politics. 
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material that is not directly suitable for human 
consumption, may enable more productive plant 


' gpecies to be cultivated, and circumvent wasteful 


conversion by animals. As a practical example, 
Mr. Pirie provided samples of food containing leaf 
protein for the audience to taste. 

In summing-up the symposium, the chairman, Prof. 
W. H. Pearsall, directed attention to two omissions : 
there had been no detailed reference to the importance 
of either carbon dioxide or nitrogen supplies in 
biological production. <A biological criterion of land 
use was required, and he suggested that the availabil- 
ity of soil nitrogen should determine whether a 
site is used mainly for protein production or for 
cellulose production. The meeting finished with a 
general discussion which referred to water meadows, 
human. tolerance of plant protein, the yield of mass 
cultures of green algx, the carbon dioxide content 
of the internal atmosphere of leaves, and the advan- 
tages of mixed farming. Several speakers stressed 
the need for better administrative machinery to 
decide between competing uses of marginal land. 

Two distinct problems were considered in this 
symposium: first, the potential biological pro- 
ductivity from the land of Britain, and secondly, what 
is desirable or practicable in the current state of 
It was made clear that 
present production is far short of the potential, and 
this is a comforting thing, because with world popula- 
tion rapidly increasing Britain may need to produce 
more food in the future. It is therefore vitally 
important to get information now on all possible ways 
of increasing yield, so that the maximum can be 
produced when the economic situation demands it. 

A full account of the proceedings of the symposium 
will shortly be published by the Institute of Biology. 

D. J. WATSON 


AND MORTALITY AMONG WORKERS IN 


FACTORIES 


lung cancer or cardiovascular diseases or with 
diminished longevity”. (2) “This finding assumes 
added significance from the fact that no sampling 
error is involved in the methodology.” This refers 
to the statement of the results, not to the first claim. 

The first commendably restrained and qualified 
claim can in fact only be made if the second claim is 
true. 


Table 1. OBSERVED AND EXPROTED NUMBER OF DBATHS FROM 


SPECIFIED CAUSES AMONG FULL-TIMH AND RETIRED EMPLOYRES OF 
CIGARETTE PLANTS AND STEMMERIES OF THE AMERICAN TOBACCO 
OcMPANY DURING JANUARY 19538—-DECEMBER 1956 

















Expected | Observed Ratio: 
Cause 0. of No.of | expected to 
observed 


deaths deaths 








All causes 1-45 


Cancer—all forms (140- 
205 







61 47 1:30 
Cancer—respiratory system 
60-164) 10 1-00 
Cancer of trachea, bronchus 
and lung, specified as 
primary (162) l 4 4 1:00 
Cardiovascular diseases 
400-468) 187 104 1-32 
Coronary disease (420) 82 56 1:46 





Numbers in parenthesis refer to cause-of-death codes of the sixth 
revision of the international statistical classification, 1948, as used in 
“Vital Statistics of the United States” 
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It is one of the penalties of writing about such 
inflammatory topics as the alleged etiological role of 
smoking in the development of lung cancer that it is 
almost certain that irresponsible as well as responsible 
use will be made of any conclusions, with respect 
both to the influencing of personal habits and to the 
pursuit of wealth. Because of this possibility, the 
logical credentials of any investigation that appears 
to throw new light on the matter should be subjected 
to careful scrutiny. 

In the paper under consideration the methods 
employed involve a comparison between the ‘ex- 
pected’ number of deaths from different causes that 
would have occurred if the death-rates for the general 
population were in fact operating on the sub-section 
of the population under consideration, and the 
observed number of deaths that did in fact occur in 
the sub-section. l > 

The arguments employed are based upon the 
partly explicit premise that the employees of the 
American. Tobacco Company include a higher propor- 
tion of regular smokers, and that these smokers have 
a higher personal cigarette consumption, than the 
general population; and that this difference is 
sufficient to warrant the inference that, if it were true 
that smoking has the etiological effect claimed with 
respect to the diseases under consideration, the 
mortality from these diseases would, under the 
conditions of the study, necessarily be higher than 
the ‘expected’ mortality. 

An implicit premise of the arguments is that the 
sub-section of the population differs from the general 
population, in respect of all those attributes that may 
render them liable to succumb to the diseases con- 
sidered, only in their smoking habits, which form 
the subject of the investigation, and in age, sex, 
and colour distribution for which allowance can 
be made by using the appropriate specific death- 
rates. ; 

Let us now examine the first premise. The reported 
association? between smoking and lung cancer is more 
marked than that between smoking and the other 
causes of death under consideration. It is therefore 
appropriate to use this alleged association to see what 
effect the recorded alteration of smoking habits}? 
would have on the ‘expected’ number of deaths derived 
from the death-rates of the general population if the 
finding of Hammond and Horn accurately reflects 
the degree of association. ; 

From these data and those provided by the authors 
it has been possible, by making certain assumptions, 
to calculate the factor by which the ‘expected’ 
number of deaths would have to be multiplied, 
because of the change in smoking habits, if Hammond 
and Horn’s hypothesis is correct. The required 
factor is 1-7, so that the ‘expected’ number of lung 
cancer deaths would become 7 instead of 4 as a result 
of the change. 

The assumptions which, in the absence of more 
precise information, have been made are that the 
lung cancer ‘expectation’ is derived largely from male 
employees (and retired employees) aged between 
fifty and seventy, and that the age distribution of 
these employees is the same as that in the general 
male population of the United States. If much of the 
- ‘expectation’ is derived from male employees under 
fifty or from female employees, or, if the number of 
male employees tail off with advancing age more 
rapidly than the number in the general population, 
the factor of 1-7 will have to be reduced, perhaps 
substantially. 
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Although the data for allowing for colour differ- 
ence are not available, there is no reason to believe 
that this would affect the factor profoundly. 

The sample size of the survey was such that 4 
deaths from lung cancer were expected at the rates 
for the general population. Applying the conven- 
tional test of significance at the P = 0:05 level, 
that is, + 2 x 4/(expectation), the investigation could 
not have discriminated, at this significance level, 
between an observed value of 0 and 8. Since the 
hypothesis of Hammond and Horn only requires an 
observed value of 7, the conditions of the study are 
not such that it could have detected the difference 
of lung cancer mortality that would have resulted 
from the changed smoking pattern of the American 
Tobacco Company employees if Hammond and 
Horn’s hypothesis were true. 

This reasoning does not apply to cases of the diseases 
other than respiratory cancer under consideration, 
where a marked deficiency of the observed deaths 
compared to ‘expected’ deaths is found. These 
diseases, except for the unspecified ones in the group 
‘all causes’, are relatively chronic ones. This circum- 
stance should at once lead us to examine the second 
premise, and to ask whether the sub-section of the 
population, the American Tobacco Company em- 
ployees, is in fact representative of the general 
population of the United States in respect of all the 
attributes, other than smoking habits, age, sex, and 
colour, that may render its members more liable to 
succumb to the diseases under consideration. 

The study does not mention how the American | 
Tobacco Company selects its employees, how rapid 
the labour turnover is, what the sex, age and colour 
distribution is, or how long the employees have 


‘been with the Company. Furthermore, the authors 


do not state. that any cognizance has been taken 
of past employees who leave for reasons other than 
retirement. 

If any kind of-medical screening is employed, the 
sub-population at once ceases to be representative of 
the general population, and the difference may easily 
be such as to invalidate any conclusions that may be 
drawn from the application of rates derived from the 
general population. 

In a survey covering a relatively short period of 
time (four years) and which is dealing with chronic 
diseases, this source of bias can be particularly impor- 
tant. The bias will become even more marked if the 
labour turnover is high, since there will always be a 
large proportion of the sub-population who have 
recently been admitted to it because they were found 
to be free from disease. Further bias might be intro- 
duced if there were a selective wastage due to 


employees with early signs of chronic disease seeking 


more suitable employment. 

It must therefore be concluded that the evidence at 
present advanced in this paper does not warrant the 
claim that “no sampling error is involved in the 
methodology”, and until further evidence can be 
produced to satisfy readers that the methodology 
is in fact valid, judgment on the first claim, that “The 
existence of such a population makes it evident that 
cigarette smoking per se is not necessarily or invariably 
associated with a higher risk of lung cancer or cardio- 
vascular diseases or with diminished longevity”, 
should be reserved. With regard to the specific topic 
of lung cancer and smoking, it would be necessary in 
addition to enlarge the survey considerably before 
the conclusions of Hammond and Horn could be 
refuted. 
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Since the topic is of considerable importance to the 
public health it is to be hoped that the authors will 
be able to provide the missing background information 
and to extend the survey. If it is at all possible, it 
would be highly desirable to extend the survey to 
discriminate between the different smoking categories 
within the American Tobacco Company employees, 
- and to see if a mortality gradient corresponding to 
cigarette consumption is shown. Unless and until 
the survey is extended and doubts about methodology 
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dispelled, the authors’ conclusions should not be 
used as a guide to human behaviour. 


R. A. M. CASE 


1Finkner, A. L., Horvitz, D. G., Foradori, G. T., Fleischer, J., and 
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1 Haenszel, W., Shimkin, M. B., and Miller, H. P., Public Health 
Monograph No. 45 (U.S. Department of Health, Education and 
Welfare, 1956). 
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NEWS and VIEWS 


New Year Honours List 


THe following names of scientists and others 
associated with scientific work appear in the New 
Year Honours list : 

Baronet: Sir Harry Platt, lately president of the 
Royal College of Surgeons. 

G.O.V.0.: Sir Stewart Duke-Elder. 

C.H.: Viscount Nuffield. 

K.C.B.: Dr. Harry W. Melville, secretary, Depart- 
ment of Scientific and Industrial Research. 

K.B.E.: Maurice E. Adams, civil engimeer-in- 
chief, Admiralty. 

Knights: William R. J. Cook, deputy director, 
Atomic Weapons Research Establishment, Alder- 
maston (United Kingdom Atomic Energy Authority) ; 
Dr. Julian S. Huxley ; Prof. Christopher K. Ingold, 
professor of chemistry, University of London (Univer- 
sity College) ; Prof. Hans A. Krebs, Whitley professor 
of biochemistry, University of Oxford, and honorary 
director of the Cell Metabolism Research Unit of the 
Medical Research Council; Dr. Ernest Marsden, 
member of the New Zealand Council for Scientific 
and Industrial Research; John W. Worboys, chair- 
man,- Council of Industrial Design, a director of 
Imperial Chemical Industries, Ltd. 

C.B.: Hayne Constant, director, National Gas 
Turbine Establishment (Ministry of Supply); J. E. 
Serby, director-general; Guided Weapons (Ministry 
of Supply); H. Tetley, deputy government actuary. 

C.M.G.: A. L. P. Kirwan, director and secretary, 
Royal Geographical Society. 

C.B.E.: P. H. Andrews, assistant secretary, 
Ministry of Agriculture, Fisheries and Food; Dr. 
C. R. Burch, Warren Research Fellow in physics, 
University,of Bristol; A. E. Crook, principal inspector 
of mechanical engineering, Mines Inspectorate 
(Ministry of Power); Prof. H. J. Emeléus, professor 
of inorganic chemistry, University of Cambridge ; 
Prof. R. H. Evans, professor of civil engineering, 
University of Leeds ; W. N. Foster, petroleum tech- 
nologist, Trinidad; D. L. Gunn, director, Inter- 
national Red Locust Control Service, Northern 
Rhodesia; H. W. Harvey, senior principal scientific 
' Officer, Laboratory of the Marine Biological Associa- 
tion of the United Kingdom, Plymouth; L. Hughes, 
deputy chief veterinary officer, Ministry of Agri- 


culture, Fisheries and Food; Dr. C. H. Johnson, 


director, Materials and Explosives Research and 
Development, Ministry of Supply ; W. E. Lancaster, 
lately director of veterinary services, Federation of 
Malaya ; H. B. McCance, chairman of council, Linen 
Industry Research Association ; Prof. P. B. Medawar, 
Jodrell professor of zoology and comparative anatomy, 


University College, London; Dr. G. A. Reay, super- 
intendent, Torry Research Station, Food Investi- 
gation Organization, Department of Scientific and 
Industrial Research; Prof. I. A. Richmond, pro- 
fessor of archæology of the Roman Empire, University 
of Oxford; H. Service, lately director, Geological 
Survey, Malaya; G. D. Sharman, assistant secretary, 
Department of Agriculture for Scotland ; Dr. R. W. 
West, principal, Battersea College of Technology ; J. 
Wilson, director of research, British Rayon Research 
Association. 


Mechanical Engineering in the University of 
Western Australia: Prof. D. J. F. Allen-Williams 


‘Dr. D. J. F. AvLen-Witz1aMs, who has recently 
been appointed to the chair of mechanical engineering 
in the University of Western Australia, is thirty-nine. 
He was educated at Harrow School and Clare College, 
Cambridge, where he took Part I of the Mathe- 
matical Tripos and then in 1939 the Mechanical 
Sciences Tripos. After some official civil engineering 
work in 1939, he was seconded in 1940 to the Air 
Ministry Research Establishment, Swanage (later 
known as the Telecommunications Research Estab- 
lishment). He worked mainly on radar counter- 
measures and after a visit to the United States was 
posted in 1945 to the headquarters of South Hast 
Asia Command. He was recalled in October 1945 to 
become group leader in electronic instrumentation 
for nuclear physics at the Telecommunications 


, Research Establishment, Malvern. In October 1946 


he returned to Cambridge as a research student m 
the Department of Radiotherapeutics. His main 
work was the development of the 30-MeV. synchro- 
tron as a radiotherapeutic instrument. By his efforts, 
Dr. Allen-Williams made it practicable to carry out a 
useful, though limited, clinical trial with a machine 
which was found to present a great many difficulties. 
In 1950 he was elected to a British Empire Cancer 
Campaign Junior Fellowship to continue his work 
on the synchrotron and its applications to radio- 
therapy. In 1952 he received the degree of Ph.D. 
(Cantab.) for a thesis on this work, and in October 
1953 was appointed physicist with special reference 
to the applications of electronics to radiotherapeutics 
in the Department of Radiotherapeutics of the 
University of Cambridge. In November 1954 he 
joined the Ruxton—Paxman Group of companies to 
study the development of nuclear energy in industry, ° 
and in July 1955 he was appointed senior research 
engineer with Davey, Paxman and Co., Ltd. He has 
always been interested in the contributions of 
engineering to social betterment and the improve- 
ment of conditions of living. 
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Civi! Engineering at Southampton : 
Prof. P. B. Morice 


In view of the recent and forthcoming growth in 
the size of the Engineering Faculty, the University 
of Southampton has decided to increase the number 
of chairs in the faculty. In accordance with this 
policy, the University has instituted a chair of civil 
engineering; the first professor will be Dr. P. B. 
Morice. After taking his degree at the University of 
Bristol, Dr. Morice was for a time with the Surrey 
County Council Highways and Bridges Department. 
Since 1948 he has been with the Research Division 
of the Cement and Concrete Association, and has 
been for a number of years head of the Structures 
Research Department. His main interests he in the 
fields of pre-stressed concrete and in the theory of 
structural analysis. The University of Southampton 
can look forward to the vigorous growth of the Civil 
Engineering Department now that it has at its head 
a professor with an outstanding record of research. 


Geology at Exeter : Prof. Alan Stuart 


THE establishment of a chair of geology in the 
University of Exeter is a further stage in the growth 
of that young institution. Mr. Alan Stuart had the 
task of laying the foundations of a Department of 
Geology twelve years ago, and a measure of the 
success of his efforts is now his promotion to a 
professorship. Prof. Stuart received his undergraduate 
training, after service in the First World War, in the 
University of Durham, specializing in mineralogy and 
petrology under the guidance of Dr. L. Hawkes. In 
1921 he was appointed to the staff of the new 
University College of Swansea, where for twenty-five 
years he was not only responsible for much of the 
geological teaching and the building of the Depart- 
ment, but also undertook part of the College adminis- 
tration, notably as superintendent of examinations. 
He thus had experience in university affairs that 
stood him in good stead when he assumed his duties 
in Exeter in 1947. Prof. Stuart’s interests have been 
wide: he has published work on the petrology of 
coal, on magnetite sands, on the mineralogy of the 
Old Red Sandstone and of recent dune sands, and on 
the ontogeny of gastropod shells. More recently he 
has devoted special attention to optical methods in 
mineralogical and crystallographic analysis, and is 
joint author with N. H. Hartshorne of the standard 
work “Crystals and the Polarizing Microscope”. It 
is a fitting conclusion to a devoted university career 
that Exeter should have thought it"proper to appoint 
him to the chair. 


The Royal Society : Vice-presidents for 1958 


Sır CYRIL HinsHELWooD, president of the Royal 
Society, has appointed the following vice-presidents 
for the year ending November 30, 1958: Sir William 
Penney, treasurer of the Royal Society, director of 
the Atomic Weapons Research Establishment, Alder- 
maston; Sir Lindor Brown, biological secretary of 
the Royal Society, Jodrell professor of physiology at 
University College, London; Sir Charles Dodds, 
Courtauld professor of biochemistry in the University 
of London; Sir Bryan Matthews, professor of 
physiology in the University of Cambridge. 


European Organization for Nuclear Research : 
Appointments : 
M. Frangois DE Rose, a member of the French 
Atomic Energy Commission, has been elected presi- 
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dent of the European Organization for Nuclear 
Research (C.E.R.N.) in succession to Sir Ben Lock- 
speiser, who guided the Organization during its 
formative period and is retiring on completion of the 
statutory three-year term of office. Mr. J. Willems, 
of Belgium, and Prof. W. Heisenberg, of Germany, 
have been elected vice-presidents. They succeed Mr. 
F. de Rose, of France, and Prof. Holtsmark, of 
Norway. Prof. E. Amaldi, of Italy, has assumed the 
chairmanship of the Scientific Policy Committee, 
succeeding Prof. W. Heisenberg of Germany. 
Mr. J. H. Bannier, of the Netherlands, has been 
appointed chairman of the Finance Committee, in 
succession to Mr. J. Willems, of Belgium. Sir Harry 
Melville, secretary of the Department of Scientific 
and Industrial Research, has been appointed to 
succeed Sir Ben Lockspsiser as one of the British 
delegates to the Council of the Organization, the 
other delegate being Sir John Cockcroft. During 
1957 the entire staff of the Organization moved into 
its permanent headquarters at Meyrin, near Geneva. 
The total number of personnel is now 598, of which 
about two-thirds are scientific and technical. 


American Hall of Fame 


BronzE busts of George Westinghouse, inventor 
of the air brake, and Josiah Willard Gibbs, the 
thermodynamicist, are to be placed in the Hall of 
Fame for Great Americans at the University of New 
York. At an unveiling ceremony, held on December 1 
in the Gould Memorial Library Auditorium of the 
University of New York, the bronzes were accepted 
by Dr. C. V. Newsom, president of the University. 
The principal speakers were Mr. Herbert C. Hoover, 
former president of the United States, and Dr. D. W. 
Bronk, president of the U.S. National Academy of 
Sciences. The bust of Westinghouse, which was 
given by the American Society of Mechanical Eng- 
ineers, was sculptured by Edmondo Quattrocchi. 
The bust of Gibbs, a gift of the American Chemical 
Society, Yale University, and several individual 
donors, is by Stanley Martineau. 


Site for Expansion of the University of St. Andrews 


A STATEMENT by the Secretary of State for Scot- 
land, circulated with Hansard for December 17, 
regarding his decision on the building site for the 
University of St. Andrews, which was challenged 
both on procedure and on merits, points out that 
while the University’s evidence at the inquiry was 
given after the evidence for the objectors, the lines 
of the University’s case had been made clear in 
advance and its witnesses were intensively cross- 
examined. The Government’s broad acceptance of 
the Franks report did not mean reopening pro- 
ceedings already concluded. On merits, Mr. J. 
Maclay said that the inquiry lasted for ten days, 
during which all aspects of the matter were fully 
debated, with a further day devoted to the inspection 
of sites. It was conducted by @ senior and very 
experienced member of the Scottish Bar as com- 
missioner, wholly independent of the Scottish Office, 
with the assistance of eminent and independent 


“planning assessors, and his decision was in line with 


the recommendations in the Commissioner’s report. 
A crucial part is the adequacy of the site for the 
future scientific needs of the University. The 
University’s view that the Westburn Lane site is 
adequate and suitable for foreseeable needs of basic 
scientific teaching and research, that peripheral sites 
are available if any specialized research necessitated 
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the creation of special buildings at St. Andrews, and 
that further expansion could still be undertaken at 
Queen’s College, Dundee, was upheld by the Com- 
missioner. Although criticized by the Professor of 
Physics as shortsighted, this view was supported by 
the University Grants Committee. 


The Commonwealth Trans-Antarctic Expedition 


Tue tractor train of the New Zealand Antarctic 
expedition led by Sir Edmund Hillary reached the 
South Pole on the night of January 3. This is the 
first time that the.Pole has been reached overland 
since the pioneer expeditions of Amundsen and Scott. 
The expedition, which also includes P. Mulgrew, M. 
Ellis, J. Bates and D. Wright, reached the American 
base at the Pole having driven three tractors, two 
sledges and a caboose 1,200 miles from Scott Base 
since October 14. The New Zealand expedition, in 
conjunction with a R.N.Z.A.F. party under Squadron- 
Leader J. Claydon flying a Beaver aircraft, has laid 
down five depots of food and fuel between Scott 
Base and Depot 700, about seven degrees of latitude 
short of the Pole, in support of the United Kingdom 
trans-Antarctic survey party under Dr. Vivien Fuchs, 
which proposes to cross the continent from the 
Weddell Sea to the Ross Sea. At the timo of writing, 
Dr. Fuchs’ team, about three hundred miles from the 
Pole, is encountering hard going from sastrugz (ice- 
ridges) impeding the progress of his tracked vehicles. 
On January 6 Squadron-Leader J. Lewis, flying an 
R.A.F. Otter single-engine aircraft, traversed the 
Antarctic continent from the advance British base 
at South Ice to Scott Base, where Dr. Trevor 
Hatherington’s team of scientists is continuing its 
programme of observations for the International 
Geophysical Year. i 


Soviet and Western Attitudes to Science 


THE text of a talk entitled “What is the Right 
Attitude to Science ?” by Dr. K. Mendelssohn, reader 
in physics in the University of Oxford, broadcast on 
December 23 on the B.B.C. Third Programme, has 
recently been published in The Listener (January 2, 
p. 12). Dr. Mendelssohn points out that science 
and technology, to which the West owes its high 
standard of living, have been taken so much for 
granted that they are now accorded second place in the 
educational system. Now, quite apart from military 
considerations, the prospect of Russian technological 
superiority may make it an economic necessity to 
re-assess the Western position. It is a dogma of 
Soviet economics that prosperity is based on tech- 
nological progress, and the rewards to scientists and 
engineers both in salary and status in the Soviet 
Union are accordingly high. Even more important 
is the fact that science in the U.S.S.R. is administered 
at the highest levels by the Soviet Academy of 
Sciences and not by politicians or generals. The 
position is almost the exact opposite in the United 
States, where the direction of scientific effort is 
largely in the hands of non-scientists, which not only 
leads to defective decisions, but also relegates the 
scientist to a subordinate position. In Britain, on 
the other hand, while science is mostly directed by 
scientists, the false dichotomy between science and 
the humanities has created an almost hostile, or at 
least defensive, public feeling against science. This, 
together with early specialization in British schools, 
has tended to discourage entry into scientific pro- 
fessions. The Russian achievements are largely due 
to money spent on scientific education and research, 
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even at times when the Soviet Union was passing 
through economic crises. Dr. Mendelssohn suggests 
that in Britain more money spent on education could 
still buy time: time essential for a good general 
training in both arts and science and for an extra 
year at a university. 


Recent Earthquakes 


On December 4 a very great earthquake occurred 
in Outer Mongolia, with epicentre near latitude 
454° N., longitude 994° E. The initial time of this 
shock was 03h. 37m. 45s. G.m.T., and it attained 
magnitude 7-9 on the Gutenberg—Richter scale. This 
earthquake was registered on the selsmograph at the 
Royal Observatory, Edinburgh, with maximum 
ground amplitude of almost 250n. After-shocks from 
this and neighbouring epicentres were frequent, 
especially during the first half of December. Six 
ereat aftershocks occurred on December 4, four on 
December 8 and one each on December 5, 7 and 11, 
besides numerous smaller ones. All these shocks 
were registered throughout the world. The area 
affected macroseismically included the districts of 
Bayankhongor, Ara Khangai and Ubur Khangai. 
A wide permanent fissure more than six miles long is 
said to have appeared in Bayan Tsagan at the time 
of the earthquake. 

On December 13 a smaller earthquake occurred 
in western Persia with epicentre near latitude 344° 
N., longitude 48° E. It had magnitude 74, and 
occurred at Olh. 44m. 59s. c.u.t. It was registered 
on the seismograph at the Royal Observatory, Edin- 
burgh. The macroseismic effects of this shock were 
very great in the triangle bounded by Kermanshah, 
Hamadan and Sanandaj. Murdistan, Assadabad and 
Kangavar were severely damaged, and Farsinaj was 
almost destroyed. The earthquake may have caused 
the deaths of 2,000 people. 


The Griffin Gas Chromatography Apparatus 


MESSRS. GRIFFIN AND GEORGE, Ltd., have issued 
a very well-produced pamphlet describing the Mark 2 
version of their gas chromatography apparatus. This 
pamphlet is profusely illustrated with diagrams and 
photographs, and also contains a short bibliography 
which will be useftl to anyone intending to use gas 
chromatography for the first time. Typical chromato- 
grams obtained with the Griffin and George equip- 
ment are reproduced, and these illustrate the 
versatility of gas chromatography, -showing the 
analysis of a range of compounds from the C,-C,, 
fatty acids and their esters, to a series of simple 
aromatic hydrocarbons. Some indication of the 
special virtues of a number of different stationary 
phases is given in a short table. 


Zoological Nomenclature 


TuE International Trust for Zoological Nomen- 
clature has arranged for the publication in book form 
of the first instalment of each of the “Official Lists” 
of valid zoological names and of the corresponding 
“Official Indexes”? of rejected and invalid names, 
together with the first instalment of the ‘Official 
Lists” of work approved as available for zoological 
nomenclature and of the “Official Index” of rejected 
and invalid works. The categories of names covered 
by these lists and indexes range from specific names 
to ordinal names, and the total number of entries 
now to be published is about five thousand. The 
first of these lists, relating to generic names, was 
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established by the Ninth International Congress of 
Zoology held at Monaco in 1913, while the most 
recent were brought into existence by the Fourteenth 
Congress at Copenhagen in 1953, but owing to the 
large number of documents now involved it has 
become difficult for specialists to ascertain what 
names have so far been registered. This difficulty 
will be removed by the new publications, each of 
which will be supplied both with a full alphabetical 
index and also with alphabetical indexes arranged 
by major groups. The groups so selected will 
normally be classes, but in the case of large classes 
containing well-recognized orders, these supple- 
mentary indexes will be on an ordinal basis. All 
inquiries should be addressed to the International 
Trust for Zoological Nomenclature at its Publications 
Office, 41 Queen’s Gate, London, 8.W.7. 


Royal Society and Nuffield Foundation Common- 
wealth Bursaries 


Tse following awards under the Royal Society and 
Nuffield Foundation Commonwealth Bursaries scheme 
have been announced : Mr. J. Attridge, assistant 
lecturer in zoology, Birkbeck College, University of 
London, to enable him to collect and study Karroo 
vertebrate fossils in Southern Rhodesia during June— 
October 1958 ; Colonel S. S. Bhatnagar, St. Xavier’s 
College, Bombay, for the study of procedures for the 
characterization of chemical and pharmacological 
principles of plants, at Cambridge during April and 
May 1958; Dr. A. J. Buller, senior lecturer in 
physiology, St. Thomas’s Hospital Medical School, 
London, to enable him to gain practical experience 
in studying the nervous system by the microelectrode 
techniques, at Canberra, for about ten months from 
March 1958; Mr. J. Dainty, reader in biophysics, 
University of Edinburgh, for research on the ionic 
relations of plant cells and the electrical properties 
of plant cell membranes, at Sydney, during March- 
September 1958; Dr. W. P. U. Jackson, of the 
Department of Medicine, University of Cape Town, 
for the study of specific methods and techniques in 
endocrine research (prediabetes, plasma insulin 
activity, calcium and phosphate metabolism) in 
London, Cambridge and Louvain, during June- 
August 1958; Mr. C. St. J. Lamb, lecturer in elec- 
trical engineering, New South Wales University of 
Technology, to enable him to assist in the develop- 
ment of instrumentation of nuclear reactors used for 
the production of electrical energy, at Erith, Kent, 
for a year from January 1958. 


University News : Birmingham 


Tax title of reader in physiology has been con- 
ferred on Dr. I. C. Whitfield, senior lecturer in 
physiology. The following appointments have also 
recently been made: Dr. R. L. Holmes, to be senior 
lecturer in anatomy ; Dr. T. R. Lomer, to be lecturer 
in physics; Dr. G. Gregory, to be staff tutor in the 
Institute for Engineering Production ; F. D. Hobbs, 
to be Paviors lecturer in highway engineering in the 
Department of Civil Engineering ; and L. Kay, to be 
lecturer in electrical engineering. 

Two new graduate courses have been established 
in the Faculty of Science: one is a course in the 
Department of Pure Mathematics leading to a 
diploma in mathematical statistics, and the other is 
@ course in operational research in the Department 
of Engineering Production leading to the degree of 
M.Sc. by examination. 
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London 


Tue title of professor of pathology in the University 
of London has been conferred on Mr. M. H. Ashton 
in respect of his post at the Institute of Ophthalm- 
ology. The title of reader in the University has also 
been conferred on the following: Dr. A. Armitage 
(history and philosophy of science) at University 
College, Dr. Ivy Pinchbeck (social studies) at Bedford. 
College, Dr. C. A. B. Smith (genetical statistics) at. 
University College, and Mr. R. J. Wilkins (civil 
engineering) at University College. 


Malte 
In accordance with the terms of the Royal Univer- 
sity of Malta (Constitution) Act of 1957, a Statutory 
Commission has been formed to ‘‘advise the Govern- 
ment on any matter relating to or connected with 
the University which the Government may refer to 
them for advice and report, including the expedi- 
ence of amending or repealing and replacing any 
Statute for the time being in force or any Regulation 
made thereunder. No major act of the University 
which may involve expenditure shall be entered into 
by the University without the prior approval and 
advice of the Commissioners who, before giving 
such approval and advice shall make a report-om the 
matter to the Government and shall consult with the 
Government on the total amount of funds available. 
Tho Commissioners shall also, if so requested by the 
University, advise the University in the working out 
of new policies”. i 
Members of the newly appointed Statutory Com- 
mission are as follows: Sir Ivor Jennings, Master of 
Trinity Hall, Cambridge (chairman), L. J. F. Brimble, 
J. 5. Fulton and Sir Charles Snow. 


Announcements 


Sm Wriiram G. Oee, who has been director of 
Rothamsted Experimental Station since 1943, will 
retire on September 30, and the Lawes Agricultural 
Trust Committee has appointed Mr. F. ©. Bawden 
to succeed him. 


Pror. E. LEDERER, of the Institut de. Biologie 
Physico-Chimique, Paris, known for his ..work -on 
paper chromatography, will be visiting professor in. 
the Department of Chemistry, King’s College, 
University of Durham, Newcastle upon Tyne, for a 
period of about six weeks, starting on March 4..-. 


THE Institution of the Rubber Industry and the 
Plastics Institute are holding a joint conference on 
February 27 at the Institution of Civil Engineers, 
Great George Street, Westminster, §.W.1. The 
subject will be “Recent Advances in Polymer Tech- 
nology”. Further information can be obtained from 
the Secretary, The Plastics Institute, 6 Mandeville 
Place, London, W.1. 


THe Spectroscopic Panel of the Hydrocarbon 
Research Group of the Institute of Petroleum is 
organizing a conference on molecular spectroscopy, 
to be held at the Institution of Electrical Engineers 
in London during February 27-28. The programme 
will cover the whole field of spectroscopy. The main 
topics to be discussed will be nuclear magnetic 
resonance, technical developments, intermolecular 
forces and factors affecting intensities of absorption 
bands. Further information can be obtained from 
E. Thornton, c/o British Petroleum Co., Ltd., 
Chertsey Road, Sunbury-on-Thames, Middlesex. 
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DESIGN OF PHYSICS RESEARCH LABORATORIES: 


N November 27, the London and Home Counties 
Branch of the Institute of Physics held a sym- 
posium at the Royal Institution on “The Design of 
Physics Research Laboratories”. l 
In his introductory remarks, Dr. J. 8. Forrest 
(chairman) recalled that a similar discussion had 
been held by the Institute of Physics ten years ago 
(J. Sci. Instr., 25, 157; 1948). In the intervening 
decade, however, there has been intense activity in 
the building of new laboratories. Moreover, the 
character of the physics research laboratory is 
changing ; the conventional laboratory with standard 
benches equipped with standard services and appar- 
atus is no longer suitable for dealing with many of 
to-day’s problems, which require large machines with 
the attendant erection and servicing facilities. Accord- 


ingly, the time was ripe for a further discussion to’ 


put on record the lessons learned during the past ten 
years and to present the views of architects and 
research directors responsible for the planning of 
modern laboratories. 

A basic laboratory design which seems to fulfil 
modern needs, and which was referred to by several 
speakers, takes the form of a large central area, 
perhaps 60 ft. wide,.with relatively small enclosed 
laboratories along the sides. The central area must 
have adequate head-room (more than 20 ft.) and it 
is therefore possible to provide a number of smaller 
enclosed laboratories or offices on a gallery over the 
ground floor laboratories (Fig. 1). 

Prof. Basil Spence said he had been concerned 
with the design of university physics laboratories. 
Teaching laboratories had to cope with large numbers 
of students, but the requirements could be defined 
clearly. Research laboratories, on the other hand, 
must be extremely flexible in design, as the nature 
of the work which might be carried out in a few 
years time was unknown. He had even had to 
provide for the possibility of increasing the roof 
height in one project. 

Dr. T. Emerson dealt with some problems in the 
planning of industrial research laboratories. He 
emphasized the importance of good team-work 
between the research director, the architect and the 
builder. The duties and responsibilities of the various 


\ 


parties should be clearly defined at the outset. The 
requirements for accommodation and services should 
be co-ordinated and all instructions passed to the 
architect by one person only, for example, the 
building supervisor, who might with advantage be 
the person responsible for the future maintenance of 
the finished building. The aim should be to construct 
an adequate building at reasonable cost with plenty 
of laboratory space to provide future flexibility, 
sufficient office accommodation, but no unnecessary 
frills. . 

A contribution by Charles S. Haines (read by Mr. 
D. T. R. Dighton) discussed recent trends in the 
design of American industrial research facilities. In 
the United States it is becoming common to put 
the research facilities on a rural site separate from 
the manufacturing plant. It is important to provide 
adequate space for future expansion and car parks, 
and some companies with research organizations of 
approximately one hundred persons are acquiring 
sites of more than 200 acres. The design of the 
buildings must proceed from the inside outwards. To 
prevent early obsolescence, modular planning is 
essential, a module being a ‘“three-dimensional 
repetitive unit of functional space”. The satisfactory 
width of the laboratory module (usually parallel to 
the exterior wall) may vary from 9 to 12 ft.; the 
length may be from 24 to 28 ft. Office modules of 
5 ft. x 15 ft. will provide individual and group 
offices of 10, 15, 20 or 25 ft. x 15 ft. Factory- 
finished metal partitions are preferred for sub- 
dividing laboratories, and they should be designed 
so that room arrangements may be modified 
without moving the mechanical and electrical ser- 
vices. Air conditioning is desirable, and fume 
chambers may be required in physics as well as in. 
chemistry laboratories. Many laboratories built in 
the period from 1949 to 1954 using cheap materials and 
poor construction are now beginning to deteriorate. 
Properly planned sound construction using lasting 
and easily maintained materials will prove to be 
more economical. 

Mr. B. C. Fleming-Williams spoke on services and 
facilities from the user’s point of view. ‘The per- 
manent services—water, gas and waste pipes, electric 





Fig. 1. A basic design for a physics research laboratory 
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power, lighting, heating and ventilation—should be 
based on a modular plan. Local supplies may some- 
times be preferable to a permanent central installa- 
tion. For example, direct current can conveniently 
be supplied from: individual power packs instead of 
from a central battery. Similarly, vacuum require- 
ments can usually be provided by bench pumps, and 
supplies of various gases from local cylinders. 
Facilities must be available, however, for the hand- 
ling and storage of gas cylinders. An adequate and 
easily accessible duct system should always be 
installed to enable any central service to be provided 
ab any point if it is found to be desirable in the 
future. 

Mr. J. C. Cornwell discussed buildings and services 
from the point of view of the laboratory maintenance 
engineer. He pointed out that maintenance staffs in 
laboratories are more often concerned with alterations 
and additions to the buildings and facilities than 
with’ simply maintaining the original installation. 
When the laboratory is designed, provision should 
be made to facilitate building extensions and altera- 
tions to the services. In the choice of partitioning, 
sound transmission and ease of attachment of shelves 
are important considerations. Brick and some 
proprietary types of partitioning are satisfactory, 
but steel and glass are not. Floor surfaces and their 
cleaning merit particular attention. Floor ducts 
should be designed to minimize flooding. Fire pro- 
tection should receive adequate consideration. Pro- 
vision must be made for inflammable stores, radio- 
active sources, gas cylinders and bulky maintenance 
equipment. 

Mr. R. G. Hopkinson spoke on the programme of 
research on the design of laboratories which is being 
carried out by the Nuffield Foundation Division for 
Architectural Studies in collaboration with the 


Building Research Station. Statistical studies have- 


been made of the bench space and services required 
by laboratory workers. The work on laboratory 
lighting was carried out at the Building Research 
Station. From the determinations of minimum 
levels of natural and artificial lighting for the efficient 
performance of laboratory work, a design has been 
evolved which gives good day-lighting in a single-side 
lit laboratory. A model was used for assisting in the 
appraisal of the design (Musgrove, J., and Pether- 
bridge, P., Architects J., 126, 368; 1957). 

In opening the discussion, Mr. D. A. Oliver sug- 
gested that two types of laboratory accommodation 
are generally required—‘open space’, costing about 
£2 per sq. ft., and ‘better-class’ laboratory accom- 
modation costing about £4 10s. per sq. ft. The 
better-class accommodation should be kept free from 
noise, vibration and dirt; workshops and heavy 
machines should be in a separate .building. 

Other matters discussed were the advantages of 
air conditioning and electric floor warming in research 
laboratories; a method of providing a wide range 
of electricity supplies at the benches; and a colour- 
light staff location system which also functioned as 
a fire alarm. 

In summing up the symposium, Prof. F. A. Vick 
said that the physicist must make up his own mind 


as to his requirements, but it is sometimes im-’ 


portant that the outside of laboratory buildings 
should be in keeping with other adjacent buildings. 


The use of models could be a great help in planning. 
Workshops and equipment causing, 


laboratories. 
noise and vibration should be kept separate from the 
research laboratories and offices. The services should 
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be very carefully designed bearing in mind the many 
points raised in the discussion, and detailed plans of 
the services properly colour-coded should be handed 
over with the building. The laboratory furniture 
should be designed as part of the building. He agreed 
that it is false economy to save money on the 
initial cost of the laboratory—taken over a number 
of years the capital cost of buildings is not usually 
& very important item in the research laboratory 
budget. J. S. FORREST 


COLOUR TELEVISION IN 
UNIVERSITY TEACHING 


UY’S HOSPITAL AND MEDICAL SCHOOL 

and the British Broadcasting Corporation colla- 
borated to present a series of sixteen demonstrations, 
lasting more than two hours, which was relayed from 
Alexandra Palace to Western House, Great Portland: 
Street, London, on the evening of November 19. 
Marconi’s Wireless Telegraph Co., Ltd., provided a 
colour television projector and a 6 ft. x 4 ft. screen. 
Although this presentation had been organized for 
the staff of Guy’s Hospital and the Medical School, a 
large number of representatives from other faculties 
in the University of London and from medical centres 
elsewhere were also present. 

The purpose was to judge the technical quality of 
the British system and to consider whether the 
apparent and potential properties of colour television 
are sufficiently attractive to warrant a critical trial 
under practical conditions. 

This venture was by no means a stunt. Repeated 
technical experiments in the research establishment 
of the Marconi Company at Chelmsford preceded 
further trials at Alexandra Palace by members of the 
staff at Guy’s representing fourteen different depart- 
ments. The B.B.C.’s production staff had to evolve 
new methods and to adapt their equipment to a 
considerable extent. For example, teaching demon- 
strations were found to require big close-ups, whereas 
existing techniques had naturally been designed to 
satisfy the demands of the theatrical producer. It 
may be of interest to note that this was the first 
occasion on which the B.B.C. has transmitted a 
continuous colour television programme of this 
length. Meticulous planning was necessary to enable 
the two cameras to move from one demonstration 
to the next in less than two minutes. That the 
presentations followed each other with quite extra- 
ordinary precision was the more remarkable as few 
of the busy physicians and lecturers had been able to 
attend more than one or two rehearsals. This is a 
point of importance, as it might be assumed that 
television techniques in medical teaching will exact 
undue demands upon the lecturer’s time. 

The general consensus of opinion was that the 
quality of definition and colour balance was well above 
reasonable expectation and most certainly made the 
use of colour television a practical possibility. It is, 


still to be decided whether this method of communica- 


tion should be further tested for its effectiveness by a 
series of critical experiments carried out against the 
background of university teaching. It was not-pos- 
sible on this occasion to draw any valid conclusions in 
this respect. The audience consisted of experienced 
teachers and not students, most of -the demonstra- 
tions were enacted by senior lecturers, who would 
normally have been directing such work while 
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actually with their students ; and, of course, a large 
technical staff was available to handle intricate and 
bulky equipment. Both equipment and methods will 
havo to be simplified drastically to adapt this medium 
for use in everyday instruction, and there is every 
expectation that this could be done. However, only 
practical experience under realistic conditions will 
show to what extent and how colour television can 
contribute to understanding and learning. 

It may be of value to consider here the essential 
properties of colour television and how they might 
possibly be applied. Events and phenomena can be 
observed at a distance, even when direct vision is not 
possible. The moving image can be viewed either on 
large projection screens, or on smaller television 
receivers in any desired number of places, by large 
audiences, at the exact time that events are taking 
place. Fine detail, such as individual hairs on the 
back of the hand, and large scenes, such as big 
machinery in a laboratory, can be portrayed with 
equal ease. High-power microscopic examinations 
can be made with considerably higher brilliance than 
is possible with conventional projection microscopes. 
Preliminary experiments with endoscopes have 
proved that their use may well become a common- 
place, as soon as the associated optical problems have 
been solved. Live presentation, films, slides and 
charts can be shown in immediate sequence, and 
indeed in any desired admixture. 

The images from two or more television cameras 
can be presented in sequence or even side by side. 
It will thus be possible to correlate separate aspects 
of the same subject or to contrast similar phenomena 
by using more than one camera in quite different 
locations, as, for example, in a laboratory and in a 
hospital ward. 

Perhaps the most important difference from normal 
visual records such as diagrams, lantern slides and 
motion picture films is the fact that a live action is 
shown on the television screen at the exact moment 
when it happens. Apart from any other considera- 
tions, the psychological effect of this upon a student 
body may prove to be considerable. Whereas a 
_ film is rigid in its construction and presentation and 
cannot easily be arrested, the television demonstration 
is entirely under the lecturer’s control. He can direct 
the demonstrator through a two-way radio link, he 
can ask for an alternative presentation of the same 
subject or for a repetition when he feels that this 
would be of greater benefit to the students. Mistakes 
and defects can be rectified immediately, a process 
which may in fact add to the value of a demonstra- 
tion, by emphasizing its immediate and local 
character, and thus imparting to it a liveliness and 
personal nature often absent from films. Each 
demonstration can be varied according to the lecturer’s 
wishes and according to the existing knowledge of his 
students. Participation by the audience can be used 
where appropriate, for students can both hear and 
speak to the demonstrator who is with the camera. 

Many will maintain that the motion picture film 
can be used as effectively and more economically. 
A brief consideration of this contention will expose its 
fallacy. Even if funds could be raised to establish 
and maintain sufficient film production units to make 
films of all the many subjects which can be shown by 
television, few teachers would have the time required. 
for drafting the initial treatment and for supervising 
the scripting, rehearsing, shooting and editing of such 

Even if all these films could be made, they 
would neither fit in with the ideas of other teachers, 
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nor could they possibly be equally effective for 
different types of audiences. Some ‘date’ quickly 
and there are inevitable delays between preparation 
and exhibition. 

Such handicaps do not apply to television. The 
lecturer discusses with his assistant what he wishes to 
demonstrate. The camera is placed in position, and 
the lecturer can direct and control the proceedings as 
and when he requires them while talking to his 
students. This demonstration can be as simple or 
elaborate as he himself may wish. 

The use of good colour, a live presentation, the 
magnification of small detail for large audiences, the 
juxtaposition of different events or phenomena 
separated in space, participation by the audience, and 
complete control by the lecturer can be regarded as 
the main characteristics which might be exploited. 
What effect, in terms of understanding and learning, 
might this have on students ? Which type of student 
will derive the greatest benefit from colour television 
and at what stage of his learning? Which teaching 
situations and which disciplines are most likely to 
benefit from its use ? How should it be used to its 
best advantage ? Finally, is the total effect economi- 
cally worth while ? The answers to these questions 
can only be established satisfactorily when a centre 
consisting of many different interests and types of 
student, both undergraduate and postgraduate, is 
prepared to undertake a full and unbiased investiga- 
tion of the method. No one will be optimistic enough 
to imagine that colour television can solve all problems 
of teaching, nor will any responsible teacher wish to 
interpose an elaborate electronic device between 
himself and his class where the normal direct approach 
can do all he wishes. Nevertheless, experience 
already shows that television demonstration may 
permit valuable additions to the content of teaching 
in many medical subjects, especially by presentation 
to large audiences of things it is rarely possible to 
show even to a handful of students. Doubtless, 
present views and expectations will be modified, and 
unsuspected potentialities discovered, when it becomes 
possible to make a full exploration in the working 
conditions of a medical centre. The results of such an 
experiment might prove to have far-reaching effects 
on education, not only in university circles, but also 
in schools and perhaps even on television broadcasts 
to the general public. 

A colour sound film recording of the demonstration 
and a booklet published by Marconi’s Wireless 
Telegraph Co. in collaboration with the Illustration 
Department of Guy’s Hospital Medical School are 
avaiable. 

C. E. ENGEL 
Rocer WARWICK 


AUTOMATION IN THE POST 
OFFICE 


i moving the second reading of the Post Office 
and Telegraph (Money) Bill in the House of 
Commons on December 5, the Postmaster-General, 
Mr. E. Marples, said that during the next two years 
the Post Office would be spending about £180 million 
on capital equipment, of which £105 million would 
be by way of depreciation and ploughed back by the 
Post Office. Of this sum, more than £167 million 
would go to telecommunications, £6 million to 
telegraphs—mostly ‘Telex’—and £7 million to postal 
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services. Amplifying the White Paper (see p. 71 of 
this issue), Mr. Marples, who doubted whether there 
had been purposeful direction of science and shrewd 
timing of applied science in the past, explained how 
in 1958 the saving of £2 million would be achieved 
in wages as well as at least £10 million-worth of 
equipment which would have been scrapped under 
the old system. To secure the maximum use of the 
£150 million-worth of buried wires, which is increasing 
at the rate of £11 million a year, the Post Office is try- 
ing to bring the automatic line concentrator into 
operation as fast as possible, and in 1960 it is hoped 
to have the first all-electronic exchange in operation 
at Highgate Woods, as @ result of the work of the 
Joint Electronic Research Group, a partnership 
between the Post Office and private enterprise. By 
putting in extra repeaters every three miles, it will 
be possible to make much better use of the existing 
coaxial cables, either doubling the number of con- 
versations or providing a television channel. 

Dealing with the postal services, Mr. Marples said 
that the procedure in sorting is essentially the same 
as that used one hundred years ago ; of the total cost 
of the postal services of £120 million, man-power ac- 
counts for 70 per cent. Of that total, sorting accounts 
for £40 million and delivery for £30 million. The first 
electronic sorting machine is already in operation 
at Southampton, and another, the first of a further 
twenty, should soon be available at Norwich. This 
development, which is well in advance of the rest of 
the world, is due to the scientists at Dollis Hill 
Research Station. It requires for its application a 
standard envelope, and Mr. Marples emphasized the 
importance not only of co-operation, particularly with 
the United States and Canada, in research, but also of 
public opinion. He said he is starting a scientific 
survey to find out what the public expect and 
want from the postal services and how far they are 
prepared to co-operate, for example, by using & code 
number for the address. Mentioning the Inter- 
national Committee of Postal Studies, Mr. Marples 
said that as a result of a visit by the Deputy Post- 
master-General of the United States last summer, & 
team of five Post Office officials has studied mech- 
anization in Canada and in the United States. He 
had also appointed a committee, with Sir Leonard 
Sinclair as chairman, “to advise the Postmaster- 
General on the future place of the inland public 
telegraph services as part of the communication 
facilities of the United Kingdom”, and he was seeking 
to encourage co-operation with private industry 
particularly in telecommunications. Help was being 
given by the Council for Industrial Design in stan- 
dardization of telephone exchange equipment and 
telephone kiosks. Referring to the human problems 
of automation, after a tribute to the co-operation of 
the trade unions, Mr. Marples said that he had 
appointed the general secretary of the Union of Post 
Office Workers and the chairman of the staff side of 
the Post Office non-engineering Whitley Committee to 
the policy committee advising him on mechanization. 

In replying to a question in the debate about 
cable-ships, the Assistant Postmaster-General, Mr. 
K. Thompson, said that the new two-way Atlantic 
cable to be laid in a few years, as a result of an 
agreement with Canada, would be a new plastic- 
covered cable developed by Post Office engineers 
and the cable company. British two-way rigid 
repeaters would provide sixty conversation channels 
in the single cable, compared with thirty-six in the 
present double cable. 
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MEDICAL USES OF IONIZING 
RADIATIONS 


Poo on the publication of the British 
and American documents setting out the Hazards 
to Man of Nuclear Energy, the United Nations 
Organization set up a Scientific Committee on the 
Effects of Atomic Radiation. This Committee 
invited the International Commission on Radio- 
logical Protection and the International Commission 
on Units and Measurements to consider how best to 
arrive at reliable data for estimating the doses 
received by different parts of the human body—by 
individuals, and in the aggregate by large population 
groups—due to medical use of ionizing radiation. A 
study group, under the joint chairmanship of Prof. 
Rolf Sievert and Dr. Lauriston Taylor (chairmen, 
respectively, of the two International Commissions), 
decided to spread the work as widely as possible. 
It was divided among five groups of experts drawn 
from fourteen countries—Austria, Canada, Columbia, 
Czechoslovakia, Denmark, France, Germany, Italy, 
Norway, Sweden, Switzerland, the United Kingdom, 
the United States of America, and Uruguay. 

The genetic hazard is of primary importance, and 
the data when accumulated will be used for assessing 
the significant dose per annum to the gonads of any 
population. A study group of the World Health 
Organization, which reported earlier this year, con- 
sidered the possibility of registering systematically 
doses received by all individuals, but this proposal 
proved to be unrealistic. There would be too great 
a margin of error, and too great an expenditure of 
man-power and of money. There would be difficult 
legal and psychological consequences. There are, 
however, certain classes of persons, and certain 
routine procedures, for which, by & widespread 
expert sampling survey, sufficiently accurate records 
can be obtained. The undertaking is by no moans a 
light one. The data available from half a dozen 
countries, now published in Physics in Medicine and 
Biology, 2, No. 2 (1957), in some eighteen tables, 
prove to be difficult of collation ; they disclose wide 
differences of estimated gonad dose. In Denmark 
and the United Kingdom it is given as about 25 
rorad., in Sweden 40 mrad. and in the United States 
something nearer 100 mrad. 

The group recommends an extensive survey, pre- 
ceded. by a pilot preliminary survey. It sets out the 
desiderata for obtaining uniformly reported informa- 
tion from various countries. These include classi- 
fications of age groups, the anatomical type of 
examination, the radiological type, and the gonad 
dose per examination for male, female and foetus. 
In estimating the dose from the internal use of 
radionuclides, a factor should be introduced for 
‘parenthood expectation’ for the average patient. It 
is of interest that, as had been found with other 
surveys, even the partial investigation so far carried 
out in Great Britain has already led to a reduction 
of the gonad dose by adoption of the recommenda- 
tions included in the last report of the International 
Commission on Radiological Protection, and the 
evidence from expert measurement of the actual 
doses delivered. ‘The means recommended to this 
end include protective devices for the gonads, a 
minimum film-focus distance, increased tube-housing 
protection, permanent filters of at least 2 mm. 
aluminium equivalent on all diagnostic tubes, the 
use of higher-voltage techniques, exposure counters 
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on all diagnostic equipment, and the use of image 
intensifiers. 

Since the dose from diagnostic exposure outweighs 
that from all the other man-made sources, including 
that from fall-out, it is of great importance that it 
should be reduced by every means that does not at 
the same time minimize the great benefits that 
accrue. Radiotherapeutic dosage is of relatively far 
less significance. 

It is recommended that basic studies should be 
continued; that in all countries where analysis of film 
records reveals a dose of more than a few per cent 
of natural background a detailed analysis should be 
made ; that the sampling programme set out should 
be followed, after a pre-survey; that the team 
making the survey should be carefully trained, and 
make use only of approved dosimeters. Improved 
practice is confidently anticipated, and as indicated 
in the tables of Ardran and Crooks, should attain 
very considerable diminution of dose. 

Prof. F. W. Spiers reports on the preliminary 
survey made in the United Kingdom, which expects 
to cover at least 5,000 examinations based on some 
20,000 exposures, in three classes of hospital, and 
some clinics. Details of the instrumentation are 
given, together with forms for recording data so that 
transfer to punch cards is easy. 

Ernest Rook CARLING 


GIANT MOLECULES 


T seoms only yesterday that a professor of physical 
chemistry told me that a manufacturer had rung 
him up to ask, “What is this substance ‘high poly- 
mers’ we hear so much about ? Can I make tubes 
of it ?? Yet to-day it would be more to the point to 
ask what cannot be made of it. As for the question 
what Nature has made of it, answers of ever- 
increasing wonder and beauty pour out so fast that 
it is hard work giving them a fraction of the attention 
that is their due. 

Our thoughts just now are much preoccupied, and 
excusably so, with those problems of atomic energy 
which betoken such a revolution in what has made 
up life hitherto that our future has become impossible 
to assess. All the same, it can be argued that in the 
long run, if there is going to be a long run, this is a 
more superficial view of things, because what is 
scarcely being noticed in the excitement is the quieter 
but far more pregnant revolution taking place simul- 
taneously in our understanding of the molecular 
basis of life. Physico-chemically speaking, life is 
predominantly a question of the activities of chain- 
molecules in one form or another, and the science of 
man-made fibres, plastics, rubbers, and related pro- 
ducts is an extrapolation therefrom—the lessons of 
Nature exemplified in a simpler but nevertheless 
very gratifying piece of ‘homework’. The exploration 
of both these worlds, the old and the new, is now 
opening up so rapidly and excitingly that a reminder 
and synthesis such as that recently provided by 
Scientific American (197, No. 3; September 1957) in 
an issue devoted to high-polymer chemistry has a 
timely helpfulness that makes it doubly welcome. It 
comprises a set of nine articles by some of the 
acknowledged authorities in macromolecular studies, 
and they summarize an enthralling story most 
effectively. 

The first five articles are chiefly about synthetic 
high polymers, and the other four are about macro- 
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molecules in biological structures. Mark starts off 
with a historical survey entitled “Giant Molecules’, 
followed by Debye on “How Giant Molecules are 
Measured”, Natta on “How Giant Molecules are 
Made”, Tobolsky on ‘The Mechanical Properties of 
Polymers”, and Oster on ‘“‘Polyethylene’’—the sim- 
plest chain-molecule of its kind, but extraordinarily 
versatile and fast becoming the commonest. Preston 
writes next on ‘Cellulose’, Doty on ‘Proteins’, 
Crick on ‘‘Nucleic Acids’, and finally Schmitt on 
“Giant Molecules in Cells and Tissues’’. The level of 
presentation is uneven, with the elementary concept 
often explained at lengths which some readers might 
prefer devoted to more advanced parts, which are as 
a result rather glossed over. Some non-uniformity is 
almost unavoidable in articles of this sort, semi- 
popular and aimed at informing and interesting as 
wide a range of reader as possible. Taken together, 
these articles must certainly succeed in doing that : 
there is something for everybody, from the beginner 
to the specialist. The illustrations are particularly 
fine for teaching purposes, and there is a very useful 
bibliography. 

Among the biological contributions which I, per- 
sonally, found most enjoyable, was that by Doty, in 
which he tells of recent progress, by measurements 
of light scattering and optical rotaticn, in detecting 
the states of folding of synthetic polypeptides and , 
proteins in solution. The former can change over, 
reversibly, from right-handed «-helices to randomly 
coiled chains, depending on pH and other conditions, 
and the transition is marked also by such character- 
istic changes in the optical rotation and rotatory 
dispersion that it is natural and seems well justified 
to apply the criteria to the globular proteins. The 
results indicate (as had already been suggested from 
X-ray and related studies) that such globular protein 
molecules as have so far been tested do indeed include 
a-helices in their make-up, to extents varying from 
15 per cent in ribonuclease to 85 per cent in tropo- 
myosin ; and what is more, these proportions can be 
varied reversibly, and when the protein is an enzyme, 
activity goes up and down correspondingly. By 
Implication, the same sort of adaptability of the 
intramolecular mixture of «-helical and randomly- 
coiled could account for the versatility of the 
y-globulins and the formation of antibodies. 

The main theme of Natta’s article is the astonishing 
advances in the controlled building of high polymers 
that have been made within only the past few years 
by means of complex ionic catalysts, following 
Ziegler’s production, for example, of unbranched 
polyethylene at atmospheric pressure and tem- 
peratures not much above 30° C. Vinyl polymers 
now run into molecular weights of millions, with 
their side-groups arranged at will in a so-called 
‘atactic’, ‘isotactic’ or ‘syndiotactic’ sequence accord- 
ing as they occur at random on either side, all on the 
same side, or regularly distributed from side to side. 
Truly, as Natta says, “wo can hardly begin to con- 
ceive how profoundly this new chemistry will affect 
man’s life”. 

All this though, impressive as it is, is still child’s 
play compared with the kind of thing discussed by 
Crick in his article on the nucleic acids. Deoxyribo- 
nucleic acid and ribonucleic acid have lately come to 
be recognized as the ‘master race’ of biological high 
polymers, in that apparently they alone can both 
transmit messages of heredity and afterwards 
dominate the business of protein synthesis. Recent 
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discoveries in bacterial genetics are more than 
fascinating ; they are.also perhaps rather disturbing, 
particularly in the light of the changes reported (J. 
Benoit, P. Leroy, R. Vendrely and C. Vendrely) to 
have been induced in White Pekin ducks simply by 
injecting into their peritoneal cavities soon after 
birth samples of deoxyribonucleic acid prepared from 
Khaki Campbell ducks. We can dimly see approach- 
ing a day when not merely bacteria but also higher 
animals and even human beings may have their 
transmissible characters moulded synthetically—a 
most alarming thought in some ways. 

More dimly still, but now not nearly so as it 
appeared only a short while ago, a day can be en- 
visaged when we may be able, in a process analogous 
with infection by a bacteriophage, or with any 
fertilization, to add a synthetic polynucleotide to a 
collection of synthetic substrates and thereby set 
going a little hive of ‘synthetic life’. 

There is something seriously wrong with dreams 
such as this, of course. Systems of proteins and 
nucleic acids and accessory molecules with nothing 
else can scarcely keep on thinking and asking ques- 
tions about themselves and experimenting on them- 
selves until they have at last succeeded in making 
themselves. Reason apart, the halt will surely be 
called by an ultimate indeterminacy principle which 
says that it is impossible to place the required com- 
ponents in their correct places all at the same time. 

W. T. ASTBURY 


EDUCATION FOR A 
TECHNOLOGICAL AGE 


ELIVERING the ninth Hinchley Memorial 
Lecture to the Institution of Chemical Engineers 
on November 5, under the title “An Education for 
Our Times”, Dr. R. P. Linstead, rector of the Imperial 
College of Science and Technology, London, said that 
the proportion of scientifically qualified men to the 
total employed in British industry as a whole is 
0-8 per cent. The proportion varies, however, in the 
principal scientific industries from 10-9 per cent in 
nuclear power, 5:2 per cent in oil refining, to 2-7 per 
cent in chemical industry and 1-9 per cent in the 
aircraft industry. This vocational demand is likely 
to increase, but Dr. Linstead insisted first that science 
is an intellectual discipline of the first rank in its 
own right, and secondly that when the current very 
large requirement for scientists and engineers has 
been met by the necessary adjustments in our pattern 
of education, man will still have to meet his ultimate 
problems of virtue, civilized behaviour and the wise 
conduct of affairs. He argued that the study of pure 
and applied science provides an education peculiarly 
suitable to our times, and, limiting himself essentially 
to the higher education of boys from fifteen years 
upwards at school and university during the next 
decade, explored four questions. 

The answer to the first, whether we have enough 
qualified engineers and scientists, is no, and Dr. 
Linstead said. that in the next few years an increasing 
proportion of science specialists in the schools should 
be diverted from science to engineering when they 
reach the universities, and university departments of 
technology must be provided with the necessary 
facilities. In considering the second question, when 
their education should become specialized, he sug- 
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gested that specialization in science and mathematics 
should not be pushed to the extent that a boy loses 
touch with the world of human studies and values, and 
he would like to seo more flexibility in the general 
educational pattern, with some lightening of the 
requirements in factual scientific knowledge and, 
above all, search for intelligence. In discussing the 
third question, namely, whether the first-degree 
course should be longer, Dr. Linstead pointed out that 
this would involve additional capital expenditure of 
£15 million to £30 million, a large increase in recurrent 
expenditure and a hiatus in output for one year of at 
least 7,000 men. Rejecting this as impracticable, he 
urged that a real contribution could be made at the 
university-level by postgraduate instruction in the 
new types of scientific technology, where there is a 
real intellectual discipline to be mastered and not 
just & technique to be acquired. 

In answer to his last question, whether scientists 
and engineers should be taught non-scientific subjects 
at the university, Dr. Linstead argued that any good 
system of education would provide a good product out 
of good material, against a good social background. 
In considering how far assistance can be given 
to students of science and technology to acquire 
@ broader education and the attributes of leadership 
during their university career, Dr. Linstead suggested 
that, in general, compulsory and examinable non- 
scientific subjects should not be introduced into a 
three-year first-degree course. The college or univer- 
sity should, however, make a continuous and organ- 
ized effort to provide facilities whereby a student can 
broaden his outlook, interests and experiences. In 
addition, certain types of non-scientific studies arise 
directly and, as it were, functionally out of a man’s 
vocational interests and should very properly be 
studied in an organized way as part of them or side 
by side with them; for example, languages, some 
aspects of economics, and the history of science and 
technology. Finally, Dr. Linstead urged that the 
benefits of organized and compulsory classes in cul- 
tural subjects are limited, and in the last resort it is 
more important for a technological university to 
provide the facilities for a full lifo in human sur- 
roundings. 


MANAGEMENT, GROUP CONFLICT 
AND THE SCIENCES 


PENETRATING analysis of management atti- 

tudes towards group conflicts in industry has 
been made by the Earl of Halsbury, managing director 
of the National Research Development Corporation 
(Impact of Science on Society, 8, No. 3). Management 
is an act which occurs in opposition to some form of 
resistance, and to treat it as a problem in communica- 
tions is inadequate. No mere verbal exposition of 
what a man does not want to do will make him want 
to doit. The fact that someone else wants it will not 
make him want it either. In some way the individual 
has to identify his wishes and hopes with those of 
others, with whose wishes and hopes his own were 
originally in conflict. 

According to text-book expositions, change occurs 
because ‘loyalty to the firm’ binds management and 
workers together, and what is in the interest of the 
whole will ultimately seem to be in each individual’s 
own interest, and will thus produce co-operation. 
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Unfortunately, great numbers of the human race are 
psychologically immune to any such approach. 

Using an approach from social anthropology, 
Halsbury shows that within any one culture pattern 
a mosaic of variant sub-patterns can be seen, each 
with its characteristic ideology. The tyranny of 
words leads to over-simplification. People talk of 
‘the industrialist’? and ‘the trade-unionist’ because 
grammar and syntax do not permit individuals to 
talk of them at all unless it is done in this way. 
To refer to ‘the industrialist’ or ‘the trade-unionist’ 
implies a homogeneity that does not exist. Some 
North American Indian language is needed which 
would enable one to treat as single nouns such com- 
plexes as the following: ‘Church-going-factory- 
manager-with-strong-sense-of-public-service’ ; ‘Free- 
trade-golf-playing-managing-director-believing-keep- 
out-of-my-way; “Union-chairman-christian-naming- 
employers-confederation-operating-ancient-agree- 
ment-never-broken’; ‘Vicariously-bitter-shop- 
steward-with-chip-on-shoulder’. 

Treatises on managerial techniques which avoid 
reference to basic situations merely skim the surface 
of the subject. If social anthropology and industrial 
psychology are to be the nuclei of some future intel- 
lectual discipline which will transform and adjust 
human relations in accordance with human needs, 
then present indifference to the realities of ‘intractable 
situations’ must give way to an active interest in what 
ought to be the heart of the subject. 

Tractable situations are, after all, tractable. If 
one knows what to do and has the will to do it, then 
an undesirable state of affairs will remedy itself in 
due course. A few pioneers will take the lead, and the 
rest of the community, giving time for imitation, will 
follow suit. In this way, factory welfare and 
managerial interest in workers’ recreational and social 
life have spread throughout the industrial community. 
These are the mechanical contrivances of manage- 
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ment. What is of paramount interest is why they are 
frequently ineffective. Why is one local ideology 
apparently unable or unwilling to copy what is mani- 
festly successful elsewhere ? 

Group negotiations are, in practice, never carried on 
between groups. They take place between negotia- 
tors representing them. ‘These negotiators occupy 
points on a spectrum stretching from the pure amateur 
at one end to the pure professional at the other. 
Their attitudes towards their status as negotiators. 
must be a factor of some importance in determining 
the way negotiations proceed. They may or may not 
identify themselves with the group that they repre- 
sent; they may or may not share its ideology. The 
professional will be less likely than the amateur to 
concern himself with group ideology and more likely 
to represent the group’s views dispassionately on 
a consultant-client basis. The professional will be 
more anxious to calculate precisely what his client 
can hope to obtain, and then seek to obtain it. 

An important feature of the professional’s attitude 
is reluctance to give a point away on behalf of his 
clent without instructions. If the client is a collec- 
tive, a group, reference back for instructions is 
clumsy to the point of virtual impossibility, and 
professional reluctance to give way even on a trivial 
point may cause negotiations to be drawn out over 
along period. The protraction of negotiations in this 
way may itself contribute to modifying group 
attitudes. 

In a well-reasoned article, Halsbury shows that it is 
for sociologists to become the influential minority 
capable of switching attitudes over from one con- 
figuration to another. The social sciences are not 
only the youngest of the sciences ; they also lack their 
popularizers. Of all the sciences, sociology should 
exercise the most powerful impact on society, just 
as introspection exercises the most powerful influence 
on minds. 


VoL. 181 


DISTRIBUTION OF GLOBULIN PERMEABILITY FACTOR AND ITS 
INHIBITOR IN THE TISSUE FLUID AND LYMPH OF THE 
GUINEA PIG 
By Pror. A. A. MILES, C.B.E., and D. L. WILHELM 


Lister Institute of Preventive Medicine, London, S.W.| 


HE substances—like histamine, leukotaxine, 

plasmin and 5-hydroxytryptamine—variously 
held to be the initiators of the increased permeability 
of small blood vessels in inflammation are presumably 
released in the extravascular tissues. Their release 
in the blood itself is unlikely, because they would be 
removed too rapidly by the blood stream to have an 
effect confined to the inflamed region. The demon- 
stration of a potent globulin permeability factor 
present in an inactive form (pro-permeability factor) 
in the serum of the guinea pig)?, rabbit?-4, rat?3,5, 
man?;5.?, and cat, dog, horse, ox and mouse (unpub- 
lished observations), while adding another candidate 
for the role of a natural endogenous mediator in the 
inflammatory response to injury, poses the problem 
of how, without the intervention of other perme- 
ability factors, the inactive form in the blood reaches 
the extravascular tissues for activation. We now 
have good evidence that in the guinea pig not only 


pro-permeability factor, but also the serum globulin 
inhibitor of permeability factor, are normally present 
in the tissue fluids. 

In order to sample the tissue fluids without 
damaging tissue cells and thereby releasing intra- 
cellular material, we devised a method of intercellular 
perfusion ; taking advantage of the fact that in the 
skin of the guinea pig’s trunk, intracutaneously 
injected saline spreads mainly in the plane of the 
skin, without leaking through the epidermis or the 
fascia deep to the panniculus carnosus. The saline, 
with the materials it has gathered in its intercellular 
passage, can be harvested at a cut edge of skin at 
any required distance from the point of injection. 
The apparatus, designed to limit the perfusion to one 
direction only, is shown ‘dissected’ in Fig. 1. A piece 
of freshly excised skin, including all the layers down 
to the loose subcutaneous tissue immediately below 
the panniculus carnosus, is firmly clamped between 
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Fig. 1 


two ‘Perspex’ plates, Pl and P2, which are kept 
2-3 mm. apart by an elongated U-shaped piece of 
rubber-covered wire W. A strip of skin S,10mm. x 
35 mm., is thus isolated and sealed except at one 
narrow cut edge C at the open end of the U-piece. 
At the other end of the strip a No. 26 gauge needle 
N, for the injection of physiological saline or Locke’s 
solution, is inserted with its tip immediately below 
the dermis, and the skin clamped in position with its 
subcutaneous surface in contact with the U-piece. 
The U-piece is slightly notched at its mid-point to 
accommodate the thickness of the needle. The 
needle is mounted on a B-D double valve V No. 
470V, which is used as a three-way tap, and to 
which is connected a tuberculin-type l-ml. syringe 
and a reservoir of perfusion fluid. 

Under syringe pressures of 3-4 atmospheres the 
saline flows along the skin strip to the open end of 
the U-piece, where it is sampled. Perfusion is greatly 
facilitated by adding 40 units of hyaluronidase to 
the first 0:5 ml. of perfusion fluid. In this concen- 
tration, the enzyme has no permeability factor 
activity and does not alter such activities in the 
perfusate. Its use also ensures that the tissue cells 
are forced apart during the injection with the 
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minimum of trauma. Permeability factor activity is 
measured in terms of the diameter of the area of 
exudation of circulating pontamine blue (mean lesion 
diameter, Fig. 2) induced at the site of intracutaneous 
injection in the trunk of the guinea pig’. 

Locke’s solution perfusates of fresh skin, 10 mm. x 
35 mm., tested 30 min. after harvesting, yield a 
permeability factor most of which appears in the 
first 3 ml., which contains about 90 effective blueing 
doses! (plasma contains? up to 20,000 such doses per 
ml.). The contribution of permeability factor from 
any intravascular plasma in the skin strip is negligible, 
because the perfusates are similar whether the skin 
is taken from animals exsanguinated after stunning, 
or from an area of skin of the flank previously per- 
fused via the axillary artery with gelatin—Locke’s 
solution until free of any visible traces of blood. 
Like the serum permeability factor, the intercellular 
permeability factor is inhibited by soya bean 
trypsin inhibitor and by the fraction of guinea pig 
serum containing inhibitor of permeability factor, 
but not by the antihistaminic drug, mepyramine 
maleate. l 

That it is obtained as permeability factor, and not 
in its ingctive form, is to be expected, since the small 
quantity of intercellular fluid obtainable from 
0:8 gm. of skin is diluted in 3 ml. Locke’s solution ; 
and it is a characteristic of the pro-permeability 
factor in undiluted serum that it is activated by 
simple dilution’. After 4-1 hr. at 22° C., serum 
permeability factor is activated in the dilution zone 
1/50-1/1,000 ; in the zone 1/1-1/30, any activated 
permeability factor has been inhibited by the native 
inhibitor present; but when dilutions are held for 
four days at 4° C., zones of activation and inactivation 
shift into ten-fold higher dilutions (Fig. 24). A 
readily elicited property, therefore, of the system is 
that a given dilution «x first contains permeability 
factor and later loses it, whereas a higher dilution y 
is at first inactive and later acquires permeability 
factor activity. This property is displayed by skin 
perfusates (Fig. 2B)—indicating that the intercellular 
fluid contains inhibitor, and suggesting that the 
permeability factor has been activated from its 
inactive precursor. 

The probable existence of intercellular pro-perme- 
ability factor is established by the examination of 
normal lymph. Lymph was harvested in healthy 
animals under urethane anesthesia from the cervical 
ducts lying on each side of the trachea. Both native 
lymph after removal of the clot, and slightly heparin- 
ized lymph, have little permeability factor activity 
when tested intracutaneously in the undiluted state ; 
but on dilution activation occurs within 30 min. 
at 22° C. in the zone 1/5 to 1/100. Moreover, on 
holding the dilutions at 4° C. for 1-2 days, the 
zone of activation shifts into higher dilutions, as 
it does in dilutions of serum and of intercellular 
perfusates (Fig. 2). The permeability factor in lymph 
is inhibited by soya bean trypsin inhibitor and by 
guinea, pig serum permeability factor inhibitor, but 
not by mepyramine. Since the lymph could be 
harvested with rigid precautions against contamina- 
tion with shed blood, the results, unlike those with 
the skin strip, are not open to the criticism that 
traces of intravascular plasma permeability factor 
may have been present in the perfusates. 

It appears, therefore, that the proteins con- 
stituting the pro-permeability factor/inhibitor system 
of the blood pass normally into the intercellular fluid 
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and rejoin the circulation via the lymph. There are 
thus no topographical obstacles to an immediate, 
local, extravascular activation of permeability factor 
in the appropriate pathological circumstances ; and 
there is no need to postulate additional mechanisms 
whereby serum pro-permeability factor is brought 
into the tissues at the time of injury. As we have 
noted before®, the ready activation of serum perme- 
ability factor by simple dilution suggests that it is 
activated in vivo by relatively mild means; but the 
presence of the pro-factor in both lymph and tissue 
fluids is inconsistent with the notion that perme- 
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ability factor is activated as the result of actual 
dilution of exuded plasma proteins in the tissue 
fluids. 
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SPECIES-SPECIFIC DIFFERENCES IN FREE AMINO-ACIDS AND 
PEPTIDES IN SEA-URCHIN EGGS AND EMBRYOS 
(PURE SPECIES AND HYBRIDS) 


By Dr. P. S. CHEN 
University of Zurich 


TUDIES of amino-acid metabolism in sea-urchin 
development have been carried out on Strongy- 
locentrotus purpuratus? and Paracentrotus lwidus**. 
In both species it was found that free glycine is 
present in large quantities in the developing eggs, 
and that distinct quantitative changes of the free 
amino-acids occur in the course of morphogenesis. 
Recently, in connexion with experiments devoted to 
studies of protein metabolism in sea-urchin hybrids, 
we used the technique of paper partition chromato- 
graphy to study the amino-acids at various develop- 
mental stages of Paracentrotus lividus, Arbacia lixula 
and Sphaerechinus granularis. These species belong 
to three different families and, according to our 
chromatographic results, differ from each other in 
their patterns of free ninhydrin-positive substances. 
This is a preliminary report on such species-specific 
differences detected on. our two-dimensional chromato- 
grams and on the corresponding chromatographic 
patterns in the hybrids Paracentrotus 2 x Arbacia g 
and Sphaerechinus 9 x Paracentrotus ¢. 

Materials of all three sea-urchin species were 
collected from the Bay of Naples in March and April, 
1957. Only fresh specimens were used for fertiliza- 
tion. The fertilized eggs were kept at 18° C. until 
the desired stages of development were reached. 
The latest stage examined in the present study was 
the pluteus shortly before feeding. In addition, the 
amino-acid content of the unfertilized eggs was also 
determined. These eggs were usually obtained from 
that female which had been used for the fertiliza- 
tion. 

The procedures of preparing the amino-acid extracts 
are as follow: a measured volume of culture sus- 
pension containing on the average 10,000 eggs was 
first concentrated by centrifugation. The sedimented 
eggs, after removing the sea-water very carefully, 
were homogenized in a microhomogenizer and 
extracted in 80 per cent methanol. After centrifuging 
the sample again, the supernatant was applied with 
a fine pipette to a Whatman No. 1 filter paper 
(28 cm. x 46 cm.). A second extraction was carried 
out, and the supernatant again transferred to the 
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sheet. The paper was first run in 70 per cent n-pro- 
panol (ascending) and then in water-saturated phenol 
(descending). After the phenol run the spots were 
made visible by spraying the sheet with 0-5 per cent 
ninhydrin in 96 per cent ethanol, followed by 
heating at 90° C. for 15-20 min. 

Three typical two-dimensional chromatograms of 
the sea-urchin species investigated are reproduced 
in Fig. 1. In P. lividus the following free amino- 
acids, amides and peptides have been found in eggs 
and embryos of different stages: aspartic acid, 
glutamic acid, serine, glycine, threonine, tyrosine, 
a-alanine, f-alanine, glutamine, cystine, ornithine, 
lysine, asparagine, arginine, histidine, proline, valine 
(and/or methionine), leucine (and/or zsoleucine) and 
five peptides (Fig. 1, A and Table 1). In accordance 
with the results reported by earlier authors! ?+4, 
glycine was found to occur in abundant quantities 
with «-alanine next to it. The concentration of other 
free amino-acids is very low. Among the peptides, 
spot No. 20 has been identified as glutathione by 
adding pure substance to the extract. Spot No. 21 
gives a brown, and spot No. 22 a green-blue, colour 
with ninhydrin. Since both spots disappear from 
the extract after acid hydrolysis, they are probably 
peptides, too. Because of their low concentrations 
we have not been able to carry out further analyses 
on these two substances. 

The free amino-acid picture of A. lixula (Fig. 1, B) 
looks quite different from that of P. lividus. First, 
the concentration of glycine is by no means higher 
than that of the other amino-acids detectable in the 
free form. Second, spots No. 21 and No. 22, which 
showed a constant occurrence in the Paracentrotus- 
extract, have never been traced in this species. Third, 
the Arbacia chromatogram is characterized by the 
appearance of a new spot of particularly high concen- 
tration (spot No. 17 in Fig. 1, B). Considering that 
this substance reacts readily with ninhydrin and is 
resistant to acid hydrolysis, it is assumed to be an 
amino-acid. With the solvents used in the present 
study its Rp values (0-48 in 70 per cent n-propanol, 
0-74 in water-saturated phenol) are very close to 






ose of methionine sulphoxi > 
tyrio acid. It is obviot me 







y oxidation with hydrogen peroxide. 
ery similarly to the substance ‘fast-aminobutyric 
id’ described by Dent in plant extracts and in blood 
and urine’. Our investigations to ascertain the 
hemical nature of this spot are still in progress. 
The chromatogram of S. granularis is similar to that 
£ P. lividus in so far as glycine occurs in enormous 
‘quantities, and spot No. 17, which is characteristic 
or A. lixula, was also not recorded in this species. 
Lowever, a closer examination of the chromatogram 
evealed another new spot which is apparently specific 
or Sphaerechinus, and has been found in extracts in 
both unfertilized eggs and developmental stages 
anging from blastula to pluteus (spot No. 23 in 
ig. 1, C). The Rp values (0-41 in 70 per cent n-pro- 
panol ‘and 0-64 in water-satured phenol) suggest this 
substance to be §-alanine. Its ninhydrin colour is, 
however, not blue, but purple. It cannot be citrulline, 
because no yellow spot was formed by spraying the 
paper with a 1 per cent solution of p-dimethylamino- 
benzaldehyde. The fact that the unknown com- 
pound disappeared from the extract upon hydrolysis 
— ote that it is a peptide. This point was con- 














g. 1. Free ninhydrin-positive substances in metian extracta 
of Sea-urchin eggs and embryos. The chromatograms are not 
from corresponding stages, but the amino-acid pattern of each 
- species remains largely unchanged during “opnom. 

A, Paracentrotus lividus (10, 178 TA eggs); Arbacia 
ligula go, 772 ean plutei); €,8 sven orainularis (6 266 
unfertilized e oga). a-Alanine : , Asparagine ; 
4, Spine ac ine: 6, akan ad: 7, Glutamine ; 
8, Gi ee 9, ih (and or 4solencine) ; to,” dysine;, u, 
Orni 12, Proline; 13, Serine; 14, Threonine: 15, 

sine; 16, Valine (and/or methionine); 17, “Fast-arainobutyric 

i aan F Sie Peptides ;. 24, Unknown: at cd 


hoxide, because no methionine sulphone was a formed ; 
It behaves | 


for hydrous at 110° ©. for: 


_ has never been located on the hydrolysate chro: 
gram, In other words, the species-specific diffe 
described for the free aangat are not. rofi 
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Peptide 6 (Tripeptide) | 
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“* Those substances, which are see in the present table and not 
shown on chromatograms in ee » Hive very faint spoke, and have 
been observed. only occasio 


firmed by eluting the material foo. tho area amd 

subjecting the eluate alone to hydrolysis. The 

hydrolysate was shown to contain chiefly «-alanine 

with a moderate amount of glutamic acid and a trace 

of aspartic acid. Another substance (spot No. 24 

in Fig. 1, C, and unknown in Table 1) hag been traced 

also only in S. granularis. It gives a very faint spot, 

and was not investigated further by us. = ae 
In all three types of eggs the patterns of free amino- 

acids, in spite of their quantitative changes, remain 

largely constant during development. (Results: 

concerning the quantitative changes of freo amino- 

acids and peptides during the development of both 

parental species and the hybrids v wi 

elsewhere.) Thus, the specific. diffe 

above can be noted in every stage 

Table 1 is a summary of all free nin 

substances, the existence of which. 

established in the three sea-urchin £ 

by us. 
Further efforts were- made toar 

acid composition of thè proteins: deni 

methanol extraction. After pipetting 

natant for chromatographic separati 

precipitates were suspended in 6N-hy 
































aspartic ooid, SA weld: serine, ar y 
nine, a-alanine, tyrosine, lysine, argini 
proline, valine (and/or methionine). 
(and/or isoleucine). It is of particular 1 
glycine, which was found to be present i 
large quantities in the methanol extracts 
Paracentrotus and Sphaerechinus, shows a 
low concentration in their protein hydroly s 
Arbacia the substance corresponding to spo 











X L for the ‘hybrids, fo the function of the new apes found EG 
ing in Arbacia and Sphaerechinus reported here for the 
irely first time is entirely unknown. 


substaniesi: it . the 
maternal eh - 





pie e he begion i Then - 


the inhibited gastrulæ die. Ont 





Ops 
trary, Sphaere- 


#4 ochinus 9 x Paracentrotus € naa normally to the | 
ws, as it is well known, 


pluteus | stage, which show ‘ie 
maternal and paternal character in the skeleton’. 
In spite of this intermediate behaviour the chromato- 
graphic pattern is completely maternal. 

The relationship between protein metabolism and 
morphogenetic development has been demonstrated 
to be a complicated one”. The fact. that the amino- 
acids, in spite of their high concentration in the free, 
non-protein’ fraction, are either not detectable or 
occur only in unproportionally minute quantities in 
the proteins, suggests that they serve some special 
purposes rather than being merely building stones of 
proteins. In the S. purpuratus egg there is evidence 
that certain amino-acids play a part in the energy 





to ascertain their metabolic roles. 
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PHOTOPERIOD, AUXIN AND SEX BALANCE IN A LONG-DAY 
PLANT 


By Pror. J. HESLOP-HARRISON and Y. HESLOP-HARRISON 


Department of Botany, The Queen’s University, Belfast 


EPORTS. on the effects of photoperiod on sex 
expression in diclnous flowering plants have 
mostly suggested that photoperiodic régimes which 
promote early or abundant flowering tend, initially 
at least, to enhance femaleness, the response being 
- apparent in the production of a greater proportion 
ns) pistillate: flowers, or in intersexuality in staminate 
ve onest. ks 






a Cucur pitaceae?> 


ny petens “was “given. ye a the 
iniy, Plana dark cabinete. fro om. 5 Bi m. until 


400 sa lent dlos from a x noreury zr | 
od groups. E Sightoon , plants: of var. T ruber- . 4 


22 days. 
Comparable effects can bo induced by troat- 
synthetic. auxins in various monoecious 
and in the dioecious Cannabis 
The present articlè reports corresponding _ 
ina jouer: pee with monoclingus Poe, : 





: no extended. lateral branches. — 
ers “be 


ar 100 randomly collected flowers from each plant. 


transferred to short days. Short-day treatment was 
continued for 50 days with the plants of var. com- 
pacta. Those of var. ruberrima had a break of 4 long 
days after 24 short days, during a period when the .. 
dark cabinet was required for another experiment; — 
they were then returned to short days for a further 


At. this time, - the 


ae band floworin of bogas in o at waka 





| o taker in all series 130 days from tho ‘beginning 
of germination. 


Estimates of male fertility were based: upon. saniples 


In male-sterile flowers, development of the: andr 0 
cium may be arrested at any stage from the emerge 
of the pr imordia. to the end of micro-sporogenesi 


However, since. the formation of fertile. pollen 
marked by a change of the anther colour from yello 
to purple, male sterility - may be recognizer -with 







We shall now try 
Given a more ` 
complete knowledge about these substances it would 
be possible to find out to what extent such specific = 
differences in theamino-acid patternsareresponsiblefor | 7 
the developmental. potencies of the hybrid embryos®. —- 


l Thanks are also due to ` 
Prof. E. Hadorn for encouragement and valuable 


Harding, = 


This long-day break appeared to have no =- 
effect on- the development of the plants of var. — 
—ruberrima, and at the end of the 50-day period, all 
plants of both varieties which had received short 
days were rosettes with a condensed main axis and ~ 











(a) Normal fover {calyx and corolla removed) from a 


te af Siene pendula var. compacta flowering in long days 
{21-22 hr. light) after an interlude of 50 short days ny 8 br. light). 
Anthers of the first flush are shedding pollen oë of the 
second group have not yet dehisced, and the styles have not yet 
emerged from the corolla tube. (xe 3). (6) Male-stertle 
flower at a corresponding stage from a plant of S pendula var, 
compacta grown throughout Hie in long days, showing the 
contabescent anthers and greatly enlarged gynecium. (x g, 3) 
each flower of the sample was examined, so that the 
~ proportion of sterile stamens in a total of 1,000 was 
recorded. The results are given in Table 1. Whereas 
in the plants which received a period of exposure to 
< short days male fertility was consistently high, all 
the plants grown throughout in long days were male 
sterile to a greater or lesser extent. In none of the 
totally male-sterile flowers were the anthers exserted 
beyond the limb of the corolla, and the ovary was 
usually considerably more swollen than in the perfect 
- flowers of plants of the short- day series at the time 
< Of anthesis, an effect reflected in the enlarged calyx 
of the young flowers (Figs. 1a and 5), Male sterility 
=o was associated also with a marked diminution of 
corolla size; thus the mean maximum diameter of 
the limb of the corolla in a sample of forty flowers 
from a short-day plant of var. compacta was 20-06 + 
0-26 mm., and in the same number of totally male- 
sterile flowers from a long-day plant of the same 
variety 12-99 + 0-22 mm. The fully male-fertile 
flowers produced on the long-day plants were mostly 
the distal ones in each partial or complete dichasium. 
Like those of the short-day plants (Fig. la) they 
were protandrous, the anthers emerging im two 
flushes, the five of the outer antepotalous whorl 
followed by those of the inner whorl, 50-60 hr. 
on before the exsertion of the styles. 
_. In preliminary experiments with auxin, general 
us applications of «-naphthaloneacetic acid in aqueous 
solution were given to plants under various photo- 
periodic régimes. Though clear indications were 
obtained of the induction of male sterility under 
oenditions in which control plants showed normal 
ertility, the concentration of «-naphthaleneacetic 
eid producing this effect was sufficient to cause high 
mortality among treated plants and severely to 
‘able 1, MEAN NUMBERS OF STERILE ANTHERS PER SAMPLE OF 100 
‘LOWERS PER PLANT IN Two VARISTIES OF Silene pendula UNDER 


Two PHoTroreriopic REGIMES 
Long-day and short-day: treatments AS in taxt 
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.. {0 planta per series) 522-3 + 56-0 6-67 + 2:14 — 
_ Var, compacta l 
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; Ta further experiments 











In ane P ‘with, var. compac 
90-day old. plants were > transferred to. 










‘ | ng days, stage, at 
the onset of flower differentiation, threo pairs of basal 
leaves of five shoots in one sector of each plant were 








treated with lanolin paste containing a-naphthalenes,, p 
acetic acid at 0-5 per cent, each leaf receiving about 


0-1 gm. of the paste. The flowering behaviour of 
these shoots was followed during the subsequent 
four weeks, and the over-all male fertility compared 
with that of other floriferous untreated branches of 
the same plants. The striking effect of «-naphthalene- 
acetic acid: in depressing } male. fertility is a apparent 


from Table 2: : ; 

Tabie 2. Eereor OR fa Wiese T AULD ON Mane FHRrinity 
IN Sdene pendula VAR. compacta 

Sterility of anthers in all flowers formed on five treated laterals of 


each plant compared with that in a sample of 100 flowers. from wi». 


freated branches of ths same plant. Treatment details as: in text 























Untreated laterals ‘Preated: faterale 
Plant No. per cent sterile Now af per cent 
anthers (100 flowers) flowerg sterile anthers 
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In a similar experiment with var. ruberrima, treat- 
mont was restricted to one outgrowing lateral, the 
auxin paste being applied to the lower surfaces of 
successive pairs of leaves as they opened. 
was retarded and somewhat reduced by this trest- 
ment, but again an unequivocal effect upon male 


fertility was apparent, as may be seen from the 


records of the individual plants in Table 3. — 
A feature of auxin-induced male sterile flowers of 


both varieties was the remarkable precocity of 


development shown by the gynewcium. Frequently 


the styles were exserted and the stigmas became 


receptive before the corolla opened (Fig. 2), and it 
was not unusual for the corolla to fail to expand 
altogether. 


f male fertility was a specific =- 


Flowering. 


Flowers of this type were mostly female- 





uy 


fertile, producing a normal crop of seed when — 


pollinated ene 








Fig. 2. Intact male-sterile flower of S. pendula > var, re He 
from an auxin-treated branch of a plant aowertng: in: ton 
after an interlude of 50 short days, showing. the. “prec 
emergence of the styles, the arrested. corolla, and ‘the: 
calyx Amos the sbaormally a: OVAL.” 









In a few instances auxin ee 










of ant 
sch. plant: compared with 
treated. branches. oa pee same 








| Roca. o sean) auma ‘the gusin-troated lateral branches 
in the oxperaniont with var. compacta, most showed. 





i Silene pendus be decb AES here it is zn. ai 
_ to state that morphologically and histologically the 












effects produced through the two agencies are ver 
much alike. The similarity of the reaction suggests 
that the influence of photoperiod on sex balance may 
be exerted through the native auxin metabolism of 
the plant during the period of flower differentiation, 
a possibility already indicated by work with short- => 
day species}? but still without direct proof based - 

















upon auxin assay. 
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‘PURITY’ OF GELATIN AS A PROTEIN 
By G. RUSSELL 


Chemical Research Laboratory, Ilford Limited, Brentwood 


AILEY hás A written! that, because of the 
-uso of newer techniques, the “most respectable” 
proteins are turning out to be mixtures. I wish to 
describe experiments whic h bring gelatin within this 
category. | 
It is generally believed that, neglecting inorganic 
impurities, gelatin represents a fairly ‘pure’ protein. 
This assumption is implicit m much research work 
on gelatin®. Eastoe, for example, regards gelatin as 


a purified form of collagen?, the main criterion of 
purity in this case being constancy of amino-acid 
San composition. Coe 
w Tt has long been known that gelatin contains small 
quantities of proteins similar to albumin. Thus, by 


Eo heat coagulation, Bheppard’ was able to isolate small 
- quantiti 5) 





o albumin. In later work’, 


y process: for removing albumin | 


r cent) of a protein which he ` 





preparative purposes. Buffer was passed through tho 
column at 4 ml./hr. and 1 ml. fractions were collected) 
on a Locarte fraction collector. Analysis was usually — 
carried out by acid hydrolysis of the fractions, fol- 
lowed by ‘a colorimetric ninhydrin procedure’® for 
total amino-nitrogen. Occasionally, a modified 
biuret procedure™ was also used. r 
When the resin was buffered at pH 7 or pH 6 = 
(McIlvaine buffer), and the column was eluted at 
this pH, the major part of the protein was fairly 
rapidly removed from the column, as shown in : 
Fig. 1 (left). When the pH of the resin and of the 
eluting buffer was reduced to 5-5, a much lower peak =o 
was observed (Fig. 1, right). The remainder of the = 


protein was not eluted at pH 5-5 up to 250 fractions — 
either at 25° ©. or 35° C., nor did- shortening the 
Troein column 1 to 5 cm, allow it to be eluted. Tt must 





gelatin byi solvent precipitation, ee ad 
Oo Bin 


hi aol. fractionation: co 





ibed? the oe ot of a st 


rification methods: which might a a 
gelatin...The first procedure attempted 3 
a aphy of the whole unhydrolysed) ` ` 








n and Partridge’. 


exchange resin columns as described Z 
The following work 9 © 


high-grade lime-processed_ gelatins - with — ot 
points? in the region of pH 5. The rosin 


berlite XH-97’, 








gm.) for analytical purposes or 2 
rian 6 latin solut “(= 50m 


200-400 mesh in a 
high and 1 cm, diameter. Runs were 
her on 1 mil, of 0 5 per: cont: Ww iv gelatin — 





a Friction a Ro. i ae ae 
uur of gelatin: on. a 16 
t: Jite pa ; at di 


















boeanse However, if, after alaton of th P 






pidly to 8 and simultaneously the remainder of 
he protein began to come off the column (Fig. 2). 
This procedure, therefore, has divided the gelatin 
nto two fractions. It is estimated that the total 
inhydrin colour produced by the first peak corre- 
onds to about 15 per cent by weight of the gelatin. 
he protein in this peak may be isolated by pooling 
he fractions, dialysis and precipitation with ethanol. 
n two experiments, the yield of protein obtained in 
his way was 15 and 19 per cent, respectively. 























hromatography. This showed that the protein 
esembled serum albumin and differed from. gelatin. 
nthe following respects. It contained no hydroxy- 
proline and only a low concentration of glycine. 
Tyrosine was easily detectable.. Hydroxylysine: was 
absent. Cystine was only present in traces as it is 
- largely destroyed by the liming treatment in gelatin 
Inanufacture! (Fig. 3). 
‘The question of tyrosine content is an interesting 
one, According to Eastoe®, the tyrosine content of 
_. gelatin is very variable and may represent the extent 
of contamination by another protein. This view is 
shared by Harkness ef al.. I have carried out 
tyrosine determinations by direct measurement in 
0-1 N sodium hydroxide in the ultra-violet‘. The 
tyrosine content of the group of gelatins studied 
varied from 0-31 to 0-54 per cent on an air-dry 
basis. The tyrosine content of the protein eluted at 
- pH. 5-5 was not accurately determined, but was about 
3 per cent; the protein eluted at pH 8 contained 
-. Mery little detectable tyrosine (lower limit of detection 
0-01 per cont), This would imply that the 
-c ¢onecentration of the other protein in the gelatins 
studied varied from 10 to 18 per cent. 
The implications of such a finding are many. It 
may be that either an inter-protem complex or a 
definite impurity of possibly variable concentration 
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Fig. 2. Elution of two peaks from 5 mgm. gelatin. The upper 
portion (inset) shows the pH changes in the effluent when the 
sodium hydroxide run iai 





entioned, the run was continued with 0-1 N sodium: k 
oxide at 35° C., the pH of the effluent rose- 


hi The 
lated protein was examined qualitatively by paper 



























Fig. 3. 


Paper chromatogram of various 
(descending, Whatman No. 1, butanol-acetic acid), Detention by 
ninhydrin 


1, Cystine ; Pe Protein eluted at pH-6:5; aa tystas i ‘blood 


protein hydrolysates 


albumen (B.D.H.)+ 5 tyrosine ; g gelatin ; : 
$ Toe protein, according to 
yane 5 


7, hydroxyproline: P 
Sheppard (ref: 4}: 
10, cystine; 11, hydroxylysine. Zones shown dotted 

are very faint 


is present. In the latter case, such studios as 
N-terminal amino-acid groups, gelatin structure and 
amino-acid sequence may be regarded as of doubtful 
validity. The present conceptions of other. proj 

such as surface activity, adsorption and vis 
gelatin solutions may also be influenced b 
evidence. A discussion of such implicatio 
as a more detailed account of the pro ii 
be given elsewhere. 

Technical assistance in the 
given by Mrs. B. Ormerod and ! 
should also like to thank Mr. A. G. War 
of research at the British Gelatine and Gh 
Association, and members of his staff for 
discussions. : 
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| r of the oe Whe main ‘interest of the 
Radio ‘Resear Board in Australia. So arrangements 


signals. | 
The | ‘Overseas 


receiving facilities at Bringelly, neer Sydney, 

The 20. Me./s. signal was recorded. using: R quarter- 
wave vertical dipole antenna, a sensitive stable highly 
selective receiver, and a Brown high-speed poten- 
tiometric pen recorder. Observation was confined 
mainly to times when the signal was received by a 
direct path. and was no longer modulated by the 
4 sec. modulation. 

A. 60-see. sample of one record is shown in Fig. 1. 
“It will be noted that there is a slow signal variation 








Fast a (cyclesfmin.) 


were. made to record the intensity variations of the | 


AR ‘Conimission | 
generously made available a low-noise site and goo 


Australia, on October 19, 1957, at 0604-0605 G.M.T, 


ate, 








Time (min. after time indicated on each curve} 


Fig. 2. The fast fading-rate of the 20 Me. is. signal of satellite a1 057 : : ; : 
as a function of time during south to north transits. Vertical 
stroke, time of nearest approach to station E 


tion than is at present available is needed to establish- 

this precisely. a 

Similar effects appear to be present on 40 Mejs- 
records which were made simultaneously with the 

20 Mc./s. measurements; but the recordings were. 

made with less satisfactory equipment. The slow | 
fading pattern, because of its regularity, is considered 
to be a feature of the transmission, 
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Fig. - 3 Strength of 20 Mc./s. signals from satellite 21957 recorded at Bringelly, N.S.W., ponents as a function of time and. - 














4 ith uiy constant baod of the order of 5 see. 
and a. faster. deep fading of variable periodicity. 
The faster fading-rate varies according to a regular 


clos transits. . It can be seen that the rate passes 


of inflexion i in the curves which occur at times when 

the satellite is near to the position of closest approach 

“the. station as deduced from Doppler shift 

ioasurements. 

“The south to north transits were at a height of 

pproximately 500 km. and from north to south they 
were. at poe adpen anes eno ce For the oe to 






dy anderen rane és the Lao of the Earth’ 8 
agnetic: field 5 J but. more accurate orbital informa- 






. which is shown plotted in Fig. 2 for three - 
hs recorded. 
‘ough a minimum which occurred always to the ` 


uth of the observing station. There are also points are continuing in anticipation of accurate es E 





hence of the relative absorption — 
in the ray paths. Due to attenua- - 
tion of the extraordinary component the fading at = 


the time when the fading rate is a minimum is smal 








so that if the attenuation was high or the transmitted 
signal weak, this portion of the curves. was not 


Theoretical examination and TE, e 


on the satellite orbit being obtained. 


R. B. WHITE 


Radio Research Laboratories 
(Sydney Laboratory), 
Commonwealth Scientific and 
Industrial Research Organization, 
c/o Electrical Engineering Department, 
University of Sydney. 

Dec. 12. 
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ep sind = py = sind, = constant 










ke of simplicity the radius of curvature pm of the 
Ai i? of electron density is taken as the unit. of 






ray pa ph 16 


Fig. 1. Parameters used in formula 1 and 2. 
frequency of the layer, 





For this angle of refraction R the following simple 
a has been der ived? : i. 


iero again pm = l, ča is the angle of incidence of 
ctilinear parts of the ray path, related, however, 

level pm = 1, and the equivalent thickness S 
he layer is to be determined according to Fig. 2. 


2 gin io p 
COs, * ij (2) 
ü 





Lia 
ula 2 is valid for —-—-~- 


; ef COS to > 0-4 the true aa ee is greater than 
ealeulated one, and it increases to infinity; this 
se, dealing with a perpetual propagation of radio 
yaves around the Earth along one of the two different 
vels of the ionosphere, has been treated previously?. 
The refraction formula 2 has the advantage that it 
nds: only apon the. total. content. of all free elec- 





ch is valid for any point of the ray path. For the 


_ The significance of the parameters: ae 






Acoording to (1) and Fig 1, the rectilinear par of: 


is usually ex weaned in on a dc 


f la the wave frequency, Je the critical 


= Vi (IV _ 6,400km. +k m ac. 
tt 1 (7°) and p = 6400 km. + An E R A h and Am being in km. r 3 F 
and sin fgs 


ats. its “trajectory is O e determined F 













Fig. 2. The true and the oqalvalaiit. Taye 
to avoid discrepancies that could appear 







is pm. In. thi 
eleGons an 














trons piss in. ‘the. 
1 Gf not upon. the irregulari 

























which: up to the present. time has 
made the calculation of refrac- ES 
tion uncertain: Formula AB 
valid even for sharp gradients of — 
electron density, and for para a a 
ş A, ce 
it goes over into Bailey’ s formula’, ee 
The theoretical result, men- 
tioned above, is in good. agreement. we 
with experimental results obtain- 
ed from the signal records of the 
first artificial satellite. The angu- 
lar distance of the satellite o R 


was determined from: formule 1” 
and 2 and Fig. 1 as follo g 









bolic types of layer, o ‘es 


















asing = (a +h 


corresponds to the minimum of the M 
accordance with the calculated value 
signal disappeared usually sooner on 20 M 
on 40 Mce./s., and only in cases when. 
coming from countries where for 20 Mi 
long-distance propagation of the signal 
Earth from the magnetic equator obse 
Summarizing, the rectilinear part of 
becomes rotated about the centro of curv. 
ionized layer through which it has ponet 
angle of refraction R. This deviation E de 
upon ta f/f and the content of — 
present in the whole layer, but it is i 
their distribution. Ea 
E. ¢ $ 
Astronomical Institute of a i 
3 Ondřejov. Nov. 9. 
Chvojková, E., Bull. Astron, Ozech., [9.1 (1958)].- 


* Chvojková, B., Bull. Astron. Czech., 5, 104, 110 (1954). 
* Bailey, D. Bed: Mag. Atm. aati 53, a L (1948). 





‘soils or as- 
Both types of 


bog ew are Moe cher ee ‘very acid, and this 
communication examines the possibility that sulphuric 
acid is mainly responsible for their low pH values. 
To study this question in the wetter habitats, water 
samples were collected. from. pools. on seven areas of 
bog, listed in order of increasing: hydrogen ion con- 
_centration in their waters: Cooran Lane, Galloway ; ; 
Druimbasbie and Strathy, Sutherland; Rannoch 
Moor; Tregaron, Cardiganshire ; Dergoals and 
Kilkahockadale, Galloway; Moor House, Cumber- 
~ Jand.;.Coom Rigg, Northumberland. AH exhibit a 



















$ good. cover of Sphagnum moss, a sign that the peats. 


“are very wet and in a more or less natural condition. 
Moreover, they. are so deep and extensive that the 
bog surfaces probably depend for their ion supply 
almost wholly upon the atmosphere. 

“Hydrogen ion concentration in the seven areas 
ranges from 0-03 to 0-13 m.equiv./l., averaging 
0-066. m.equiv./l. ; while sulphate ranges from 0-06 
to 0-24 m.equiv./L, and averages 0-133 m.equiv./L. 

- The coefficient of correlation (r) between free hydrogen 
ions and sulphate is 0-964, a highly significant value 

which may be increased by taking into account the 
appreciable amount of sulphate reaching the bogs in 
blown. sea spray. This fraction may be estimated by 
assuming all chlorides ì in these waters to be derived 
from sea spray®*, and dividing the chloride values by 


9-7--the ratio of chloride to sulphate in sea water. . 


On subtracting the sea spray contribution from total 
sulphate, the correlation coefficient between hydrogen 
ions and the remaining sulphate becomes 0-985. 
Such a high coefficient strongly suggests that the 
low pH values of these bog waters are indeed due 
to sulphuric acid. A similar correlation has been 
observed for individual pools within the Moor House 
bog. The regression of hydrogen ions upon cor- 
rected sulphate in the seven bog areas follows the 
formula y = 0-5562 + 0-006. 

The highest. acidities are recorded from bogs near 
industrial. areas, while the lowest come from sites 
remote from industry. Since fuel combustion produces 


large amounts of sulphur dioxide, which oxidizes to. 


- sulphuric acid, bog acidities are directly increased by 
.. industrial development nearby. Ringinglow Bog 
‘outside Sheffield provides an extreme example, with 
water analyses from this bog—now in a far from 
natural state-—yielding hydrogen ion and sulphate con- 
-contrations of 0-57 and 0-96 m.equiv./I. respectively. 






a than 4-5 and may occasionally®® go below 4-0. 
Tb may be noted that in these bog waters hydrogen 
ons are only equivalent to 61 per cent of sulphate 
exclusive of that from sea spray). In the Lake 
Jistriet rain the proportion is rather similar. 

< The free acid in mor humus layers was investigated 
yy expressing the soil solution, with the aid of a 
hydraulic press, from sixteen samples collected in 
-Lake District oakwoods on Silurian substrata. These 
mors overlie heavily leached mineral soils transitional 
between brown earths and podzols, and exhibiting 
strong profile development. 

Hydrogen ion concentration in the mor waters 
















Once n more, sulpt uric acid seems ee to be the main 


ce In this connexion also, the influence of air pollution . 
on rain acidity is clearly evident in the English Lake . 
:- District, where the pH of precipitation averages less — 


ives from o: 02 to 0. 36 mequiy, ge i pene 












factor responsible for low soil pH values, and mus 
greatly enhance leaching. The regression of hydroger 


ions upon corrected sulphate follows: the formule 


y = 0-307a —0-033.. ce 

The association between hydrogen i ions and dulji ne 
is stronger for the bog waters than for the mor ‘soil 
solutions (r = 0-985 as against 0-872). Moreover 
the proportion, of sulphate balanced by hydrogen ions. 
is much greater in the bog waters than in the mor 
solutions (61 as against 24 per cent). It seems likely ~~ 
that an. appreciable part of the mor acid is neutralized 
by bases from mineral soil particles embedded in the 
humus, in which case a lower correlation between _ 
hydrogen ions and sulphate is not surprising. It may 
also be remarked that the average corrected sulphate- 
level in the mors (0-46 m.equiv./l.) is considerably _ 
above the highest bog value (0:24 m.equiv./I.), owing 
probably to concentration of the interstitial water in 












these well-drained soils by evaporation. 


As in the case of the bog waters, air pollution can - 
account for much of the free acid in Lake District 
mors*.. However, even in areas without much indus- 
try, sulphurie acid will probably be produced from > 
decomposing organic sulphur compounds®. Support 
for this view may be found in the inter-correlations 
between free hydrogen ions, sulphate and dissolved _ 
organic .carbon in waters of Nova Scotian lakes, 
draining acid peaty soils on substrata low in limet. 

In conclusion, it must be pointed out that the pH 
values of both bog waters and mor soil solutions are 
a good deal higher than those obtained by direct 
insertion of a durable glass electrode into fresh soil. 
For example, at Moor House the pH range of 3-7-4-1 | 
for six surface pools may be compared with a range 
of 3-3-3-9 for eight fresh peats from the same area ; 
while the pH range of ten Lake District mor solutions, 
3-8-4-6, may be compared with a range of 3-2-3-5 
for the fresh soil. The much lower pH values of the 
fresh soils are presumably due to a ‘suspension effect’ 
on the glass electrode by hydrogen ions adsorbed on 
soil colloids. Exchangeable hydrogen ions are 


abundant in both woodland mors and bog peats)7,— , 


and must be, like the sulphuric acid free in solution, a 
of great importance for soil development. 
Evinte GORHAM 
Freshwater Biological Association, 
Ambleside, Westmorland. 
Gorham, E., J. Ecol., 41, 123 (1963). 


3 Gorham, E., Geochim. et Cosmochim, Acta, 7, 231 (1955). 

` Gorham, E, Phil, Trans, Roy. Soc., B, 241, 147 (1957). 
Gorham, E, J. Ecol., 44, 375 (1956). e 
© Frederick, A Res Starkey, R. L., and Segal, W., Proc. Soil Sei. Soe, 


Amer., 21, 287 (1957). 


4 Gorham, B, Timnol. and Oceanogr., 2, 12 (1957). 
7 Gorham, E., J. Ecol., 41, 345 (1953). 


Influence of Water-Content of Sand on 
Rate of Uptake of Rubidium-86 


THE relationship between nutrient absorption and. — 
the moisture content of the soil has been the object 
of numerous investigations. Complications arise, 
however, if an attempt is made to disentangle the = 
separate processes involved. The growth of the _ 
plant itself is strongly influenced by the moisture _ 
gontent of tho soil and ne ionic ia r Pee : 
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A ta and Bb 
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Amount of water (m1./100 gmi. dry sand) 


z l Fig. 1. Uptake of rubidium-86 by excised roots of Vicia faba 
orot and @); and by a cation resin membrane, ‘Permaples C-10" 
: (O) frora 100 gm. dry sand peop g varying amount of water 
pt m 


koiias 


A the adsorbed ions and those in solution undergo a 
change. Another difficulty encountered is the 
fluctuation in moisture content of the soil as brought 
about by transpiration and watering, so that the 
onditions are not constant during the experiment. 
‘he problem has recently been investigated by 
lean and Gledhill’ and by Danielson and Russell, 
ho used techniques to eliminate a mumber of 
omplications. Their results, however, are contra- 
ry in some. Dp a ai 



























adlings that were pressed pon sand: 

umount of labelled ph 
is that uptake can. decr 
content of the sand, r 







18 of their 


S. completely buried in the soil; 








er tensions to give a curve nearly logarith- 






"experiments were ger med with excised 
-YOOb pieces of the broad bean (Vicia faba), 
were taken from the primary laterals of plants 





go Now 


on the number of ions able to diffuse towards: 


content of the sand rises, this diffusion i is enhanc 


cisec rootmats of young © 

containing | 
+ Dean, L. A. 
ith an increase. _ | 
although the reverse * kinte, A À., and Letey, J 
n. and Russell? made use. of very ia 

They | 
the ion uptake decreased rapidly with — 
eases in soil moisture tension, and levelled ` 


mpt was made to extend our knowledge on | 
nfl spe of the amount of taonta on the 1 rate if 
ke- - tions made during the cruises of R.R.S. I 
On this model, cold dense water form 


~ bottem water which exhibits northward: 


rated. in tap-water. A batch of twenty-five root 
y was buried i in 100: gm. of washed one to which ot 





amount of rubidium ii is Presenti in th Ja 
greatly increases as the amount of wa 

2-20 ml. If, however, a larger a 
rubidium is added the reverse troni 
uptako decreases somewhat with iner on 
content (Fig. 1). 

The following explanation seoms just 
in agreement with experience gained in wor 
other ions. 

As long as the sand contains only a 
amount of rubidium (not exceeding +4 me 
of sand) the layer in direct contact wii: i 
cannot furnish enough substance to meet the de ands 
of the root. So the rate of uptake will be: depen 







































root from more distant layers. 









as has been shown by Klute and Letey*, and uptake 
increases. The purely physical nature of this response 
can be demonstrated by the fact that a cation ë  ž > 
exchange membrane reacts in exactly the samo way o 
If, however, the amount of rubidium in the: sand ES 
is higher, the moist layer surrounding the root will 
contain more substance than the root can absorb 
during the experiment. As the sand can be con- 
sidered as a practically inert medium, the concen- 
tration of the rubidium in solution will vary inversely 
with the amount of water added. Uptake is now 
governed by the concentration of rubidium in solution 
in. the pore space. So the rate of uptake diminishes 
somewhat with an increase in the amount of water oes 
added. lets 
Thus the relation between moisture content of the ee 
medium and rate of uptake depends on the amount 
of soluble substance. At low concentrations of o ă 
rubidium the rate of uptake is enhanced by increased: 
moisture content and at higher concentrations th 
rate of uptake is somewhat lowered. 
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- Age Determinations of Southern ° 
Waters 


A MODEL of Southern Ocean circulatio 
provided by Deacon! based on tha 
South Atlantic and supported by detail 
























Weddell Sea sinks to the ocean floor to form 


ward components of motion. 
in Pon anar 1956 Ta nE 1057 we 
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i Ra Soa sector of f the Sou ihe = 
-The stations were located as- ‘follows : ty Tat 
64° 54’ 8, long. 178° 10’ E., I50 milos north of Scott 

< Island (N. Z. O.I. Station B27, 28.12.56). Depth to 
— bottom 3,000 m., depth of sample 2,643 m. (2) Lat. 

53 38’ S., long. 169° 52’ E., 100 miles south-east 
of. Campbell Island. (N.Z. O.I. Station B32, 
1.1.57. ) Depth to bottom 800 m., depth of sample 
765 me 

The apparent carbon-14 ages of these samples were 





$ 7 determined by Mr. T. A. Rafter and Mr. G. J. Fer- 


gusson in the Nuclear Sciences Division, N.Z. Depart- 
ment. of Scientific and Industrial Research : the ages 
were 2,540 + 100 years and 1,900 + 100 years 
respectively for samples 1 and 2. 

. ‘The southern station (B27) is located on the 


north-facing slope leading from the Pacific Antarctic. 
. Ridge into the Pacific Antarctic Basin. The station 


is 500 miles from. the nearest Antarctic coast and a 
somewhat lesser distance north of the average 
northern limit of Antarctic land. The northern 
station (B32) is over the Campbell Plateau, south 
of New Zealand. Here the general depth is 400 
fathoms. and the Plateau rises steeply from 
depths greater than 2,000 fathoms to the south and 
west. 

At Station 2 and adjacent to Station 1, tempera- 
ture-salinity—oxygen profiles were sampled, to bottom 
at Station 2 and to 2,000 m. near Station I, the 
7 deepest water sampled in the latter case being in 
the ‘warm deep’ layeri. 
from Station 1 has come from the boundary zone 
between. Antarctic bottom water and the south- 
ward moving ‘warm deep’ current. Consideration 
of the hydrological observations obtained at the 
same- time as these samples is being prepared for 
publication. 

Apparent ages of deep Atlantic water have been 
reported by Kulp’, the maximum age being 
1,950 +. 200 years for a sample from 4,663 m. in the 
north- west Atlantic. Cooper! has pointed out 
a number of factors, the re-cycling of ‘old’ water, the 
time required to achieve equilibrium with the 


ae atmosphere: ‘and pbysio-chemical ‘ageing’ with in-. 
-crease in temperature, which affect direct application _ 
. Of apparent earbon-14 ages to determinations of rates. ` 


d nature of oceanic circulation systems. 
“the generalized model of 








|  Shislded from the 6 nemoaphiere @ soul 





of the 
The carbon-14 sample 


l found” 


Southern Ocean. S 
: manganese dioxide is deposited a H 


lation be accepted, then, whatever the true age — 
raver mass from. time of formation, the total. re 
‘ignifieant proportion of the water mass 
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“Now Zealand: Dean ani Institute, 
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E Deacon, Ge E: R., Discovery Reports, 15, 1 (1937). an 
* Kulp, J. L., Atomics, 4, 96 (1953); J. Chem. Educ., 30, 432 (1953). 
* Cooper, Ee H. N., J. Mar. Biol. Assoc., 36(2), 341 (1956). ene 


Manganese Deposition and Deep Water ee 
_. Movements in the Caribbean = 
Iw the course of a study of the chemical composition $ 


of certain deep-sea cores, particular attention has- 


been paid to one such core (A 179-4) collected — 


south-west of Hispaniola in 2,965 m. at lat. 16° 36’ N., 
long. 74° 48’ W. in the Caribbean and subjected j 
-by Emiliani! to oxygen-18 : oxygen-16 palæother-" 


momeotry. 

The material of this core is predominantly calcium ` 
carbonate with varying quantities of lithogenous sedi- 
ment. There is no correlation between variations in 


: ëither calcium or the major lithogenous constituents. 


(silica, iron, aluminium, titanium) and temperature. 
The major lithogenous constituents exhibit variations. 
highly correlated inter se, though there seems to be 
a slight systematic rise in titanium relative to the 
other constituents throughout the period of deposition 
sediment, which embraces, on Emiliani’ so 
interpretation, most of the Pleistocene. 

The manganese content, however, is entirely 
unrelated to the lithogenous group of constituents or 


to calcium. Inspection of the graph (Fig. 1) indicates 


that manganese is inversely, if somewhat irregularly, 
related to surface temperature... The correlation: 
coefficient of manganese on temperature, namely, 
— 0-511, is, in fact, highly significant (with 35 pairs of- 
observations, P~ 0-001). 

Since manganese is the only abundant constituent 
likely to be sedimented by purely chemical process. 
in the Atlantic Ocean or adjacent. seas, its independent 
behaviour is not surprising; but the nature of its 
distribution raises the question as to why it should 


-tend to precipitate at this. station more rapidly 2 
-during glacial than: during interglacial periods. 


We. believe. that the best explanation is to- bo. 
in Goldberg's? hypothesis that colloidal 


0-84 Mn % ORY SEDIMENT 


ally determined: nie the apparent age at orale Be PA» OE 


the time since sinking. 


he Campbell Plateau o has been obtained es 
om an area in which. upwelling induced by o 7 a ee 
ubmarine topography could operate to give the 9p 


‘igh apparent age. 


POI TEMP EMILIAND 0 


‘These initial observations ee een ee Me ee, 
he N.Z. Oceanographic Institute over these and more = ° 


ortherly latitudes. The present isolated observations _ 

| (1) the value of the latitudinal — 
omponent of movement. of bottom water is low; 20 
| oi ocean A a 


j: least suggest that: 





eon total: turnover ‘time. 








ve. asoa January 1l, 1958 NATURE 109 


regions of potential gradient set up as water containing account for the observed voltage distribution, and 
charged particles moves through the Karth’s magnetic the results of current-voltage studies are in agreement 
field. The rate of deposition will clearly depend on with the theories of Shockley and Prim? and Dacey? 
the velocity and direction of the current. We con- for p-n—p structures. 

sider, therefore, that the enhanced deposition of The observation of etch pits along slip lines indi- 
manganese in this part of the Caribbean during cates the possibility that these pits are formed at 
glacial periods is probably due to enhanced water the points of emergence of dislocations, which would 
movements related somewhat irregularly to glaciation. be of considerable interest. Further, if impurities at 
The most reasonable type of movement would grain boundaries are responsible for electrolumin- 
presumably be the spilling of cold water over the rim escence, this phenomenon may prove a useful tool 
of the Caribbean basin. Non-steady state movements by which to study impurity atmospheres during 
of this type are becoming recognized’ as features of boundary migration. 


deep water circulation in various parts of the Atlantic. D. A. Horr* 
If our hypothesis proves reasonable, variation in Department of Physical Metallurgy, 

manganese content in deep water sediments should G. F. ALFREY 
throw considerable light on the incidence of such C. 8. WIGGINS 
movements throughout the Pleistocene and possibly Department of Electron Physics, 

during more remote periods of the history of the ocean. University of Birmingham. 


We are indebted to Prof. Maurice Ewing and to ; 
Dr. David B. Ericson of the Lamont Laboratory, T EN oee Eee ae DE E E aa a 
Columbia University, and to Dr. Cesare Emiliani of Buen A., Hebert, R. A., and Broder, J. D., Phys. Rev., 100, 1144 
the Marine Laboratory, University of Miami, for tbe s sfookley, W., and Prim B. O., Prys. Re., 60, 768 (1968). 
opportunity to study this material. The work was 2 Dacey, G. C.. Phys. Rev., 90. 759 (1953). 
supported by contract from the Office of Naval Peek i 
Research. A detailed report on the analyses will be 
published by one of us (P. J. W.) later. 


Paver J. WANGERSKY Reaction of Carbon Monoxide with 


G. E. TICIOHIISON Graphitic Carbon at 450° C. 
Department of Zoology and PUBLISHED investigations of researches on the 
Bingham Oceanographic Laboratory, reaction of carbon monoxide with carbonaceous 
Yale University, solids have been concerned with the Boudouard 
New Haven, Conn. reaction, 2CO 3C + CO, Many measurements 
Sept. 30. ve been reported above 500° C. in which range the 
1 Emiliani, C., J. Geol., 63, 538 (1955) : ef. Ericson, D. B., and Wollin, awe of reaction is appreciable and the resultant 
G., Micropaleontol., B, 257 (1956); Emiliani, C., Science, 125,  / partial pressure of carbon dioxide is measurable. 
2 Sia J. Geol., 62, 249 (1954). Below 500° C. the observed partial pressure of carbon 
° Cooper, L. H. N., J. Mar. Res., 14, 347 (1955). Dietrich, G., Disck. dioxido is so low that it cannot be differentiated 
Hydrogr. Z., 8, 78 (1956). experimentally from that normally expected on 


outgassing such. materials, although the equilibrium 
i : values for the carbon dioxide are higher than those 
Grain Boundaries and Electroluminescence above 500°C. 
in Gallium Phosphide Experimental conditions have now been discovered 
SomE interesting properties of gallium phosphide whereby an appreciable reaction occurs between 
have been studied in polycrystalline specimens kindly carbon monoxide and some graphites at 450° C. 
provided by H. Welker, of Seimens Schuckertwerke, However, carbon dioxide is not formed. The sample 
Erlangen. Etching of the surface has revealed grain was contained in a ‘Vycor’ tube through which purified 
boundaries, and annealing twins. Etch pits have carbon monoxide was circulated. Traces of water 
also been observed along slip lines. vapour were continuously removed by liquid nitrogen 
Electroluminescence has been reported previously!, traps on both sides of the sample tube. When 
but that observed here shows unusual features, in necessary each sample was previously treated with 
that the light sources form a pattern of narrow lines hydrochloric and hydrofluoric acids to assure the 
and are identifiable with grain boundaries. Most absence of metallic impurities as evidenced by 
sources are found in the surface, though sheets of spectrochemical analyses. It was then heated for 
light have been observed, joining more intense 20-40 hr. with evacuation at either 450° or 700° C. and 
sources in opposite faces. Not all boundaries lumin- then cooled in the latter case to 450° C. before the 
esce, and on reversal of the current the light pattern introduction of carbon monoxide. A definite chemi- 
changes markedly. Voltage probing shows that a sorption of the carbon monoxide was observed. A 
large and constant proportion of the total applied more significant result was the formation of a carbon 
voltage is developed across the luminescent boundary. deposit downstream, at locations well beyond the 
Electroluminescence is also observed at a cathode bed of graphite. Mass-spectroscopic analyses proved 
point contact to the p-type gallium phosphide, the almost complete absence of gases other than 
indicating that minority carrier injection and radia- carbon monoxide even after the liquid nitrogen was 
tive recombination occurs. It is proposed that this removed. A chemical analysis of the deposit demon- 
is the mechanism responsible for the grain boundary strated it to consist of carbon. 
luminescence, and that impurity segregation at the The folowing mechanism could account for these 
boundary creates an n-layer between the p-type observations. The first step is the chemisorption of 
grains. This forms a p-n-p junction, or two p-n a carbon monoxide molecule. A second carbon 
junctions ‘back-to-back’, and minority carrier injec- monoxide molecule is then chemisorbed to the 
tion and consequent radiative recombination occurs chemisorption complex, which then reacts to form 
at whichever is the forward-biased junction. A gaseous carbon suboxide, C,Qy. This serves to 
junction of this sort in the grain boundary would transport the carbon atoms of the graphite through 
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and out of the bed of sample. Carbon suboxide is 
unstable at the temperature of the reaction and 
decomposes in one or more steps to deposit carbon 
and liberate carbon monoxide. 

The first implication of these results is that at a 
temperature as low as 450° C., small amounts of 
carbon monoxide can cause migration of carbon 
atoms and, thus, in a sufficiently long time, could 
re-form an appreciable fraction of the graphite into a 
possible new crystalline or amorphous form. Thus 
far, appreciable reaction has been observed only with 
graphites which have been irradiated in nuclear 
reactors, while unirradiated graphite, charcoal, etc., 
showed only very small traces of carbon transport or 
none at all. Thus, it is possible that the added energy 
in the irradiated graphite, and the accompanying 
structural changes, is responsible in some way for 
this effect. Further work is needed to prove that 
only irradiated graphite can produce this transport. 

Victor R. Drerrz 
EDWARD J. PROSEN 
National Bureau of Standards, 
Washington 25, D.C. 
Sept. 27. 


An Electronic Mechanism of Additio 
Reactions - 


Ir has now become abundantly clear that in 
ethylene (CH,—CH,) one of the two bonds is of the 
normal covalent type (c-bond), while the other 
belongs to a distinct and separate class (x-bond). 
Thermochemical studies have further revealed that 
the bond-strength of a C=C double bond is 
appreciably less than twice the value for a C—C 
single bond, showing that the z-bond is not as strong 
as the c-bond. Thus it was quite natural to assume 
that addition reactions occur by the direct rup- 
ture of the weaker x-bond. However, it has been 
found that addition proceeds generally. in the trans 
sense, which is exactly contrary to expectation. The 
reactivity towards addition reactions also decreases 
unexpectedly with increase in the number of z-bonds 
(except in conjugation). Acetylene (CH=CH) with 
two x-bonds is less reactive than ethylenet. The 
first stage addition to one of the cumulated double 
bonds in allene (CH,=C=CH,), which is expected 
to be very much strained, is also much slower than 
the second stage addition to its remaining simple 
double bond*. It is remarkable that higher cumulenes 
(>C=C=C=C=C=C<) are quite stable?. 

It is thus generally realized that the x-bond itself 
is not the seat of any weakness in the molecules. 
It may be that the c-electrons are in some way 
connected with this subtle and devious attack on the 
multiple bonds. It has been found that electrophilic 
groups retard addition reactions (as in HOOC—CH= 
CH—COOH), while electron repelling groups accel- 
erate them (as in CH,—CH=CH,)*. These groups 
are attached to the carbon atoms of the double bond 
through o-bonds. As such, they can affect the 
reactivity only by depleting or by supplementing the 
s-electrons of these carbon atoms. This argument is 
further supported by the fact that the retarding 
effect of the electrophilic groups on the reactivity of 
acetylene derivatives is very small (as in HOOC—C= 
C—COOH)’, because it is difficult to withdraw 
s-electrons from a triple bond which itself is strongly 
electrophilic. On the basis of all these considerations 
it can be postulated that the initial attack in addition 
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Fig. 1. The 


Electronic structures of ethylene and acetylene. 
broken line shows the distorted o-electron density 


reactions occurs on the o-electrons and the reactivity 
of the unsaturated molecule depends upon the 
c-electron density of the carbon atoms. This concept 
of addition mechanism through s-electrons is also in 
agreement with the fact that frequently substitution 
and addition occur side by side. At high tempera- 
tures substitution increases at the cost of addi- 
tion. Furthermore, the electrophilic groups also 
retard substitution in benzene. They de-activate 
mainly the ortho and para positions and thus become 
meta-directing. 

It now remains to find the cause of enhanced 
reactivity of the o-electrons in unsaturated molecules. 
It appears that the x-electrons somehow cause this 
activation of o-electrons. As the quantum-mechanical 
approach has not yet succeeded in solving this 
problem, it may be worth while to develop a tentative 
speculative explanation based on simple physical 
concepts. It is generally agreed that the r-electrons 
can be regarded, from many points of view, as forming 
a separate shell ‘outside’ the other electrons’. I 
have gone a step farther in postulating that the 
planes of the z-electron orbits remain fixed”. They 
couple at an angle which causes the restriction on the 
free rotation of their orbital planes. Probably the 
high electron density between the two carbon atoms 
due to the o-bond does not permit the exchange of 
two more (m) electrons through the same region 
(Fig. 1). 

The spherical symmetry of the o-electron density 
of the carbon atom becomes distorted as a result of 
the fixation of x-electron density around it. On the 
particle concept of the electron, these distortions of 
c-electron orbits would be unsteady and non-uniform. 
Some of the c-electrons may become deviated (due to 
repulsion from the fixed x-electron orbit) much more 
than others. These abnormally deviated o-electrons 
may bond an extra atom temporarily. This sudden 
electronic disturbance would break the m-bond, and 
one of the z-electrons set free is utilized in forming 
a stable covalent bond with the addendum. The 
m-electron on the other carbon atom remains free for 
& while and becomes saturated through a distinct 
second phase of addition. This interval provides 
scope for steric rearrangements giving trans products. 
In the fast reactions the cis products predominate. 
In some of the molecules one of the atoms already 
present may be knocked out in favour of the new 
entrant, thus causing substitution. In benzene, 
substitution is relatively easier than additicn as the 
m-bond in it is stronger than in simple multiple bonds®. 

The distortions of the s-electron orbits would be 
proportional to the s-electron density on the carbon 
atom. This explains the lower reactivity of acetylene 
(two o-electrons per carbon atom), and the retarding 
effect of electrophilic groups. The central atoms in 
cumulenes, containing only two o-electrons each, act 
as electrophilic groups on the reactivity of the end 
CH,-groups®. The activating effect of such groups as 
CH, does not appear to be due to electron donation, 
as they increase the reactivity of acetylenic com- 
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pounds to only a very small extent. They appear to 
have an obstruction effect which increases the abnor- 
mal distortions of o-electron orbits in other directions. 

Other aspects of unsaturated molecules, such as 
bond-lengths, Pascal’s constitutive correction factor 
4 for the multiple bonds, etc., have been discussed in 
terms of these concepts elsewhere”. 

LAKHBIR SINGH 
National Chemical Laboratory, 
Poona 8, India. July 13. 
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Infra-Red Absorption of OH Bonds in Micas 


In favourable cases, infra-red absorption spectra 
afford a valuable adjunct to diffraction methods in 
crystal structure analyses. The structures of the 
micas have been familiar for many years, but have 
never included any specification for the site of the 
proton in the constitutional hydroxyls. 

In the biotite micas (such as phlogopite, 
K,(Si,A].)Mg,0.,(OH),), if one assumes tetrahedral 
environment for oxygen, three of the tetrahedral 
hybrid orbitals are involved with magnesium neigh- 
bours, the bond to the proton must have its axis 
normal to the cleavage, and steric factors preclude 
that the proton has a secondary association with 
any other oxygen. In muscovite, 


K,(8i,A1,)A1,02)(O0H) 43 


only two orbitals are involved with aluminium 
neighbours, and the O—H bond axis could be normal 
to the cleavage as above, or could be directed toward 
the unoccupied cation site, thus lying no more than 
15-20° inclined to the cleavage, and probably 
favourably disposed for secondary association 
with one or both near oxygen neighbours as an 
O-—-H ...O bond. 

The efficiency of absorption in the frequencies 
associated with the O—-H bond is a function of the 
angle between the bond -axis and the plane of the 
electric vector of the light. For normal incidence 
on a phlogopite cleavage flake, there is no resultant 
along the OH bond axis and no absorption in the 
region of the OH stretching frequency. With 
increasingly inclined incidence, absorption increases 
regularly with the increasing resultant of the plane 
of the electric vector on the bond axis. The observed 
frequency for unmodified OH stretching is 3,710 + 
20 cm.-}. When muscovite is examined similarly, 
strong absorption is observed for normal incidence 
at 3,620 + 20 cm.-}, and the absorption is not 
markedly sensitive to moderate tilting of the flake. 
It is concluded that the O—-H bond axis must have one 
or more of the orientations near the plane of the 
cleavage flake for the dioctahedral composition, and 
that the lesser frequency may be evidence of some 
hydrogen bonding. 

A third case illustrates the precision of observations. 
Lepidolites present frequent instances in which 
analyses suggest that a trioctahedral lithium-bearing 
biotite and a typical muscovite are intimately parallel 
grown. Spectra at normal incidence and at increas- 
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Fig. 1. Infra-red spectra of phlogopite, muscovite and lepidolite 
for cleavage flakes oriented at different angles to the incident beam 


3,000 


ingly inclined incidence to the lepidolite illustrated 
show absorption at the muscovite frequency with 
little sensitivity to orientation and absorption at the 
phlogopite frequency with sensitivity to orientation 
as in phlogopite. 

The spectra in Fig. 1 were recorded with a Perkin- 
Elmer Model 21 double-beam spectrometer with a 
sodium chloride prism. 

We have recently learned that a more elaborate 
analysis, in substantial agreement with our present 
communication, was conducted during the War by 
Dr. G. B. B. M. Sutherland for the U.S. Army Signal 
Corps, but not published. 

José M. SERRATOSA* 
W. F. BRADLEY 
Illinois State Geological Survey, 
Urbana, Ilinois. Oct. 18. 


Š = Eorpa address: Instituto de Edafologia, ©.8.I.C., Madrid, 
pain. 
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The Pyridine Ring and the Problem of 
its Biosynthesis 


Tax relationships of anthranilic acid and trypto- 
phane to nicotinic acid are well established in a 
number of organisms! and it has been suggested 
that in the higher plants the pyridine ring may be 
formed in a like manner’. It has been shown, 
however, that tryptophane-3-4C is not a precursor 
of damascenine in Nigella damascena L., nor did it 
give rise to radioactive trigonelline when fed to pea 
seedlings*®. It is possible that in the two plants 
studied the enzyme system necessary for the initial 
oxidation of tryptophane to kynurenine is lacking 
and that the hydroxyanthranilic acid in one case 
(damascenine) and the pyridine ring in the other 
(trigonelline) are synthesized from different precursors 
and by a different pathway. 

These two cases, however, do not exclude the 
possibility that in some other plants tryptophane 
might be the precursor of the pyridine ring. It has 
been claimed that Nicotiana tabacum does not 
utilize tryptophane in the biogenesis of the pyridine 
ring of nicotine’, but the location of the carbon-14 
in the labelled tryptophane used was such as to make 
it very unlikely that it would appear in the nicotine. 
Since the present work has been completed, however, 
Leete has shown that tryptophane labelled in the 
benzene ring at the position to which the nitrogen is 
attached is not utilized by N. tabacum in the formation 
of nicotine. Further, 3-hydroxyanthranilic acid, a 
metabolite of tryptophane, does not serve as a 
precursor of trigonelline when fed to excised soybean 
leaves®. 

Jt was of interest to determine whether a plant 
that cannot utilize tryptophane in its synthesis of the 
pyridine ring might be able to convert anthranilic 
acid (also a metabolite of tryptophane in certain 
moulds) into the pyridine ring since the initial oxida- 
tion of the tryptophane would be by-passed. Chemi- 
cally, there is no reason why anthranilic acid as well 
as kynurenine could not be hydroxylated. We have 
now tested this point with regard to nicotine forma- 
tion in Nicotiana tabacum var. White Mammouth fed 
with anthranilic acid-1-C. The carbon-14 label, 
however, was not transferred to the nicotine isolated 
from these plants. 

The starting material used for the synthesis of 
anthranilic acid was toluene-1-14C (purchased from 
Tracerlab Ine., Boston, Mass.). Nitration fotlowed by 
oxidation of the resulting nitrotoluenes with per- 
maenganate afforded a mixture of nitrobenzoic acids 
from which most of the p-isomer was separated as its 
sparingly soluble copper salt’. Catalytic reduction 
of the recovered crude o-nitrobenzoic acid yielded 
anthranilic acid which was precipitated from neutral 
solution as its insoluble cobalt complex®. Treatment 
of the complex with hydrogen sulphide liberated very 
pure anthranilic acid which was isolated with ether, 
sublimed and crystallized from water from which it 
separated as needles, m.p. 144—145°. 

‘The tobacco plants were grown from seed in soil 
for two months and then transferred to a nutrient 
solution prepared as described by Leete*®, but modified 
by substituting ferric tartrate as the source of iron. 
Lhe nutrient solution was aerated continually and 
changed weekly. It was necessary to add further 
quantities of ferric tartrate (4:0 mgm. per l.) twice 
a week to suppress signs of iron deficiency in the 
plants. After three weeks, five plants were each 
suspended in a quantity of the nutrient solution and 
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anthranilic acid-1-14C (300 mgm.) of specific activity 
1-1 x 10? disint. per min. per m.mol. was divided 
equally between the five solutions. After 10 days of 
contact the nutrient solutions (total activity 1-65 x 
10° disint. per min.) were discarded and replaced by 
fresh solution (without labelled material). Eighteen 
days after feeding the anthranilic acid the plants 
were harvested, extracted with dilute hydrochloric 
acid and the nicotine separated from this extract 
(total activity 4-8 x 10° disint. per min.) by dis- 
tillation from alkaline solution’? followed by pre- 
cipitation as the dipicrate. Nicotine dipicrate 
crystallized. from 30 per cent dimethylformamide as 
yellow needles, m.p. 223-224°, unaltered by mixture 
with an authentic sample. A quantity of the dipi- 
crate was converted to the diperchlorate separating 
from the ethanol as needles, m.p. 207-208° either 
alone or in admixture with an authentic sample. 
Paper chromatography" showed nicotine to be the 
only pyridine base detectable in the crude plant 
extract. The nicotine salts showed no significant 
radioactivity. 

rom Leete’s work?’ there is no doubt that the 
tobacco plant synthesizes nicotine at the stage of 
growth at which the present experiments were 
performed. Hence anthranilic acid does not function 
@s a precursor of the pyridine ring of nicotine. 
Surprisingly, lysine does not give rise to the pyridine 
ring of nicotine either®, nor is it the precursor of the 
a-pyridone ring of ricinine (Reist, E. J., and Marion, 
L., unpublished results). A body of evidence is, 
therefore, accumulating according to which it seems 
improbable that in the higher plants the pyridine 
ring would have its source in either tryptophane or 
lysine, which appeared to be the two most plausible 
precursors. It is true that according to Dawson et 
al.!? the preformed pyridine ring (nicotinic acid) can 
be utilized by the plant in the synthesis of nicotine ; 
but this does not seem to have much bearing on the 
initial formation of the pyridine structure. It now 
appears likely that the pyridine ring might be built 
directly from smaller units arising from alanine and 
glycine, or possibly from non-nitrogenous precursors, 
and ammonia. In micro-organisms where trypto- 
phane functions as the precursor of nicotinic acid, the 
pyridine ring must arise by ring closure of an oxidative 
intermediate compound, which in the higher plants 
might be built up at a much faster rate from smaller 
units than it can be formed from the metabolites of 
tryptophane. The fact that nicotinic acid takes part 
in the biogenesis of nicotine!*, whereas tryptophane 
does not®, lends support to this possibility, which is 
being investigated. 

JAMES GRIMSHAW 
Lio Marion 


Division of Pure Chemistry, 
National Research Council, Ottawa. 
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ation in keratin were made by Herzog and Jancke? 
Astbury and Street®?. Since then it has occupied 
votal position in all attempts to determine the 
dlecular structure of proteins. Recently, Bendit’ 
ag oe the variation of the peak intensity of 
the 51A., 46A. and 9-8A. reflexions against 
e extension for Lincoln wool and concluded 
therefrom that Astbury’s hypothesis of a molecular 
transformation based on a 1:1 correspondence of 
the intensity variation of the first two reflexions is 
not tenable. However, no quantitative X-ray study 
of the degree of order introduced with extension has 
been yet reported. 

The outstanding reflexions in the alpha-photograph 
of human hair are the meridional strong are of spacing 
5-15 A., made up of (020) flanked on either side by 
(120), and the composite equatorial reflexions (001), 
(101), (300) and (201), spread over 3 A. and having 
‘amean spacing of 9-8 A. The (100) reflexion, because 
‘of its proximity to the centre and poor definition, 
does not lend itself to an easy evaluation and is 
therefore omitted. During the course of trans- 
formation from alpha to beta, which sets in at about 
30 per cont extension, the meridional arc begins to 
close up while there appears on the equator a new 
spot of 4:65 A, and the overall definition of the 
photograph also improves. However, the dark are 
‘never completely disappears. If we denote the total 
intensity of the meridional and equatorial spots by 
In and Je respectively, then the degree of order, Q, 
may be defined by the relation : 
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This expression has the advantage of being inde- 
pendent of all exposure factors. 

In order to carry out an experimental determina- 
“tion of this degree i in three different varieties, X-ray 
photographs, using copper Ka radiation, monochro- 
-matized by reflexion from a calcite crystal, were taken. 
of bundles of human hair well-combed to ensure paral- 
Jelism and held taut between two pin-vices one of 
which was movable and carried a screw-gauge to 
measure extension. The fibres were always stretched 
in water at room temperature and supercontracted 
by stretching first in steam and later allowing them 
‘to recover in steam itself. Intensity measurements 
were made by Moll’s recording-type microphotometer 
-and they were reduced to the same scale. The results 

obtained are shown in Table 1. 

- ‘These results show that the change is exponential. 
“Initially there is a rapid rise in the degree of order, 
but from 60-70 per cent extension the change is not 
very large. The behaviour of golden hair is much 
nearer to that of black than to that of white. The 
‘ lifference may be due to the presence of air bubbles 
















Table 1 
nent a 
Super- Stretched Treated with | 
vd poti- Un- © {per cent} cupra wmon- 
‘| Variety | tracted | stretched peneem | a hydroxide 
i 40 60 7O 
Black | 38-13 | 43-97 1-9 | 53-19 5409 0 
Golden | 87-58 41-8 50-12 151-12 ð 
White 34°21 37-038 43 S2 45-83 | 46°60 Q 
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THe first X-ray diffraction studies of the «~6 trans: 8 





detailed account of the work will- be: ‘publiah iC 
elsewhere. i 
I am indebted to Prof. K. Banerjee iss his guide Mat 
and encouragement in this work. = 
. D. Gurra 
Department of Physics, 
University of Allahabad, 
Allahabad. 
Sept. 26. 
* Herzog, R. O., and Jancke, 
Gesellschaft” (19213. 
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Fibrous Structure in Cheese Curd 


In the manufacture of Cheddar cheese the curd 
granules fuse under gravity into solid blocks, usually 
6-12 in. in thickness. At the same time some spread- ~ 
ing or flow of the blocks takes place. This. fow. 
appears to be responsible for the characteristic - 
fibrous texture in the ‘cheddared’ curd. In designing 
a curd-fusing or cheddaring machine Czulak ando 
Hammond! took account of this fact and arranged, 
following initial compression into a solid block, to 
submit the curd to pressure in a longer chamber, 
thereby giving flow in one direction. Curd ched- 
dared in this machine has a greatly increased. longi- 
tudinal fibrous structure, strips of curd some 20 in. 
in length being readily torn from the block. 

Microscopie examination by fluorescence methods - 
of sections of the curd cut parallel to the direetion of 
flow shows a network of long casein fibrils of: a 
minimum thickness of O-lu. The picture at a 
magnification of about 1,400 resembles that of 
coagulated blood fibrin 
photomicrograph of Wolpers and Ruska’. In sections 
cut transversely to the direction of flow, or m curd 





as shown in the. electron =- 



























elles (each micelle taini 


molecules) at the initial coagu 


later. stages of the cheesomaking process. The 


electron micrographs of Baud, Morard and Pernoux* 
seem to indicate the formation of appendages which 
- afterwards serve to join the micelles during coagula- 
< tion. The fibril formation which we have observed 


-could be explained by the orientation of the separate 
casein molecules (axial ratio about 8:1) and their 
more or less end-to-end attachment, or more readily 
by some uncoiling of the polypeptide chains. 
flow of the curd mass could itself contribute. to this 
uncoiling, since proteins may be denatured by 
mechanical shearing action. 
: J, CZULAK 
cee Dairy Research Section, 

Toone Conamonwealth Scientific and 


_ Industrial Research Organization, 


5 Melbourne. 

>) Ogulak and Hammond, Aust. J. Dairy Tech., 11, 58 (1956). 

38 Wolpers and Ruska, Klin. Wochenschr., 18, 1077, 1111 (1939). 

—*Tmhof and Hostettler, Sehweiz. Milehztg., 82, No. 63 (1956), 
“Baud, Morard and Pernoux, Z. wiss. Mikr., 61, 200 (1953). 


First and Second Cycle Casein in Milk 


THE component of the casein complex which, 
according to Waugh and Von Hippel’, is responsible 
for the colloid chemical stability of the casein micelles 
in milk is k-casein. The same authors have also given 
its preparation, as follows, The casein in skim milk 
is precipitated by addition of calcium, and by sub- 
sequent removal of calcium from the precipitate a 
solution of the so-called ‘first cycle casein’ is obtained. 
‘This first cycle casein contains B-casein and the 
aj/k-complex. Reprecipitating first cycle casein with 
0-25 M calcium chloride at 37° C. results in the 
splitting of the afk-complex and hence in the 
chemical instability of the casein micelles in the 
colloid. The precipitate was named ‘second cycle 
- tagein’, and it-no longer contains the protective 
k-casein in stabilizing quantities. The latter can be 
isolated from the remaining supernatant of second 


© eyele casein. In its physico-chemical properties, such 
as. electrophoretic. mobility, diffusion and ultra- 


centrifugation characteristics, k-casein was shown to 
resembie «-casein closely. 
"The present communication deals with an electro- 
-phoretic study of first and second cycle caseins both 


with and in the absence of the milk-clotting enzyme 


rennin. 


ee 7 = From an earlier investigation by Nitschmann and 
co Lehmann? with acid-precipitated casein it is known | 









T Table 1 
; i eA | g i {ty HA x10’ | 
Substrate Rennet 2 fit, Bplit (per (cen,*/ 
i cent) V./see.) 
1 Firat cycle Heat-inact~-} Occasion- 27 8-98 
casein ivated | ally 
Second cycle | Heat-inact-! Unsep- 
~ d. Gasein ivated arated 13 10-090 
$ First cyele Active Very. pro- 
4. Sasein solution nounced 29 9-05 
d Second cycle | Active Pros dS . 
casein} sohition nounced | >. 10-70 


The 


4 Nitschman: 







about 1,000 casein ae 
met, fi initial coagulation of the milk by- 
rennet, fusion of the micelles occurs during the 
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Ascending electrophoretic patterns of first and second © 
cycle cascins after 4,800 sec. Conditions of experiment : protein. 


Fig: L 


T2 = 
first yele 
second cycle. 


concentration, 1-7 per cent; Michaelis buffer pH = 7-3, 

0-1; field strength, 9-75 Vem.: 2° C. Above: 

casein, active rennet solution added; below: 
casein, active rennet solution added 


that the rennin action electrophoretically is charac- 
terized by the splitting of the a-peak into two distinct 
components, namely, «,- and «,-casein, with nearly 
the same mobilities. We have repeated the Nitsch- 
mann/Lehmann experiment both with first and 
second cycle casein. : 

The caseins were incubated at 35° C. with a solution 
of commercial rennet powder (1: 100,000) of the 
N.V. Chemische Industrie Van Hasselt, Amersfoort, 
Holland. The rennet concentration was chosen such 
that. 10 mgm. rennet were added per gram of casein. 
In this way its concentration is too low to be dig- 
tinguished electrophoretically. For comparison heat- 
inactivated enzyme was also added to first and second 
eycle casein. The experiments were repeated several 
times. A typical set of experiments are summarized. 
in Fig. 1 and Table 1, which show that a,-casein is 
much less abundant in second cycle than in first 
cycle casein. These results suggest that a,-casein is 
closely related to the k-casein of Waugh and Von 
Hippel: possibly the two components are actually 
identical. : 

Additional support for this conclusion is found in a _ 


comparison of the mobilities of the «,-component in 
first and second cycle casein (Table 1, column 6). The 
mobility of the «,-casein is considerably higher. in) 
second (10-80 + 0-1 x 10-5 em.2/V./sec.) than in first. 


cycle casein (9-02 + 0-03 x 10-5 em.*/V./sec.). Ob- 


viously this mobility increase is due to the decrease 
- In &-content in the second cycle and the accompany- 
ing decrease in o,/a,-interaction. ee ek 







Netherlands Institute for Dairy Research, — 
"Ede, Holland. -i 

Oct. 9. e 

* Waugh D. F. and von Hippel, P. H., J. Amer. Chem. Soe., 28, 4576 
| ann, Hs., and Lehmann, W., Eeperientia, 8,163 (1947). 
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Arylsulphate Synthesis and the 
Arylsulphatases 


DurınG the course of studies on the synthesis of 
sulphate esters an opportunity was taken to obtain 
evidence to support the suggestion! that the type II 
mammalian arylsulphatases (arylsulphatases A and 
B)? were unlikely to be directly involved in the 
synthesis of arylsulphates by particle-free mammalian 
liver preparations. It has already been pointed out? 
that the type I arylsulphatase of mammalian livers 
(arylsulphatase C) cannot be directly involved in this 
synthetic process since the enzyme is microsomal in 
origin and highly insoluble. Similar considerations 
do not apply to the type II enzymes, however, since 
although they are mainly associated with the so-called 
‘light mitochondria’, appreciable amounts are always 
present in preparations of the soluble components of 
the liver cell?. 

Lhe arylsulphate-synthesizing system of mam- 
malian livers is known to involve at least two main 
steps ; the production of an active form of sulphate 
(3’-phosphoadenosine-5’-phosphosulphate) and the 
subsequent transfer of the sulphate group of this 
compound to a phenolic acceptor via the agency of a 
specific transferase enzyme. Particle-free rat-liver 
preparations’ of this synthetic system contained 
appreciable amounts of the type IT arylsulphatases. 
The average activity of the dialysed preparations was 
such that 1 ml. liberated 2 umole nitrocatechol/hr. 
at 37:5° from 0-005 M dipotassium 2-hydroxy-5- 
nitrophenyl sulphate (nitrocatechol sulphate) in 
0:5 M acetate buffer, pH 5-0 (conditions favouring 
arylsulphatase A activity) and 4 umole nitrocate- 
chol/hr. from 0-02 M nitrocatechol sulphate in 0-5 M 
acetate buffer, pH 6-0 (conditions favouring aryl- 
sulphatase B activity). For various reasons? these 
values can only be regarded as approximations. When 
fortified! with adenosine triphosphate and magnesium 
and sulphate ions and incubated in the presence of 
0:05 M phosphate buffer, pH 7-0, the dialysed 
preparations were capable of synthesizing approxi- 
mately 0-1 umole p-nitrophenyl sulphate, nitrocate- 
chol sulphate or p-acetylpheny! sulphate/hr./ml. from 
the respective parent phenols. 

Further purification of the system by ammonium 
sulphate fractionation according to the directions of 
Segal’ concentrated both the synthetic and the 
arylsulphatase activities. However, no loss in type II 
arylsulphatase activity occurred when the system 
synthesizing 3’-phosphoadenosine-5’-phosphosulphate 
was destroyed by treatment with glycylglycine® or 
when the enzyme system. responsible for transfer of 
sulphate from 3’-phosphoadenosine-5’-phosphosul- 
phate to the phenolic acceptor was inactivated by 
heat treatment®. Purified samples of mammalian 
arylsulphatases A and B also showed no loss in 
activity when subjected to these inactivation pro- 
cedures. Addition of these purified samples to the 
arylsulphate-synthesizing system decreased the acti- 
vity of the system slightly, while addition of the 
purified soluble type I arylsulphatase of Alcaligenes 
metalcaligenes’? strongly inhibited the synthetic pro- 
cess. This is not surprising, since the hydrolytic 
activity of this bacterial enzyme is unaffected by the 
phosphate and sulphate ions present in the synthe- 
sizing incubation mixture whereas the hydrolytic 
activity of the type II mammalian arylsulphatases 
is considerably inhibited by these ions. 

It seems probable, therefore, that the arylsulphatases 
cannot be directly concerned in the synthesis of 
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arylsulphates via 3’-phosphoadenosine-5’-phosphosul- 
phate, and these conclusions are supported by the 
recent observation (Spencer, B., personal communica- 
tion) that incubation of purified samples of mam- 
malian arylsulphatases A and B with p-nitrophenol 
in the presence of 3’-phosphoadenosine-5’-phospho- 
sulphate did not effect any sulphate synthesis. 

One of us (H. B.) is grateful to the Medical Research 
Council for a research assistantship. 


H. Baum 
K. 5. DODGSON 


Department of Biochemistry, 
Physiology Institute, 
University of Wales, 
Newport Road, 
Cardiff. 
1! Roy, A. B., Biochem. J., 59, 8 (1955). 
* Dodgson, K. S., and Spencer, B., Meth. Biochem. Anal., 4, 211 (1957). 
3 Dodgaon, K. S5., Spencer, B., and Thomas, J., Biochem. J., 56, 177 
1954). 
k Doorin, K. 5., Spencer, B., and Thomas, J., Biochem. J., 59, 29 
1955). 
5 Segal, H. L., J. Biol. Chem., 213, 161 (1955). 
e De Meio, R. H., Wizerkaniuk, M.. and Schreibman, I., J. Biol. Chem., 
213, 439 (1955). 
: poogin; K. S., Spencer, B., and Williams, K., Biochem. J., 61, 374 
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Effect of Chymotrypsin on Cæruloplasmin 


INTEREST has been shown in the blue, copper- 
containing, serum oxidase ceruloplasmin, in parti- 
cular because of its absence from the blood of subjects 
with hepatolenticular degeneration?. The copper of 
ceruloplasmin is firmly bound, being non-dialysable 
at neutral pH ?. As part of a study of the mode of 
linkage of copper to the apo-enzyme, the effect of 
chymotryptic digestion on ceruloplasmin was inves- 
tigated. 

Ceruloplasmin was prepared from the G2 plasma 
fraction of Kekwick and MacKay? using a modification 
of the method of Kominz*. The final blue material 
had a broad absorption peak with maximum at 
about 610 mu. Copper content was determined by a 
diethyldithio-carbamate method‘ and ceruloplasmin 
content calculated from Holmberg and Laurell’s? find- 
ing of 0-34 per cent copper in ceruloplasmin. Purity 
was about 70 per cent. An amount of the material 
containing 20 mgm. ceruloplasmin was digested with 
3 mgm. ‘Armour’ chymotrypsin in 10 ml. 0:05 M pH 
7-5 sodium phosphate buffer—0-10 M sodium chloride 
at 37° for 22 hr. At intervals during digestion, optical 
density at 610 my was measured and aliquots taken 
to which tetra-ethyl pyrophosphate was added to 
inhibit chymotrypsin. Oxidase activity was determ- 
ined colorimetrically using N,N-dimethyl p-phenylene 
diamine as substrate (see caption to Fig. 1). Non- 
dialysable copper was also determined on three 
aliquots. Results are shown in Fig. 1. Enzymic 
activity and the blue 610-myu peak decreased during 
digestion until after 22 hr. they were negligible. 
(The residual absorption at 610 my after 22 hr. was 
no longer a peak and was part of a spread of the 
normal protein 280-my peak into the visible range. 
This spread seems characteristic of copper proteins®. 
The 610-mu peak of ceruloplasmin is destroyed by 
ascorbic acid?, but the 610-mp optical density after 
22 hr. digestion was found to be unaffected by 
ascorbic acid.) Non-dialysable copper also decreased 
during digestion, but after 22 hr. it was about half 
that of the original ceruloplasmin. 
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Fig. 1. Effect of chymotryptic digestion on ceruloplasmin oxidase 

activity, optical density at 610 my and non-dialysable copper. 

@, Oxidase activity; ©, optical density at 610 my/ml. ; 
A, non-dialysable copper. 


Oxidase activity was determined by adding 2:0 ml. 0:2 M pH 5:5 
sodium acetate-acetic acid buffer to 1:0 ml. ceruloplasmin 
solution in 0:10 M sodium chloride and incubating at 37° for 15 
min. with 1-0 ml. fresh aqueous 0:025 per cent N,N-dimethyl 
p-phenylene diamine dihydrochloride. The oxidase reaction was 
stopped by 2:0 ml. 0-05 per cent aqueous sodium azide and the 
red colour measured at 550 mz on a SP600 spectrophotometer. 
A blank was run simultaneously. A unit of enzymic activity 
was taken as the activity of an amount of ceruloplasmin which 
gave under the above conditions an optical density of 0:10/cm. 
light path. There is a linear relationship between amount of 
ceruloplasmin and optical density in the density range 0-0-15 


Three further ceruloplasmin samples were digested 
with chymotrypsin. In all cases blue colour dis- 
appeared and non-dialysable copper after digestion 
was about half the original ceruloplasmin copper 
(Table 1). In digestion 4, after 65 hr. digestion, an 
aliquot of the non-dialysable material was taken, the 
original amount of chymotrypsin present doubled 
and digestion at 37° allowed to proceed for a further 
23 hr. Non-dialysable copper after this second 
period was 99 per cent of that after 65-hr. digestion. 

The results suggest that of the eight atoms of 
copper? in the ceruloplasmin molecule, four only are 
in a region that is attacked by chymotrypsin. During 
digestion, proteolysis of this part of the ceruloplasmin 
molecule occurs together with loss of blue colour and 
enzymic activity. The apparent resistance of the 
other part of the ceruloplasmin molecule to chymo- 
tryptic attack may be quite unrelated to its copper 
component. However, it is known that the iron- or 
copper-binding protein conalbumen is resistant to 
chymotrypsin, but only in the iron- or copper- 
containing forms*. Thus it is possible that half the 
atoms of copper in ceruloplasmin are bound in such 
a way that they confer chymotrypsin resistance on a 
portion of the ceruloplasmin molecule. 

Tt is of interest that other workers? have recently 
shown that in the presence of ascorbic acid, half the 
copper in ceruloplasmin is exchangeable with copper- 
64. This also implies an accessibility of one half 
only of ceruloplasmin copper. 

I thank the Joint Research Advisory Committee 
of the Institute of Neurology for financing this work, 


Table 1. 


NON-DIALYSABLH COPPER IN CHYMOTRYPTIC DIGESTS OF 
CARULOPLASMIN 















Cerulo- Chymo- | Digestion | Per cent copper 
Digestion | plasmin trypsin time non-dialysable 
Exp. No. (mgm.) (mgm.) (hr.) after digestion 
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Isoleucine and Allo-isoleucine 


Durme our investigations on amino-acid analysis 
on ion exchange resins using Moore and Stein’s 
method!, it was seen that in a synthetic mixture of 
13 amino-acids (Hoffmann-LaRoche, mostly in the 
l-configuration) the ‘methionine’ recovery was always 
too high (120-150 per cent of the theoretical amount) 
and the ‘ésoleucine’ recovery always too low (65- 
70 per cent of the theoretical amount). 

On analysing a single sample of ‘l-zsoleucine’ we 
found two peaks on the chromatogram, the main one in 
the usual dsoleucine position and a smaller one at the 
methionine position (Fig. 1, B). According to Piez?, 
who succeeded in separating chromatographically a 
commercial sample of dl-tsoleucine into d-zsoleucine 
and d-allo-isoleucine, the ‘impurity’ is the stereo- 
isomeric allo-tsoleucine. Piez also found the allo- 
isoleucine coming out of the column at the methionine 
position. . 


B isoleucine, 
isoleucine 


© 
oo 


isoleucine 


© 
R 


allo-isoleucine 


allo-isoleucine 


© 
EN 


0-2 


Recovery in moles per 0'5 mgm. 
¿isoleucine applied 





30 40 50 60 80 40 50 60 80 40 50 60 
Fraction No. after pH shift to pH 4'25 
Fig. 1. Chromatograms of samples of: A, 0'201 mgm. of dl-iso- 
leucine (Nutr. Biochem, Corp.); B, 0:312 mgm. of /(+-) isoleucine 
(Hoffmann-La Roche); C, 0-530 mgm. of C+) isoleucine (Mann 
Res. Lab.) applied on 100-cm. ion exchange columns containing 
‘Dowex 50’ (4 and C) or ‘Zeokarb 225’ (B). Elution first with 
170-200 ml. citrate buffer at pH 8:42 (t = 37-5° 0.) and then 
with citrate buffer at pH 4:25 e = 50°0°C.). 1-ml. fractions 
were collected 


Isoleucine has two asymmetric C-atoms (Nos. 2 
and 3) : 
HE H H 


mo-o— b coon 
(5) Fe (3) n (1) 


H CH, NH, 
(6) 
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and consequently has 4 stereoisomeric configurations. 
These are called l-isoleucine, d-isoleucine (stereoiso- 
meric with the l-configuration at carbon atom 2), 
d-allo-zsoleucine (stereoisomeric with I-isoleucine at 
carbon atom, 3) and d-allo-isoleucine. In this con- 
nexion it may be pointed out that an allo-configura- 
tion is also possible for hydroxyproline, hydroxylysine 
and homoserine (erroneously called threonine by 
Shulgin*), which also contain 2 asymmetric carbon 
atoms. These .allo-configurations have been found 
by Piez*, Witkop*, Hamilton’ and Shulgin’, 

After chromatographic separation on both ‘Zeokarb 
225 and ‘Dowex 60’, with the ninhydrin procedure 
developed by Moore and Stein’, for the different 
analysed zsoleucines we obtained the following results : 

Applied 
Ion exchange 


resin 


0:201 mgm. dl-isoleucine (Nutr. Bioch. Corp.) ‘Dowex 60’ 


0-505 mgm. H +) isoleucine (Hoffm.—la Roche) ‘Dowex 50’ 
0:312 mgm. ¿( +) isoleucine (Hoffm.—la Roche) ‘Zeokarb 225’ 
0-502 mgm. (+) dsoleucine (Nutr. Bioch. Co .) ‘Zeokarb 225’ 
0:530 mgm. (+) isoleucine* (Mann Res. Lab. ‘Dowex 50’ 
0:546 mgm. 7(-+-) isoleucine* (Mann Res. Lab. ‘Zeokarb 225’ 


* Offered as ‘allo-isoleucine free’ 


It can be seen that two of the four analysed tso- 
leucine preparations consist of a mixture of the two 
stereoisomers isoleucine and allo-isoleucine. One 
sample, which contains no allo-ésoleucine, was offered 
as ‘allo-isoleucine free’. So certainly most of the 
commercial zsoleucine samples which give no indica- 
tions about their allo-isoleucine content (and probably 
all of the dl samples) will contain this allo-isoleucine 
in considerable amounts. 

Though it is known that out of the four stereo- 
isomeric zsoleucines only one (1-isoleucine) can be used 
by the organism’, the allo-ésoleucine content of the 
commercial zsoleucine is often neglected in human 
and animal feeding experiments with isoleucine. ` 

We also studied the influence of acid hydrolysis, 
-a8 used in the analysis of proteins’, on the stereo- 
chemic configuration of (+) dsoleucine. 

We found that hydrolysis with 6 N hydrochloric 
acid does not change the configuration of isoleucine. 
This could be demonstrated by boiling a sample of 
esoleucine free from allo-isoleucine (Mann Res. Lab.) 
for 22 hr. in 6 N hydrochloric acid followed by 
chromatography on ‘Zeokarb 225’. The results were : 


Applied 
Allo-isoleucine 
0:394 mgm, KE) isoleucine Mann (Hydr. J) — 
0:134 mgm. Z{ +) isoleucine Mann (Hydr. II) — 


Found 


‘There was only one peak, in the isoleucine position, 
and the żsoleucine recovery was nearly quantitative. 
No racemization to allo-isoleucine took place under 
these conditions. 

In the chromatographic analysis of protein hydroly- 
sates following acid hydrolysis according to Schram!, 
the values for isoleucine and methionine are not 
influenced by allo-csoleucine formation. 

Anna W. I. van Dam-BaxKur 

Central Institute for Nutrition 

Research T.N.O., Utrecht. 
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Found 
Allo-iso- 


0-103 mgm. 0-108 mgm. (Fig. 1,4) 
0°132 mgm. 0-831 mgm 


0:871 mgm. (= 94 per cent) 
0-130 mgm. (= 97 per cent) 
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Enzymic Synthesis of 
Nitrogen-containing Disaccharides 
by «-Galactosyl Transfer 


SEROLOGICAL and enzymic inhibition tests with 
simple sugars and oligosaccharides of known structure 
have in recent years given valuable indications about 
the sugars which are most important for specificity 
in the complex mucopolysaccharide materials pos- 
sessing blood-group activity. Di- and tri-saccharides 
of known structure which are composed of the sugars 
present in the blood-group substances are required 
in order to extend these observations ; the enzymic 
syntheses of two such disaccharides which have not 
previously been described, «-D-galactosyl-(1>6)-N- 
: acetyl-p-glucosamine 
(1) and «-p-galactosyl- 
(1 > 6)-N - acetyl-p-gal- 
actosamine (2), are re- 


Isoleucine 
leucine 


0-095 mgm. i mgm (Fig. 1,8) ported here. 
— s m . = bf 
— 0-616 mgm. (Fig. 1,0) Synthesis of 6-linked 
— 0-504 mgm. disaccharides contain- 


ing amino-sugars was 
achieved using B-galactosidase preparations from 
L. bifidus var. Penn? and E. coli®, For the present 
work the «-galactosidase which occurs, with many 
other glycosidases, in saline extracts of auto- 
lysed Trichomonas foetus organisms? was used as 
the synthesizing enzyme. Chromatographic ex- 
amination of the reaction mixtures obtained when 
melibiose or phenyl-«-galactoside were incubated 
with T. foetus extracts in the presence of large quan- 
tities of D-glucose, D-galactose, D-mannose, N-acetyl- 
D-glucosamine or N-acetyl-p-galactosamine revealed 
the formation of reducing disaccharides which were 
absent from the mixture before incubation ; these 
disaccharides had presumably been synthesized by 
the enzymic transfer of the «-galactosyl residue from 
melibiose or phenyl «-galactoside to the second sugar 
present in the reaction mixture. In the digests 
containing amino-sugars higher oligosaccharides, 
which gave positive reactions in tests for N-acetyl 
hexosamines, were detected in addition to the 
disaccharides, when melibiose was used as a substrate. 
In view of the possible use in blood-group studies of 
the disaccharides containing N-acetylglucosamine 
and N-acetylgalactosamine these 
two compounds were prepared on ẹ 
larger scale for isolation and ident- 
ification. Melibiose (5 gm.) and N- 
acetylhexosamine (3 gm.) in 50 ml. of 0:1 M phos- 
phate buffer pH 6-8 were added to 50 ml. of a freshly 
prepared T. foetus extract and incubated for 18 hr. at 
37°, The two disaccharides (1) and (2) were separated 
from their respective reaction mixtures by chromato- 
graphy on charcoal : ‘Celite’ (1:1) columns; each 
was finally obtained as an amorphous white powder 
which gave only one spot when examined chromato- 
graphically in three different solvent mixtures. The 
yields were about 600 mgm. of the compound con- 
taining N-acetylglucosamine, disaccharide (1), and 
about half this amount of disaccharide (2). The high 
positive rotations ((1)[a]p + 118°; (2) [eJp + 142°) 
supported the belief that the disaccharides possessed 
o-linkages. 

Chromatographic evidence for the constitution of 
the disaccharides is as follows: enzymic hydrolysis 
showed that each contained galactose and an N -acetyl- 
hexosamine. Reduction with potassium borohydride 
demonstrated that the compounds were galactosides 
because on hydrolysis of the reduced disaccharids 
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both (1) and (2) gave galactose and the alcohol of 
the amino-sugar component. In amyl alcohol: 
dioxan : water : acetic acid (43 : 34: 23 : 0-6) solvent 
mixture, compounds (l) and (2), (Eglucose values 
0-68 and 0-65 respectively), ran slightly faster than 
8 - galactosyl-(1>6)-N-acetylglucosamine® (Ltgiucose, 
0-61) and more slowly than ß-(1—>3)-° or B-(1-4)-? 
galactosyl-N-acetylglucosamine (Agiucose, 0°75). An 
-compound would be expected to run slightly faster 
than the corresponding §-compound, and this beha- 
viour therefore suggested that (1) and (2) contained 
a-(1->6) linkages. This suggestion was supported by 
the colour reaction given with the benzidine—tri- 
chloroacetic acid spray reagent®. The two new 
disaccharides each gave a purple-brown spot which 
was similar in colour to that given by the 8-(1—6) 
compound, but which differed markedly from the 
golden-brown colour given by the 6-(1—4) compound 
and the greenish-brown colour observed with the 
B-(1—>3) disaccharide. On spraying with alkali 
followed by Ehrlich’s reagent? (p-dimethylamino- 
benzaldehyde) (1) and (2) both gave a purple colour 
indicating a (1-8) or a (1—6) linkage since N-acetyl- 
hexosamines which have no free reducing group, or 
which are substituted at C-4, fail to react with this 
reagent!®, Pretreatment of the disaccharides with 
0:05 N sodium carbonate for 4 min. at 100° before 
the chromatograms were run resulted mainly in the 
formation of the disaccharide chromogen without 
decomposition into the component sugars; this 
behaviour is similar to that of the B-(1—6) com- 
pound?! and differs from the ß-(1—>3) which when 
heated under identical conditions is hydrolysed 
completely and gives only the chromogen of N-acetyl- 
glucosamine. The chromatographic evidence there- 
fore points to the identification of (1) as «-galactosyl- 
(1—6)-N-acetylglucosamine and (2) as «-galactosyl- 
(1->6)-N-acetylgalactosamine. The results of period- 
ate oxidation experiments were consistent with these 
structures since each compound rapidly consumed 
three molecules of periodate during the first hour of 
oxidation with a further uptake of three molecules 
during the next 24 hours, as would be expected for a 
galactosyl-(1—>6)-N-acetylhexosamine. 

A full account of this work, including the behaviour 
of these disaccharides in serological inhibition tests, 
will be given elsewhere. 

I am indebted to Dr. Muriel Robertson for generous 
supplies of T. foetus organisms. 


WINIFRED M. WATKINS 


Lister Institute of Preventive Medicine, 
Chelsea Bridge Road, 
London, S§.W.1. 
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Peculiar Distribution of the Diego 
Factor among the Warrau 


Tar Warrau are a tribe of South American Indians 
occupying the Orinoco delta and the adjacent. 
swampy regions of the coast of British Guiana. They 
have been living in this region since prehistoric times. 
Being a group of about 9,000 people with a culture 
fundamentally marginal, they belong to the earliest 
inhabitants as yet traceable in South Americal. 

Two different expeditions were undertaken to the 
Orinoco delta, in the course of which blood samples 
were collected from two different Warrau com- 
munities: Guayo and Winikina. Genealogical and 
demographic studies which were executed after we 
had studied the blood of the Guayo—-Warrau group 
made us suspect that these Indians had some admix- 
ture with other Indians, a fact which we then 
expected to account for the low incidence of the 
Diego factor among this group. Our expectations 
were realized after we had tested the Winikina. They 
are a subgroup stemming from a Warrau subtribe 
which has-been living in complete isolation until very 
recently. 

The present communication is based on 153 blood 
samples which we had the opportunity of collecting 
among the Warrau. Genealogical tables at our 
disposal proved the individuals not to be related with 
each other. As stated above, the samples were taken 
from two different Indian communities which are 
separated from each other by a distance of about 
100 km. 

Table 1 shows the incidence of ABO, MN, Rh, 
Duffy and Diego systems of both populations. The 
blood samples of the Winikina group were also tested 
with anti-U and anti-T} sera. 

The frequencies of ABO and Rh, grouping as listed 
in the chart proved to be in general accordance with 
previous findings?. The frequency of the fy* gene 
coincides with its high occurrence among most of 
the American Indians. It was a surprise, however, 
to find both populations with a low incidence of the 
gene M. So far, the Warrau seem to be the only 
tribe of American Indians known to carry the gene 
M in such a low percentage*. The U and Tj? antigens 
were positive in all samples of the Winikina subtribe. 

The outstanding result of this study was the low 
incidence of the Die antigen among the Guayo- 
Warrau and the complete negative finding of it 
among the Winikina-Warrau. The very low occur- 
rence in the first group and negative incidence in the 
second group cannot be explained by interbreeding | 
with caucasoids or negroids (among whom the Dia 
antigen was found to be absent)! because the Warrau 
tested have a frequency of 100 per cent of gene O 
and a negative incidence of the cde and cDe chromo- 
somes. Jt is reasonable to assume that the Diego 
antigen originally has been absent among these 
Indians and that the positive cases in the Guayo-— 
Warrau were introduced by admixture with Indians 
carrying the gene; such as the Arawak and Carib, 
with whom the peripheral Warrau have been in 
contact since prehistoric times. 

Besides the Eskimos’, the Warrau are the second 
American tribe which so far seem to lack the Di® 
antigen. 

Since the incidence of ABO, Rh, Duffy and other 
blood groups in a great number of American Indian 
tribes has not shown any significant difference, it is 
very difficult to determine the interbreeding of two 
or more tribes from the point of view of blood group- 
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Table 1. 
ABO system 


Phenotypes 
(per cent) 


Warrau 
sub-tribes 


No. 
tested 


(per cent) 
M MN 


28:39 44-44 
15:27 43-05 


Guayo 100 
Winikina 100 













ing. However, the peculiar incidence of the Diego 
factor (negative in two, low or high in others‘) makes 


it likely that this antigen could be used in future: 


work to determine the rate of interbreeding among 
them. It is probable that such variable frequency 
might occur also in Asiatic mongoloid populations. 
MIGUEL LAYRISSE 
TOLIO ARENDS 
JOHANNES WILBERT 
Centro de Investigaciones, 
Banco Municipal de Sangre, 
and Sociedad de Ciencias Naturales La Salle, 
Caracas, Venezuela. Aug. 2. 
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Hæmoglobin E and the Diego Blood 
Group Antigen in Sarawak and Burma 


A CONSIDERABLE number of simple genetical 
characters—blood groups and hæmoglobins—are 
known which distinguish between negroids and 
caucasoids, but very few have been found which 
are characteristic of mongoloids. The genes for the 
Diego (Di!) blood-group antigen and for- hemo- 
globin E seem, however, to fall into the latter category. 

Hemoglobin E is characteristic of the peoples of 
south-east Asia and, as has been shown in preliminary 
surveys’*, the Burmese have the highest known 
frequency of carriers in the population (15-3 per cent, 
mainly heterozygotes). With the Burmese may be 
classed the Siamese? with 13-6 per cent, and the 
Malaysian Malays from eastern Malaya‘ with 13-1 per 
cent. A second group with lower frequencies includes 
the less-pure Malaysian Malays from other parts of 
Malaya* (5-0 per cent), the Indonesians’ (2-6 per 
cent), and the Veddas' of Ceylon, the Bengalis* and the 
Gurkhas’, among whom only a few instances have 
been recorded. Among the Chinese, however, ex- 
tensive surveys have so far failed to show any 
hemoglobin E at all. Relatively little work has been 
done on the hemoglobins of American Indians, and 
no abnormal hemoglobins have been reported in 
those of unmixed ancestry. 

The Diego blood-group antigen was first found in 
a Venezuelan man*, later shown to be probably partly 
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MN system 
Phenotypes 


27:16 
41-66 
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Duffy system 


Phenotypes 
(per cent) (per cent) (per cent) 


N M N Fy(a +) Fy(a—) | Fye Fy 
50-61 49:38 91-35 8°64 97-07 2-93 
36:79 i 63:18 97 22 2-77 98-34 1°66 


Genes Genes 


Rh system Diego system Tje factor U factor 
—]| e f aeea aa ae o | e e aea n | e aaa 
Warrau Phenotypes Chromosomes Phenotypes Genes Phenotypes | Phenotypes 
sub-tribes (per cent) (per cent) (per cent) (per cent) (per cent) (per cent) 
CODE CCDee CcDE CcDee eccDE| CDE CDe cDE Di(& +) Di(a—)| Dis Di |Tji@+)Tji(a—)| U(+) U(—) 
Guayo 2°46 45:67 45°67 3°70 2-46 1:79 67:58 30°63 8:69 96°31 | 1:9 98-1 Not — Not — 
tested tested 
Winikina 11-11 44°41 38-88 2:77 2:77) 7:89 66°62 25-49 0 100 0 100 100 0 
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of South American Indian ancestry®. Owing to the 
absence of the antigen from any of the white North 
Americans tested it was at first regarded as a rare 
familial one, but it was afterwards found to be 
common in Venezuelan Indians?’ and, later, in other 
populations. Layrisse and Arends!® have recently 
reviewed the literature ; combining data from papers 
cited by them and from other papers! we find the 
antigen to be present in 21 per cent of South American 
Indians, 10 per cent of North American Indians, 
14 per cent of Japanese and 5 per cent of Chinese. It 
was not found im surveys covering 2,600 caucasoids 
of various nationalities, but was discovered in a Pole!? 
whose wife developed the corresponding antibody 
through pregnancy immunization. No one with the 
antigen was found among 35 American Negroes, 
156 Eastern Canadian Eskimos, 80 Eastern Poly- 
nesians, 162 Australian Aborigines, 23 Eastern 
Papuans and 74 natives of New Britain. 

We have recently examined 185 specimens from 
Sarawak, 101 from Land Dyaks and 85 from Sea 
Dyaks (Iban). The Land Dyak specimens were 
collected from six separate longhouses (villages). The 
Sea Dyak ones were from recruits to the Sarawak 
Regiment, coming from numerous longhouses. So 
far as possible first degree relatives of other sub- 
jects tested were avoided. When they were examined 
for abnormal hemoglobins all those from Sea Dyaks 
and all but one from Land Dyaks were found to 
contain only normal adult hæmoglobin (hemo- 
globin A). The exception contained 73 per cent 
of hemoglobin A and 27 per cent of a hemoglobin 
having the electrophoretic properties of hæmo- 
globin E. The proportion of the hemoglobin-A, 
fraction, present in minute amounts in normal blood 
and electrophoretically indistinguishable from hemo- 
globin E, is raised in thalassemia'*. In the present 
instance, however, foetal hamoglobin was absent, the 
red cells were of normal appearance, and, as already 
indicated, the proportion of apparent hemoglobin E 
was more than 20 per cent. From these facts, and 
the considerations put forward by Aksoy, Lelimann 
and Lie-Injo Luan Eng™, it is virtually certain that 
the sample came from an AH heterozygote and not 
from a case of thalassemia. 

All the Sea Dyak specimens were tested for the 
Di#-antigen, the results all being negative ; most of 
them were tested for other blood-group antigens as 
well. Only 61 of the Land Dyak specimens were 
in @ suitable state for blood grouping, and three of 
these were found to carry the Di#-antigen. The full 
blood grouping results will be published separately. 
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We have also recently carried out a study of the 
hemoglobins and blood groups of the Burmese, the 
full results of which will be published separately. 
Some preliminary hæmoglobin results? have been 
mentioned above; the full series shows the even 
higher frequency of hemoglobin-E carriers of 16-3 per 
cent. When the main samples were collected, how- 
ever, we did not have any anti-Di® serum and we 
have, therefore, more recently tested a further ten 
specimens with this serum, with one positive result. 

The two characters under consideration, though 
both, broadly speaking, are confined to mongoloids, 
have quite different distributions. The Burmese are 
at or near the centre of the highest frequency of 
hemoglobin EH, but apparently on the western fringe 
of the distribution of the Diego antigen. The Land 
Dyaks, however, from the point of view of the two 
characters under consideration, may perhaps be 
regarded as transitional, lying near the eastern margin 
of distribution of hamoglobin E but probably, like 
the Burmese, near the western margin of the Diego 
area. 

The main Diego centre appears to be much farther 
east, but despite the small numbers tested, our results 
extend its known area of distribution considerably 
westward. It is clearly an important indicator of 
mongoloid ancestry, but its very high frequency 
among South American Indians and its apparent 
absence among Eskimos are surprising features which 
suggest that it may perhaps turn out to be an index 
of earliness of dispersal from some centre of mongoloid 
evolution. It is important that tests for this antigen 
should be carried out on many more Asiatic and 
Pacific Island populations as well as on larger numbers 
of Eskimos from all parts of the extensive territory 
in which they live. In particular, its possible extension 
to the west of Sarawak and Burma needs to be sought. 

We are greatly indebted to Dr. E. Witebsky for 
the serum used in our tests. 

M. J. COLBOURNE 

Government of Sarawak and 

World Health Organization 

Malaria Pilot Project, 
Medical Department, Kuching, Sarawak. 
ELIZABETH W. IKIN 
A. E. MOURANT 
Blood Group Reference Laboratory, 
Lister Institute, London, S.W.1. 


H. LEHMANN 
H. THEIN 
St. Bartholomew’s Hospital, 
London, E.C.1. Aug. 8. 
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Passage of Serum Albumins from the 
Mother to the Foetus 


Ir has long been recognized that mammals transmit 
antibodies to their young before the latter are capable 
of making their own. In current opinion, antibodies 
are accorded a special status denied to other proteins, 
and indeed to macromolecules generally, for only anti- 
body protein is generally conceded to pass through the 
layers of cells separating the maternal and foetal circula- 
tions without undergoing metabolic degradation. 

In the rabbit, antibodies are passed to the young 
during intra-uterine life, a transfer which occurs 
mainly, perhaps exclusively, via the yolk sac rather 
than the placenta. Even before a circulation has 
developed, all the main plasma proteins identified by 
electrophoresis are present in the yolk-sac fluid, 
having presumably been transferred as proteins from 
the maternal blood. The fate of these proteins, 
whether they are degraded in the yolk sac or after- 
wards passed into the embryonic blood or tissues, 
is not known. However, preliminary experiments 
indicated that bovine serum albumin, or some 
material of simular antigenicity, appears in the foetus 
within twenty-four hours after intravenous injection 
of the protein into the mother on the nineteenth day 
of gestation?. We have now confirmed this with both 
bovine and human serum albumins, and have found 
that proteins retain their original electrophoretic 
characteristics after passage through several layers 
of maternal and foetal tissue. Our observations also 
indicate that serum albumin can pass directly from 
the uterine lumen into the exocoele, by-passing the 
circulation of the yolk sac. 

Dutch rabbits (2-2-7 kgm. body-weight) were 
injected intravenously on the nineteenth or twenty- 
fourth days post coitum with 62:5 mgm. of albumin 
per kgm. body-weight. Samples of maternal and 
foetal blood, and of various other foetal fluids, were 
taken with the aid of ‘Nembutal’ and ether at l, 6, 
24 and 48 hr. after injection. Maternal blood was 
taken from a uterine vessel, foetal blood from a 
vitelline artery or the heart. The foetal membranes 
were rinsed with warm saline, dried at one point so 
that a fine capillary showed no uptake of fluid, and a 
pipette inserted at the dry point. All fluids were 
centrifuged to remove cells and tested in two-fold 
dilutions with specific rabbit antisera. Samples of 
the foetal fluids were subjected to electrophoresis on 
Whatman No. 1 filter-paper strips in veronal buffer 
(pH 8-6, u 0-1) for 16 hr. at a constant current of 
30 m.amp. One strip was stained with bromphenol 
blue, and segments of a duplicate strip were squeezed 
out and the fluids tested with antisera. 

Substances with the antigenicity of bovine and 
human albumins were regularly found in the fetal 
sera and migrated with the original mobility of these 
proteins in close proximity to the fetal albumin 
(Fig. 1). Since these substances also formed precipi- 
tates with their specific antisera, it is highly probable 
that the two albumins were not greatly modified as 
a result of their passage from the mother to the 
foetus and through the several foetal compartments. 

The albumins were detectable as early as one hour 
after injection of the mother and generally increased 
in concentration during the first 48 hr. (Fig. 2). 
Blood samples taken at 24 and 48 hr. consistently 
showed higher titres for the human albumin. This 
is in accord with the work by Brambell and his 
associates on the passage of human and bovine anti- 
bodies in the rabbit and support their suggestion of a 
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‘ig. 1. {Paper electrophoresis patterns of fluids from foetal rabbits 
ter injection of human or bovine serum albumina into pregnant 
females on the nineteenth or twenty-fourth days of gestation. 
Fractions under each pattern indicate titres for the foreign 
proteins, obtained from duplicate strips cut inte segments (vertical 
dines), A dash indicates negative titre with footal fluid diluted 1/2. 
zo The volume of fetal flaids subjected to electrophoresis and the 
=i proteins injected into the mother are: d, serum, 40 ul., buman 
~~ albumin, 24 days gestation ; B, stomach contents, 100 al., human 
- albumin, 24 days gestation; C, exocoel fluid, 200 nl., human 
- albumin, 19 days gestation; D, serum, 40 gl, bovine albumin, 
24. days gestation; H, amniotic fluid, 100 al, bovine albumin, 
24 days gestation; F, allantoic fluid, 300 pl., bovine albumin, 24 
: daya gestation 











Fig. 2. Foreign albumins in maternal and fcetal fluids at 1, 6, 24 and 48 hr. after intras 
-venousinjection of the mother. Titres for human albumin (black bars) and bovine album in 
(white bars) were obtained with antisera showing a titre of 1 21,024 when. tested wit! 
‘standards containing 1 mgm. alpuminjml. Each bar represents the average of three t 

l seven samples, <A cross indicates no sample tested Pay ibe 
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footuses these compartments showed little or no A 
foreign protein, whereas the older ones usually had > 
titres as high as, or frequently exceeding, those of the — 
blood. Whatever the means by which the proteins —__ 
enter or leave these compartments, it is apparent that 
a radical change in the permeability of the fetal 
membranes must occur between the nineteenth and 
twenty-fourth days of gestation. SOE Ie 
When the vitelline vessels were ligated before 
injection of the mother, the foetal blood showed only 
traces of foreign albumin; titres in the other fetal 
compartments were essentially unaffected. It. is- 
apparent that albumin, like antibodies, must to a 
large extent pass from the maternal into the foetal 
blood via the vitelline vessels. On the other hand, 
the albumins can enter the exocoele and other — 
compartments without the participation of a fune- 
tional yolk-sac circulation. Direct passage into the 
exocoele is also supported by the observation that 
exocoele titres at one hour after injection wer 
quently higher than the blood titres, and in some 
instances the exocoele fluid was positive wh 
blood was still negative. The importance o 
exocoele in the transfer of antibodies was ind 
by the recent work of Brambell and Halliday 
passage of anti-Salmonella into the rat foot 
to term. These antibodies appear to pass succes: 
from the uterine lumen into the exocoele, 
cavity, stomach and blood. Such a pathwe 
the possible exception of entry into the 
consistent with our findings on the albumin 
24-26 day rabbit fœtus, but not in the 19 
foetus, in which the amniotic and stomach- 
showed no foreign protein or only traces at bès 
both stages, however, the exocoele and the yolk 
vessels seem to serve as primary reservoirs: for 
albumins taken up by the yolk sae. E 
A. M. SCHECHTMA 
K. C. ABRAHAM 
Department of Zoology, E 
University of California, 
Los Angeles 24, California. Sept. 24. 
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from rabbit lymph with antigen i vitro. 
‘We used the method of cell transfer t 


$ responset, 2-4 ml. of lymph were collected under 


sterile conditions from the cisterna chyli of adilt 
With three exceptions, — 


os - rabbits (1,500-3,000 gm.). 
-x ¢ells from each donor separately were washed three 
times with Hank’s solution, suspended in 1-2 ml. of 
= this solution and mixed with bacterial antigen (to 
Brucella suis, Salmonella paratyphi B) in the propor- 
tion of 2—6 microbes to each cell. 2 x 10° to 80 x 108 
“wiable. cells (according to the trypan-blue test) were 
injected intraperitoneally into each recipient. The 
differential counts of ethanol-fixed smears stained 
with methyl green—pyronine from thirteen donors 
< showed the following estimate of the constitution of 
transferred lymph: blasts (probably lymphoblasts) 
8-78 + 0-95 per cent; prolymphocytes 17-41 + 
- 1-13 per cent ; lymphocytes 72-59 + 1-38 per cent ; 
macrophages. and monocytes 0-76 +- 0:22 per cent ; 
granulocytes 0:46 -t 0-17 per cent. In five recipients 
splenectomy was performed 5 hr. before cell transfer. 
In order to exclude possible participation of the 
recipient's tissues and to enable quantitative analysis 
of cell changes, in some cases the lymph cells in 
Hank’s solution were transferred in diffusion chambers 
‘Plexiglass’ cylinders with bases of ‘Millipor’ mem- 
branes of 0-8-u porosity, content 0-4-0-6 ml.). These 
chambers were placed in the peritoneal cavity of 

z recipient rabbits under ether anæsthesia. 
Co New-born rabbits of the same litters served as 
=o eontrols. They received : 
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attained after 5-8 days. 


antibody titre. Results on splenectomized animals 


Cells in a diffusion 


to cells localized in the spleen. 


titres inside the chamber (20 days, 1 : 16). 





formation. 
Other animals were examined histologically. 


few. days. 





| An attempt was made, therefore, to obtain — 
antibody. ‘production after contact of lymphocytes ced 


to 2--5-day-old: i: 


e rabbits, which. are not capable of active antibody | hen Na 


layers of transferred cells. 


j (1) isolated spleen cells 

coc with antigen under the same conditions ; (2) lymph ` 
cells without antigen ; (3) cell-free lymph supernatant 
with antigen and (4) antigen alone in corresponding 
quantity. Thirty-two test animals and thirty- -one oo 


: It was found that after transfer of lymph cells, 
tibodies s appear in about 90 per cent of intact 
pients (Table. 1) after 2-4 days, the peak being — 

There is a direct relation — 


: Harris, T. N., ae 
ee White, A., Dougherty, T, F., ‘Ann, NY. Acad, Aci., 48, 859 (1946). oo 
between the quantity of- transferred cells and oao Wesslén, T., Acta Dermato-Venereologica (Stockholm), #2, 265 (1952). E 

3 ‘Bteral, J., Folia Biologica ee 8, 1 (1957). ee 
suggest that, after direct injection of cells into the — 


peritoneal cavity, antibody formation is due mainly | | 


chamber give relatively lower titres in the serum, but —_ 
antibodies persist for a longer period and in higher - 
Spleen- ` | 
cell transfer results in 100 per cent antibody mice against intracerebral infection could be washed 
Pro- | 
liferation of the lymph cells injected directly occurs - 
chiefly on the omentum and in the spleen within a in 
A prompt reaction of macrophages - 
develops, together w with as Srcaania and fibrous ae 
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> 75. x “ioe cells in two cases 


formation in the surrounding area. Clumps of 
immature and mature plasma cells and pyroninophil 
reticular cells are formed in the marginal zones of 
The average spleen weight 
in test. animals from the fifth to the twelfth day w 
transfer is 1:336 +. 0-104 gm./kgm. (ten rabbits), in 
controls with antigen only 0-939 + 0-098 gm. ‘legen. 
(ten rabbits). In the chambers during the initial 
proliferation a rapid fall in the number of blast cells 
and shedding of cytoplasm of lymphocytes was. 
observed... There is a definite increase in macrophages 
(22 per cent in 8 days), pyroninophil cells resembling 
reticular cells (up to 1-6 per cent), immature and 
mature plasma cells (up to 3-2 and 4 per cent in- 
4-8 days), cells crowded with Russel bodies and 
eosinophil crystals (up to 28-8 per cent in 8 days). 
In controls without antigen a slight degree of plasma 
cell development occurred. After 45 days, only 
macrophages and eosinophil crystals can be found in. 
the chambers. Details will be given elsewhere. 

It is concluded that lymphocytes from cisterna 
chyli can form antibodies after transfer to new-born 
animals, the metabolic change being connected or 


followed by morphological transformation of some. 
‘of the less-mature cells into the macrophage and: 
-plasma-cell types which, however, may not be - 
TA ponibio for the amount of antibodies formed. 


Maoa Honea. 
Division of Immunology, 
Institute of Biology of the 


i Czechoslovak saan of Science, 


Prague, 6 
and Harris, 8., J. Exp. Med., 90, 169 (1949). 


‘Surface Antigens of Haemophilus pertussis 
Ir has been shown by Frappier and Guérault}.? 


‘and Frappier, Guérault and De Repentigny’, shat. 


the antigen of Haemophilus pertussis which protects. 


off the bacteria by saline (0-85 per cent sodium 
. chloride). : 
AN as an indicator. of the efficiency of vaccines 


As this protective effect in the mouse is | 


protecting children against whooping-cough it- 


would appear that saline washings afford a ready 
ene of Obiang + the Ee atn of the as 













uid modium, ‘ny woro kahest a devoid 






bbits. 
We have in general confirmed these findings using 
vultures from Bordet Gengou (BG) medium. Further 
ybservations showed that washings contained the 
staminoe sensitizing factor of H. pertussis and that 
bbit antiserum. pr epared against washings neutral- 
zed the histamine sensitizing factor and protected 
ice passively against intracerebral and intratracheal 
nfection with H. pertussis. 
: The properties enumerated for washings were 
jemonstrated also with an extract of H. pertussis 
btained by treating the organisms with a mixture 
i of solvents, consisting of thiourea, urea and forma- 
< mide, according to a method employed by Dr. B. W. 
< Lacey (personal communication). The extract so 
. obtained had a high protective value for mice. 
Extraction by a mixture of thiourea, urea and 
: formamide removed more material than treatment 
with saline. The dry weight of the extract was 
greater than that for washings. Extracted bacteria 
were devoid of the histamine sensitizing factor 
whereas it was present in saline-washed bacteria. 
Although extracted bacteria still had agglutinogen 
and protected mice against intra-cerebral challonge, 
-rabbit antiserum prepared against them was weak in 
-passive protection of mice. 
These findings raise the problem of the identity of 
the immunizing antigen of H. pertussis and its possible 

‘relationship with the histamine sensitizing factor or 
‘agglutinogen. The absence of the histamine sensitiz- 

ing factor in extracted bacteria which retained their 

"agglutinogen and their ability to protect mice 
{although probably somewhat reduced) might be 
interpreted as dissociating the antigen responsible for 

histamine sensitization from the agglutinogen and 
immunizing antigen. This may eventually be proved 
to be the case; but the result just noted could be 
due to differences in the threshold for detecting 
-different biological effects rather than the operation 
of different entities. 

We have found that serum from persons hyper- 
“immunized with commercial pertussis vaccines con- 
“tained anti-histamine sensitizing factor as well as 
agglutinin and mouse protective antibody. 
se For chemical examination of the antigens con- 
xd it is desirable to prepare washings or extracts 
free as possible from extraneous material. With 
medium bacterial growth was contaminated with 
genic material from the medium as was demon- 
ted by precipitin reaction in agar gel. This 
ice of impurity was reduced by growing cultures 
‘Cellophane’ disks applied to the surface of BG 
edium, and this technique has been adopted through- 
it our investigations. In cultures grown on bare 
medium the histamine sensitizing factor diffused 
the medium, but this was largely prevented by 
ing ‘Cellophane’. Bacteria grown on ‘Cellophane’, 

washings from them, had more histamine sensi- 

g factor than was obtained from growth on the 
sare. medium. Some mouse protective antigen 
caped into the medium without ‘Cellophane’, and 
his too was avoided if ‘Cellophane’ was used, but 
he amount was not enough to make a detectable 
{ference in the capacity of the bacteria to immunize 
ice against intracerebral challenge. 
These findings suggest that the histamine sensitiz- 
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had pe abeorption spectrum ader to are ge 
teins. The dialysed washings retained their 














Panar chromatography of E ie Ob: 
dialysed washings and extract showed an amin 

composition typical of proteins. Glucosamin often oo 
present in protein-lipid-carbohydrate complexes of _ 
bacterial origin was also found. Freeze-dried prep- 
arations gave a total nitrogen value of 9-5-14. per: 
cent. Reducing substances accounted for 5-10 pe 
cent of the weight of dialysed extract. Small amounts 
of glucose and galactose were detected. These results 
were consistent with the presence of a protein-lipid~ — 
carbohydrate complex in the dialysed washings: or : Ge 
extract. Be 
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Antigenic Formule for the Genus a 
Clostridium 


ANTIGENIC formule for Clostridium sioregme ae 
Clostridium histolyticum and Clostridium parabotulin. 
um were devised by Mandia and Bruner! and by 
Mandia*‘. These wore restricted to the heat-labile 
antigens and excluded the O- and the spore : F pni 
antigens. AEs 

It is, however, no longer possible to ignor 4 
antigenicity of the spore which was demonstri 
Dofalle* as early as 1902. Howie and Cruic 
confirmed this antigenicity with a relativel 
suspension of Cl. sporogenes, and laid dov 
principles of setting separate spore and veget 
antigen-antibody systems. 

These principles have been used for devisii 
and vegetative agglutination and agglutinin-abs 
tion tests, using 37 Clostridium septicum | 
Clostridium chauvoei strains isolated in - 
France and the United States. The two organisr 
appeared to share a common spore (S)-antigen 
no cross-agglutination occurred between th 
tative antigens. All Cl. chauvoei strains sha 
same O-antigen, but possessed two different H- 
There was complete identity between the O-an 
of types I and III and types II and IV of Cl. sept 
and varying cross-agglutination, but no aggluti 
absorption, between their 5 H-types. 

These results explain earlier contradicting repo 
on varying cross-agglutination between Cl. septicu 
and Cl. chauvoei. The antigenicity of the sp 
previously attributed to the vegetative form 
doubt depended on the degree of sporulation 


























































ostr idium should be firraly ‘based on 
aracters. , These | are ee most reliabl j, 
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An Improved Technique for Spot Testing, © 


using a ‘Cellophane’ Membrane 
Ir the eoloured compound in a spot test is allowed 


a to form within a ‘Cellophane’ membrane instead of 
< on filter paper, the colour can be seen much more 


clearly; and colour comparison is greatly facilitated. 


_.- Phe procedure is described below for the formation 
of salicyloylhydrazones by aldehydes and ketones, 
but is of general application. 


_A test-tube containing a few drops of the carbonyl 


-compound (Gf it is volatile) is covered with a sheet 

_ of ‘Cellophane’ previously moistened with 5 per cent. 
cetie acid, and the ‘Cellophane’ is firmly — 
ith a rubber band. A drop of a saturated. 
f salicyloylhydrazide in 5 per cent acetic 
, on the ‘Cellophane’, through which. it- 
to meet the carbonyl compound pene: — 
Inter- 
-- behind, so that the amplitude of a second generator 






m the other side by volatilization. 
ma non-volatile substances is avoided, and, 
rolatile substance is virtually sealed i 
ion of neighbouring tests is prevented, 
gent can be removed by simply wiping 
rface of the ‘Cellophane’ with a damp 





thod can be sa for non-volatile E R 
pile , oxoster oids, by placing a 5 per cent 
ic. acid solution of them in the ‘Cello- 
pped tube. The test-tube is inverted: so 
ower surface of the ‘Cellophane’ is wetted, 
rof reagent. put on the top surface as before 
iew -fechnique can be applied to all colour 





















propagated. potentials. In order to analyse generator 
potentials it is desirable to block the propagated 


refractory period of generator and propagated events. 





= deformation of the receptor occurs during the refrac- 
i: poy period of the propagated potential. iS 





only response to mechanical stimuli. 
-increases as a function of stimulus strength, withou 





















-related to the time elapsed after the first. 
the propagated potential, the generator potent 


of a refractory generator potential is inversely 
related to the magnitude of the preceding generat 


left by a preceding propagated potential. . 
example, the amplitude of a generator potentia 
‘in response to the second stimulus: belonging to 
pair of stimuli, remains the same whether preced 
by & generator potential or a four times great 


which take place in aqueous solution. 
avert ected ‘Cellophane’ must, of Course; be. 







< propagated potential. 


Pee ee equally large generator potential, the second goneratol 


mochano-receptors gives. rise to l 
which in turn eventually set up 



















saerta or potential 


potential. In the Pacinian corpuscle this may be 
lone by the aid of drugs, by changing the ionic | 
nvironment of the receptor! or, as here reported, by 
aking advantage of differences in duration of the 


Generator potentials alone- are obtained when the — 


Pacinian corpuscles of the cat's mesentery were 


isolated, together with a length of afferent axon*®, — 
and set up in a bath containing an oxygenated — 
~‘Krebs’s solution covered with mineral oil. | 
-electric activity of the sense organ was led off between < 
-the Krebs’s—oil interface, serving as fluid electrode, - 
‘and a platinum electrode placed on the axon at some _ 


The © 


distance from the corpuscle. For recording of- 


generator potentials, the interface was adjusted to 
50, 235 (1940). 


lay at the site of the axon’s emergence from the _ 
corpuscle. Graduable mechanical stimuli were 
provided by the deflexions of a piezo-electric crystal, 
applied to the corpuscle by a glass stylus’. The _ 
stylus’s movements were followed photo-electrically, - 
and were found to follow up-to 1,000 pulses/s. with & 
fidelity. z 

When two mechanical stimuli of threshold strength _ 
are successively delivered to the corpuscle at an 


interval longer than 10 msec. (relative refr actory — 
period), each stimalus causes the firing of a propagated 


potential. Upon progressive reduction of stimulus — 
interval the threshold for setting up a propagated | 
response rises*-§. At the same time, the propagated _ 
potential falls gradually to 75 per cent of its resting | 
magnitude, and finally becomes abruptly blocked | 
within the corpuscle. A non-propagated all-or-nothing | 
potential, presumably corresponding to activity of tho: 


-first intracorpuscular node of Ranvier, is then de- 
tected. : 
interval is progressively shortened, and finally vanishes _ 


This potential declines gradually as the 


leaving a graded potential (generator potential) as the 
This potential 


changes in latency. 
A generator potential leaves a refractory state 


potential falling on its refractory trail is directly 
Unhk 


decreases gradually to zero as the stimulus. interva. 


s progressively shortened, revealing no sign o 
absolute refractoriness. Furthermore, the amplitude 


esponse!,. However, the size of the genera 
potential is independent of the refractory state 
Fo 


Had tho latter been _ 


Bo E would ‘bave: become gonsiderably x reduced 
idence boty i 














































nd function 
a given stimulus interval the 
generator potential at which firing of p 

ntials occurs (firing height) is fairly 








constant. 


















etermine the threshold rise during the corpuscle’s 
lative refractory period. 
The generator potential set up in response to a 








The decay time is constant for a given receptor and 








she spontaneous decay of generator potential is not 







stimulation of the corpuscle at, for example; the rate 
of 900 stimuli per second a generator potential is 
built up which shows no decline over 100 msec. of 
_ observation. A mechanical component in adaptation’ 
_ may account for the spontaneous decline in generator 
| response. 

_. This work was aided by a grant from the Rockefeller 
_ Foundation. 
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Nerve Fibres: Apparent or Real ? 














wtefact cannot explain the apparent diameter 


de Renyi (1929). | 
It had occurred to me that the highly refractile 
lin sheath might act as a lens and magnify the 


on in the nodal regions. 
the same day I showed to the Society a lantern 






be 


single mechanical stimulus decays to zero in 4-8 msoc. 
independent of duration of stimulus: However, 


due to the receptor’s incapacity for sustaining - a 
generator potential, since with repetitive mechanical 


-IN a paper read to the Anatomical Society of 
reat Britain and Ireland on November 29, Miss B.. 
iggs, of the Royal Free Hospital School of Medicine, _ 
forward clear evidence that fixatives may affect. 
he relative diameters of a nerve fibre in the nodal 
d internodal regions. . Although readily accepting 
er findings, which provide at least a partial explana- 
n for the differences in axonal diameters seen in 
fixed material, it is obvious that such a fixation 


Nations recorded as existing in living nerve fibres _ 


ternodal portions of axon, making them seem 
ormally wide in comparison with the uncovered | 
To illustrate this point, 





he firing height increases progressively as the ` 
terval is shortened during the relative refractory = 
period. The increase in firing height and the reduc- E 
on in amplitude of the refractory generator potential 


and, in teased preparations, the myel I : 
virtue of this recoil mechanism, may caus 


without exerting a similar effect o 
axoplasm. — 


peripheral nerve and frequently a histogram is 
















Fig. 1 






and it is possible that ‘fixed’ myeli 
even higher refractive index and prodi 
magnification of the internodal portio 

Since nerves are extensile structure 
must possess the ability to recoil. This 
be invested, in part at least, in the my 
























shortening and broadening of the inte 













Anatomy Department, The University, 
Manchester, 13. A Re 
Dee. 9. 








QUANTITATIVE histological methods are employed m 
the. study of the myelinated fibre population of- 


constructed to demonstrate the myelinated fibro 
diameter size frequency distribution. For this 
purpose fibres are grouped according to calibre, 
based upon measurements of diameter of the whole __ 


fibre, including the myelin sheath. Within any fibre _ 


_ Variations in Axonal Diameters of Myelinated — are examined microscopically, measuremer 
: - diameter are affected by the optical prope 


sion medium ; and (ii) immersion medium 


following values for the effective indices oper 


tion of scale diagrams, showed that. th 


: images produced by the axonal margin lie 
-If the most lateral point on this curve is co 


as the immersion fluid and lecithin as the 
_ the optical properties of lecithin being ec 







group the relation of the axonal diameter to that of 
the total fibre is thought to be relatively constant. 
Thus, for fibres of 10-12y, the proportion of axonal 
to external diameter is usually considered to be 
0:7:1. This ratio was obtained by Donaldson and 
Hoke’, and later workers*.*, using stained transverse __ 
sections of fixed nerve, and by de Rényi‘ using intact, 
unfixed fibres. The results of both these techniques _ 
need correction, the former for distortion inherent in _ 
the fixation and subsequent processing, and the latt 
for optical effects. ae 

When fresh teased preparations of peripher 


























highly refractile myelin sheath and of th 
medium. At the mid-internodal regio 
problem is that of an axon within a cylinc 
lens of myelin surrounded by immersion 
interfaces to be considered are: (i) my 


‘Experiments were conducted using n 


those of the myelin sheath’, Determinat 
individual refractive indices of these medi 


the interfaces when considering an emerge 
interface i, 0-89; interface ii, 0-75. A 

Sample measurements made on a prepa 
mammalian nerve teased in normal saline 
diameter, llu; apparent axon diameter, 
receiving angle of the objective used, un 
conditions of the experiment, was 45°. T 
consideration of the myelin lens system 
appropriate refractive indices, involving th 


the 1 








gnification of the system is 20 | 










ig ather higher than that 

„and therefore the cor- 
vould be even lower. 
tio, at variance with 
| for fibres of similar 
preparations, receives 
‘from the work of 

<L. W.). Measure- 
al and external dia- 
yon made using thin ¢ 

















, 80 mfd. electrolytic 150 wv. 


Fig. 1. Electronic timeni i for solenoid valve 


Selenium rectifier 250 m.amp. 130 V. a 


ections of fresh, un- Cs ap ma R ER s WV, ae 6 a vi a 
aig Wfd. electrolytic wY. 250 ohms -5 watts- 
heral nerve. In such 6} 10 mfd. electrolytic 250 w.v. RR, 100 K.ohms watt 
pre parations, | using orthodox forms Cs a m: eren goi WY. Re ae ponm i N, mn oe 
4 i n CHBCLLOLY ELC WY. OMAS potentiometer i 
of illumination, fibres in the range 7" ‘Hammond 2698", 150-0-150 y, 6Y5 
oe 10-124 show a ratio of axonal Z ‘Guardian’ relay, 5,000 oie, PDT. V  2D24 
e bo external diameter of 0-45-0-60 : 
-1 (mean 0°51:1). However, preliminary observa- of the electronic switch (Fig. 1) is as follows. Firing 


tions” using interference and polarizing techniques 
ae indicate that even this ratio may need further reduc- 
tion. Details of the technique used and full results 

_ will be published elsewhere. 

i -The problem thus far has been simplified ; it is 

in fact much more complex. The ultra-structure of 
myelin, and thus its optical properties, vary’. In 


addition one must consider the possible effects of the 


- dmamersion medium on the properties of myelin, 

- The thickness of the myelin sheath varies not only 

with fibre diameter»? but also in different regions 

< of the same fibre. 

| eurvature are most obvious in the paranodal region®. 

It is hoped to evolve a correction factor of more 

: general PEO 
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C. P. WenDELL-SMITH 

epartment of Anatomy, 

's Hospital Medical School, 

ondon, 8. E.l. 
H., and. Hoke, G. W., 
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pa atus. for Stimulation of Insect 
ense-Organs- by Air Puffs ` 


imulation of the sensilla of the cerci- 
ta amen {cand L. by puffs of air. 
allows separate control of strength, 






| to the ‘point of application. 





Differences in thickness and. 







d Millington, P, F. J. Biophys. Biochem. Otol», 3, — 


a work on the relation of acetylcholine: to 
etivity in insects}? an apparatus was devised 


Since. the 


i and frequency of the puffs of air, it is felt. 
1ight find applications in other problems. — 
pparatus consists of an electronic switch con- 
solenoid valve through which compressed = __ 
A. pressure 


< University Sub-Post Office, 
line determines tho strongth of 
“duratic Pee l CON 


of the thyratron V, causes a surge of current through © 
the relay L, depressing the three contacts. This- 
activates the solenoid valve, charges condenser Ca 
cuts out. Va and allows C, (or C, or Ce according to 
the setting of S+) to discharge through L. The relay 
armature remains in this position for a period 
determined by the LC, time-econstant and then returns 
to its normal or upper position, closing the solenoid. 
valve, recharging C, and reconnecting Va The 
voltage on C, now leaks off through Ra, Ry P and L, 
producing a slowly decaying bias on V, (which may 
be altered by the setting on P) until V, again fires, 
repeating the cycle. Thus the setting on P determines- 
the time during which the solenoid valve is closed, 
while the capacity of the condenser selected by S; 


determines how long it is open. The potentiometer P 

provides intervals from 0:45-80 sec., the calibrated — 
-c scale being slightly expanded in the lower range, | 
while with S; times of 0-13, 0:25 and 0-56 sec. were 
obtained. 
J. Comp. Neurol., 18, 1 (1905), ~-gltering the. capacity, of condensers C; to Ca 
mK 127, 393 (1939). 
mä. Bear, R.S. op Cell Comp. Physiol., 9, 261 (1937). 


Other time-intervals are possible by 


- Smoother and quieter operation of the Skinner 





: electric solenoid valve (supplied by Minneapolis- 
Honeywell Regulator Co., Philadelphia 4, Pennsyl-_ 

































zania) results from the use of direct current supplied 
xy the selenium rectifier SR. Noise from valve: 
peration, which in itself causes sensory stimulation, 
s eliminated by encasing the valve assembly in a- 
uubber-mounted wooden box lined with two inches _ 
f fibre glass. ia 
In a typical experiment puffs. P air were led by a 


plastic tube to a glass tip mounted behind the roach: 


rëi. Nerve activity was recorded with a ‘Tektronix’ 
Type 512 oscilloscope and a ‘Fairchild’ camera. The 
ontrol unit for the camera was activated through a 
ourth contact on relay L, thereby synchronizing § th y 
amera operation with a puff of airo cw 

BE. H. Connous 
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Silicate in the Metabolism of Azotobacter 
vinelandii 


MOLYBDENUM complexed as silico-molybdate has 
been shown to be very active in the re-activation of 
aldehyde oxidase from which the molybdenum has 
been removed by dialysis?. Other reports have 
implicated silicate, phosphate and other anions as 
agents which increase the activity of molybdate- 
dependent enzymes". Jacobs and Sanadi* suggested 
that a silico-molybdate complex was involved in a 
terminal electron transport system that was coupled 
with phosphorylation. It was shown by Glenn and 
Crane’, however, that the im vivo functioning of 
aldehyde oxidase was probably not dependent on 
silico-molybdate even though it did greatly enhance 
the activity of the in vitro system. 

It has already been shown that A. vinelandii is 
capable of incorporating into molybdo-protein as 
much as 100 times more molybdate than is required 
for optimum, rate of growths. 

We were led to consider the possible relationship 
of silicate and molybdate in the metabolism of 
Azotobacter by the observation that 100 p.p.m. 
germanium, (as germanate) inhibits the growth of 
Azotobacter by 30-50 per cent. Because germanium 
is in the same chemical group as silicon it seemed 
possible that germanium was acting as an inhibitor 
of a silicate function much as tungstate inhibits 
molybdate function’. 

We therefore measured the uptake of silicate 
directly by the. use of silicon-31 prepared from 
reagent grade silica gel (Mallinckrodt) by neutron 
bombardment. (Reactor facilities were provided by the 
Battelle Memorial Institute.) The irradiated silicon- 
31 was fused with sodium carbonate in a platinum 
crucible according to standard methods?®. Half-life 
determinations showed the material to be about 
99:9 per cent radiochemically pure. 

Under culture'conditions (in Burk’s® nitrogen-free 
. medium) such that A. vinelandii cells would take up 
nearly all the 1 p.p.m. molybdenum added to the 
culture, only 0-2 p.p.m. silicon-31 was taken up and 
only one-fourth of this was retained when the whole 
cells were washed thoroughly. When the molybdate- 
level of the medium was decreased so that the 
quantity of molybdate taken up decreased by a 


factor of 100, there was no change in the uptake. 


of silicon-31. Furthermore, germanium at a level 
of 100 p.p.m. had no influence on the uptake of 
silicon-31, or molybdenum-99. Silicate concentra- 
tions also had no effect on the uptake of molyb- 
denum-99. 

The distribution of the silicon-31 retained by the 
cells in centrifugal fractions of these cells after sonic 
disruption was examined. In contrast to the pub- 
lished** distribution of molybdenum, in which both 
the highest total (more than 65 per cent) and highest 
specific activity of molybdenum-99 are found in a 
fraction sedimentable at 144,000g, only 5 per cent of 
the retained silicon-31 was found in the corresponding 
sedimentable fraction. The supernatant fraction 
contained 85 per cent of the total silicon-31, and the 
specific activity was 34 times greater in the super- 
natant fraction than in any other. 

As a result of the lack of correlation between the 
behaviour of silicon-31 and molybdenum-99 in these 
uptake and distribution studies in Azotobacter vine- 
landii, it is concluded that silicate is not involved in 
the molybdate metabolism of these cells as a silico- 
molybdate complex anion. Further, even though 
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germanate does inhibit the growth of Azotobacter, it 
has no effect on the uptake of silicate. 

This work was supported in part by United States 
Public Health Grant Number 12512. 
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Absorption and Distribution in Rats of 
Radioactive Phosphorus biologically 
incorporated in Food 


In this investigation absorption and distribution 
of phosphorus-32, biologically incorporated into fish 
muscle and bean leaves, was compared with its 
absorption after feeding as inorganic phosphate. 
Within limits of error, no differences were detected. 

The experimental animals were 179 young adult 
female Sprague-Dawley rats (wt.-range 190-304 gm. : 
mean wt. 238 gm.) maintained ad lib. upon a Purina 
Lab Chow diet. The following solutions and suspen- 
sions containing radioactive phosphorus were admin- 
istered orally to these animals : 

(1) Inorganic phosphorus: 100 rats received 1 ml. 
of a pH 2 solution containing 25 ue. phosphorus-32 
(Na, H?PQ,) and less than 0-6 ugm. of non-radioactive 
sodium hydrogen phosphate. 

(2) Fish protein phosphorus: 61 rats received 
2 ml. of a water/whitefish muscle homogenate 
(1/1, w/w) which had a concentration of a 0-5 ue. 
phosphorus-32 per ml. The muscles were derived 
from a fish which 72 hr. previously had received an 
intraperitoneal injection of 10 me. of inorganic 
phosphorus-32. . 

(3) Plant leaf phosphorus: 28 rats received 1 ml. 
of a water/bean leaf homogenate (1/1, w/w), which 
contained 3:3 ue. phosphorus-32 per ml. It was 
prepared from leaves of young red kidney bean plants 
grown in an appropriate nutrient culture medium 
containing radioactive phosphorus-32. 

Excreta were collected individually from each of 
eight animals of the inorganic phosphorus-32 group 
over & period of 40 days following the feeding. In 
the other two experimental groups, excreta were 
collected from each of eight animals up to 20 days 
following feeding. 

The experimental animals were killed in groups of 
four at time-intervals ranging from 3 hr. to 40 days 
following radioisotope administration. The concen- 
trations of phosphorus-32 in aliquots of blood, femur, 
liver, and excreta were determined. In order to 
measure the overall distribution of phosphorus-32 
and total inert phosphorus? in the entire skeleton and 
teeth, a Na,H**PO, solution was orally administered 
to 17 additional young female rats. Three of these 
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DISTRIBUTION OF PHOSPHORUS-32 FOLLOWING ORAL 
ADMINISTRATION 


Table 1. 





Tissuc 


Administered dose/tissue (per cent) ` 
Blood* 


Liver Faecest Urine 





* Total blood percentages are calculated on the basis of total rat 
blood volume of 5 per cent body-weight. 
+ Excreta are cumulative totals through experimental day indicated. 


animals were killed at 6 days, and fourteen were 
killed 12 days after the feeding. These time differ- 
ences did not appear to influence the phosphorus-32 
concentrations of bones and teeth. l 
Although statistical analysis of the radioactivity 
values, corrected for decay and self-absorption, 
showed significant differences between groups of rats 
fed radioactivity from the same food source, none 
could be assigned to the effects of the radioactive 
food source itself. Real differences among results 
obtained from animals receiving the same treatment 
may have masked inter-treatment differences for the 
intra-treatment variations appeared to be related to 
the time when. the experiments were performed. The 
lack of any effects ascribable to differences in the 
food forms in which phosphorus-32 was fed strongly 
suggests that phosphorus derived from animal or 
plant sources is absorbed and utilized very similarly 


to phosphate ion. For this reason results from each . 


feeding group were combined and are summarized in 
Table 1. ‘After the first ten days of the experimental 
period the rate of excretion of phosphorus-32 in 
feces was equal to that in urine. Assuming that this 
equality was closely related to excretion of absorbed 
phosphorus-32 the earlier excess of phosphorus-32 in 
fæces, as compared to urine, was taken as the 
unabsorbed fraction of the fed dose. On this basis 
about 75 per cent of the administered phosphorus-32 
was absorbed—a confirmation of results of other 
investigations’. Table 1 shows that by the tenth 
day more than 95 per cent of the unabsorbed phos- 
phorus-32 had appeared in tho feces, while a com- 
bined total of more than 50 per cent of the total fed 
was excreted in urine and feces together. 
No statistically significant changes with time in 
deposition and retention of phosphorus-32 by bones 
and teeth were found, and mean values are sum- 
marized in Table 2. The total skeletal concentration 
of phosphorus-32 was_13-5 per cont of the adminis- 
tered dose, a value from 40 per cent to 70 per cent 
less than those reported previously*>. Comparison 
of the total skeletal phosphorus-32 to the phosphorus- 


Table 2. DISTRIBUTION OF PHOSPHORUS IN BONE AND TEETH 





















Wi an: Bone*® Molars Incisors 
Isotope 

Phosphorus-32 i ! 

(per cent dose/gm.) 0940-05] 04 0'1 34410 
Phosphorus-31 

(gm. 100 gm.) 10-8 + 0°6 18-3 +0°9 |] 18:5 412 
Phosphorus ee 

~ er cen 
Toseta.) = 8:3 + 0°04 3-0 +0°6 | 25:2 + 6:7 


+ Total phosphorus-82 of skeleton amounted to 183:5 per cent of 
ta a Cae. Femur contained a total of 0-55 + 0°04 per cent 
of dose. -` A 

+ Values are means + standard deviation. 
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32 content of the relatively accessible femur yields a 
factor of 24-6 + 1-2. The mean concentration of 
phosphorus-32 in bone was more than twice that of 
the molar teeth, but less than a third that of the 
incisors. The average of 10-8 per cent stable phos- 
phorus-31 in bone is considerably higher than the 
8 per cent reported for rat bone in @ previous study’, 
but is close to a 10-4 per cent reported for human 
bone’. The non-radioactive phosphorus content of 
the teeth types was higher than the bone value, but 
accords with the 13 per cent reported previously for 
rat incisor, and is also within the range of values 
reported for human enamel and dentin’. These 
differences between bone and tooth concentrations 
of phosphorus-32 and phosphorus-31, reflected. in 
their phosphorus-32/phosphorus-31 ratios, may- be 
accounted for by differences in growth-rates of these 
tissues?®. 

We gratefully acknowledge our debt to J. H. 
Rediske and R. C. Pendleton for supplying the 
phosphorus-32 labelled bean leaves and whitefish 
muscle ; to Joan Hess, Alma Crosby, and members 
of the Biology Control Operation for skilled technical 
assistance ; and to H. T. Norton and D. W. Gaylor 
for statistical analysis of the experimental results. 

This paper is based on work performed under 
Contract No. W-31-109-Eng-52 for the Atomic 
Energy Commission. Portions of it were presented 
at the meetings of the Pacific Slope Biochemical 
Conference, Seattle, Washington, June 12, 1956. 
The radioactive phosphorus used in this investigation 
was obtained on allocation from the Isotopes Division, 
United States Atomic Energy Commission. 
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Hydrogen Peroxide and Tumour Therapy 


TEN rats were implanted with Walker tumour and 
on the same day and succeeding days of the oxperi- 
ment the drinking water was replaced by 0-45 per 
cent hydrogen peroxide as described by Holman}. 
They all died at the same time (13-14 days) with 
tumours of the same weight (25-34 gm.) as in the ten 
control ‘rats. Another transplantable tumour, the 
Sheffield Rd/3 sarcoma, was also used in an exactly 
similar experiment except that there were 6 rats per 
group. In the peroxide group all died at 16-21 days 
(tumour-weight 38-46 gm.) and in the control group 
receiving tap water there was one natural regression 
and the remaining 5 died at 16-21 days (tumour- 
weight 32-39 gm.). We have had a long experience 
with the actions of possible chemotherapeutic agents 
on these tumours, and they are responsive to some of 












ular treatmen 
Much earlier experiments sons, 
which spontaneous and transplante | tumours were 
jected intratumorally with various concentra- 
ns of commercial hydrogen peroxide at intervals 
rom an early stage of growth, were all essentially 
egative. 

Holman makes no reference to the behaviour of 
his tumour when implanted into control untreated 
ats. From our own experience we know that even 
ormally highly transplantable tumours occasionally 
pass through phases when the incidence of natural 
umour regression is substantial. In view of this we 
eel that the ‘cures’ obtained by Holman may have 
M, in fact, natural tumour regressions, 
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Development of Eggs before the Final 
Moult in Pratylenchus 


_ AMONG nematodes separated from soil about the 
= roots of Grenache vines in February 1957 were females 
of Pratylenchus which carried eggs at their tails, out- 
side the body but within a partly cast cuticle. Bix 
“specimens were recovered from a few pounds of soil. 
-The life-cycle of a typical Pratylenchus' includes four 
< moults from egg to adult, the first moult occurring 
in the egg, where the second-stage larva may be 
distinguished by the appearance of a well-defined 
buccal spear. In each of these specimens the egg 
-contained a clearly differentiated second-stage larva. 
<The cuticle of the nematode was detached at the 
head region and at the rear of the body from a point 
anterior to the vulva. Many normal specimens of 
Pratylenchus were also present, and one apparently 
larval female carried an egg with a second-stage larva 
in the oviduct. 

| ” Three of the specimens with eggs at the tail were 
kept in a dish of water. Two died within a few days, 
but the third emerged about half-way from the old 
cuticle before death. 

Ten similar specimens were recovered from samples 
aken at the same site about a month later. One 
' these carried two fully differentiated eggs within 
the old cuticle, Two specimens showed no differentia- 
tion in the eggs—just a number of cells. All showed 
displacement of the cephalic cap, which indicated 
commencement of moulting. One specimen which 
tarted to emerge from the old cuticle was trans- 
xred to a slide, and under the slight pressure of the 
avor-glass the nematode completed the moult in a 
few minutes, surviving for about a week on the slide. 
he egg with cast cuticle was retained for more than 
a fortnight in water, but did not hatch. 

_ It appears that females of this species may, in 
certain circumstances, produce eggs before the final 
moult takes place. Eggs thus produced cannot be 
laid in the normal way as there is no adequate 
< aperture at the vulva for them to pass the larval 
cuticle. The eggs are retained in the body, and may 




































Smndergo considerable development, until the final 


















Fig. 1. Tail of Pratylenchus minyus showing egg retained a 


partiy cast cuticle 








moult commences. When the cuticle backs : 
separate from the body, the egg can pass the vulva, 
and finds its way to the tail within the cuticular sac. 
Completion of moulting releases the egg. Although 
the one egg obtained free from these specimens: did ee 
not hatch, these eggs may normally be viable. How- —_. 
ever, the fact that so many of the eggs observed were 
at an advanced stage of development suggests porhaps age 
that hatching has been inhibited. EUS 
Little is known of the mechanisms which. control pae 
development in plant parasitic nematodes. Itcannot 
be judged whether development of the reproductive — __ 
system has been accelerated, or whether moulting — 
has been retarded in these specimens, but the two 
processes are obviously not interdependent. 
treatment other than normal vineyard prac 
been applied to the area from which these. nemat 
were taken. 
The species concerned is diopeni 
Pratylenchus minyus Sher and Allen?, but ni 
have been found. 
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Light Reactions of Littoral Gastropods 


MorLuscan behaviour has attracted the a 
of many workers, and the literature contaii 
references to the homing ability and direction fi 
in various gastropods’, Light is acknowledged as a 
important factor in such mechanisms in nume 
invertebrates, and recently the plane of polarizati 
of light has been shown to be an operative factor 
the orientation of Eupagurus bernhardus*, the xipl 
suran Limulus*, some hymenopterous and lepide 
terous larvee*, and various insects’. 3 













2 ght 
with plane polarized tone a as follows: A disk 
front of a 500-W. source of light fitted with a heat 
filter. -The whole apparatus was aligned with tho 
optical axis vertical to the plane upon which individual 
specimens of Littorina were allowed to crawl. The 
plane of polarization was freely adjustable by rotation 
-Of the ‘Polaroid’ disk. Experiments were carried out 
- on more than 150 specimens moving in air and under 
< water. The track of each specimen was plotted as 
it moved, so that all its movements from the instant 
of illumination were recorded. 
ee Three ‘experimental conditions were applied : 


; fhe. plane of polarization of the light was main- | 


; Mong the reference axis. After the animal 


Table 1. 


unde goa water: (a) non-polarized light, ana řotätloi: of ‘Polaroid holder: (b) polarized light, “Polaroid” jaonibitar 
rough 07. and back again, «rotation of‘ Polaroid’ ; {e): rca light, ‘Polaroid’ turned through 90° and. left. there, < + rotatio 
Sek - w isl i a 


: hia travorsod a standard distanco from the a 
do l pot. the plane of polarization was momentarily 
r.: rotated through 90° and returned to its original 
- direction; 
“through: 90° from the reference axis after the animal 
had traversed the standard distance, and left in its 
“new position ; 


‘Polaroid’ some. 4 in. in diameter was mounted in 


tracks from the reference. axis. 













(b) the plane of polarization was rotated. 


(c) the same as for (d) and (b) but with 
non-polarized light. E 

Fig. I, a-c, shows a random selection of tracks 
obtained under water by the above treatments. A 
comparable series was obtained in air. 

The results are summarized in Tables 1 and 2. All 
the angles indicated are angles of deviation of the 
These results were 
shown to be highly significant by the y? test and 


prove that L. littoralis orientates itself along the plane 
of polarization of light falling on it from above. | 


‘Further experiments are planned. to investigate 


how the eye detects the plane of polarization of light 


Littorina litioralis E) IMMERSED: IN SEA WATER 


Angles given are deviations from the original plane of vibration of light (reference axis) 


oH 30° 
EHA 


-Treatment 


‘ before ramion ioi 90° 
‘Ack a. fter rotation through 90° 


of vibration. rotated. ‘through 90° 
F: before rotation through 90° . jf... 8 
ha. of ack after rotation through BOF o. 


‘non-p larized 1 light 


60— 90° 
80-120" 
PE BRO BON®. ob oe ep 


Table 2 Littorina Hittoralie a) j IN. AIR 
Angles given are. deviations from the original plane ð of vi ibration of. tho light deren axis) 


E Treatment. 


in om: oiec amt 





| Soa | 
Ree Ae 240-270% |. Nose 
30°. | 270-8007 
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and the relationship of this reaction with the other 
light reactions that this species exhibits. 
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Neuro-Anatomical Site in Tick Paralysis 


PREvious studies! have shown that tick 
paralysis, induced in mongrel dogs by applying 
the wood tick Dermacentor andersoni Stiles, is due to 
failure in transmission at the neuro-muscular junction 
because: (a) the anterior tibial muscle in a paralysed 
dog responded to direct but not to indirect stimula- 
tion through the peroneal nerve; (b) the motor 
nerve fibres conducted an impulse. 

More recent investigations have demonstrated the 
following: The muscle contracts on rapid close 
intra-arterial injections of acetylcholine ; neostigmine 
does not facilitate transmission in a fully paralysed 
muscle and causes only a slight improvement in a 
partially paralysed one ; neither cathodal nor anodal 
current facilitate transmission in a fully paralysed 
muscle; the paralysis is intensified by curare, but 
is uninfluenced by pentamethonium; tetanization 
via the nerve slightly facilitates transmission of 
subsequent individual pulses in both the partially 
and completely paralysed muscle and in the former 
the tetanus is well maintained. These results indicate 
that the neuro-muscular block is dissimilar to that 
produced by the competitive and depolarizing 
blocking agents and anticholinesterases. 

Functional activity of the end-plates is indicated 
by (a) contraction of the muscle on close intra-arterial 
injection of acetylcholine, (b) their depolarization by 
succinylcholine. 

Table 1 shows the response of the normal, partially 
and completely paralysed anterior tibial muscle to 
close intra-arterial injections of acetylcholine. Increas- 
ing paralysis apparently produces an increasing 
sensitivity of the muscle to acetylcholine, the 
paralysed muscle behaving like a denervated one. 

End-plates could be located in the paralysed 
anterior tibial muscle by sweeping its undersurface 


with a wick electrode after an injection of succinyl- ` 


choline, the technique being similar to that described 
by Burns and Paton*. Usually four or more end-plate 
regions could be located in this way. The depolarizing 


Table 1. SENSITIVITY OF ANTERIOR TIBIAL MUSCLE TO RAPID CLOSE 
INTRA-ARTERIAL INJECTION OF ACETYLCHOLINE 


Approximate average dose (ugm.) 
No. of of acetylcholine to produce 
experi- 
ments 


Anterior 
tibial muscle 


Threshold | Contraction = max- 
contraction | imal muscle twitch 


Normal 50 
Partially paralysed -15 
Fully paralyse 1 1 
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effect of the succinylcholine was then permitted to 
wear off. In an apparently paralysed muscle, usually 
one or more muscle fibres contracted on nerve 
stimulation and the site of minimum latency of the 
action potential corresponded to only one of the 
located end-plate regions. Neither action nor end- 
plate potentials could be detected at the other 
located end-plate regions. The findings suggest that 
the probable mechanism for the paralysis is due to 
failure in the liberation or synthesis of acetylcholine 
at the nerve terminals. 

In an attempt to localize exactly the site of the 
neuro-muscular block, the anterior tibial muscle was 
stimulated directly in a completely paralysed animal 
before and after the administration of curare. No 
difference could be detected in the magnitude of the 
mechanical responses indicating that the block is 
probably located at the nerve terminals in contra- 
distinction to that in botulism poisoning, where the 
block is evidently proximal to the terminals’. 

The only effective method, known to date, of 
producing tick paralysis is by applying the wild 
ticks. When a saline extract (1 gm.j/ml.) of 128 
engorged female ticks removed from paralysed dogs 
was injected intra-arterially (3 ml. x 1 ml.) and intra- 
venously (1, 10 and 10 ml.) into a normal anæsthe- 
tized dog, it produced no detectable effect on the 
mechanical response of the anterior tibial muscle 
Evidently continuous 
secretion of a ‘toxin’ by the ticks is necessary to 
produce paralysis because rapid recovery occurs on 
removal of the ticks. 

As the tick ‘toxin’ appears to interfere with the 
liberation of acetylcholine at the neuro-muscular 
junction, one might expect that it would also inter- 
fere with acetylcholine liberation at other sites, for 
example, ganglionic and neuro-effector cholinergic 
junctions. Stimulation of the central end of the 
cervical sympathetic, proximal to the superior cervical 
ganglion, resulted in a normal dilation of the pupil 
and retraction of the nictitating membrane in a 
paralysed dog and stimulation of the peripheral end 
of the vagus in the neek caused normal cardiac slowing. 
In addition, if acetylcholine liberation in sympathetic 
ganglia was diminished in a paralysed animal one 
might expect to find a low blood pressure. The 
blood pressure in five paralysed dogs were within 
normal limits (130, 160, 100, 170 and 190 mm. . 
mercury). Evidently the tick ‘toxin’ exhibits a 
specific predilection for the neuro-muscular junction. 

This study was aided by a grant from the Depart- 
ment of Agriculture, Ottawa, Canada. 
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Anthocyanins in Blackcurrant Fruits 


Robinson and Robinson! investigated the antho- 
cyanin pigments of the fruit of the blackcurrant 
(Ribes nigrum) and stated that the skins contained a 
eyanidin-3-bioside. Cyanidin was the only aglycone 
found; but it was thought possible that small 
amounts of delphinidin were present. Fouassin? has 
recently examined blackcurrant pigments by paper 
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Optical density 


40 80 
Tube No. 


Tig. 1. Optical density at 545 ma of blackcurrant anthocyanins 
eluted from a cellulose column 


120 160 


chromatography and has found two glycosides of 
cyanidin and two glycosides of delphinidin. 

In the present investigations, extracts of black- 
currants in methanol containing 1 per cent hydro- 
chloric acid have been shown to contain seven 
pigments, separable by cellulose column chromato- 
graphy, using the organic phase of butanol/2N 
hydrochloric acid (1:1) as solvent. Whatman 
standard-grade cellulose powder, sieved to obtain the 
fraction larger than 200-mesh and smaller than 
100-mesh, was packed in the solvent to give a column 
50 x 4-4 cm., using a stainless-steel tamper to ensure 
even packing. The crude anthocyanin, approximately 
0-7 gm., precipitated by ether from the methanolic 
extract, was dissolved in 40 ml. of the solvent, and 
this concentrated solution fed to the top of the 
column. The eluate was collected automatically in 
10 ml. fractions. The graph of optical density at 
545 mu plotted against the tube number (Fig. 1) 
shows the presence of seven distinct bands. 

To concentrate the slower-running bands (Fig. l, 
IV, V, VI and VII), each eluate was mixed with an 
equal volume of acetone and adsorbed on to another 
cellulose column. The original solvent was washed 
off with acetone and the anthocyanins eluted with 
0-1 per cent methanolic hydrochloric acid which was 
then readily removed under vacuum. The faster- 
running bands (Fig. 1, I, II and IIL) were not held 
tenaciously enough by the column to permit this 
procedure. Therefore, basic lead acetate was added 
to each eluate to form the lead complex which was 
then decomposed with methanolic hydrochloric acid 
and. the solution filtered and evaporated to dryness. 
The residues were dissolved in 1 per cent hydrochloric 
acid and concentrated hydrochloric acid was added 
to make the final concentration 20 per cent. The 
solutions were stored in the refrigerator, and after 
several days the precipitated pigments were recovered. 

Band I appeared on the column as a brownish front 
to band II, and it is considered to be a degradation 
product. The other bands fell into two groups of 
three on the basis of visual colour, bands I, IV and 
V being scarlet and bands III, VI and VII crimson. 
By comparison with known samples on paper chroma- 
tograms it was found that the material from band II 
was cyanidin, and the anthocyanins from bands IV 
' and V yielded cyenidin on hydrolysis. Similarly, 
` band III was found to be due to delphinidin and 
bands VI and VII to delphinidin glycosides. 

After hydrolysis of the mixed anthocyanins from 
blackcurrants, glucose was the only sugar detected 
by paper chromatography. The anthocyanin from 
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band V was shown to be chromatographically iden- 
tical with chrysanthemin (cyanidin-3-glucoside) iso- 
lated from the petals of mauve chrysanthemums® 
and purified by passage through the cellulose column. 
The other cyanidin glucoside from band IV, after 
partial hydrolysis by boiling in 5 per cent hydro- 
chloric acid for 30 min., was converted to a pigment 
chromatographically identical with chrysanthemin. 
Since a test! for acyl groups was negative it appears 
that the anthocyanin from band IV is a cyanidin 
diglucoside, possibly a 3-bioside as proposed by 
Robinson and Robinson! or the 3,5-diglucoside 
although its Rp values (Table 1) do not agree with 
those given by Bate-Smith*. 


Table 1. RF VALUES OF BLACKOURRANT PIGMENTS 


Solvent system 


m-Cresol/acetic Forrestal 
acid/water solvent 
(ref. 4) (ref. 5) 


Butanol/2 N 
hydrogen chlor- 
ide (ref. 4) 


Band | Butanol/acetic 
acid/water 
(ref. 4) 





Partial hydrolysis of the delphinidin glucoside 
from band VI converted it into an anthocyanin 
identical with that from band VII. The Rp values 
(Table 1) of these two anthocyanins do not correspond 
with published values, but it is probable that they 
are a mono- and di-gluccside respectively of delphini- 
din. It ig hoped to confirm the structure of these 
glucogides and the cyanidin diglucoside by synthesis. 

B. V. CHANDLER 
K. A. HARPER 

Commonwealth Scientific and 
Industrial Research Organization, 

Division of Food Preservation 

and Transport, 
Homebush, New South Wales. 
Oct. 14. 
1 Robinson, G. M., and Robinson, B., Biochem. J., 25, 1687 (1931). 
3 Fouassin, A., Rev. Ferment., 11, 173 (1956). 
3 Willstäter, R., and Bolton, E., Liebig’s Ann., 412, 136 (1916). 
4 Bate-Smith, E. C., Symp. Biochem. Soc., No. 3, 62 (1950). 
5’ Bate-Smith, E. C., Biochem. J., 58, 122 (1954). 


Selective Uptake of Radiochemical Impurities 
by Mitochendria 


WHEN using potassium-42 to trace the exchange 
of potassium in æ suspension of non-metabolizing 
mitochondria from rat liver, specimens were obtained 
in which the specific activity of mitochondrial 
potassium appeared greater than the specific activity 
of the separated labelling medium. The radioactive 
material used was spectroscopically pure K,COs;, 
which had been irradiated for one week at the Atomic 


Table 1 


Potassium | Radioactivity | Apparent specific 
(uequiv./ml.) (coom Waa activity (counts/ 


min./“equiv.) 
Suspending 
medium 136:5 1:77 x 107 1:30 x 105 
Washed mito- 
chondria 0-098 1:92 x 104 1°06 x 105 


Mitochondria were prepared by differential centrifugation in 0-25 M 
sucrose + 0'025 M tris buffer at pH. 7:0. After suspension in 0-15 M 
KCl + “K for 60 min. at 0°C., mitochondria were washed three 
times with sucrose-tris. i 
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Fig. 1. The unbroken line represents the radioactive decay of the 
contaminants ‘bound’ to the mitochondria 


400 480 560 


Energy Research Establishment, Harwell. When 
measured on a M6 (‘20th Century Electronics’) 
Geiger-Milller counter, the apparent specific activity 
{counts/min./pequiv. potassium) of potassium on the 
labelled mitochondria was 1-5 times as great as that 
of potassium in the labelling solution (Table 1). On 
further investigation it was found that the decay of 
activity on the mitochondria corresponded to a half- 
life greater than 12-4 hr. (see Fig. 1). 

The #4K.CO, was found to contain several isotopes 
of half-life greater than 12:4 hr. The major con- 
taminant has a half-life of approximately 30 hr. and 
occurs to the extent of l partin 2-6 x 104 as measured 
by the M6-counter at the time of removal of the 
43K..CO, from the pile. Several other radioactive 
isotopes, of half-life between 10 and 25 days, were 
detected, and these amounted to 1 part in 6-4 x 105. 
Slater! has shown that isolated muscle mitochondria 
have a high affinity for calcium: and the selective 
adsorption of the long-life isotopes by the liver 
mitochondria (Table 2) suggested that the con- 
taminants were multivalent cations. This was 
confirmed by their behaviour on a column of cation 
exchange resin. 


Table 2. RATIO OF POTASSIUM-42 TO RADIOACTIVE CONTAMINANTS 


Suspending medium 10,000 :1 
Washed mitochondria 121 


The available evidence strongly suggests that the 
contaminant of 30-hr. half-life is barium-135 and 
this should be removed from a solution of *#*KCI by 
adding barium chloride and a stoichiometric amount 
of sulphuric acid. This technique fails to remove 
other tontaminants, and has the additional dis- 
advantage of introducing trace amounts of Ba?+ 
(0-02 mequiv./l.) and SO,?- into the solution. A more 
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satisfactory separation was achieved by eluting the 
potassium-42 from a cation exchange resin IR 120 (K) 
with 0:15 M potassium chloride. 

A column (10 em. x 1 cm.) of JR 120 (H) was 
treated with 20 ml. of 30 per cent potassium chloride 
(KCl) to convert it to the K-form. After washing 
with 200 ml. of distilled water, 60 ml. of 0-15 M #KCI 
was put down the column at 0-8 ml./min. The 
column was rewashed with 30 ml. of distilled water 
to remove anionic isotopes present and then treated 
with 300 ml. of 0-15 M potassium chloride solution. 
This brings off virtually all the potassium-42, and 
the most active fraction has about 70 per cent of the 
specific activity of the original material; 90 per 
cent of the original activity was recovered in 120 ml. 
of the eluate. Mitochondria labelled with this 
material showed no measurable deviation over a 
period of 40 hr. from the decay expected of potas- 
sium-42. 

It is possible that biological material other than 
mitochondria may selectively accumulate substances 
present as impurities. The effect may be quite 
striking; in labelled mitochondria the ratio of 
contamimant to potassium-42 was ten thousand times 
greater than in the suspending medium. It is 
therefore desirable that radiochemical purity should 
be checked by observation of the labelled biological 
material itself and not merely of the original stock of 
radioisotope. This investigation was supported by 
the Endowment Fund of the Manchester Royal 
Infirmary and by the Rockefeller Foundation. 


G. A. Lump 


Department of Medicine, 
Royal Infirmary, 
Manchester 13. 
Oct. 9. 


l RT C., Symposia Soc. Exp. Biol., No. 10, 118 (Cambridge, 


Some Effects of Carbon Dioxide-Bicarbonate 
Mixtures on the Oxidation and Reduction 
of Cytochrome c by Ricinus Mitochondria 


THE observation that the succinic oxidase system 
of Ricinus mitochondria is inhibited by concentrations 
of carbon dioxide above about 20 per cent! has led 
us to investigate the effects of carbon dioxide on 
components of the respiratory chain. 

Mitochondrial preparations from the endosperms 
of germinating castor oil beans? were diluted 8-10 
times with ice-cold demineralized water and incubated 
at 0° for 30 min. to render the mitochondrial oxidase 
and reductase systems accessible to cytochrome c. 
In the resulting preparations the activities of succinic 
cytochrome c reductase, reduced diphosphopyridine 
nucleotide cytochrome c reductase and cytochrome c 
oxidase were determined by spectrophotometric 
measurement at 550 mu of the oxidation and reduc- 
tion of cytochrome c. The concentrations of carbon 
dioxide in the reaction mixtures were regulated’ by 
the addition of the calculated amounts of a 0°32 M 
solution of sodium bicarbonate which had been 
equilibrated against a gas mixture containing 90 per 
cent carbon dioxide and 10 per cent oxygen at 25°, 
at which temperature all measurements were made. 
The pH of the carbon dioxide—bicarbonate mixture 
was 7:4. We shall refer the reaction rates simply to 
the carbon dioxide concentrations. This is convenient, 
since the results to be recorded may help to explain 
certain metabolic disturbances and growth responses 
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of plant organs placed in atmospheres enriched with 
carbon dioxide. However, some of the effects may 
be due to the equilibrium concentration of bicarbonate 
ion. ' 

For the measurement of succinic cytochrome c 
reductase activity, spectrophotometer cells contained 
0-1 ml. of enzyme, 0-1 ml. of 2-amino-2-hydroxy- 
methylpropane-1 : 3-diol (tris) buffer (20 per cent w/v, 
pH 7:4), 0-1 ml. of cytochrome c (9-4 x 10-4 M in 
1 per cent tris buffer, pH 7-4), 0-1 ml. of cyanide 
(2 x 10-3? M, pH 7-4), 0-05 ml. of succinate (1:2 M, 
pH 7-4), and the required amount of 90 per cent 
carbon dioxide—bicarbonate mixture in a total 
volume of 3 ml. The reaction was started by the 
addition of succinate. For the measurement of 
reduced diphosphopyridine nucleotide cytochrome c 
reductase, succinate was replaced by 0:05 ml. of 
reduced diphosphopyridine nucleotide (8-4 x 10-* M). 
For measurement of cytochrome c oxidase activity 
the reaction mixture was composed of O'I ml. of 
enzyme, 0-1 ml. of tris buffer, the required volume of 
90 per cent carbon dioxide~—bicarbonate mixture, and 
0-2 ml. of reduced cytochrome c (4:7 x 10-* M in 
l per cent tris buffer) in a total volume of 3 ml. 
The reaction was started by the addition of reduced 
cytochrome c. Readings were taken at 15-sec. 
intervals for 2 min. It was not considered necessary 
to equilibrate the final reaction mixture with an 
atmosphere containing the appropriate concentration 
of carbon dioxide as it had been previously ascer- 
tained that for the short period of the experimental 
measurement the error resulting from the diffusion of 
carbon dioxide was negligible. 

In Table 1 the rates of each of the three reactions 
studied at different concentrations of carbon dioxide 
are given as percentages of the rates in air. The 
control rates in air were 10-4 umoles cytochrome c 
reduced/hr.j/gm. of fresh tissue for succinic cyto- 
chrome c reductase; 15°8 moles cytochrome c 
reduced/hr./gm. of fresh tissue for reduced diphos- 
phophyridine nucleotide cytochrome c reductase ; 
and for cytochrome c oxidase, k the first-order 
velocity constant, was 7-54/hr./gm. of fresh tissue. 
Cytochrome oxidase was stimulated at the lower 
concentrations of carbon dioxide, with a maximum 
rate at about 20 per cent carbon dioxide, and was 
inhibited at the higher concentrations. Using 
different experimental conditions, Miller and Evans* 
have examined the effects of bicarbonate on cyto- 
chrome oxidase of root mitochondria. They obtained 
similar results, although the stimulation at low 
concentrations was less marked. They found larger 
increases in rate with sodium chloride, nitrate or 
sulphate, which suggests that the stimulation at low 
bicarbonate (or carbon dioxide) concentrations is a 
non-specific salt effect. 


Table 1. ACTIVITIES IN THE PRESENOE OF CARBON DIOXIDE RELATIVE 
To 'THOSE IN AIR 





Carbon dioxide Reduced diphos- 
concentration Succinic phopyridine. 
(per cent of | cytochromec; nucleotide cyto- | Cytochrome c 
1 atmosphere) reductase chrome ¢ reductase oxidase 
0-05 (air) 100 100 100 
1-7 — 101 109 
4°3 102 110 118 
8:7 75 102 185 
13-0 — — 193 
17-3 38 108 265 
26-0 88 248 
43-3 14 75 124 
60:7 3 44 56 
78-0 — 33 25 
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Low concentrations of carbon dioxide had little 
effect on reduced diphosphopyridine nucleotide 
cytochrome c reductase, but there was inhibition at 
higher concentrations. This inhibition was found to 
be non-competitive with respect to reduced diphos- 
phopyridine nucleotide. 

In contrast, the reduction of cytochrome c by the 
succinic system was strongly inhibited by concen- 
trations of carbon dioxide as low as 17 per cent. 
This inhibition was found to be competitive with 
respect to succinate, which with spectroscopic and 
other evidence indicates that the inhibition is of 
succinic dehydrogenase. 

The inhibitions of all three systems were revers- 
ible. 

The strong inhibition of succinic dehydrogenase 
can account for the accumulation of succinate in 
preparations of Ricinus mitochondria fed with Krebs- 
cycle acids in the presence of about 20 per cent carbon 
dioxide!. It can also account for the accumulation 
of succinic acid in plant organs which are stored in 
atmospheres containing about 20 per cent carbon 
dioxide?:, 

In addition to the increased inhibition of succinic 
dehydrogenase, the inhibitions of reduced diphospho- 
pyridine nucleotide cytochrome c reductase and 
cytochrome oxidase by concentrations of carbon 
dioxide above about 40 per cent could be factors 
contributing to the rapid induction of carbon dioxide 
zymasis’ in intact plant organs stored in atmospheres 
with plenty of oxygen but also containing carbon 
dioxide in concentrations approaching 50 per cent?-®. 

Ono of us (D. S. B.) is indebted to the Agricultural 
Research Council for a research studentship. 


D. S. BENDALL 


Department of Biochemistry, 
University of Cambridge. 


S. L. 
D. A. WaLKER* 
Department of Botany, 
King’s College, 
Newcastle upon Tyne. 
Sept. 25. 


* I.C.1l. Research Fellow. 
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Mycobacillin, a New Antifungal Antibiotic 
produced by B. subtilis 


DurRING the studies on the distribution of anti- 
fungal organisms in Indian fruits, vegetables and 
soils, a strain of Bacillus subtilis (characterized 
according to Bergey'), highly active against widely 
different groups of fungi, namely, skin pathogens, 
plant pathogens, rice-spoilage organisms, etc., was 
isolated?. 

The optimum cultural conditions for the formation 
of the antibiotic were studied® and the highest yield 
was obtained in a medium consisting of potato 
extract, casein hydrolysate, beef extract and glucose. 
The antibiotic was extracted from the fermentation 
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broth and isolated in a pure state following the 
method of Babad eż al.4. Ultimately a light-brown 
mass was obtained which crystallized on cooling and 
evaporation from 70 per cent alcoholic solution as 
needle-shaped crystals. 

The active substance was chromatographed by a 
simple one-dimensional strip technique using different 
developing solvents, and, in all cases, only a single 
active spot was detected by bio-autographic tech- 
nique. Several common methods of homogeneity 
studies also indicated the absence of any inactive 
impurity in the antibiotic. 

The substance was soluble in lower alcohols, ace- 
tone, acetic acid, caustic soda, conc. hydrochloric 
acid, pyridine and in water above pH 7:0, but 
insoluble in water between pH 2-7 and also in ether, 
chloroform, etc. It gave negative Molisch and 
ninhydrin tests, but positive tests for Millon’s reagent, 
biuret reaction, Folin’s phenol reagent and xantho- 
proteic acid reaction. The substance was more heat- 
stable in acidic than in alkaline pH. The antibiotic 
contained no sulphur or halogens, and its nitrogen 
content was 11-9 per cent. Its molecular weight as 
determined by diffusion method was found to be of 
about 1,800. It has no activity against E. coli, 
Staphylococcus aureus, Streptococcus fecalis, etc. ; but 
it possesses & wide antifungal spectrum and it inhibits 
the growth of A. niger at 0-02 mgm./ml. in solid agar 
medium. Paper partition chromatography of an acid 
hydrolysate of the antibiotic with two-dimensional 
method using phenol—water as the first solvent and 
n-butanol-acetic acid—water (4:1:1) as the second 
solvent indicated the presence of seven amino-acids, 
namely, aspartic acid, glutamic acid, serine, alanine, 
tyrosine, leucine and proline—aspartic acid being 
present predominantly. The antibiotic is a ninhy- 
drin-negative cyclic polypeptide and is somewhat 
different from the other known antifungal antibiotics® 
like bacillomycin, bacillomycin B, C, etc., as regards 
the nature and number of amino-acids present. This 
new antifungal antibiotic has, therefore, been desig- 
nated as ‘mycobacillin’. 

A more detailed report will be published elsewhere. 

Our grateful thanks are due to Prof. B. C. Guha, 
for his kind interest and encouragement in the course 
of the work. 

S. K. MAJUMDAR 
S5. K. Bose 


Department of Applied Chemistry, 
University Collegə of Technology, 
92 Upper Circular Road, 
Calcutta 9. 
1 “Bergey’s Manual of Determinative Bacteriology”, 6th edit. (Williams 
and Wilkins Co., 1948). 
2 eee a S. K., and Bose, S. K., J. Sci. Indust. Res., 14, C, 126 
> Majumdar, S. K., and Bose, S. K., Ann. Biochem. Exp. Med., 16, 127 


t Babad, J., e¢ al., Nature, 170, 618 (1952). 
£ Babad, J., et al., Nature, 174, 1190 (1954). 


‘Maceration of Plant-tissues with Ethylene- 
diamine-tetra-acetic Acid 


FoR many years plant anatomists have used 
macerating techniques!-* which subject plant-tissues 
to either destructive oxidizing agents (usually chromic 
acid), concentrated acid or alkali, or high temperature. 
These procedures can cause change in volume of the 
cells. Macerating media containing chromic acid 
have been found to destroy cell-walls* and the other 
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media referred to above would also be very damaging 
to plant-cells. 

The chelating agent, sodium ethylene-diamine- 
tetra-acetate, has been found to macerate effectively 
under conditions (pH 7-10, 37-45° C.) which are 
much milder than those mentioned above. This 
reagent should be particularly useful for maceration 
of tissue composed of easily damaged cells and for 
maceration without change in cell-volume. The 
macerating action of sodium ethylene-diamine-tetra- 
acetate is attributed to the ability of the reagent to 
dissolve the insoluble salts of pectic and low-methoxyl 
pectinie acids which appear to form a large part of 
the middle lamella. 

The macerating power of sodium ethylene-diamine- 
tetra-acetate was markedly affected by changes in 
pH. The optimum pH for maceration of matured 
apple-tissue at 45° C. was 10-3. At pH 7 and pH 11-3 
the macerating activity was about 50 per cent of that 
at pH 10:3. Increase in temperature greatly accel- 
erated the rate of maceration. Although the macerat- 
ing action of the reagent (0-07 M; pH 10) was 
appreciably weaker than that of 5 per cent chromic 
acid, when compared at 37° C. sodium ethylene- 
diamine-tetra-acetate was 250-300 times more effec- 
tive than 0:07 M ammonium oxalate—an established 
macerating agent showing appreciable activity only 
at 100° C. If the osmotic pressure of the 0-07 M 
solution of sodium ethylene-diamine-tetra-acetate 
was adjusted by addition of sucrose to equal the 
diffusion-pressure deficit of the cells, maceration of 
cortical apple tissue could be achieved at 37° C. and 
45° C. without detectable change in cell-volume. 

For maceration of apple tissue with this reagent 
the two conditions found most satisfactory are 
described below. Mid-cortical tissue (1 gm.; cork- 
borings of 4-5 mm. diameter and length 4-10 mm.) 
was added to 50 ml. of 0:07 M reagent (pH 
10-7-11-0; adjusted to the correct sucrose-concen- 
tration, 0-25-0-40 M depending on fruit-maturity). 
After being shaken continuously for 6 hr. at 45° C., the 
mixture was left for 16 hr. at 45° C., reshaken by 
hand and blended at low speed (4,000 r.p.m., M.S.E. 
micro-homogenizer) for up to 3 min. The blending 
time required varied with maturity of the fruit. Ripe 
fruit required no blending. The blendor-blades were 
covered with water-proof adhesive plaster, and the 
blendor-cup had bafiles inserted into the bulb. The 
pH of macerates was about 10-3. Damage due to 
sampling of the tissue with the cork-borer accounted 
for all the damaged cells in the macerates. In 
macerates of ripe fruit, 80 per cent of the total cells 
were present as single cells. This procedure was 
satisfactory for maceration without change in cell- 
volume. 

Maceration with sodium ethylene-diamine-tetra- 
acetate at 75° C. for 6 hr. with occasional shaking, 
followed by blending for 1-4 min. has been used for 
determining the number of cells in apple tissue. In 
these macerates 88—95 per cent of the total cells were 
present as single cells. 

Carrot-root. and potato-tuber tissue (length x 
diameter of borings = 3 mm. x 5 mm.) can be 
macerated by the above procedures (the reagent at 
pH 10). The numbers of single cells (expressed as a 


‘percentage of total cell-number) in macerates of these 


tissues obtained by the first method (three-minute 
blending) are listed below. 


Carrot (central cylinder) 66 
Carrot (cortex) 27 
Potato (tuber) 92 
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Aggregates composed of more than four cells were 
seldom found in these or in apple macerates. 


D. 5. LETHAM 
Fruit Research Division, 
Department of Scientific and 
Industrial Research, 
Auckland, N.Z. 
Sept. 30. 


E PERDET ERY R. M., and Priestley, J. H., Proc. Roy. Soc., B, 95, 109 
1924). 


2? McLean, R. C., and Cook, W. R. I., “Plant Science Formul”, 85 
(Macmillan, London, 1941). 
3 Brown, R., and Rickless, P., Proc. Roy. Soc., B, 136, 110 (1949). 


Culture of Nitrosomonas europaea in Media 
Free of Insoluble Constituents 


Since Winogradsky’s discovery of Neitrosomonas 
in the latter part of the nineteenth century, members 
of this genus have been grown in a variety of culture 
media containing insoluble constituents, the most 
common of these being calcium carbonate. This 
component serves as a means of pH. control necessary 
because of the accumulation of large amounts of 
nitrous acid and also can provide the inorganic 
carbon source necessary for the autotrophic meta- 
bolism of these bacteria. Eventually, it was tacitly 
assumed that these micro-organisms require adsorp- 
tion to particulate medium ingredients in. order for 
active proliferation to occurl?. This phenomenon 
takes on practical significance for soil nitrification in 
view of the demonstration that substrate ammonium 
apparently must first be adsorbed before oxidation 
can commence’. 

In our studies of the biochemical properties of the 
nitrifying bacteria, it became readily evident that it 
would be a difficult procedure to separate the cellular 
material once it became embedded in the excess of 
insoluble carbonates and phosphates. In order to 
obtain quantities of cells free of chemical contamina- 
tion and to determine if there was some obligate 
adsorption requirement, studies of the growth of 
these bacteria were initiated using a medium all of the 
constituents of which were soluble. Nitrosomonas 
europaea was grown in a 30-litre fermentor similar to 
that described by Johnson‘. Air sterilized by filtration 
through sterile cotton or glass wool was dispersed 
through a ‘Selas 01’ candle filter. The medium con- 
tained 3-0 gm. ammonium sulphate as the energy 
source, 500 mgm. potassium hydrogen phosphate, 
50 mgm. hydrated magnesium sulphate, 4 mgm. 
hydrated calcium chloride, 100 ugm. chelated iron 
(Chel-138-HFe, Geigy Chemical Company, New 
York), and 50 ugm. cresol red in a litre of redistilled 
water. Additional ammonium-—nitrogen was added 
aseptically in increments as needed. After autoclav- 
ing, the medium was brought to pH 8-0 with a sterile 
potassium carbonate solution, and the culture was 
maintained at that reaction during the growth-cycle 
by continuous addition of a sterile 50 per cent potas- 
sium carbonate solution, the indicator simplifying 
this operation. 

In the growth-cycle, a lag phase of 10 hr. was 
observed when a 5 per cent inoculum was used. 
Following the initial lag, the culture grew at a logarith- 
mic rate for 60 hr. with a generation time of 11 hr. 
The final nitrite-level at 96 hr. was 1,160 p.p.m. and 
the corresponding viable count was 1-9 x 10° cells 
per ml. The problem of pH control is indicated by 
the fact that the acid produced in the last 24-hr. 
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period required 6:3 gm. potassium carbonate por litre 
of medium for neutralization. The relatively short 
generation time observed and the accumulation of 
nitrite in concentrations greater than that usually 
found in media with insoluble carbonates demonstrate 
that the bacterium can develop at an optimal rate in 
clear media. Thus, it is evident that these organisms 
can grow without being adsorbed on to insoluble 
materials. 

The bacterial cells can be separated from the 
medium by passage through a Sharples centrifuge 
with the resultant residue consisting of cells devoid 
of chemical impurities. The cell paste obtained 
represents a dry-weight yield of about 72 mgm. per 
litre of culture medium. The colour of this paste is 
deep red, probably resulting from the presence of a 
strong cytochrome absorption band. A more com- 
plete account of this work will be reported elsewhere. 


M. 8S. ENGEL 
M. ALEXANDER 


Laboratory of Soil Microbiology, 
Department of Agronomy, 
Cornell University, 
Ithaca, New York. 
1 Lees, H., “Biochemistry of Autotrophic Bacteria” (Butterworths 


Scientific Pub., London, 1955). 
2 erry ha A. A., and Ruban, E. L., Mikrobiol. (U.S.S.R.), 28, 271 


3 Lees, H., and Quastel, J. H., Biochem. J., 40, 815 (1946). 
4 Johnson, B., Science, 111, 1862 (1952). 


Effect of Plasmolysis on the Rate of 
Respiration of a Green Alga 


IN some recent experiments to be reported more 
fully elsewhere, the offect of plasmolysis and of 
temperature on the rate of respiration of the green 
alga, Scenedesmus quadricauda has been. investigated. 
The results may be summarized as follows: (1) At 
25° C. there is a highly significant (probability 0-1 per 
cent or less) decrease in the rate of respiration on 
plasmolysis, with subsequent recovery on deplasmo- 
lysis. (2) At 7° C. there is no effect of plasmolysis on 
the rate of respiration. (3) Between 5° and 15° C. the 
activation energy for respiration is of the order of 
21,000 cal./mole. (4) Between 15° and 35°C. the 
activation energy for respiration is of the order of 
5,600 cal./mole. These results are independent of the 
presence or absence of glucose, though above 15° C. 
the rate of respiration is increased on the addition 
of glucose, whereas the rate is unaffected below this 
temperature. 

The values of the activation energies suggest that 
below 15° C. a chemical reaction is limiting the rate 
of respiration ; but above this temperature the rate 
is limited by the diffusion of a respiratory inter- 
mediate. In this case the effect of plasmolysis must 
be on the diffusion path. 

Plasmolysis involves a dehydration of cellular 
material, and loss of water may occur either from the 
vacuole or from the protoplasm, or from both. Even 
if the total loss of water is from the vacuole, the 
excreted water must pass through the protoplasm, 
the water content of which may vary until equilibrium 
is regained. This will be especially true if the per- 
meabilities of the plasma membrane and the vacuolar 
membrane to water are different. Further, if the 
plasma, membrane and the vacuolar membrane both 
act as semi-permeable membranes towards the water 
in the protoplasm and the vacuole, and if there is no 
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movement of solute across the membranes, one would 
expect water to be lost from both the protoplasm and 
the vacuole. In cells without or with only very 
smali vacuoles (such as Scenedesmus quadricauda) 
there is likely to be a greater loss of water from the 
protoplasm in hypertonic solutions than in fully 
vacuolated cells. 

Dehydration of the protoplasm will result in an 
increase in its viscosity, and this has been demon- 
strated by Fritsch and Haines! for terrestrial algae 
drying in a desiccator. Under the same conditions, 
Fraymouth® has demonstrated a decrease in the rate 
of respiration. After centrifuging Scenedesmus 
quadricauda cells for 45 min. at 4,000 r.p.m., a number 
of larger particles were found to be displaced in 
normal cells but not in plasmolysed cells, indicating 
that some increase in viscosity had taken place in the 
plasmolysed cells. 


The equations of Sutherland? and of Einstein‘ show. 


that when the radius of the diffusing molecule is 
large in comparison with the radius of the solvent 
molecule, the rate of diffusion is proportional to the 
viscosity of the medium. Stiles® held that experi- 
mental data disproved these equations, but the data 
he quoted refer to the diffusion of ions in aqueous 
solution, and this state of affairs lies outside the 
Sutherland—Einstein equations. Hitchcock® has 
shown that for diffusion in aqueous solution a mole- 
cule will obey the theoretical equations provided that 
it is no smaller than a hexose molecule. 

It is therefore suggested that the decrease in the 
rate of respiration observed on plasmolysis under 
conditions where diffusion is limiting the rate of 
respiration, is caused by a reduction in the rate of 
diffusion brought about by an increase in the viscosity 
of the protoplasm. ‘There appear to be two main 
points in the respiratory mechanism where diffusion 
in the protoplasm could limit the rate of respiration. 
The first is diffusion of glucose-l-phosphate, formed 
by hydrolysis of starch, from the starch grains to the 
glycolytic system; and the second is the diffusion 


NATURE 


N 


of the product of glycolysis to the mitochondria. ° 


With regard to this suggestion it is interesting to 
recall that an increase in the viscosity of homogenates 
has been found to decrease their rates of respiration’. 


F. J. TAYLOR 
Department of Botany, - 
Fourah Bay College, 
Freetown, 
Sierra Leone. 


1 Fritsch, F. E., and Haines, F. M., Ann. Bot., 37, 683 (1923). 

2 Fraymouth, J., Ann. Bot., 42, 75 (1928). 

3 Sutherland, W., Phil. Mag., Ser. 6, 9, 781 (1905). 

1 Binstein, A., Ann. Phys., 17, 549 (1905). 

5 Stiles, W., Biol. Revs., 5, 171 (1930). 

* Hitchcock, D. I., in “Physical Chemistry of Cells and Tissues”, 
edit by Höber, R., 18 (London, 1946). 


7 Schmidt-Matthiesen, H., Naturwiss., 42, 468 (1955). 


Escape Responses of Herbivorous 
Gastropods when stimulated by Carnivor- 
ous Gastropods 


BULLOOK! reported that many Californian Gastro- 
poda respond to being touched by tube feet of star- 


fish by crawling rapidly away from the starfish. He. 


also showed that the response differs in details 
between genera, and between species of a genus; 
and that some species do not respond at all, or only 
occasionally. In some species of Acmaea, and in 
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Haliotis cracherodii Leach ‘mushrooming’ (raising of 
the shell well clear of the substratum on the fleshy 
stalk of the visceral hump) accompanied by lateral 
swinging of the shell occurred before the animals 
crawled away ; in others, notably the trochid Tegula, 
the animals merely glided rapidly away from the 
source of stimulation. 

Comparable responses may be produced by stim- 
ulating herbivorous gastropods with carnivorous ones. 
This was first observed in Nature on a dry rock 
surface which had recently been left by the receding 
A thaisid whelk, Lepsia haustrum (Martyn) 
crawled towards a trochid Melagraphia aethiops 
(Gmelin), and as soon as contact was made between 
the soft parts of the two the shell of the trochid was 
lifted well clear of the substratum and swung violently 
several times through an are of 180°. The trochid 
then set off across the rock at two to three times the 
normal crawling speed. The thaisid did not follow. 
This has beon observed several times. Occasionally, 
swinging of the shell to left and right is sufficiently 
violent not only to break contact, but also to dislodge 
the carnivore, which is several times larger than the 
trochid. : 

Similar results were obtained using the starfishes 
Coscinasterias calamaria (Gray) and Astrostole scabra 
(Hutton) as stimulators. The common New Zealand 
littoral starfish- Asterina regularis Verrill does not- 
elicit any response. Since making the first observa- 
tions under natural conditions, many encounters have 
been. ‘staged’ in tidal pools and in laboratory aquaria. 
It has been found that freshly collected animals 
respond in a more marked fashion than those kept 
in aerated sea water for a few days. As in Bullock’s 
work the vigour of the response varied somewhat 
between species. The more vigorous reaction 
involving mushrooming does not always occur; the 
most common reaction being an abrupt turning away 
from the point of stimulation, and rapid crawling 
away from the carnivore. If an animal is stimulated 
on the right side it turns left and moves away in that 
direction, and vice versa. When contact is frontal 
the herbivore backs away a short distance before 
turning to one side and crawling rapidly away. If 
stimulated repeatedly the herbivores used in the 
experiments crawled out of the pools or up the sides 
of the aquarium. 

The reactions described here differ from those 
usually evoked by mechanical stimulation with a 
needle or human finger. These and other objects 
cause the animal to lower the shell and cease crawling. 
Similarly, response to being touched by other herbi- 
vores is weak, often causing retraction of a tentacle 
and a little or no retraction into the shell, but never 
flight. Carnivores likewise show little or no reaction 
to being touched by other carnivores. 

Herbivorous gastropods found to be sensitive to 
touch stimuli from. carnivorous gastropods are 
Melagraphia aethiops, Zediloma digna Finlay, Z. arida 
Finlay, Z. atrovirens (Phil.), Trochus viridis (Gm.), 
Anisodiloma lugubris (Gm.), Haliotis iris Martyn, 
Cellana radians (Gm.), and C. ornata (Dillwyn). The 
fissurellid Scutus breviculus (Blainville) and the 
turbinid Lunella smaragda (Martyn) show no response. 
This may perhaps be explained by the copious 
covering of mucus on the former, and the heavy 
calcareous operculum of the latter. The carnivorous 
gastropoda used as stimulators were Lepsia hausirum, 
Lepsiella scobina (Q. & G.), Buccinulum strebeli (Suter) 
and Cominella maculosa (Martyn). There appears to 
be no correlation between sensitivity to different 
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carnivores and position occupied on the shore by 
carnivores and herbivores. Lunella smaragda shows 
no reaction to Cominella maculosa, which lives in the 
same zone (about mean low water springs), while 
Zediloma digna, which is found at the level of mean 
high water springs, reacts violently to being touched 
by C. maculosa, which it must rarely, if ever, meet in 
Nature. 

A single specimen of Lepsia haustrum was ground 
up in a pestle and mortar with ground glass and a 
few ml. of sea water. This was allowed to settle, the 
supernatant liquor drawn into a pipette, and a few 
drops placed on the side of the foot of Melagraphia 
aethiops. This evoked a weak reaction. A similar 
extract of Mytilus planulatus Lam. produced no 
visible results. This tends to support Bullock’s view 
that the stimulus which evokes these reactions is 
chemical in nature. 

W. C. CLaRK* 
Zoology Department, 
Canterbury University College, 
Christchurch, New Zealand. 
‘Sept. 26. 


* Present address: Entomology Division, Department of Scientific 


and Industrial Research, Nelson, New Zealand. 
1 Bullock, T. H., Behaviour, 5, 130 (1953). 


A Spurious Significance in Genecological 
Trials 


ATTENTION has been directed! to the fact that 
reduplication of individual genotypes in population 
sampling gives rise to spuriously low values of the 
_ standard error, and hence misleadingly high signifi- 
cance of difference between populations. This 
naturally leads one to wonder whether reduplicated 
genotypes are at all frequent in population samples. 
Further work on perennial plants of hill grazings has 
now suggested that the risk of reduplication is very 
high in some cases. ; 

Detailed morphological examination of plants 
isolated from the wild has revealed numerous cases 
of strikingly similar isolates, and these are always 
from points relatively close together; isolates from 
greater distances apart never being so similar. In a 
few cases the separate isolates within a similar group 
have been cloned and laid out in a replicated trial, 
and it is found that they cannot be distinguished by 
any scored character: a block of twelve isolates each 
replicated ten times appears like a block of 120 ramets 
of a single plant. (In cases where an apparently 
similar yet distinct isolate has been included in & 
trial, that one can be picked out in every replication.) 
It is very tempting to regard such a group of similar 
isolates as being of a single genotype. Clearly such 
an assertion can never be proved, but the results 
of certain lines of investigation have no other 
simple interpretation. For example, it is found that 
virtually self-sterile isolates set no more seed on 
crossing with an apparently identical isolate than 
they do on selfing; yet they set seed freely when 
crossed with recognizably distinct isolates. If the 
interpretation is correct, then the experimental results 
give a clear impression of the extent and abundance 
of individual genotypes in natural communities, and 
an indication of the chances of genotype reduplication 
in sampling. 

One genotype of Festuca rubra appears to have a 
spread of 250 yards, and over this range it is abun- 
dant, forming 70 per cent of the isolates from central 
parts falling to 3 per cent at one point on the margin : 
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over some nine acres one-third of the tillers isolated 
belong to this one clone. At one part of the range a 
separate collection was made of nearly 1,500 tillers, 
isolated at 9-in. intervals from within a 10-yard 
square quadrat. Approximately 47 per cent of the 
tillers wore referable to this one clone. Other ‘large’ 
cones accounted for 12, 6 and 4 per cent of the tillers 
respectively. A further 39 clones were isolated less 
than 25 times (1:7 per cent) each, while 105 isolates 
remained ungrouped and possibly represent genotypes 
isolated only once each. This clearly suggests a log 
distribution®?. The second and the third largest 
clones, both of which were markedly localized within 
the quadrat, have not been found elsewhere. The 
fourth largest clone, however, which was scattered 
over the quadrat, has a total spread of at least 
100 yards. If this picture of genotype distribution 
is typical of the species in general, then popula- 
tion sampling in Festuca rubra at a higher rate 
than one plant per acre is likely to lead to spurious 
significance. ‘ 

In Holcus mollis (the pentaploid form) the picture 
appears to be'slightly different in that only ‘large’ 
genotypes occur. In an area of 300 yards across 
only three genotypes seem to be present, each of 
them widespread and isolated many times. This 
suggests that new genotypes are not being estab- 
lished. 

It appears the clones of Festuca ovina do not often 
exceed four yards in diameter. This comparatively 
meagre spread is in fact a surprising performance 
when one considers its growth habit : the age of such 
a clone is probably to be measured in hundreds of 
years. It seems likely that in this species spurious 
significance can be avoided by adopting a suitably 
restrained sampling technique. In fact, genotype 
reduplication might not occur to a serious extent in 
normal sampling procedure, and it may be instructive 
to reflect that in this species no difference has been 
found between populations from neighbouring but 
ecologically distinct sites’. 

The assumed age of some genotypes in all three 
species is not without its genecological interest. The 
most recent products of breeding and selection are 
apparently no more suited to the prevailing environ- 
ment than their forebears of scores of generations 
back. Furthermore, the territories concerned are 
non-uniform and in spreading outwards single geno- 
types of both F. rubra and H. mollis have been able 
to enter, and compete successfully in, any habitat 
which does not actually exclude that species, sug- 
gesting that there is little genecological specialization ' 
present. - 

Finally, it should be pointed out that, since it is 
unlikely that any two seedlings are identical in 
genotype, one way of avoiding genotype reduplication 
is to raise population samples from seed. Unfor- 
tunately, however, this need not avoid spurious 
significance since the variance between the seed 
progeny of a single plant is almost certainly lower 
than that between plants of different parentage. 
` A complete account of this work is being prepared 
for publication elsewhere. 


D. J. HarBERD 


Scottish Plant Breeding Station, 
Pentlandfield, 
Roslin, Midlothian. 
Oct. 18. 


1 Harberd, D. J., New Phytol., 58, 269 (1957). 
2 Williams, ©. B., J. Ecol., 42, 1 (1954). 
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FORTHCOMING EVENTS 


Monday, January 13 


ROYAL STATISTICAL Sooty (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), 
at 5.15 p.m.—Monsieur M. Brichler: “Classification of the Population 
by Social and Economic Characteristics”. i 


BRITISH SOCIETY FOR THE HISTORY OF SOIENOE, PHILOSOPHY OF 
SOIBNCH GROD? (in the Joint Staff Common Room, University pi 
Gower Strect, London, W.C.1), at 5.30 p.m.—Dr. I. J. Good: “ d 
a Machine Make Probability Judgments ?” 


INSTITUTION OF ELHOTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 en on “The Use of Electricity in the 
Garden by Amateurs”, opened by Mr. M. M. Harvey. 


ROYAL GEOGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, 
S.W.7), at 8.80 p.m.—Mr. Duncan Carse: “South Georgia Survey”. 


Tuesday, January 14 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SHOTION (at the 
Royal Society of Tropical Medicine and Hygiene, 26 Portland Place, 
London, W.1), at 5.30 p.m.—Mr. F. N. ennett: ‘Modern 
Testing Methods and Equipment”; 7 p.m.—Mr. W. 8. Penn: “New 
Synthetic in Cables”. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION 
(at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.—Dr. 
T. P. Hoar: “The Prevention of Corrosion in Car Bodies”. 


Wednesday, January I5 


ROYAL SOCIETY oF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Mr. Stanley Gooding: “Modern Research into 
Bees and Bee-Keeping’’. 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 
S.W.7), at 5 p.m.—Scientifle Papers. 


INSTITUTE OF PHYSIOS, LONDON AND HOME COUNTIES BRANOH 

at 47 Belgrave Square London, 5.W.1), at 6 p.m.—Dr. B. F. J. 

Schonland. F.R.S.: “Physical Research in the Research Group of 
the Atomic Energy Authority”. 


INSTITUTE OF, METALS (at 17 Belgrave Square, London, W.C.1), 
at 6.30 p.m.—Dr. David Turnbull: “The Mechanism of Clustering 
and Precipitation in Metals’’. l 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the LONDON SECTION of the SOOIETY oF CHEMICAL INDUSTRY, 
at the College of Preceptors, 2 and 3 Bloomsbury Square, London, 
W.C.1),at 6.30 p.m.—Prof. W. E. Garner, F.R.S. : “Recent Advances 

„in Catalysis”. 


SOCIETY OF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 6.80 p.m.—Mr. T. P. Hoar and Mr. J. G. 
Hines :, “Stress Corrosion Cracking”. 


Thursday, January 16 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society, Burlington House, Piccadilly, London, W.1), at 6 p.m— 
General Meeting. 


LONDON MATHEMATICAL Socruty (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London W.1), at 5 p.m.— 
Prof. A. 8. Besicovitch: “Sharpening some Lebesgue Theorems”. 


OHEMICAL SOOIETY (in the Large Chemistry Lecture Theatre, Imperial 
College of Science and Technology, South Kensington, London, S.W.7). 
at 7.30 p.m.—Prof. D. H. R. Barton, F.R.S.: “Some Aspects of 
Sesquiterpenoid Chemistry” (Inaugural Simonsen Lecture). 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at 26 Port- 
ana Place, London, W.1), at 7.30 p.m.—Symposium on “Onchocer- 
ciasis’’. 


Friday, January 17 


ROYAL SOCIETY OF MEDICINE, EPIDEMIOLOGY and PREVENTIVE 
MEDIOINE SECTIONS (at 1 Wimpole Street, London, W.1), at 5 p.m.— 
Symposium on “Weather and Disease”. 


INSTITUTE OF NAVIGATION (at 1 Kensington Gore, London, S.W.7), 
at 5.15 p.m.—Mr. J. R. Saxton: “The Influence of Atmospheric 
Conditions on Radar Performance”. 


Saturday, January 18 


BRITISH PSYOHOLOGIOAL Soormry (in the Psychology Department, 
Birkbeck College, Malet Street, London, W.C.1), at 2.80 p.m.—Dr. 
R. Melzack (University of Oregon Medical School): “Some Recent 
Experiments on the Problem of Pain’’. 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the dates mentioned : 
BIOCHEMIST, Basic grade (with a science degree)—The Group Secre- 
» Doncaster Hospital Management Committee, Doncaster Royal 
Infirmary, Doncaster (January 18), 
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LEOTURER IN ELECTRICAL ENGINEERING—Tho Registrar, University 
College, Singleton Park, Swansea ang Ta f 

HEAD (well qualified graduate of a Briti Cie tae OF THE 
ELECTRICAL ENGINEERING DEPARTMENT—The Clerk to the Governing 
Body, Battersea College of Technology, London, 8.W.11 (January 20). 

CHAIR OF BOTANY tenable at Queen Mary College—The Academic 
Registrar, University of London, Senate House, London, W.C.1 
(January 29). 

LECTURER IN INORGANIC CHEMISTRY af the University of Canter- 
bury, Christchurch, New Zealand—-The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (New Zealand, January 31). i 

LECTURER IN MATHEMATIOS at the University College of Ghana— 
The Secretary, Inter-University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1 (January $1). 

LECTURER IN PHyYsIcs at the University of New England, Australla 
—tThe Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, January 31). 

READER IN ORGANIO CHEMISTRY at Koge College, Štrand, London, 
W,.C.2—The Academic Registrar, University of London, Senate House, 
London, W.C.1 (February 1). : 

LECTURER IN CHEMISTRY at the University of Sydney, Australia— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.0.1 (Australia, February 8). 

LEOTURER (with a knowledge of mathematical statistics) IN PURE 
MATHEMATIOS—The Registrar, Queen Mary College (University of 
London), Mile End Road, London, E.1 (February 8). 

. LECTURER (preferably with experience of virus work) IN BACTERIO- 
LOGY ; and a GEORGINA McROBERT FELLOW, to investigate the cause, 
prevention and treatment of cancer—The Secretary, The University, 
Aberdeen (February 14). 

IMPERIAL CHEMICAL INDUSTRIES RESEHAROH FELLOWS IN PHYSIOS, 
CHEMISTRY, ENGINEERING, METALLURGY and PHARMACOLOGY or any 
meted subjects—The Registrar, The University, Liverpool (February 


ENIOR LECTURER IN NUMERICAL ANALYSIS at the University of 
Melbourne, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, February 15). 

IMPERIAL CHEMIOAL INDUSTRIES RESHAROH FELLOWS (4) IN 
CHEMISTRY, PHYSICS, PHYSICAL CHEMISTRY, BIOCHEMISTRY, CHEBIO- 
THERAPY, PHARMACOLOGY, PHARMACY, COLLOID SCIRNOH, METAL- 
LURGY, ENGINEERING, GEOLOGY or AGRIOULTURAL SOrMNOE—The 
Registrar of the University of Wales, University Registry, Cathays 
Park, Cardiff (March 8). t 

TURNER AND NEWALL RESBARCH FELLOW IN ENGINEERING, 
INORGANIO CHM STRY or PHysIcs or other allied science—The 
Registrar, The University, Leeds 2 (April 12). 

SSISTANT LEOTURER (Grade B) IN CHEMISTRY—The Principal, 
Royal Technical College, Salford 5. 

ASSISTANT (man or woman, with a good reading knowledge of 
Russian) for abstracting scientific papers in economic entomology— 
The Director, Commonwealth Institute of Entomology, 56 Queen’s 
Gate, London, S.W.7. 

BACTERIOLOGIST (with the Ph.D. degree) to undertake research 
on the physiology and biochemical activities of bacteria and to supar- 
vise the maintenance of a culture collection—Dr. G. A. Ledingham, 
Director, Prairie Regional Laboratory, National Research Council, 
Saskatoon, Saskatchewan, Canada. ; 

CHAIR OF PSYCHOLOGY—The Registrar, The University, Bristol. 

ENTOMOLOGIST (with a good honours degree in an agricultural 
science and at least two years postgraduate experience in entomology) 
IN THE AGRIOULTURAL DEPARTMENT, Sierra Leone, to organize contro 
measures for insect pests of coffee, cocoa and other erops—The Director 
of Recruitment, Colonial Office, London, 8.W.1, quoting BCD.63/15/011. 

HISTOLOGICAL TEOHNIOIAN (preferably with the diploma of the 
I.M.L.T. in histology) IN THE DEPARTMENT OF MORBID ANATOMY— 
Dr. M. Bodian, Department of Morbid Anatomy, The Hospital for 
Sick Children, Great Ormond Street, London, W.0.1. 

RESEARCH WORKER (with a degree in psychology)—The Director, 
Burden Institute, Stoke Lane, Stapleton, Bristol. 

SCIENTIFIC OFFICER (CHEMIST) (with a first- or upper division 
second-class honours degree in chemistry of equivalent qualification, 
and preferably at least two years postgraduate experience in inorganic 
analysis and a specialized knowledge of silicate and/or spectrographic 
analysis) IN THE DEPARTMENT OF GEOLOGICAL SURVEY, Federation 
of Nigeria, for duties which include the analysis of rocks, ores and 
minerals in the Geological Survey Laboratories—The Director of 
Recruitment, Colonial Office, London, 8.W.1, quoting BCD.105/14/09/T. 

TECHNICIAN (Associate of the Institute of Medical Laboratory 
Technology) IN THE DEPARTMENT OF SURGERY, University of Oxford 
—Nuffield Professor of Surgery, Radcliffe Infirmary, Oxford. 

TECHNICIAN (with the A.I.M.L.T. or Comivalent qualification), for 
duties mainly EAE of assisting with research—The Secretary, 
Guy’s Hospital Medical School, London Bridge, London, S.E.1. 


REPORTS and other PUBLICATIONS 


(not included tn the monthly Books Supplement) 


Great Britain and ireland 


Department of Scientific and Industrial Research. Memoirs of the 
Geological Survey of Great Britain (England and ele Geology of 
the Country around Sheffield. By R. A. Eden, I. P. Stevenson, and 
Wilfrid Edwards. (One-inch Geological Sheet 100, New Series.) 
Pp. ix+238+6 plates. (London: H.M. Stationery Office, 1957.) 
278. 6d. net. - [1110 

Building Research Station Digest No. 102 (September, 1957): 
Miscellany—Window-sllls; Bonding Agents; Staining and Efflores- 
cence; Half-hour Fire Resistance; Sound Insulation of Partitions ; 
Flue-less Heaters; From Limestone to Sandstone. Pp. 6. (London: 
H.M. Stationery Office, 1957.) 3d. [1110 
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Report of the West African Timber Borer Research Unit, 1953-55. 
Pp. 44+1 plate. (London: Crown Agents for Oversea Governments 
and Administrations, 1957.) 5s. s {1110 

National Association for Mental Health. Annual Report, 1956- 
ieee) Pp. 39. (London: National Association for Mental aay 

Library Association Pamphlet No. 17.: Microrecording in Libraries : 
& Review of Present Practice. By J. Burkett. Pp. 55. (London: 
Library Association, 1957.) 8s. 8d. (6s. 6d. to L.A. members). [1110 

Air Ministry : Meteorological Office. British Rainfall 1955: Report 
on the Distribution of Rainin Space and Time over Great Britain and 
Northern Ireland during the year 1955 as recorded by about 5,000 
Observers. (Ninety-fifth Annual Volume of the British Rainfall 
Organization.) Pp.{v+230. (M.O. 629.) (London: H.M. Stationery 
Office, 1957.) 25s. net. [1110 

Research Defence Society. Conquest Pamphlet No.3: The Research 
Defence Society. By W. Lane-Petter. Pp. 14. (London: Research 
Defence Society, 1957.) 6d. [1410 

British Cast Iron Research Association. Thirty-sixth Annual Report 
for the year ending June 30th, 1957. Pp.16+1 plate. (Birmingham : 
British Cast Iron Research Association, 1957.) [1410 

Forestry Commission. Forest Records, No. 88: Provisional Yield 
Table for Western Hemlock in Great Britain. By W. R. Evans and 
J. M. Christie. Pp. 20. (London: H.M. Stationery Office, 1957.) 
1s. 9d. net. [1510 

At the Farmer’s Service: a handy reference to the various services 
available to Farmers in England and Wales. -11+64. (London : 


Ministry of Agriculture, Fisherles and Food, 1957.) [1510 
Other Countries 
Library of Congress—Technica] Information Division. The Air 


- Pollution Bibliography, Vol. 1. By Jack R. Gibson, Wave E. Culver, 
and Mary E. Kurz. Pp. vii+150. (Compiled for the Public Health 
Service, U.S. Department of Health, Education and Welfare.) (Wash- 
BP)” D.C.: Library of Congress, Technical Information sae er 

í 111 
Proceedings of the United States National Museum. Vol. 107, 
No. 3379: Rh issus cuneus, a New Echinoid from North Carolina, 
By C. Wythe Cooke. Pp. 9-12 (1 plate). Vol.107, No. 3390: Formo- 
san Cossonine Weevils of Bamboo (Coleoptera: Curculionidae : 
Cossoninae). By Elwood C. Zimmerman. Pp. 13-24. Vol. 107, 
No. 3382: A New Species of Calanopia (Copepoda: Calamoijda) from 
the Caribbean Sea. By Thomas E. Bowman. Pp. 39-46. Title-Page 
and Index to Volume 104 (Nos. 3338-3348). Pp. iv-+651-694. (Wash- 
ington, D.C.: Government Printing Office, 1957.) [1110 
crimshaw : Folk Art of the Whalers. By Walter K. Earle. Illus- 
trations by Jane Davenport. . 36 (8 plates). (Cold Spring Harbor, 
N.Y.: Whalin Museum Society, Inc., 1957.) 1110 
Imperial College of Tropical Agriculture. A Report on Cacao 
Research, 1955-1956. Pp. 60. (St. Augustine, Trinidad and London : 
Imperial College of Tropical Agriculture, 1957.) 15s. - [1110 
World Health Organization. Technical Report Series. No. 125: 
Expert Committee on Insecticides—Seventh Report. . 81. 1 
Swiss franc: 1s. 9d.; 0.30 dollars. No. 128: The Public Health 
Laboratory Service: Fifth Report of the Expert Committee on Health 
Laboratory Methods. Pp. 49. 2 Swiss francs; $s. 6d.; 0.60 dollars, 
Chronicle of the World Health Organization, Vol. 11, No. 8 (August, 
1957): Challenge of Atomic Energy. (Special Number.) Pp. 233-266. 
1 Swiss franc; 1s. 9d.; 0.30 dollars. (Geneva: World Health Organ- 
ization; London: H.M. Stationery Office, 1957.) (1110 
Canada: Department of Mines and Technical Surveys. Publications 
of the Dominion Observatory, Ottawa. Vol. 14: Bibliography of 
Seismology No. 19, Items 9382-9627 (January to June, 1956). By 
W. E. T. Smith. Pp. 413-+442. (Ottawa: Queen’s Printer, 1957.) 

25 cents. [111 
United States Department of Commerce: Weather Bureau. Re- 
search Paper No. 40: Principal Tracks and Mean Frequencies of 
Cyclones and-Anticyclones in the Northern Hemisphere. Pp. ii+60 
(72 charts). (Washington, D.C.: Government Printing Office, 1957.) 
1 dollar. {1110 
Osaka University : Faculty of Science. Annual Report of Scientific 
Works, Vol. 5,1957. Pp.i1+148. (Osaka: Faculty of Science, Osaka 

University, 1957.) 141 
Fauna and Flora, No. 6, 1955. Pp.151. (An Official Publication of 
the Transvaal Provincial Government.) (Pretoria: Director of 
Nature Conservation, P.O. Box 383. 1956. [1410 

Académie Royale de Belgique. Classe des Sciences. Mémoires, 

Tome 30, Fascicule 4: Méthode de Détermination Directe des Repré- 

sentations Irréductibles Associées aux Harmoniques et Combinaisons 

de Vibrations Moléculaires. Par Camille Duculot. Pp.90. (Bruxelles: 

Académie Royale de Belgique, 1957.) 80 francs. 1410 

Publications de l’Observatoire de Genève. Série M: Météorologie. 

Fascicule 31: Résumé Météorologique de Année 1956 pour Genève. 

Par J. Ruche. PP. 13. (Genève: Observatoire de Genève, 1957.) [1410 
-Annual Report of the Trustees of the Museum of Applied Arts and 

Sciences, Sydney. Pp. 14. (Sydney: Museum of Applied Arts and 

Setences, 1957.) [1410 

Bulletin of the American Museum of Natural History. Vol. 113, 

Article 2: A Historical Review of the Mollusks of Linnaeus. Part 5: 

The Genus Murex of the Class Gastropoda. By Henry Dodge. Pp. 

78-244, (New York: American Museum of Natural History, revi 


2.50 dollars. 

Harvard University: Blue Hill Meteorological Observatory. 
Meteorological Radar Studies. No. 4: Advection and the Meltin 
Layer. By Raymond Wexler. Pp. 12. No. 5: Synoptic-Physica 
Implications of 1.25 cm. Vertical Beam Radar Echoes. By Roland 
J. Boucher. , 24. No.6: Moisture Supply and Growth of Strati- 
form Precipitation. By Raymond Wexler and David Atlas. Pp. 19. 
(Milton, M Blue Hili Meteorological Observatory, Harig 


ass. : 
University, 1957.) 410 
Union Observatory, Johannesburg. Annual Report for 1956. 
Pp. 6. (Johannesburg: Union Observatory, 1957.) 1410 
Bulletin of the Museum of Comparative Zoology at Harvard College. 
Vol. 117, No.1: A Study of the Sharks of the Suborder Squaloidea. 


- 


NATURE . 


t 


r 


January IL, 1958 VoL. T81. 


By Henry B. Bigelow and: William C. Schroeder. Pp. 15044 plates. 
Vol. 117, No. 2: Check List of the Reptiles and Amphibians of Hast 
Africa (Uganda; Kenya; Tanganyika; Zanzibar). By Arthur 
Loveridge. Pp. 151-362 4+xxxvi. Vol. 117, No.3: The Spider Genera 
Crustulina and Steatoda in North America, Central America, and the 
West Indies (Araneae, Theridiidae). By Herbert W. Levi. Pp. 
863-424 (156 figures). (Cambridge, Mass.: Museum of Comparative 
Zoology at Harvard College, 1957.) 3 [1410 
United States Department of Agriculture. Index-Catalogue of 
Medical and Veterinary Zoology. Supplement 7, Authors A to Z 
Pp. ii4-1789-2139. (Washington, D.C.: Government Printing 
Office, 1957.) 1.25 dollars. 14 
Smithsonian Miscellaneous Collections. Vol. 134, No.11: Anatomy 
and Taxonomy of the Mature Naiads of the Dragonfly Genus Plathemis 
(Family Libellulidae). By Harvey R. Levine. Pp. 28. (Washington, 
D.C.: Smithsonian Institution, 1957.) 1410 
United States Department of the Interfor: Geological Survey. 
Bulletin 1019-E: Magnesium Resources of the United States—a 
Geologic Summary and Annotated Bibliography to 1953. By Robert 
E. David. Pp. iv+373-515+plate 2. 70 cents. Bulletin 1019-H : 
Selected Annotated Bibliography of High-Grade Silica of the United 
States and Canada through December, 1954. By Marion C. Jaster. 
Pp. tii+609-678. 25 cents. Bulletin 1019-1: Annotated Bibliography 
of High-Calcium Limestone Deposits in the United States including 
Alaska, to April 1956. By G. C. Gazdik and Kathleen M. Tagg. Pp. 
iii-+675-712. 20 cents. Bulletin 1036-K : Differential Thermal Analy- 
sis of Selected Borate Minerals. By Robert D. Allen. Pp.lii+193-208. 
15 cents. Bulletin 1043-B: Application of High-Order Stereoscopic 
Plotting Instruments to Photogeologic Studies. By C. L. Pillmore. 
Pp. 84. 15 cents. Bulletin 1061-A: Pennsylvanian and Permian 
Rocks of the Southern Inyo Mountains, California. By Charles W. 
Merriam and Wayne E. Hall.. Pp. iii+15. 15 cents. (Washington, 
.C.: Government Printing Office, 1957.) : {1410 
United States Department of the Interior: Geological Survey. 
Water-Supply Paper 1290: Quality of the Surface Waters of the 
United States, 1953. Parts 1-4: North Atlantic Slope Basins to St. 
Lawrence River Basin. Prepared under the direction of 8. K. Love. 
Pp. xi+439. 1.25 dollars. Water-Supply Paper 1349: Surface 
Water Supply of Hawali, 1953-54. Prepared under the direction of 
J. V. B. Wells. Pp. vit130. 50 cents. Water-Supply Paper 1387 : 
Surface Water Supply of the United States, 1955. Part 4: St. Law- 
rence River-Basin. Prepared under the direction of J. V. B. Wells. 
Pp. ix+412. 1.26 dollars. Water-Supply Paper 1396 : Surface Water 
Supply of the United States, 1955. Part 12: Pacific Slope Basins in 
Washington and Upper Columbia River Basin. Prepared under the 
direction of J. V. B. Wells. Pp. ix+333. 1.25 dollars. water Supply 
Paper 1404: Water Levels and Artesian Pressures in Observation 
Wells in the United States, 1955. Part 1: Northeastern States. 
Prepared under the direction of A. N. Sayre. Pp. vii+303._ 1 dollar. 
Water-Supply Paper 1417: Geology and Ground-Water Resources 
of the Paducah Area, Kentucky. By H. L. Pree, Jr., W. H. Walker 
and L, M. Macvary. . Vi+214-+11 plates. n.p. (Washington, 
D.C.: Government Printing Office, 1957.) {1410 
United States Department of the Interior: Geological Survey. 
Professional Paper 282-C : River Flood Plains: Some Observations on 
Their Formation. By M. Gordon Wolman and Luna B. Leopold. 
Pp. iti+87~109+-plates 1 and 2. 25 cents. Professional Paper 
803-A,B.: The Paleozoic Section in the Shainin Lake Area, Central 
Brooks Range, Alaska. By Arthur L. Bowsher and J. Thomas Dutro, 
Jr. A New Upper Paleozoic Formation, Central Brooks Range, 
Alaska. By William W. Patton, Jr. Pp. vii+46+6 plates. n.p. 
(Washington, D.C.: Government Printing Office, 1957.) [1410 
Mitteilungen aus der Biologischen Bundesanstalt für Land- und 
Forstwirtschaft, Berlin-Dahlem. Heft 90 (August, 1957): Über den 
Einfluss von Temperatur und Luftfeuchtigkeit auf den Biparasiten 
Trichogramma cacoeciae Marchal (Eine biometrische Studie). Von Dr. 
Wolfgang Quednau. Pp. 63. 7 D.M. Heft 91 (September, 1957): - 
Die blatt- und rindenbewohnenden Pilze der Pappel unter besonderer, 
Berücksichtigung der Krankheitserreger. Von Dr. H. Butin. Pp. 64. 
7D.M. (Berlin-Dahiem: Biologischen Bundesanstalt für Land- und 
Forstwirtschaft, 1957.) i [1510 
Food and Agriculture Organization of the United Nations. FAO 
Nutritional Studles. No. 15: Calorie ty eh aga Bepon of the 
Second Committee on Calorie Requirements. . vVili+68. (Rome: 
Food and Agriculture Organization of the United Nations ; London : 
H.M. Stationery Office, 1957.) 3s. 9d.; 0.75 dollars. [1610 
A History of Lake Rukwa and the Red Locust. By D. L. Gunn. 
Pp.19. (Dar-es-Salaam : Tanganyika Notes and Records ; Abercorn : 
International Red Locust Control Service, 1956.) [1510 








Editorial and Publishing Offices of ‘‘NATURE”’ 


MACMILLAN & CO., LTD., 
ST. MARTIN’S STREET, LONDON, W.C.2. 
Telephone Number: Whitehall 8831. Telegrams: Phusis Lesquare London 





Annual subscription £7/15/-, payable in advance, 
postage paid to any part of the world 


—_— 


Advertisements only should be addressed to 
T. G. Scott & Son, Ltd., | Clement's Inn, London, W.C.2. 
Telephone Number: Holborn 4743 


All rights reserved. Registered as a newspaper at the General Post Office 


m 





` ` Pa g? ` J ` DA 


Rm tL: 
Vol. 181, No. 4603 SATURDAY, JANUARY 18, 1958 or 2s, 6d, 


Meathway 
Glass 
Working 
Lathes 


are known throughout 
the world 


@ 5 types available. 


è May we send you 
leaflets ? 





Cemented triplet lenses yielding well corrected images 
and flat fields of view. In single pocket mounts, x8, 


x10, X15. In double mount, x10 and x15. Universal Ty 
Mounted Vertically 





Particulars on request : 
C. BAKER OF HOLBORN LTD., METRON WORKS HEATHWAY MACHINERY CO. LTD. 
UXBRIDGE ROAD. HILLINGDON. MIDDLESEX 


PURLEY WAY, CROYDON, SURREY (croydon 3845-6-7) 5 4 ahs 
Showrooms : 244 High Holborn, London, W.C.1 ELEPHONE: UXBRIDGE 


B.T.L. Incubators 


Used in laboratories engaged in routine or research wor} 

ali over the world. 

@ B.T.L. ‘Bara’ Standard incubators. capsule operated 
for temperatures up to 60°C. 

® B.T.L. ‘ Bara’ Universal incubators. operated by B.T.L. 
wide range regulator, for temperatures up to 80°C, 

® Various sizes are available for prompt delivery. 








ll particulars on request 


BAIRD & TATLOCK 


(LONDON) LIMITED 
CHADWELL HEATH . ESSEX ENGLAND 


LONDON MANCHESTER GLASGOW 
BRANCHES AND AGENTS ALL OVER THE WORLD 













"Metal pen Aloys 





Vacuum E 
Furnace 


* 


—im 









3 Hih Vacuum Brazing 





. . Accurate ‘Gas-sampling’ 






miniature | 


ie 


neinna 








UL 


Se 


These laboratory vacuum furnaces are the biggest th 
in metallurgical research —all metallurgical proces 


including melting, casting, vacuum brazing and anneal: 












_ MANOR OYAL ‘CRAWLEY - SUSSEX CRAWLEY 1500 (10 LINES) EDCOHIVAC CRAWLEY SEs sie solic 


TT LEE PETE 






* | New and zm TE 
ZENITH TR 
at REDUCED PRICES 


i» REGD. TRADE-MARKS 










night Tanni (60/65°, anthracene) andcombines — 
erior Fei sonia with greatest economy. |. 

| om stock in any shape up to 400 Ib. mass 
thin sheets for alpha and beta ray counting 
1 rods up to 24in. diameter. Roughingot form — 
onsiderably reduced cost. NE 102 is the lowest 
cost plastic phosphor ever offered, For fuller details , 
write for Bulletin 11. 


OTHER PRODUCTS & SERVICES 
(deseribed $n Bulletins 9, 9A, 10, 12 and 13) E 
1$ = Scintillating. Gels, for efficient. internal counting of l 
= suspended materials, — F 
-©  Boröm Cadmium, Gadolinium and Lead Loaded | 
ae Liquid Scintillaters. for. neutron detections: or for 
= enhanced gamma response. — 

e ‘Liquid. Phosphors—Eneapiulated, or in bulk form at 
new low prices. o = es : 














Due to incre 
demand, up-to 
i design practice :: 

omodern -praduc 
methods, we 
able to annos 
substantial price 
ae On 

‘VARLAS 
models, = 

A new conti 
‘hensive -catale 
covering. over. 
~- models 48° A 
available andi 
gladiy be forwat 




























pure. ‘Scintillation chemicals, ee 

i n polyester plastic Seintillator NE400 for neu tron 

_ detection. Extreme sensitivity even in high ji 
my fields. ‘Available ‘with: enriched apone 










CONTENTS 


roblems of Government in the Modern World . 


hesis of General Embryology. By Prof. j. “Brachet . . ; ; = i 
ture in East and West. By Sir John Russell, F.R.S. 
| emistry and Biochemistry af the. Reductones. By Prof. E L. Hirst, F. R. S. 
Physiological Optics. By Prof. W. D. Wright à ; ea f 


Dr. Irving Langmuir’s Contributions to Physics. By Dr. Albert W. Hull . 
he Geological Society of London. By Dr. W. Campbell Smith, C.B.E. . 
Value of Proteins. By Dr. D. P. Cuthbertson, C.B.E. — 

Retinal Summation and Muman Visual Thresholds. ka Dr. R. A. Weale 


Obituaries : : 


Dr. O. G. S. Crawford, C.BE., oe By Dr. J. K. S. St. Joseph 
Prof. W. J. jongmans. By Alan Wesley ooo 
Mr. C. T. Gimingham, ©O.B.E. 8y F. H. Jacob ; 


News and Views . r . : ; 


A Wages Policy. By T. H: Hawkins fee 
The Home Universities Conference. 
Automatic Measurement of Quality. in Process Plants 
Science in United States Universities 
Starling Roosts | ae 
The National Trust . k 
S and Reproduction in Worm-free Sheep at Pasture. By Dr. C. R. W, Spedding, T. H. Brown and L A A 
ilson : 2 
Localized Electrons in Body-centred Cubic Metals. By j. S. Griffith and L. E. Orgel | 
Origin of Tektites. john A. O'Keefe ; Carlos M. Varsavsky ; ; Prof. T. Gold 
A Possible Basis for P yeo-linmunicy. By D. H. Taysum . ; : ‘ 


Letters to the Editors : 
Electron Spin Resonance of Coals: Saturacion Effect.—J. Smidt. 
Dispersion Energies in Porous Sorbents.—-Prof. R, M. Barrer, F.R.S. 


Flame lonization Detector for Gas SPremneareeny) wd, Harley, W. 
Nel and Or. V. Pretorius 


Electric Double Hysteresis in (Ky Naj) NbO3 Single Crystals — 
sia E Cross 


ermanium and Gallium in FETTER emi D. NAA and Dr. A p 


Riley; F. Culkin and Dr. J. P. Riley 
ub-Grains’ and Etch Figures in Lead.-E. J, Hecker i 
Anomalous Atmospheric Refraction at Sea.—Dr. B, M. Cwilong. . 
Effect of the Metallic lon on the Infra-Red Spectra of Salts of Carb- 
oxylic Acids.—Bryan Ellis and H. Pyszora 
lew. Class of Antibiotic Sales of Reduced Toxicity. F. A, Alves, 
GA. N, Graca and H. L. Baptista z 
ew Series of Anthelmintics.-F. C. Copp, O. D. Standen, J. 
carnell, Deirdre A, Rawes and R. B. Burrows 
Ken crue of the Common Bile Pigments. Perge e H. 
“Dr, D. C. Nicholson and R. A. Nicolaus - 
cleoprotein from Amphibian Gastrule.—A. SoG, Curtis 
UCHI on dir, Lipase and Esterase in the Testis of the Cryptorchid 
Dr. Masando Hayashi, Kazuhiro Ogata, Pake Shiraogawa 
vd Osamu Kawase f 
tion of S-Hydroxytryptophan Dacichoxyiaia. by Phanviaianidie 
olites..-Dr. A. N. Davison and Or. M. Sandler: 
ot Ferrous iron in Enzyme Transamination—M. Vv. Pat- 
ha 


Testosterone and “‘Orehidecvomy on the Activity of the 
ytes in the Skin.—-P, G. Bischitz and Dr, R, S. Snell 
‘of soma Nitrogen Mustard Derivatives on Growth of Rabbic’s 
it——William J. P. Neish 
ects f Gibberellic Acid on Soil Micro-organisms. ae K. c. Lu, 


Gilmour, A. €. Zagallo and W. B. Bolten . 


Effect of Frestealvces on the stake by Bacteria si Labelled Glutam- 
te.-~Y, Avi-Dor and Sh. Miller . 


étion of Potassium on a Yeast and a Counteraction by D 


daminium.—Dr, E. J, Mier.. ‘ 


Jetection of Uric Acid in the Tissue Homogenates of E TTAN 
Dr. eee E  Haggag and Dr Ae Khalaf ELD weini x 


176 
176 


177 


Electrical Noise trom ‘Polarization Cells’ and from Human 


A, Nightingale 


eee Control of ie Amphioxus (Branchiostoma) —Qu 
one 


_Neurosecretory Cells in some Cirripedes. —H. Bini E 


onor 


Connective-Tissue Pigment. of the. Centipede, Lithobius 


(L.}.—-Dr. A. Ee Needham: 


A Two-stage Transfer of Pathogenicity ‘beeweth: een M 
_ Strains of Influenza A Virus.K, B. Fraser- 


: Gestational ‘Changes: in, ‘Connective Tissue in the Ewe 


Bassett 


. Hemoglobins in Monkeys.—G. F. faob aind Dr. N. c 
Hormonal Regulation of. Reproduccion in the Milkweed 


Oncopeltus fasciatus (Dallas). Johansson | 


Laboratory Variations in “Mortality. of the Mosquiti 
Wied., exposed to DDT.-~T. K Koshi. and S; 


Í Reversibility of the Red-Far-re Reaction by 


ferent Sites.—Shimon Kisin and Dr, John 


y “Effect ‘of Transmitted Ribonucleic Acid. trom Healthy 


upon the Synthesis and. Composition. of Protein =D 


‘3 Planting Distance and Number of Seedlings in Rice ul 


l Importance of Photoperiod and Temperatures in ind 


ain . i 


“Apparint Readivemehe (se Vitamin K of Rumen Strains 


- nigrescens..Dr. M, Lev . 


Diap 
in the European Corn Borer, Pyrausta ts en ; 
Mutchmor and Dr. W. E. Beckel . ; 


: Blackhead Toppling Disease of Bananas. Dr. R. sach 
. Leucocytozoon spp. in some Hertfordshire Birds.--Dr. J. R 


influence of Parasitization on Form Petirminon: in. “Ap 
Dr. Bruce Johnson R re 

Balanus tutipiformis Ellis on the Ailine Coast of France. an 
Unusual Situation for B, amphitrite Darwin.—B, $. Kisch 


A Possible Ecological Effect of Upwelling in a Submarine. È 
© -Raymond J. Ghelardi and Wheeler J. North |; 


Monte Carlo Analyses of Genetic Models. A, 8. Fraser. 


An Experimental Design for Three Factors 


Robert M. de Baun 


 Vewel Recognition in Clipped Speech. 





LAND 


PRR RPAEEE ERE EERE DAD 
teehee REE EOE ADE HH MH 
ae ee 


SURREY 


+ 


ing 


* 
® 


y 


4 


x 


= 
ay 
5% 


ng 
$ 
E 3 
3 2 
+O 
i] 
= 
e 
a 
Q 
w 


t? Would 


have to be despatched immediately? These and 


RICHMOND 


Kodak 


Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 


4 


time a very im- 


equipmen 
ice. 


RiChmond 5656 


ts, 


h copying method would be 


most suitable for your purposes. 
MODEL 23A 
icro 
02 pH 


ion grade meter 


icu 
quiremen 


whi 


t 


Every organisation. h 
lar document 


part 
For example, is 


portant factor? Would. you require 


+ 
* 


influence your cho 
So before you start buying, get in touch with Kodak, 


who have an immense amount of document-cop 


ind them. They will 
lar needs 


must 
icu 


+ 
* 


beh 


ded? Who would use the 
lectrochemical 


i 


Stable to 0 


* 


de you with a great deal of 
iS 


information that should help you 
to select the most suitable method 


experience 
ine 


+ 


copies 


ifferent types of electrodes 
prec 


double-s 
other factors 
provi 

for your part 


S 


-grade laboratory pH Meter 
of the most widely used 


. 


Some 50 di 
lable for pH, redox and m 


NIC INSTRUMENTS LIMITED 


a 


igh 
‘are avai 


trumenis 


ish 
one 


th a B.S. 
and a recorder output 


Th 
wi 


is 
research 


ins 


analytical work 





No. 4603 January 18, 1958 


NATURE gq ola org 


Me 141 
© PHYSICS Devt: W. 


W gupa talar Fs gigi 


PROBLEMS OF GOVERNMENT IN THE MODERN WORLD 


OR something like two decades at least, it has 
been widely recognized in Britain that Ministers 
and the higher Civil servants have been seriously over - 
worked. Indeed, the Haldane Report on the Machinery 
of Government in 1918 urged the importance of 
more provision for investigation and thought as a 
preliminary to action, and this is the proper approach 
to a problem that in recent months has been described 
as one of reducing the burden on Ministers. 

It was suggested to the Prime Minister in April last 
that he should appoint a Select Committee to review 
and inquire into the working of the present system of 
government with the view of reducing the burden 
on Ministers and also securing the more efficient 
working of Parliament.. After studying the sug- 
gestion, Mr. Macmillan’ invited a small group of 
Privy Councillors with long experience of the House 
of Commons to make a preliminary informal study 
of these problems under the chairmanship of Lord 
Attlee. Their report was presented early last autumn, 
and Mr. Macmillan stated on November 5 in the 
debate on the address from the Throne that he 
was satisfied that no further inquiry is required 
and that the problem is one of adapting existing 
practices to the best advantage. He said further 
that it is not easy for Ministers in charge of depart- 
ments to retain full responsibility, as they must, and 
at the same time take complete advantage of the help 
that Parliamentary Secretaries and Ministers of State 
can give. Ifsuch Ministers are really to be regarded as 
deputy Ministers they must be recognized as having 
such authority, and he thought that this might be 
the biggest single contribution to the reduction of 
the burden on senior Ministers. Mr. Macmillan 
suggested that members of the House might accept 
such Ministers as the spokesmen of their Departments. 


Independently of this, the Prime Minister was: 


specifically challenged on October 29 about the 
responsibilities of the Lord President of-the Council. 
The Opposition was plainly dissatisfied at the com- 
bination of the major departmental responsibilities 
for the nation’s scientific effort with party political 
duties ; but the matter was raised in too partisan a 
manner to bring out the real reasons for concern. 
Those reasons appear much more clearly in a 
survey by a study group of the Royal Institute of 
Public Administration which has been published 
under the title “The Organization of British Central 
Government, 1914-1956”* since the Committee of 
Privy Councillors began its inquiry.. Particularly in 
its chapters on the central administration, the central 
co-ordination of Government and the handling `of 
administrative change, it supplies the background 
for fruitful discussion of the current problems of 
*The Organization of British Central Government 1914-1956: a 
Survey by a Study Group of the Royal Institute of Public Adminis- 


tration. Edited by D. N. Chester. Written by F. M. G. Willson. 
Pp. 458. (London: George Allen and Unwin, Ltd., 1957.) 32s. net. 


government, while the chapter on scientific research 
provides @ coherent picture of the organization in 
Britain for research. This is of special importance at 
the present time in view of the survey on which the 
Advisory Council for Scientific Policy is already 
engaged, and also because of its bearmg on effective 
scientific co-operation with the. United States, to 
which the Prime Minister and President Hisenhower 
have committed us. 

The Prime Minister, however, made two remarks 
in referring to the accident at Windscale which are 
profoundly significant in this connexion. In replying 
to questions arising out of his statement on Novem- 
ber 8, he remarked that on the purely technical 
atomic aspects of the accident, he had chosen Sir 
Alexander Fleck to be chairman of the three com- 
mittees because he had sufficient scientific knowledge 
of a general character. Secondly, when asked on 
November 12 whether, in view of the fact that 
responsibility for nuclear energy matters involves 
much detailed study of highly technical problems, 
he would consider transferring that responsibility 
from himself to a senior Minister in the House of 
Commons, he replied that he thought the existing 
arrangement is the most suitable at the present time. 
Pressed again that in principle it was wrong that 
the Prime Minister should be burdened ‘with detailed 
affairs that are bound to arise from time to time in 
an organization such as the Atomic Energy Authority, 
Mr. Macmillan admitted that there are disadvantages. 
Nevertheless, he thought that, for the present, 
when the various uses of nuclear power are so much 
in the field that the Prime Minister of the day must 
in any event have them under his control, there are 
advantages, and that on the whole the system works 
well. In the detailed work he was much helped by 
the Paymaster-General. 

Now there are at least three implications in these 
remarks that bear profoundly both on the whole 
conduct of government and on its organization. in 
relation to the nation’s scientific and technological 
effort. Implicit in the reason given for his choice of 
Sir Alexander Fleck and in his reason for retaining 
as Prime Minister special responsibility for: nuclear 
energy is the fundamental importance of some per- 
sonal understanding of science and technology on the 
part of Ministers and of their chief permanent ad- 
visers. Consciously or unconsciously, Mr. Macmillan 
underlined the vital point which Sir Henry Tizard 
made in his Haldane Memorial Lecture. Without 
such understanding of science on the part of Ministers 
and members of the administrative class of the Civil 
Service, there cannot to-day be secured that effective 
relation between knowledge and power, and between 
expert and responsible Minister, upon which the 
smooth functioning of any system of government 
depends. 
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The first task is thus attention to the educational 
system—and at all levels—not simply to secure the 
supply of sufficient scientists and technologists, but 
also of Ministers, administrators and citizens who are 
able to appreciate the significance of what the scientist 
or technologist is doing, and of scientists and tech- 
nologists who are capable of taking broad views and 
of explaining the significance of their investigations 
in terms which those working in other fields can 
understand. This is.an urgent task and of over-riding 
importance. While its results may well be long-term, 
the course of Anglo-American co-operation and 
Britain’s security, as well as her economic future, 
largely depend on the vigour and vision with which 
it 1s undertaken. 

Next, there is implied the necessity of considering 
the scientific and technical aspects of public affairs at 
the highest—at the. policy-making—level. ‘This is 
not to say that the scientist or technologist as such 
should be present in the Cabinet ; but it does involve 
the presence at that level of those who are competent 
to evaluate at first hand the advice on such matters 
that their experts have given them. It is difficult to 
believe that the Advisory Council on Scientific Policy 
or the Defence Research Policy Committee has failed 
for the past ten years to present its advice cogently 
and intelligibly, though the published reports of the 
former body suggest that on occasion it might have 
been expressed more firmly or forcibly. It is much 
more probable that its significance and especially the 
urgency of action in such matters have rarely 
been appreciated at Cabinet-level, and matters have 
- usually been dllowed to drift, with waste of precious 
resources, until some less-effective measure has had 
to be adopted, often with further waste and frus- 
tration. l 

This view is supported by the picture which is 
presented in the chapter on scientific research in 
“The Organization of British Central Government, 
1914-1956”. That chapter traces the development 
of government institutions which have been specially 
established to conduct—and to encourage private 
institutions to conduct—scientific research primarily 
for civil purposes; but it also discusses succinctly 
some of the problems which have been raised by the 
assumption of this new Government responsibility. 
Sufficient is said about the University Grants Com- 
mittee to show that the arrangements for co-ordina- 
tion of the resources for fundamental research are 
quite loose, and that without real understanding and 
insight at the Treasury and on the part of the Lord 
President of the Council, not only is overlapping 
possible, but also and more important, research of 
outstanding significance can be restricted by economy 
measures dictated by those with no direct respons- 
ibility for the work or appreciation of its bearing on 
the national welfare or economy. The importance of 
co-ordination is implicit in the remarks of the Prime 
Minister, though he did not indicate that he proposed 
to improve the existing arrangements. 

Several types of authority have been established 
over the years to deal with government policy in scien- 
tific research. It seems to be generally admitted that 
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the orthodox type of government department is not 
suitable where research is concerned. What stands out 
above all, however, is the dependence of the structure 
as @ whole upon the vision, understanding and in- 
fluence of such men as Lord Balfour and the late Lord 
Waverley. Where such interested and strong per- 
sonalities have held the office of Lord President, the 
system has manifestly worked ; in their absence it is 
difficult to believe, on this record, that a theoretically 
perfect organization would have yielded better 
results. 

The conclusion is drawn from this survey that the 
research authorities should have a high degree of 
autonomy and be regarded as institutions with 
entirely non-political functions, the necessary 
minimum of control being exercised on behalf of 
Government and Parliament by a Minister with no 
departmental responsibilities and consequently no 
departmental prejudices—namely, the Lord President 
of the Council. For that reason, it would seem a 
sound decision to transfer to the Minister of Power 
the responsibilities for nuclear energy which the Lord 
President held from January 1954; but it is more 
debatable whether the responsibilities for nuclear 
research should also be transferred, particularly in 
the present situation, when the balance of research 
and development effort is in question. The Lord 
President seems better placed than any other senior 
Minister to determine whether the resources allocated 
to nuclear research and the development of nuclear 
energy, both under the Atomic Energy Authority 
and elsewhere, are excessive or not. The respons- 
ibility is immense, and the real criticism made of the 
structure up to April 1957 was that the Lord President 
was ill-provided for such responsibility either in 
respect of staff or spokesmen in the House of 
Commons; nor does it seem satisfactory that there 
should still be two indirect spokesmen—the Parlia- 
mentary Secretary to the Minister of Works and the 
Paymaster-General. The conception of a Minister of 
Science has been rejected for valid reasons, but the 
case for providing the Lord President of the Council 
with such an organization and staff for research and 
intelligence generally as the Haldane report recom- 
mended seems unanswered. 

Until the outbreak of the Second World War the 
Lord President, despite his special responsibility for 
the research councils, was only slightly in evidence 
as a scientific co-ordinator, and the prestige which 
Lord Salisbury’s predecessors in that office enjoyed 
was largely built up when Sir John Anderson, as he 
then was, was Lord President, from October 1940 
until September 1943, and acted as chairman of two 
standing committees, one on economic information 
and one on scientific research. Later, in 1947, the 
economic responsibilities were relinquished and about 
the same time the Advisory Council on Scientific 
Policy and the Defence Research Policy Committee 
were established. Moreover, from January 1956 until 
April 1957, besides carrying responsibilities for the 
major scientific organizations, the Lord President 
presided over the Cabinet Committee on Atomic 
Energy, consisting of those Ministers who have a 
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share of responsibility in the activities of the 
Atomic Energy Authority, and probably others, and 
he was assisted by an official committee of high Civil 
servants drawn from the corresponding depart- 
ments. 

Thus far the survey made by the Study Group of 
the Royal Institute of Public Administration scarcely 
supports the manner in which scientific policy has 
been handled by Government in recent years; and 
it points to the wisdom of a suggestion made by Sir 
John Anderson in his Romanes Lecture of 1946, that 
a section of the Cabinet Secretariat should be 
organized to assist the Lord President as the Minister 
responsible for the general aspects of scientific investi- 
gation, thus providing scientific advice at the highest 
level without prejudice to the work of departmental 
scientific staff. But the discussion of the handling of 
administrative change in’ general is even more per- 
tinent to the question of lightening the burden on 
Ministers and facilitating deeper thought on policy 
and problems of change now under consideration by 
the Prime Minister. There is indeed no simple 
formula by application of ‘which all problems of 
administrative arrangement can be solved. The 
structure of central government and the distribution 
of functions among departments is the resultant of 
numerous factors. Obviously, the number of Ministers 
will be determined ultimately by the responsibilities 
which the central government is required to assume, 
and on the whole it is remarkable, with the great 
increase in government activity during the past forty 
years, that the number of Ministers has increased no 
more than from twenty-one in 1914 to twenty-nine 
in 1956. 

It would not appear from the Prime Minister’s 
comments so far that he intends to enter on any 
discussion either of the two powerful forces which 
since 1914 have dominated this struggle about the 
number of Ministers, or again of the four main ways 
in which Government powers and activities may be 
grouped for administrative purposes. It could 
perhaps be inferred that he himself gives greater 
weight to the needs of co-ordination and the advan- 
tages of government by a small and well-knit body 
of Ministers and also that he attaches greater weight 
. to the purpose to be served than to the kind of work 
to be undertaken. That again might be less important 
if there were evidence that Governments could count 
on a succession of Lord Balfours and Lord Waverleys 
competent both to give due weight to the scientific 
and technical elements in affairs of state and also 
authoritative enough to ensure that the conditions 
in which scientific research is most fruitfully pursued 
are preserved and that adequate resources are 
available. : ! 

Although the essential factors to be considered in 
handling changes in the administrative structure are 
set forth in this book with admirable lucidity and in 
a way that could reduce the possibility of an inefficient 
allocation of functions, the Study Group of the Royal 
institute of Public Administration is careful not to 
suggest excessive attention to this aspect. On the 
whole, it seems satisfied with the present arrange- 
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ments within the Treasury for handling such ques- 
tions, and considers that the structure has been 
changed and extended with a fair degree of success 
to meet the conditions of to-day. Problems indeed 
remain: more use might be made of men and women 
of affairs outside the Civil Service, and also of 
students of public administration, as indeed was 
envisaged in a Government pledge of 1948. It also 
advocates: the publication from time to time of a 
report surveying the changes in the machinery of 
government during the period covered, and giving as 
much information as possible as to the reasons for 
the changes and about any studies or inquiries con- 
ducted since the previous survey. 

Such publicity is a pre-condition for the informed 
discussion which alone can put at the disposal of 
the Government the full range of experience and the 
profoundest thinking available in the nation; and it 
should be kept in mind by Mr. Macmillan in con- 
sidering the publication of the report of the Com- 
mittee of Privy Councillors, and indeed of those of 
the Machinery of Government Committee. Although 
the process of adaptation is now more conscious than 
formerly, and more attention is paid to the broad 
plan of organization on which Ministers rely for the 
discharge of their powers, efficiency will be promoted 
by constant study of the factors influencing the 
structure of government, subject always to the need 
for flexibility. 

The beginning of wisdom in this context, this study 
affirms, is the firm rejection of any belief in the 
possibility of defining a rigid and comprehensive 
framework of organization into which every function 
of government can be fitted for all time. Perhaps 
one of the gravest dangers, as we have seen on 
occasion in respect of the nationalized industries, is 
that flexibility or other principles of sound adminis- 
tration may be disregarded through party political 
prejudice or some other partisan view. 

The issues raised by the Prime Minister’s state- 
ment as to the responsibilities and duties of Ministers 
go right to the heart of the efficiency of government. 
Part of the problem lies in relieving the central 
government of detailed work which is best carried 
out regionally or locally, and that in turn depends 
on restoring vitality and efficiency to local govern- 
ment. Here, too, is a problem of communication, 
and in that respect it would appear that we have far 
to go to secure really effective contact and under- 
standing between the centre and the perimeter. Nor 
is this solely a matter of seeing that our rulers and 
administrators are appropriately educated: at least 
in part it is a matter of ensuring that full use is made 


of the possibilities of communication and inter- - 


pretation now at our disposal. 

The vital need at the present time is for an 
educational system, perhaps on the lines put forward 
in.general terms by Sir Eric Ashby, Dr. J. Bronowski 
and Dr. R. P. Linstead in recent addresses, which 
will provide the nation with leaders capable of 
assessing all aspects of the problems which the 
modern world presents, and wise and strong enough 
to resist sectional pressure. 


` 
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A SYNTHESIS OF GENERAL 
EMBRYOLOGY 


Introduction to General Embryology 

By Prof. A.M. Dalcq. Translated by Jean Medawar. 
Pp. vii+177. (Oxford: Clarendon Press; London : 
Oxford University Press, 1957.) 25s. net. 


HIS “Introduction to General Embryology” is 

the outcome of a series of thirteen broadcast 
talks given by Prof. Albert Daleq in 1951 at the 
request of the “Université radiophonique” of Paris. 
These lectures were ptiblished in French by Prof. 
Daleg in 1952, under the title “Initiation à l’Embryo- 
logie générale”. This small book soon became a 
classic for students—not only Prof. Dalcq’s own, 
but also for those of his former students who, like the 
present reviewer, have the task of teaching experi- 
mental and chemical embryology in university 
courses. In fact, Prof. Daleq’s book is much more 
than an introduction to embryological problems ; it is 
a masterly synthesis of our present knowledge in the 
field, as well as the expression of the scientific and 
philosophical ideas of one of the world’s leading 
embryologists. The translation of Prof. Dalcq’s 
book into English is especially welcome, since the 
author has brought up to date the first nine chapters 
of the French edition, has rewritten the remainder 
and added a new chapter devoted mainly to his 


recent important work on mammals. 


- 


Prof. Dalcq starts with a question that is puzzling 
for too many laymen: Why should one study 
embryology ? After showing the importance of this 
science for practical (artificial insemination) and 
medical purposes, he emphasizes the close relation- 
ship existing between embryology and allied dis- 
ciplines (cytology, genetics, study of evolution). 
He points out—and this is one of his favourite ideas 
—that the main abilities of the human mind are all 
inborn: the nature of psychic activity might be 
discovered from studies made on the embryo. It is 
perhaps one of Prof. Dalcq’s secret hopes that a 
psychological analysis of the developing embryo will 
some time become 2 reality. 

Chapter 2 is a clear and brief account of the history 
of embryology. The reader is immediately placed 
in the middle of the eternal preformation versus 
epigenesis controversy. The next chapter is devoted 
to the methods used by present-day embryologists. 

In Chapter 4, the main cellular constituents, at the 


morphological and biochemical levels, as well as the . 


formation of the gametes, are briefly described. The 
next chapter deals mainly with fertilization and 
parthenogenesis. The title of Chapter 6 is “A 
Discussion of Terminology” : after describing cleavage 
and gastrulation, Prof. Daleq concludes that onto- 
genesis begins necessarily with immediate or delayed 
cleavage; morphochoresis corresponds to both 
gastrulation and neurulation; it is followed by 
cytodifferentiation and growth. 

The next chapters introduce the reader to the realm 
of experimental embryology. The classical experi- 
ments in which one of the blastomeres of the two-cell 
stage is destroyed, or in which the two blastomeres 
are separated from each other are clearly described 
and discussed. ‘The significance of, and the difficul- 
ties inherent in the use of, such terms as mosaic 
and regulative eggs are stressed. Prof. Daleq also 
explains what he means by “normogenesis” and 
‘“paragenesis’” ; normogenesis and regulation are 
at the two extremes, while paragenesis corresponds 
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to the intermediary anomalies of development, 
including exogastrulation, morphogenetic induction 
in vertebrate eggs, vegetalization or animalization 
in those of the sea urchin, etc. 

In Chapter 10 the author analyses the many 
aspects of induction and introduces the very useful 
concept of “morphogenetic potentials’. This is 
followed (Chapter 11) by a very interesting study of 
mammalian development, including Prof. Daleq’s 
important studies on the cytochemistry of these 
eggs. 

The scope becomes still broader in the next two 
chapters, which are devoted to the relationship 
between development, heredity, and evolution. 
Finally, in the last chapter, “Where do we stand ?”, 
Prof. Daleq brings together many facts derived from 
studies of asexual reproduction, regeneration, and 
embryonic development. He finishes this attempt 
at synthesis with a few remarks that summarize his 
philosophy of life and the living. 

One must heartily congratulate the translator, 
Mrs. Jean Medawar, on her expert job. Prof. 
Daleq’s style is elegant, elaborate, and precise. ‘hat 
all these qualities are found again in the English text 
deserves admiration. The presentation of the book is 
excellent and there are next to no typographical 
errors. Thanks to the quality of the paper, the 
reproduction of text figures (many of them original 
and slightly schematic) is much better than in the 
original French edition. J. BRACHET 


AGRICULTURE IN EAST AND 
WEST 


Types of Rural Economy 
Studies in World Agriculture. 
Dumont. Pp. xi+556. (London: 
Co., Ltd., 1957.) 45s. net. 


ROF. DUMONT is already well known for his 
studies of French agriculture: in this volume he 
ranges over a much wider field, including England, 
most of Europe, North and West Africa and northern 
Viet Nam, always, however, confining himself to 
places he has actually visited. The book is thus a 
series of vignettes, but the background is always 
broadly sketched in to keep a sense of proportion. 
In a disarmingly modest preface he describes the 
volume as @ ‘‘preliminary exercise” by one who under- 
took these economic studies “too late in life to have 
acquired a really profound knowledge of them”, 
but the apology is quite unnecessary: the most 
expert reader will gain a great deal from its pages. 
The author’s keen power of observation, and his 
ability to pick out and emphasize the essentials of 
the various systems described, give the book an 
exceptional value. He is equally interesting and 
informative whether he is dealing with the collective 
farms near Moscow and in EHastern~Europe, the 
corridor system in the Belgian Congo designed to 


By Prof. René 
Methuen and 


‘overcome the defects of the native shifting cultivation, 


or the skilful adaptation of agricultural systems to 
environment in the Alps. 

He makes some shrewd and penetrating com- 
parisons of British and French agriculture, one 
worked by tenant farmers, the other by peasants : 
characteristically he began his studies by working as a 
labourer on a small Shropshire farm. The English 
farmer, he found, operates on a larger scale, reduces 
manual labour to a minimum by heavy mechanization 
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(the heaviest in the world, he states), prefers tenancy 
to ownership because he wants to use all his capital 
for working and development, devotes himself 
entirely to management, leaving the manual opera- 
tions to the staff, and enjoys a social status such 
that “it would not be considered unusual for him to 
marry &@ woman qualified in law or medicine. In 
France,” the author adds rather wistfully, “things 
are quite different.” British agricultural policy he 
regards as the most enlightened in the world; it 
encourages high output and rural prosperity, and he 
specially notes that some of the farm workers had 
motor-cycles or even cars. But he foresees future 
troubles: we can produce only about half our food 
and must import the rest ; our industrial supremacy 
has gone, and the terms of trade are moving steadily 
against importers of food. 

Like others who know them, he praises highly the 
land reclamations in Holland, the most impressive 
in the world, though with the reservation that urban. 
developments are throwing land out of cultivation 
more rapidly than new land is brought in: better 
urban planning could avoid this. Also he is doubtful 
about the ethics of British and Dutch nurserymen 
who between them burn & million tons of coal a year 
to grow early grapes and other fruits—purely luxury 
products: if the buyers would only wait a month 
or so they could obtain better flavoured fruits from 
the Mediterranean countries. Actually by far the 
chief products are tomatoes, cucumbers, lettuces, 
and other salads badly needed in our diet. 

Italy deservedly receives considerable attention : 
no other country is experimenting with so great a 
variety of agricultural economic systems to deal with 
the problems of too many people multiplying too 
rapidly and trying to live on too few resources. The 
range is widened by the circumstances that the natural 
conditions are favourable in the north but become less 
and less so in travelling southwards. Individualist, 
communist, co-operative, metayage, mandatory 
labour, and other systems are under trial. 

Having completed his wide survey ranging from 
primitive African to intensive Western European 
systems Prof. Dumont summarizes his conclusions. 
The greatest obstacle to agricultural progress lies 
in the smallness of the units in many countries. He 
is all in favour of the large, indeed the very large 
farm, and prefers the Russian collective or the 
Eastern European group-cooperative to the Western 
capitalist system, but only on the condition that 
membership be genuinely voluntary. He sees, how- 
ever, the danger that it may foster the growth of a 
swollen, and incompetent bureaucracy. Against the 
large capitalist farm are the facts that it is based on 
the profit motive, which he heartily dislikes, and that 
the workers lack the spur of personal interest—he 
does not discuss bonus payments. Whatever the 
system, however, capital must come in from outside 
to provide the necessary equipment: he gives striking 
examples showing the enormous benefit thus con- 
ferred. Prior to 1820, there was, perhaps, a ten-fold 
difference in efficiency between the various systems 
of agriculture in the different countries he has studied : 
the production of one cwb. of grain required about 
three-quarters to 74 days of labour. The native 
African and Asian, systems still require this. But in 
the highly developed countries the difference is 
enormously widened: it is no longer tenfold but 
more like forty- or fifty-fold ; indeed, in the Corn Belt 
of the United States 5 hours’ labour suffices to 
produce 24-48 cwt. of hybrid maize. The British 
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reader will note that the period concerned corresponds 
exactly with that of industrial development, and will 
draw the conclusion that industrial and agricultural 
development must proceed pari passu, that agricul- 
ture advances best where workers can be taken off 
the land and put into factories to provide it with 
capital and to make the implements, the fertilizers, 
pest- and weed-control and other agents necessary for 
high output; when also a teaching organization has 
been developed to educate the farmers and farm 
workers, and a research organization to discover the 
principles governing the growth of plants and of 
animals so that new and better methods may con- 
stantly be devised and tested. Prof. Dumont prefers 
to insist on a fundamental re-orientation of national 
effort: the substitution of the present system of 
economy based on profit for one based on the fight 
against world hunger. This would necessitate a 
planned economy imposed on large-scalé units oper- 
ated on liberalized communist lines which he thought 
he saw emerging, and for which he pleads inaneloquent 
peroration. But this was written in 1953: in a post- 
script added in 1957 he sadly records the shattering 
of his hopes by the tragic events in Budapest. 

The book is extremely interesting, written in the 
best French tradition of idealism tempered by a 


shrewd sense of the practical. Mr. Douglas Magnin, - 4% 


the translator, has done his work well, and his text’: 


4 


reads as smoothly and persuasively as the original. . 
E. JoHN RUSSELL 


THE CHEMISTRY AND i 
BIOCHEMISTRY OF THE - 
REDUCTONES 


Chemie und Biochemie der Reduktone und Reduk- ` 


tonate 
Von Prof. Dr. Hans von Euler und Prof. Dr. Bernd 
Eistert. Pp. xi+344. (Stuttgart: Ferdinand Enke 
Verlag, 1957.) 47.40 D.M. 


HE compounds designated reductones contain 

the grouping R—C(OH)=C(OH)—R’. As would 
be expected from their structure they display intense 
chemical reactivity, notably in their reducing power 
towards reagents such as dichlorophenol-indophenol 
(Tillmans reagent). The endiol grouping is found in 
a wide variety of organic substances, including both 
synthetic materials and substances of natural origin. 
One of the most important of these is L-ascorbic acid 
(vitamin C) and interest in the very novel problems 
encountered during the study of ascorbic acid and 
its analogues stimulated investigations into the 
general problems of reductone chemistry. 

In the present volume three of the principal workers 
in the field, namely, H. von Euler, B. Eistert and H. 
Hasselquist, have collected together information from 
a wide range of publications and have presented it ina 
form which makes it readily available to other workers 
in this field. A brief glance at the lengthy list of names 
of authors and substances given in the index and at 
the very numerous references to original papers 
recorded page by page in footnotes will suffice to 
show that their task has been truly formidable. An 
astonishing variety of topics is discussed in the course 
of twelve chapters and a short appendix. Methods 
for the recognition and determination of reductones 
are given in detail in the first chapter, followed by a 
chapter on the endiol forms of the aliphatic and 
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aromatic acyloins. This leads to a discussion of the 
complex forms of tautomerism displayed by the 
reductones. There are detailed accounts of the 
chemistry of the simplest member (triose reductone) 
and its derivatives, of reductones containing thiol 
or amino groups, aromatic and heterocyclic reduc- 
tones, vinyl-homologues of reductones, and sub- 
stances of the reductic acid type. Two of the main 
chapters are devoted to ascorbic acid and its deriva- 
tives, and to a consideration of the biochemistry of 
vitamin C and its analogues. 

The book will be of great value to all whose 
work involves compounds containing the endiol 
system (—C(OH)=C(OH)—) or its dehydro form 
(—CO—CO—). Clear accounts are given of the theor- 
etical background to the synthetic reductones, but in 
the important case of L-ascorbic acid one looks in vain 
for a connected statement of the evidence upon which 
the accepted structure is based. The necessary inform- 
ation is indeed recorded (although in ref. 7 on p. 196 
the name of the journal is incorrect), but it is found 
in various places, and there is little indication of 
the many fundamental problems presented by the 
chemistry of ascorbic acid and its analogues. 

In the chapter on biochemical aspects—where 
admittedly the number of possible references is legion 
—it is a pity that an omnibus reference to a review 
article (p. 305) should tend to obscure the very import- 
ant part played by S. S. Zilva in the development of 
our knowledge of vitamin C. In view of the recent work 
by Calvin, it is doubtful whether many chemists would 
agree that glycolaldehyde (p. 298) or formaldehyde 
(p. 309) can be regarded seriously as precursors of 
the carbohydrates in photosynthesis. One feature is, 
however, well brought out in this section—namely, 
the extraordinary complexity of the problems involved 
in ascertaining the biological role taken by L-ascorbic 
acid and the little progress that has been made in 
this field despite all the efforts of the past few years. 

It is clear that the reductone system still holds 
many important secrets both for the chemist and 
the biologist to uncover. E. L. Hrest 


- 


PHYSIOLOGICAL OPTICS 


Light, Colour and Vision 
By Prof. Yves: Le Grand. Approved translation by 
Dr. R. W. G. Hunt, Dr. J. W. T. Walsh, and F. R. W. 
Hunt. Pp. xiii +512. (London: Chapman and 
Hall, Ltd., 1957.) 63s. net. 


HIS book is @ translation of Vol. 2 of Prof. Le 

Grand’s “Optique Physiologique”’, and the 
first word must be one of congratulation to the team 
of translators. They have done a first-class job, as 
we might indeed expect they would, and they can 
derive much satisfaction from the fruit of their very 
considerable labours. There has evidently been 
close and cordial co-operation between author and 
translators, and the opportunity has been taken to 
report work of more recent date than 1948, when the 
French edition was first published. 

The book is essentially a survey of researches on 
visual perception, with the main emphasis on colour 
vision. ‘Comparison. with Helmholtz’s “Physiological 
Optics” is suggested on the jacket, but perhaps a 
more -valid parallel would be with Parsons’s “Colour 
Vision”. Certainly, Sir John would have rejoiced, 
if he had lived a few weeks longer, to have seen the 
publication in Britain of this worthy successor 
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to his own book, which was itself a Jandmark in the 
development of the subject. 

The contents are divided into two Sections, with 
Section A headed “Experimental Facts”, and Section 
B “Theories of Vision”, but the merits of this division 
are not too clear. Thus, of the five chapters com- 
prising Section B, three of them deal with the 
anatomy, the photochemistry and the electrophysio- 
logy of the retina respectively, and are primarily 
factual rather than theoretical. On the other hand, 
in the fifteen chapters comprising Section A, covering 
radiation, photometry, colorimetry, normal and 
anomalous colour vision, thresholds of various sorts, 
and spatial and temporal effects, a number of theoreti- 
cal tit-bits have crept in. 

One of the most effective of these is on p. 271, 
where the author discusses Fechner’s integration of 
discrimination steps to produce a scale of sensation S. 
He concludes that “it may be questioned whether 
there is any reality in this quantity S which has lost 
all the attributes that are needed for æ scale of con- 
stant intervals and that were assigned to it by 
Fechner in order to define it”. In spite of this de- 
nunciation, the logarithmic relation between stimulus 
and sensation will no doubt continue to plague us 
for many years to come. 

Le Grand’s balanced account of colour vision 
theories does not conceal the fact that he himself is a 
Young—Helmholtz ‘three-components’ man and he 
regrets the disfavour into -which Young’s theory has 
undeservedly fallen among certain physiologists. Of 
the zone theories which are an elaboration of Young’s 
theory, he recognizes that they may correspond with 
physiological facts, but that only experiment can 
confirm or deny this. He also reminds us that 
whatever the retinal basis for colour discrimination 
may be, the identification of the messages between 
retina and brain, and their decoding in the brain, ` 
have still to be explained. 

Occasionally, Le Grand’s judgment seems to falter, 
as when he suggests on p. 287 that all colour threshold 
problems can be solved from the discrimination 
ellipses in the chromaticity chart. Again, the manner — 
in which on p. 302 he brushes aside after-images as 
an annoyance to the physicist, apparently unworthy 
of his study, is somewhat out of keeping with the 
general tenor of the book. Then his reference on 
p. 336 to the experiments by Horner and Purslow, 
in which the size of field was found to affect the red- 
green mixture required to match a yellow in the Nagel 
anomealoscope, does not explain that their observa- 
tions were made with an unrestricted natural pupil and 
with the observer stationed at various distances from 
the anomaloscope field. The phenomenon is of very 
real interest, but it seems to be connected more with 
the pupil diameter than with the size of field, since 
the same effect is not observed with an instrument 
using an artificial pupil. 

But these are minor criticisms of what is un- 
doubtedly a very fine book. It is written by a physi- 
cist who has himself made notable original contribu- 
tions, both theoretical and experimental, to the 
subject of vision, and who has taken a keen interest 


_in its historical background. Above all, he brings 
.out the mystery which still surrounds most visual 


problems and which adds so much to their attraction. 
For their complexity and inherent scientific interest, 

they compare favourably with the problem of 
launching a sputnik, their study is far less expensive 
and their solution is happily not a matter involving 
national military prestige. W. D. Wriestr 
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Organic Reactions 

Vol. 9. Edited by Roger Adams, A. H. Blatt, Arthur 
C. Cope, David Y. Curtin, Frank C. McGrew and Carl 
Niemann. Pp. viii+468. (New York: John Wiley 
and Sons, Inc.; London: Chapman and Hall, Ltd., 
1957.) 96s. net. 


VERY new volume in this series, which began in 
1942, receives a warm welcome from research 
workers, teachers, and advanced students concerned 
with reactions capable of wide application in organic 
chemical synthesis. Many such reactions find 
repeated mention in text-books and laboratory 
manuals of organic chemistry; but usually such 
references are confined to a specific application, give 
no general survey of the scope of the process con- 
cerned, and fail to indicate its limitations, disturbing 
influences, and variations of practical technique. 
These omissions are fully met in “Organic Reactions”, 
every volume of which contains a series of chapters 
each devoted to a single reaction, or sometimes to a 
definite phase of a reaction, of outstanding synthetic 
importance. i 
The seven chapters of the present volume, written, 
as usual, by workers actively engaged in the several 
fields, deal with the cleavage of non-enolizable 
ketones with sodium amide, the Gattermann synthesis 
of aldehydes, the Baeyer-Villiger oxidation of alde- 
hydes and ketones, the alkylation of esters and nitriles, 
the reaction of halogens with silver salts of carboxylic 
acids, the synthesis of @-lactams, and the Pschorr 
synthesis and related diazonium ring-closure reactions. 
The account of the alkylation of esters and nitriles is 
by far the longest of these contributions : discussions 
of mechanism, scope, methods, and experimental 
conditions, are supplemented by twenty tabulated 
summaries giving the alkylating agent, product, 
yield, and base for an extensive variety of specific 
esters and nitriles. This chapter alone contains more 
-than a thousand references to the original literature ; 
and, in general, the work is admirably documented 
and indexed. JOHN READ 


Mathematics and Statistics for use in Pharmacology, 
Biology and Chemistry 

By L. Saunders and R. Fleming. Pp. x+257. 

(London: Tho Pharmaceutical Press, 1957. Pub- 

lished by direction of the Council of the Pharma- 

ceutical Society of Great Britain.) 27s. 6d. 


HE authors have attempted to provide a 

course adequate for honours students in phar- 
macy whose mathematical knowledge is slight. 
Early chapters summarize the elementary rules of 
indices and logarithms and principles of algebra 
and graphs. Differential and integral calculus, 
trigonometry, and differential equations are all 
covered within 110 pages. Apart from some care- 
lessness of phrasing, such as describing a determinant 
as an operator, the text seems sound, though 
naturally. without mathematical rigour. Whether it 
could in fact be understood by the students for whom 
it is intended is more doubtful; it seems more likely 
to be of service to graduates who have previously 
studied mathematics more thoroughly but who need 
a much-condensed revision course. 

The second half of the book is concerned with 
probability and statistics, and is less satisfactory. 
The text is marred by a number of wrong or mis- 
leading statements about populations and samples, 
expectation, degrees of freedom, and other funda- 
mental ideas. It is difficult to imagine these chapters 
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as adequate even for revision purposes, although the 
extent of the statistical methods that the authors 
regard as important for pharmacists is encouraging. 
The final chapter on quality control and acceptance 
sampling of pharmaceutical products and errors of 
dispensing is by far the most interesting in the book ; 
this certainly deserves careful study, and could 
usefully be developed more fully. D. J. FINNEY 


The Support of Medical Research 

Edited by Sir Harold Himsworth and J. F. Dela- 
fresnaye. (A Symposium organized by the Council 
for International Organizations of Medical Sciences.). 
Pp. xi+170. (Oxford: Blackwell Scientific Pub- 
lications, 1956.) 17s. 6d. net. 


HIS book is a report of a conference which 

the Council: for International Organizations of 
Medical Sciences held in London late in 1954 under 
the joint auspices of Unesco and the World Health 
Organization. The meeting was well attended, and 
provided the participants with an opportunity for 
informing each other how research councils and 
similar institutions operate in their respective 
countries. It also made possible the statement of 
views on the desirability of medical research in 
universities being financed both directly out of 
university funds and out of subventions from outside 
bodies, such as the Medical Research Council in Great 
Britain. The several ways by which central research 
organizations can support medical research were also 
discussed, as was the training and recruitment of 
medical research workers. Appendixes to the book 
provide brief accounts of the arrangements for 
medical research which exist in the countries repre- 
sented at the conference. 


Buried Treasure 
By Paul Johnstone. Pp. iii+67 plates. (London: 
Phoenix House, Ltd., 1957.) 16s. net. 


ITHOUT doubt the television programmes on 

archeology, organized by Paul Johnstone, have 
much increased the general interest in the subject. 
His advisory panel has consisted of experts in the 
various aspects of the study with the result that 
viewers have had of the best and not merely second- 
hand material. The book under review is an account 
by Johnstone of the various programmes he organized. 
Piltdown was long supposed to be the earliest human 
skull found; the exposure created a stir which 
spread well beyond purely scientific circles. It was 
right that the story of Piltdown and its true signifi- 
cance should be given in the first chapter. But though 
Piltdown has had to go, there still remains Ausiralo- 
pithecus in South Africa, and it is logical that a study 
of this early creature should follow. The earliest 
appearance of art and how the artists worked con- 
tinues the story into late Pleistocene times. Accounts 
of Jericho, the neolithic stone temples in Malta, 
Stone Age house building, and the great West Kennet 
Long Barrow come next; and this leads on to a 
description of the recent work dono at our greatest 
stone monument of all, Stonehenge. Finally, there 
are chapters on the Etruscans, on the Gaulish finds 
at Ch&tillon-sur-Seine, on Maiden Castle near Dor- 
chester, and on the discoveries made in the Tollund 
peat bog in Denmark of the well-preserved body of a 
prehistoric (Iron Age) man. The book is richly 
illustrated, and there is a short bibliography. 

M. C. Bugxrtr 
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DR. IRVING LANGMUIR’S CONTRIBUTIONS TO PHYSICS 


By Dr. ALBERT W. HULL 
General Electric Co., Schenectady, New York 


IR ERIC RIDEAL’S excellent tribute to Dr. 
Irving Langmuir (Nature, 180, 581; 1957) 
emphasizes, very properly, his contributions to 
chemistry. To those of us who had the privilege of 
working with him, Dr. Langmuir was unsurpassed 
also as a physicist; and could equally well have 
received the Nobel Prize for his contributions in 
physics. 

Sir Eric has mentioned Langmuir’s study of the 
loss of heat from electrically heated wires in gases. 
This had been the subject of his Göttingen Ph.D. 
thesis—a very unexciting subject, but see what it 
led to in his hands ! On coming to the General Electric 
Research Laboratory, he was quick to grasp the 
opportunity afforded by Coolidge’s development of 
drawn tungsten wire, and spent the first three or 
four years carrying heat-loss studies to higher tem- 
peratures. At one point Dr. Whitney, director of the 
Laboratory, had to defend Langmuir before the 
board of directors, who thought he was wasting his 
time. ‘You leave Langmuir alone,” Dr. Whitney 
said; “he is doing good work.” The results proved it. 

One of these results was his equation for heat loss, 
which he represented as conduction in a stationary 
film around the wire, with convection outside this 
film. In discussing this equation with him soon after 
its publication, I commented that the mechanism 
seemed artificial He made the excellent reply: 
“What difference does it make, provided it gives the 
right result ?” 

_ Shortly thereafter he justified this theory by cal- 
culating, and then demonstrating experimentally, 
that the loss of heat from a lamp filament in nitrogen 
at atmospheric pressure could be made even less than 
in vacuum, by coiling the wire in a tight helix, thus 
effectively increasing its diameter and hence the 
thickness of the ‘stationary’ film. l 

It was inevitable that Langmuir should observe a 
deviation from this equation in the case of hydrogen, 
namely, a large increase of heat loss above 2,200° C. 
This he explained correctly as due to the dissociation 
of the hydrogen into atoms: It was several years 
later when, in response to a letter from R. W. Wood, 
asking why a platinum wire in a remote part of a 
tube carrying a glow discharge in hydrogen should 
become white hot, Langmuir answered at once, 
“Association of hydrogen atoms to molecules at the 
wire’. Thinking of this, Langmuir reasoned that if 
the dissociated hydrogen from an arc discharge were 
blown against a metal a great deal of heat could be 
delivered to it—the hydrogen welding torch. 

Langmuir’s interest in tungsten filaments led him, 
in 1912, into electronics, the field that was to prove 
so fruitful in his hands. Several years previously, 
O. W. Richardson had published his famous equation 
of electron emission. Langmuir noted that this 
equation predicted for tungsten, near its melting 
point, an electron emission of several hundred 
amperes per square centimetre. He tried it, and 
found not amperes, but only milliamperes. The 
emission followed Richardson’s equation only up to 
a certain temperature, above which it became 


saturated and depended only on voltage. I happened 
to be visiting Langmuir when he made this dis- 
covery—I was teaching at the time. He described 
fully his experiments, with none of the secrecy that 
was not uncommon at some places at the time, and 
said: “It should be possible to apply Poisson’s 
equation to this’. He did, and the result was his 
famous law of electron space-charge, which became 
the basis for the great electronic tube developments 
that followed. He devoted considerable time to the 
calculation of accurate space-charge formule for 
cylindrical and spherical electrodes, and the voltage 
gradient in electron tubes, including the important 
voltage minimum resulting from the initial velocities 
of the electrons. 

Early in his electron-emission studies Langmuir 
noted an enormous increase in electron emission when 
he used, instead of pure tungsten wires, the ‘thoriated 
tungsten’ lamp wire, to which 4 per cent of thorium 
oxide had been added to prevent large crystal growth 
and ‘off-setting’. ‘The observation itself was a tribute 
to his careful vacuum technique, in this case the 
immersion of the entire tube in liquid air to avoid 
contamination by water vapour from the glass. But 
his explanation of it is a marvellous example of his 
Insight into physical phenomena. Hoe visualized, and 
proved, that the thorium oxide is partially dis- 
sociated by the tungsten, releasing thorium atoms 
which diffuse to the surface and form a strongly 
adherent monatomic film, of lower work function 
than tungsten metal. These thoriated tungsten 
filaments are standard components of to-day’s 
medium-power tubes. : 

A key feature of Langmuir’s early research was 
good vacuum. The pumps available were clumsy 
and slow. In 1915, W. Gaede published an article on 
his ‘diffusion pump’. Langmuir at once concluded 
that the action of this pump was not diffusion, but 
mechanical transport of the gas by mercury vapour 
atoms. He proceeded to design a high-speed ‘con- 
densation pump’, in which a large blast of mercury 
vapour sweeps the gas before it, and then condenses 
on a water-cooled wall and runs back to the boiler. 
All high-speed high-vacuum pumps used in elec- 
tronics and nuclear physics to-day embody this 
principle. 

In 1922 Langmuir turned his attention to low- 
pressure gas discharges. He predicted and proved 
experimentally that a negatively charged electrode 
in & gas discharge is surrounded by a ‘positive ion 
sheath’, containing positive ions but no electrons; 
and that an insulated electrode must charge itself 
negatively, sufficiently to repel all but a small 
fraction of the electrons moving toward it; the 
amount for mercury vapour being 7-16 V., depending 
on the pressure. This showed that all previous 
measurements with probe electrodes had been in 
error by amounts of this magnitude. He then 
demonstrated, in a series of brilliant experimental 
studies, two correct methods of measuring potential 
in a discharge, one using a heated electrode, the 
potential of which is adjusted until the electrons 
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emitted by it are just able to escape ;. and the other 
a ‘kink’ in the semi-logarithmic plot of the volt- 
ampere characteristic of a cold probe. These methods 
have become standard procedures. . 

His quantitative theory of the positive-ion sheath 
showed why a negative voltage on the grid of a 
thyratron cannot interrupt the discharge, since each 
grid wire is surrounded by a thin positive-ion sheath 
that insulates it from the discharge. 

He explained correctly the increase of pressure 
toward the anode end of a tube as the reaction of 
the oppositely directed momentum delivered to the 
glass walls by the positive ions. 

Lengmuir’s classic studies of the adsorption of 
cesium on tungsten, begun in 1923 and carried on 
intermittently for fifteen years, are a beautiful 
example of the combination of physics and chemistry 
in @ pioneer investigation. The experimental part 
was physics, an extended series of measurements, 
first with K. H. Kingdon and later with J. B. Taylor, 
of the electron and positive-ion emission from tung- 
sten wires in cæsium vapour. He predicted and 
verified experimentally that at high temperatures, 
where the work function of the clean wire (4:6 V.) 
is greater than the ionizing potential (3-9 V.) of the 
vapour, every cesium atom that struck the filament 
left it as a positive ion; but that below 1,100° K. 
no positive ions were formed, because the fraction of 
the surface of the wire that was covered with cæsium 
reduced its work function below 3:9 V. Also that 
there was no positive-ion emission from a thorium- 
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coated thoriated tungsten wire, the work function of 
which is 3-1 V. 

The chemical part of the investigation included 
the use of a suitably modified form of the Saha 
equation for thermal ionization of a gas; and an 
adaptation of Gibbs’s equation of state to two 
dimensions. With this powerful approach he pre- 
dicted accurately not only the emission of electrons, 
ions and atoms as a function of temperature and 
density of adsorbed atoms, but also the spreading 
force of these ‘adatoms’, their heat of evaporation and 
the contact potential of the partially coated filament. 

One more example of Langmuir’s powerful, yet 
simple, application of physical laws was his cal- 
culation of the light-scattering power of ‘white’ 
smoke as @ screening agent. Having previously 
developed, in his icing studies, a method of measuring 
particle size, he calculated from Rayleigh’s law of 
scattering the optimum size of particle; and then, 
with V. J. Schaefer, produced particles of this size, 
with a screening power per gallon of oil many 
thousands of times greater than the black smoke 
then in use. 

A final contribution, completed shortly before his 
death, was an exhaustive mathematical study of the 
probability of induced rainfall produced by periodic 
seeding of clouds with silver iodide. 

I cannot conclude without an affectionate personal 
tribute to Irving Langmuir, as a loyal friend and 
stimulating colleague—inadequate words—to whose 
inspiring influence I owe a very great deal. 


THE GEOLOGICAL SOCIETY OF LONDON 
By Dr. W. CAMPBELL SMITH, C.B.E. 


ARLY in 1807 a small group of men actively inter- 
ested in mineralogy had been brought together 
by Dr. William Babington for meetings at his house. 
Several of these men had been members of the British 
Mineralogical Society (1799), which in 1806 had been 
incorporated with the still earlier Askesian Society. 
This little group, with others, making thirteen in 
all, primarily interested in mineralogy but recog- 
nizing the need to learn about the wider fields of the 
then new science of geology, became the founders 
of the Geological Society of London. The meeting 
at which the Society was founded was held at the 
Freemasons’ Tavern in Great Queen Street on 
November 13, 1807. 

At the second meeting the Hon. C. F. Greville 
was invited to become patron, Greenough was 
elected president, and honorary members were 
elected from distinguished men of science in the 
British Isles. The honorary members numbered 
forty-two, of whom five were foreigners. Foreign 
members as such were not instituted until 1814. 
Among the first of these, elected in 1815, were 
Leopold von Buch, Cuvier, Haüy and Werner. 
Baron Humboldt was elected in 1817. 

Six of the thirteen founders were Fellows of the 


Royal Society. These were Babington and Bournon, 


William Allen, founder of the firm of Allen and 
Hanbury, Humphry Davy, then secretary of the 
Royal Society, G. B. Greenough, @ pupil of the 
celebrated Werner at Freiberg, and W. H. Pepys. 


The new Society grew rapidly, and the lists of 
members elected in the early years are full of names 
now famous in science: W. H. Wollaston joined the 
Society in 1812, William Buckland in 1813, Sedgwick 
in 1818, Lyell in the following year, and Murchison 
and Faraday in 1824. Charles Darwin, persuaded 
thereto by Lyell, was secretary during 1838-41 and, 
coming to rather later days, T. H. Huxley during 
1859-63. 

A royal charter had been applied for in 1824 and 
was granted on April 23, 1825. There were then 372 
elected members, of whom 260 were resident in or 
within twenty miles of London. The class of honorary 
members ceased with the charter. Except for a 
decline around 1857, after the Crimean War, there 
was a steady rise in the fellowship to 1,361 in 1881, 
after which numbers fell a little, reaching their 
lowest in 1942 (1,067). Thereafter there has been a 
steady rise to the present figure of 2,326 in 1957. 
This considerable increase may be attributable partly 
to the increased interest taken in geology in all the 
universities and its increasing application in some 
industries ; it is also a result of efforts of the Council 
to make the Society more useful to geologists, 
prompted thereto by the suggestions made by three 
of its recent presidents. 

There have been few changes in the rules for 
Fellows and Foreign Members. <A new class of 
Foreign Correspondents, from which Foreign Mem- 
bers were elected, was made in 1863, but discontinued 
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in 1946. Women Fellows were not admitted until 
1919, although proposals to this end had been made 
in 1889, and again in 1907 and 1909, and this in 
spite of the fact that many women geologists had 
made important contributions to the science, as 
indeed the Society had publicly recognized by 
various awards since 1893. A new class of Junior 
Associates was instituted in 1944 for men and women 
students of geology not less than eighteen and not 
more than twenty-three years of age. 

The Society was very active from the start. Com- 
mittees were set up to arrange the collection of 
mirterals, to arrange for a uniform nomenclature, to 
prepare and collect mineralogical maps, ‘models and 
sections of mines, and to approve communications 
previous to their being read before the Society. 

The collection of minerals, rocks and ‘extraneous 
fossils’ grew rapidly and was of great use to the 
members. Its use particularly as regards British 
fossils was later superseded by the collection in the 
Museum of the Geological Survey, founded in 1835. 
Much work had been expended on arranging and 
cataloguing the Geological Society’s collection by a 
succession of able and enthusiastic curators. A list 
of all the type-specimens was prepared by C. Davies 
Sherborn between 1891 and 1899, and a catalogue 
based on this list and edited by J. F. Blake was 
published in 1902. By this time the Library, which 
is one of the best in its field, was needing more space 
and in 1911, to make room for the books, the Society’s 
collections were presented to the British Museum 
(Natural History) and the Geological Survey. 

The Committee of Maps, appointed in 1809, does 
not seem to have been very active; but G. B. 
Greenough, first president of the Society, had started 
work on a: geological map of England as early as 
1808. This he presented in 1812; and it was pub- 
lished by the Society in 1820. The cost of drawing 
and engraving alone was £1,300. 

It seéms strange that the Society embarked on the 
preparation of this map, as it must have been known 
that William Smith had a geological map in hand. 
He was neither a member nor an honorary member 
of the Society, and he seems to have been almost 
ignored. However, the Society did something later 
to make amends for its early neglect of the ‘father 
of English geology’. . 

W. H. Wollaston, who died in 1828, left the Society 
£1,000 to create a donation fund to aid or reward 
the researches of any individual or individuals of 
every country. The first use made of this fund was 
to strike a medal and to present the first Wollaston 
Medal to William Smith, together with the proceeds 
of the donation fund. Much later still, an annual 
William Smith Lecture was. instituted. The first of 
these was given by W. W. Watts in 1945. 

Other medals were founded much later: the 
Murchison (1871), Lyell (1875), Bigsby (1876), and at 
æ still later period, the Prestwich Medal (1896). A 
fund was founded in 1876 by H. C. Barlow in honour 
of Prof. Robert Jameson, of Edinburgh. Many other 
bequests have been made for the encouragement of 
research in geology or for assistance in travel or 
with publications. They bear the names of the 
benefactors: Blanford, Daniel Pidgeon, Fearnsides, 
Garwood, Gloyne, Greenly, J. B. Tyrrell, Henry 
Woods and R. H. Worth ; the last fund is especially 
for the encouragement of amateur geologists. < 

In 1945, the Anglo-Iranian and Burmah Oil Com- 
panies agreed jointly to place at the disposal of the 
Society a. sum of money to be used to promote each 
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year a geological tour for university students. The 
first of these tours was undertaken in 1946. 

Apart from this, the Geological Society has not 
undertaken the organization of geological excursions. 
To the great benefit of all geologists this work was 
taken thoroughly in hand by the Geologists’ Associa- 
tion, founded in London in 18658. 

Quite early in its history the Society began pub- 
lication of selected papers in the Transactions, 1811- 
56. These were in quarto and were profusely illus- 
trated. There were long delays in printing the 
Transactions, and, in order to achieve a speedier 
reporting of papers read and of other geological 
news, Proceedings were published. These were first 
issued in 1826, but were discontinued in 1846 in 
favour of the Quarterly Journal, commenced in 1845 
and now in its 113th volume. The present “Abstract 
of Proceedings”, issued after each meeting, is a 
slightly modified form of the Abstracts first circulated 
to Fellows in 1857. The Society is now about to start 
a new publication of Memoirs. This new venture 
has been made possible by a generous bequest under 
the will of the late Henry Woods. l 

Meetings at which the results of geological research 
have been communicated and discussed have been, and 
still-are, the most important activity of the Society. 
The earliest meetings of the Society were held at the 
Freemasons’ Tavern, the members dining together 
before the meeting. Rooms were rented successively 
in Garden Court, Temple, and Lincoln’s Inn Fields ; 
but it was not until 1816, when rooms were taken at 
20 Bedford Street, that a suitable meeting room 
became available. In 1828, apartments at Somerset 
House were granted to the Society, and there the 
Society remained until the move to its present rooms 
in Burlington House in 1874. 

The practice of members dining together before 
the meeting continued for some years, and in 1824 
the Geological Society Club was formed as a dining 
club limited to forty members. This Club still con- 
tinues, but the hour of the Society’s meeting was 
changed in 1915 from 8 to 6 o'clock; so the Club 
now dines after the meeting instead of before. 

The centenary of the Society in 1907 was celebrated. 
with great ceremony, and its proceedings are recorded 
in the centenary volume published in 1909. In 
preparation for the centenary, a history of the Society 
was written by Horace B. Woodward. There the 
real history of the first hundred years of the Society 
is told, and in it is recorded how the meetings of the 
Society have witnessed the gradual growth of the 
whole of geology from its beginnings. Itb is difficult 
in & few words to give any adequate account of the 
contributions Fellows of the Society have made to 
their science in the past fifty years, and what follows 
is the merest sketch. 

One can recall now classic papers on the structure 
of the Highlands, cauldron subsidences and ring 
intrusions with their accompanying cone-sheets and 
dyke-swarms; great papers on the Lake District, 
and on glaciation ; the geology of almost the whole 
of Wales worked out by perhaps a dozen different 
authors. In paleontology one recalls the papers on 
ammonites and the detailed zoning of the Jurassic ; 
non-marine lamellibranchs and zoning of the Coal 
Measures; the flora of the Kent Coalfield; the 
analysis of the Pliocene flora based on the study of 
fossil seeds, and the later technique of pollen 
analysis. 

Memorable papers dealing with metamorphic and 
voleanic rocks have greatly advanced our knowledge 
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of these branches of petrography; and discussions 
on differentiation,.assimilation and the more recently 
advanced theories on the formation of granite may 
have been almost as animated as some of the early 
discussions of the previous century.: 

Wegener’s theory of continental drift was the sub- 
ject of a discussion in 1935; rostro-carinate flints 
‘and eoliths was another subject discussed before a 
large audience; and, one must admit it, the most 
crowded of all the meetings were those in 1912 and 
1913 when fragments of the Piltdown skull and the 
broken lower mandible and canine tooth were 
described. 

New techniques have been introduced to “the 
Society both as papers and as exhibits. The use of 
cellulose films in the study of plant remains, applic- 
able also to graptolites and corals, in 1923 and again 
‘in 1928; the use of polarized light for the study of 
the minute structure of foraminifera was demon- 
strated in 1920; and still earlier (1917—18) the use 
of X-rays for a similar purpose. Another war-time 
paper read in February 1915 was on radioactive 
methods of determining geological time, and a great 
meeting in 1923 was Joly’s lecture on the bearing of 
some recent advances in physical science on geology ; 
a development from his much earlier published book, 
“Radioactivity and Geology”. 

In the early days of the Society the main interest 


of its members was in minerals and mines, but they . 


soon turned their attention to the wider fields of 
geology and to stratigraphy. The charge that the 
Society has too much neglected’ the economic appli- 
cations of geology has perhaps been justified, but 
there is ample evidence now of its active interest in 
the practical problems of the day. A lecture and 
papers on oil in Britain, and a discussion in 1933 on 
the falling water-level in the Chalk under London, 
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attracted crowded audiences. Many papers have 
dealt with the constitution of coal and the structure 
and zoning of the coal measures, and recent methods 
of geophysical survey and results that have been 
deduced from them have been the subject of several 
papers in, the past ten years. 

There are plenty of papers and material for inter- 
esting lectures, and the lecture room at Burlington 
House is often crowded to capacity. The problem 
that faces the Society is certainly not a lack of new 
fields of inquiry but rather perhaps how to extend 
its scope and bring to the Fellows more papers on 
the geology of other lands. The more material needs 
are: space for its audience, shelves for its books, 
and money for its printing. Reluctantly it has 
at last had to raise the annual subscription to 
meet the rising costs. Financing printing is, how- 
ever, only half the solution ; the remaining problem 
is the ever-present one of how to persuade authors 
not to write until their work is as complete as they 
can make it, and, when they write, to aim at brevity 
as well as clearness in expression and condensed 
presentation of essential details. This was the plea 
of three successive presidents in the eighties. It is 
still the plea of the Society to-day. 

The 150th anniversary of the foundation of the 
Society was celebrated on November 13, 1957, and 
was marked by an afternoon meeting at which the 
president, Dr. Leonard Hawkes, ‘gave a brief address, 
followed by the thirteenth William Smith Lecture, 
given by Prof. C. E. Tilley. A conversazione was 
held in the evening in the rooms of the Royal Society- 
and in the Geological Society’s apartments. Exhibits 
arranged by Fellows, many university geology de- 
partments, oil companies, the Geological Survey of 
Great Britain, and the overseas Geological Surveys, 
illustrated recent progress in geology. 
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NUTRITIVE VALUE OF PROTEINS#: Upps: ozcatar Má, Caenis 


HE 112th meeting of the Nutrition Society was 

held on October 12 at the Royal Free Hospital 
School of Medicine, London, and took the form of a 
symposium on “The Nutritive Value of Proteins”, 
with Dr. D. P. Cuthbertson, director of the Rowett 
Research Institute, Aberdeenshire, in the chair. 

In his opening remarks, the chairman first pointed 
out that the quality and quantity of our protein 
needs are ever present in our daily speculations of 
what we shall eat and wherewithal we shall be 
clothed, and these in turn are largely governed by 
the kind of food our farm animals eat. The quality 
of the protein in the concentrated part of the diet or 
ration can in some cases be enhanced by proper 
processing, but it is sometimes damaged. Britain's 
annual imports of animal protein feeding stuffs 
amount to 1,048,000 tons and cost £38,129,000 a 
year, and a considerable saving on this could be 
effected by avoiding damage to the nutritive value 
not only of these imports but also of home-produced 
concentrates during processing: and storage, and by 
their proper use to balance the ration. 

The problems of protein quality and quantity for 
animals, including man,. are of importance not only 
to the United Kingdom as one of the world’s largest 
importers, but also to such bodies as the Food and 


Agriculture and World Health Organizations. For 
these need to know the nature and amount of the 
protein-rich supplements—mulk, fish, soya-bean, 
groundnut preparations and so on—which should be 
added to a basic cereal or starchy diets in order to 
prevent protein malnutrition and to achieve some 
minimum standard of adequacy. 

Dr. Kathleen Henry (National Institute for 
Research in Dairying), in a joint paper with Dr. S. K. 
Kon on “The Nutritive Value of Proteins: General 
Considerations”, pointed out that earlier concepts of 
nutrition divided proteins into those of first- and those 
of second-class quality, the former being of animal and 
the latter of vegetable origin. With increasing know- 
ledge it became evident that the differences between 
foods as protein sources reflect differences in amino- 
acid composition: and also that the superiority of ‘first 
class’ protein is often partly due to accompanying 
vitamins. We know that the distinction between 
animal and vegetable proteins is neither rigid nor 
always justified. 

The value of a food as a source of protein is 
determined by the concentration of protein in it, the 
digestibility of the protein, the availability of its 
amino-acids for the synthesis of tissue protein, and 
its amino-acid pattern, particularly the content and 
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proportions of the essential amino-acids. Digest- 
ibility and amino-acid pattern in turn determine the 
value of the food protein to the animal. There exist 
now many biological methods of agsessing a protein 
on this basis, most of which compound these variables 
into one numerical expression. All are designed for, 
and capable of, assigning to a protein a relative order 
of nutritional merit and thus all can be considered 
as measuring its biological value. 

Normally, proteins are considered in relation to 
their ability to promote growth or repair of body 
tissues or both. A protein that may be adequate for 
repair and maintenance in an adult animal may be 
less satisfactory for the combined functions of growth 
and repair in the young. Furthermore, the value of 
& protein for certain functions, such as replacement 
and building of specific plasma, proteins, hæmoglobin 
and enzymes, may be quite different from that for 
the repair of body tissues as a whole. 

Dr. Henry then dealt with the amino-acids essential 
for different species and at different ages, and the 
need both to secure that the amino-acids are present 
in the correct proportion, and to satisfy the energy 
requirements for maximum utilization of protein. 
She also dealt with mixed diets, the supplementary 
effect of proteins and the timing of their adminis- 
tration. It was stressed that the assessment of 
quality from amino-acid composition requires 
confirmation from feeding experiments. The effects 
of heat treatment were considered briefly in relation 
to culinary needs, elimination of toxic effects and 
preservation. 

“Biological Methods. of evaluating Protein 
- Quality” was the topic of a paper by Dr. A. E. 
Bender (Bovril, Ltd.). He stressed the need to realize 
the nature of the conventional tests for protein quality 
and to appreciate the significance of the results 
derived from them. He dealt first with the methods 
of assay: the screening tests to give approximate 
grading, the protein efficiency ratio for growth, the 
net protein retention, the rat-repletion method and 
the microbiological technique. Next, Dr. Bender 
dealt with quantitative measurements, the Thomas- 
Mitchell method which measures, the percentage 
of the absorbed nitrogen retained in the body and 
is termed the ‘biological value’, the ‘nitrogen- 
balance index’ introduced partly to avoid measuring 
endogenous excretion required in the preceding 
method, the carcase-nitrogen method which may 
involve only a simple water determination, the ‘egg- 
replacement value’ used mainly in human experi- 
ments, and growth and nitrogen balance methods. 
Various indirect methods were also outlined. 

What is often required, however, is an experi- 
mental version of a field test, and here the gross 
protein value test has proved very useful. The diet 
is based on the normal practical diet of cereal, fed at 
8 per cent protein-level, supplemented with 3 per 
cent test protein. The diet thus simulates husbandry 
conditions in which a knowledge of the nutritive 
value of the combination is required rather than the 
biological value of the concentrate alone. The gross 
protein value is the extra growth produced (beyond 
that on the control ration) divided by the supple- 
mentary protein eaten in a two-week experiment. 

All measures of protein quality are essentially a 
function of the limiting amino-acid: the tests yield 
no information about the other amino-acids. The 
‘biological ‘value’ or the ‘protein efficiency ratio’ are 


not complete descriptions of a protein, since it is’ 


possible to find two proteins with the same biological 


NATURE 


January 18, 1958 vor. i81 


value but with difforing amounts of the non-limiting 
essential amino-acids. 

Dr. K. J. Carpenter (School of Agriculture, Cam- 
bridge) then dealt with ‘Chemical Methods of 
evaluating Protein Quality”. He stressed the im- 
possibility of devising a single test (chemical or 
biological) that will give the answer for all circum- 
stances. Analysis for amino-acids takes too much 
time and gives no information about digestibility or 
availability. A number of quick laboratory tests have 
been developed for foods to answer the needs of 
specific industries. 

Of the céreals, only maize has been shown to be 
of variable protein quality, and that appears to be 
inversely related to the nitrogen content. Baking 
has little effect on ‘quality, but the processing of 
breakfast foods may be deleterious. 

Taking soya-bean oil meal as the principal example 
of the oil-seed meals, Dr. Carpenter pointed out that 
it requires some heating to destroy a trypsin inhibitor ` 
and so attain maximum value. The destruction runs 
parallel to, and may be followed by, the fall in urease 
activity. Heating beyond this maximum damages 
protein quality. Solubility tests carried out directly 
on the meal will give a measure of this damage; they 
are not effective with enzymic digests prepared from 
the meal. The enzymic release of specific amino-acids 
(estimated microbiologically) points to the ‘locking- 
up’ of lysine in overheated samples. Formol-titration 
similarly reflects damage by following the reduction 
of free e-NH, groups, particularly that of lysine. In 
cotton-seed meal, quality control is complicated by 
the toxicity of the gossypol present and its apparent 
interaction with protein quality. 

Animal products used in animal nutrition—fish and 
meat meals—present special difficulties because, in 
addition to changes induced by varying processing, 
the amino-acid composition of the raw material may 
vary considerably. 7 

Animal products are rated highly because of their 
high concentration of nutritionally available lysine. 
As for the oil-seed meals, heat damage reduces the 
availability of the lysine. On the hypothesis that 
lysine is nutritionally available only when its terminal 
NH,-group is free, a recently developed method 
measures ‘available lysine’ as the dinitrofluorobenzene 
derivative. The results obtained with a series of fish, 
whale and meat products have shown a close cor- 
relation. with corresponding results from chick- 
feeding tests under conditions that emphasize the 
lysine.contribution of the test materials. 

The sulphur amino-acids are possible alternatives 
to lysine as the limiting amino-acids. Dr. Carpenter 
hoped that processing damage to lysine and cystine 
(more susceptible’than methionine) might be roughly 


parallel, though the presence or absence of oxygen 


may upset this. 

Dried milk, the product-of a very even raw 
material, is exceptionally subject to . processing 
demage; the dinitrofluorobenzene. method and 
microbiological assay of an enzymic digest gave 
parallel rating of quality. For the evaluation of 
mixed diets this latter method was thought to be the 
most effective. 

“The Importance of Protein Quality in Animal 
Feeding” was described by Dr. Gabrielle Ellinger 
(Rowett Research Institute). Economy in the use of 
protein may be exercised by the correct allocation of 
concentrates to practical rations, and by the con- 
servation of quality during the production of con- 
centrates. ý 
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Currently, practical rations for non-ruminants are 
compounded to contain protein in excess of require- 
ment to compensate for the fluctuations in the 
quantity and quality of protem in available feeding 
stuffs. i 

To have practical significance, the evaluation of 
concentrates must be for their capacity as supple- 
mentary protein. The cereals, used principally as 
sources of energy for fowls, contribute 40-65 per cent 
of the total protein in some practical rations according 
to the classes of poultry concerned. Similarly, in pig 
rations 50-70 per cent of the protein is derived from 
cereals according to the proportion of millers’ offals 
and bran included. Related to the chick’s and pig’s 
requirements for the essential amino-acids, the pro- 
teins of wheat, barley, oats and maize are deficient 
mainly in lysine and rather less deficient in the 
sulphur amino-acids. Maize is also deficient in 
tryptophan. No processing damage is involved, 
although feeding quality of maize is known to vary 
with variety and fertilizer treatment. 

Beyond the quantitative supplementation of the 
cereal proteins, therefore, concentrates must com- 
pensate for the failure of cereal proteins to contribute 
their share of the essential amino-acids. The con- 
centrates that are offered as feeding stuffs may be 
derived from a wide range of raw materials and 
differ greatly in their amino-acid composition. Pro- 
cessing damage introduces further variations m the 
protein quality of any given concentrate. Lysine and 
the sulphur amino-acids are not only the acids most 
subject to damage but also, being the limiting amino- 
acids in the cereals, their concentration largely 
determines the supplementary value of the con- 
centrates. 

The critical level of protein in the test rations must 
be considered in relation to the energy content. The 
highest critical level of protein at which additions 
bring no improvements and reductions a fall in pro- 
duction is in itself a measure of protein quality, and 
has been used for grading certain concentrates as 
supplements in pig rations. Alternatively, in the 
gross protein value experiments, concentrates fed at 
a constant and very low level of protein contribution 
and compared with standard protein have been 
effectively graded according to the heat damage 
sustained. A concentrate fed for its contribution of 
a-particular amino-acid may be evaluated in terms 
of the’availability of that acid. 

Prof. B. S. Platt and Mr. D. S. Miller (Human 
Nutrition Unit, Medical Research Council), in their 
paper on “The Quantity and Quality of Protein for 
Human Nutrition”, reviewed some of the findings of 
earlier workers in this field which are too frequently 
neglected. They also directed attention to the more 
recent Princeton Conference on Human Protein 
Requirements and their Fulfilment in Practice and 
to Terroine’s emphasis on the distinction between 
physiological requirement—the minimum amount of 
protein required to maintain nitrogen balance—and 
the hygienic requirement—the amount needed under 
the stresses of pete life. 

Many of the difficulties of prescribing a diet for the 
human subject are concerned with (a) the complexity 
of the mixtures eaten by man; (b) the nature and 
timing of snacks and meals; (c) the effect on food 
values of a wide variety of methods of processing, 
including cooking ; (d) the level in the diet, not only 
of protein but also of other sources of energy—fats 
and carbohydrates—and of various vitamins and 
minerals; and (e) the balance between the proteins 
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and several other dietary factors. In some human 
dietaries, better protein utilization might be achieved 
by providing additional amounts of either fat or 
carbohydrate or both, thereby not only preventing 
wasteful burning of protein but also inducing & 
protein-sparing action. We do not know whether the 
pattern of amino-acid requirements is the same for 
maintenance as for growth of the young or, there- 
fore, whether there are additional needs of the mother 
during pregnancy and lactation. However, the 
validity of the methods for the determination of the 
physiological requirement of an individual for a 
specified protein or for the essential amino-acids is 
fairly well established, although it is still not under- 
stood, for example, (a) why in Rose’s experiments it 
was necessary to have such a high calorie intake ; 
(b) why the ratio of infant to adult requirements per 
kilogram of body weight is so much higher when 
expressed in terms of essential amino-acids (about 
10:1 for most amino-acids) as compared with the 
ratio in terms of reference protein (about 5:1); 
(c) what the composition and amount in a diet of 
nitrogenous matter other than the essential mino- 
acid nitrogen should be; and (d) what determines 
the variations in physiological minima for nitrogen 
for different individuals. The importance of zymotic 
factors in the production of protein malnutrition has 
not yet been fully appreciated. 

Possibly for maize and most certainly for cassava 
pap, the volume of the infant stomach must be a 
limiting factor in adequate protein nutrition of the 
young child. The necessity in these circumstances O: 
providing food rich in protein is clear; this may be 
most conveniently and desirably provided as human 
milk, but where the diet is low in protein the problem 
of extra supplies of good protein is simply shifted to 
the mother who can, however, utilize cruder sources 
of supply than can the young child. 

The final paper of the session was on “Nitrogen 
Balance following Injuries” by Dr. J. P. Bull (Medical 
Research Council, Industrial Injuries and Burns 
Research Unit, Birmingham). Dr. Bull pointed out 
that the circumstances, nature and timing of injury 
and the corrective procedures are sufficiently different 
to make one cautious in accepting an operation as a 
very close analogy to accidental trauma. In the latter 
Dr. Bull considered ‘that the overall nitrogen balance 
is not entirely informative when one considers losses 
of whole protein, as in exudate or hemorrhage and 
transfusions of similar materials on the same basis as 
oral feeding and urinary and fecal losses. There is 
no possibility of an initial stabilizing period in acci- 
dent cases, and the previous nutritional status cannot 
be known with precision. In the more severe injuries, 
therapy must necessarily be varied to meet individual 
requirements; nutrition is only one of these, and 
must be changed to permit other procedures. 

It has been shown that intravenous plasma protein 
is only slowly metabolized, and if nitrogen is so given 
in excess it will be excreted in the urine only after 
several days. Correspondingly, after transfusion of 
red cells, excretion of excess nitrogen is even longer de-. 
layed. Furthermore, if there has been loss of plasma, 
as from a burn, or loss of blood from other injuries, 
intravenous replacement may be virtually direct, so 
that neither the loss nor the transfusion should 
appear in the nitrogen balance on the same basis as 
oral and urinary exchange. Even the quantities 
accepted for calculation are suspect; digestion and 
absorption of orally fed protein may well be dis- 
turbed in the severely injured patient, and renal 
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excretion of nitrogen is frequently depressed. When 
one considers the details of the balance sheet within 
the body, the situation is clearly more complex again. 
Whatever the overall balance may be, the internal 
economy of nitrogen is grossly deranged, as shown 
by changes in plasma proteins. 

There appears to be a general increase of cata- 
bolism, possibly combined with a diminished anabol- 
ism of protein in which adrenocorticotrophin and 
adrenal cortical hormones may well be playing a 
part. Prior. depletion of protein prevents the in- 
creased excretion of nitrogen, after injury. It thus 
seers likely that the more labile protein stores are 
first used, and when these are exhausted further 
tissue protein is not raided. 

Dr. Bull reported a comparison of nitrogen input 
with renal nitrogen output in patients who had been 
adequately treated by transfusion, and found little 
difficulty in obtaining ‘apparent positive’ nitrogen 


balances. Though this clearly does not represent the - 


whole story, it should be remembered that com- 
parison of intake with renal output is the main 
ground for claims that the ‘catabolic phase’ makes 
negative balances obligatory. From this point of 
view exudate losses should not necessarily be included, 
since they do not represent catabolism but rather loss 
of part of an organ equivalent perhaps to an am- 
putation or plasmaphoresis. 

Dr. Bull considered that, in the present state of 
knowledge, thé following principles seem rational : 
(1) Where there are known losses of blood proteins, 
these should be replaced by transfusion. Plasma and 
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blood are the rational replacement fluids for burns, 
and blood transfusion for other injuries. ` Recent 
studies show that these losses are greater than has 
previously been assumed, and we are probably only 
now beginning to obtain adequate correction. (2) 
Generous protein and calorie supplies should be 
available for the injured patient in his diet. Many 
ordinary hospital diets are inadequate in this respect. 
(3) There is -no practical limit to the amount of 
nitrogen which can be given, either intravenously as 
hydrolysate or amino-acid mixtures or as oral high- 
protein tube feeds. It is rational to minimize the 
loss of nitrogen and to anticipate the subsequent 
strongly anabolic phase of healing by supplements 
to ordinary feeding. Inputs of the order of 0-5-1 
gm. of nitrogen/kgm. per day and 40-60 Cal. /kgm. 
can be given to the more severely injured patients. 
(4) In the severely injured patient a multitude of 
complex processes are at work, and it is presumptuous 
to expect them to be explained under any single 
simple theory. 

In winding up the symposium, the chairman said 
that there had been brought to light the need for a 
clearer definition of terms and a more thorough appre- 
ciation of the older literature, which is liable to be 
forgotten or ignored ; that chemical analyses, though 
useful guides, are not enough by themselves and that 
the product must, in general, always be tested bio- 
logically in the way it will be used; and that there 
are problems of quality in protein nutrition of man 
in health, when injured or diseased, that warrant 
much further study. D. P. CUTHBERTSON 


RETINAL SUMMATION AND HUMAN VISUAL THRESHOLDS 


By Dr. R. A. 


/EALE 


Visual Research Division, Ophthalmological Research Unit, Medical Research Council, 
Institute of Ophthalmology, London, W.C.! 


NE of the mainstays of the duplicity theory of 
O vision is the observation that the centre of the 
human fovea, which contains only cones, is much less 
sensitive to light ‘than the extra-foveal regions, 
dominated by rods. Even at the present time, 
numerous workers tacitly infer from this finding 
that, receptor for receptor, rods are very much more 
sensitive than cones. Observations on dark-adapta- 
tion have suggested that the ratio of the two 
sensitivities may amount to several hundred or even 
one thousand, and the photo-chemists’ apparent in- 
ability to extract and characterize cone-pigments 
goes hand in hand with the view that the low cone- 
sensitivity is due to the low in vivo concentration of 
these pigments. The plausibility of such an explana- 
tion is probably responsible for the fact that experi- 
mental evidence not in support of the above views 
has failed to find acceptance. It may, therefore, be 
of interest to try to harmonize the two sets of 
observations and to establish a formal connexion 
between them. 

Lythgoe’, Stiles and Crawford?, Craik and Vernon}, 
Baumgardt‘ and others have suggested that the large 
value of the ratio extra-foveal sensitivity/foveal 
sensitivity may well be due to the good summating 
properties of the peripheral retinal regions. These 


would be revealed particularly when experiments 
are carried out with medium-sized or large test- 
fields. But as the fovea shows relatively poor sum- 
mation, visual threshold tests with small fields both 
in foveal and extra-foveal regions would provide 
more comparable data than when the fields are large. 
There is no doubt that this expectation is strikingly 
fulfilled by experiment. Fig. 1 represerits a plot of 
the logarithm of Rz, the ratio of foveal to extra- 
foveal thresholds, against the logarithm of A, the 
size of the test-field, measured in square minutes of 
arc. Corrections were applied to the measured values 
for light absorption by the macular pigment, and, 
where thresholds had been measured with white 
light, for the non-equality of the energy distribution 
of the stimulus. The former factor reduces cone 
thresholds for white-light by approximately 0:1 log 
unit, the latter increases them by about 0-38 log 
unit. The resultant correction is small but tends to 
reduce the scatter of the results. The values of Ry 
were also calculated so as to refer to the maximum 
of the spectral sensitivities of dark-adapted foveal 
and extra-foveal regions, respectively. The letters 
refer to the authors, and are listed separately in the 
references. There is an approximately linear relation 
between Rr and A’: extrapolation near the origin 
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Fig. 1. Log ratio of foveal to extra-foveal thresholds in the dark- 
adapted human ae as a function of the test-area in log square 
minutes of arc. Circles: ratios expressed in terms of intensities. 
Squares: the corresponding values e 
‘effective stimuli’. (The letters refer 
references) 


Tressed in terms of the 
o authors listed in the 


suggests that, for stimulus areas commensurate with 
the cross-sectional areas of the receptors involved, 
Ry approaches unity. This is to say that, when the 
summating properties of the retina have been 
eliminated, the sensitivities of rods and cones are 
approximately equal. Baumgardt* reached this con- 
clusion readily from his own results. However, his 
approximate treatment of the values of Ry as 
observed with large values of A took no cognizance 
of retinal summation. 


The Effective Stimulus 


The concept of the effective quantity of light is of 
some help in this respect. It has previously been 
shown’ to lead to @ useful generalization of the 
Ferry—Porter law, and involves the rejection of light 
intensity as the almost exclusive factor in stimulus 
variation. The effective quantity Q is defined as 


Q = I(AN)p.ta (1) 


where A is the retinal area stimulated by light of 
intensity J and for a duration t; N is the relevant 
receptor density in the region stimulated, and p and 
q are the coefficients of spatial and temporal sum- 
mation, respectively. In the following discussion t? 
will be assumed to be constant. The importance of 
the concept of Q becomes apparent as soon as one 
considers an orthodox dark-adaptation curve: when 
@ non-fixating human eye is exposed to light, and 
then left to dark-adapt, its threshold, as measured 
with, say, a.1°-field, drops rapidly at first, reaches a 
plateau after some 2-3 min., starts dropping quickly 
after another 5-7 min., and approaches its final 
threshold after another 20 min. The first plateau 
represents the threshold of the cones, the second 
that of the rods. Yet a consideration of the effective 
light stimulus Q shows that the two portions of the 
curve are not strictly comparable, because both N 
and p are different for rods and cones, respectively. 
The intensity I can provide a measure of the effective 
stimulus Q only when N and p are constant. The 
fact that p can change with time even when N is 
constant?,*,? renders exclusively photo-chemical inter- 
pretations of dark-adaptation untenable. Indeed, for 
a test-field of 1° angular diameter a temporal change 
in p of 0-5 (cf. ref. 6) accounts for a full two log 
units of dark-adaptation. 

The idea of the effective stimulus is readily applied 
to the experimental results plotted in Fig. 1. It is 
then seen that : 
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log Rg = log 29 log Rr + (Pe — pr) log A + 


Pe log Ne — pr log N, (2) 


where the suffixes r and c*refer to rods and cones, 
respectively. The data for Ne and N, (at eccentricities 
ranging from 0 to 20°) were obtained from Øster- 
berg’s* counts. Baumgardt® has determined the 
variation of Pe with A; these findings were con- 
firmed and supplemented by Brindley*. Baumgardt 
also showed that, at an eccentricity of 15°, pp is 1 
for A less than 1:3°. As it was not permissible to 
assume that this would be true also at smaller 
eccentricities (and, in a relevant experiment, Wolf 
and Zigler! had altered retinal eccentricity while 
altering the size of the test field), additional measure- 
ments were made with a Crookes adaptometer. The 
region examined was 8° above the right fovea, where 
Wald! carried out his peripheral measurements. The 
observer, R. A. W., was dark-adapted for 35 min., 
without having previously been exposed to bright 
light. Five test-fields, ranging in angular diameter 
from 0-60° to 1:45°, were presented in a random 
manner in three different sessions. The stimulus, 
modified by an Ilford 624 (green) ‘Bright Spectrum’ 
filter, was exposed for 1/25 sec., and the threshold 
criterion was two ‘seen’ out of three exposures, 
presented in rapid succession. The results are shown 
in Fig. 2: the lines, reproduced from Baumgardt’, 
are consistent with these results. It would appear 
that even with a 1° test-field, applied relatively 
closely to the fovea, rod summation is found to differ 
from that observed for cones. The values Kg, cal- 
culated from equation 2, are shown as black squares 
in Fig. 1 and correspond to the values Fy plotted as 
white or small semi-white circles, from which they 
have been derived. 

Two features are outstanding: first, Rg is approx- 
imately independent of A, the size of the test-field, 
and secondly, it is of the order of unity. This suggests 
that, when allowance is made for regional differences 
in receptor density and for the different summating 
properties of the dark-adapted fovea and periphery, 
respectively, rod and cone thresholds are approx- 
imately equal. This is true even when they are 
measured with a test-field so large as to cover the 
whole of the rod-free area. 

The above calculation has involved two simplifying 
assumptions, both of which tend to make the cal- 
The cone density Ne 
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Fig. 2. Log threshold intensity (arbitrary units) as a function of 

the log test-field (arbitrary units). The angular diameters of the 

test-fields are shown at the top. Standard errors of the mean are 

indicated. The lines are reproduced from Baumgardt’s data 
(ref. 9). For details see text 
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was taken to refer to all cones. If it is assumed 
tentatively that the number of ‘green sensitive’ cones 
forms only half to a third of the total, the log Ra 
values corresponding to small values of A will be 
reduced by 0-:3-0-5 and those referring to larger 
test-fields by not more than about 0:2. Again, the 
value of N; was assumed to be constant throughout 
the rod-free area of the fovea. The removal of this 
assumption would reduce the log Rg values for 
log A greater than 2-6 by less than 0-2. Owing to 
some uncertainty regarding the exact variation. of 
foveal summation with area for very small areas, 
the Rg values for larger test-fields are certainly the 
more reliable of the two. The additional corrections 
lead, bereits to log Rg values equal to, or less than, 
ZOO. 

There is no need to labour the point, beyond 
stating that a single cone may well be as sensitive as 
a single rod, if not more so. It would be a bold man, 
indeed, who would introduce into the argument 
morphological differences between the two types of 
receptor. Cones are sometimes said to have special 
light-funnelling properties; human foveal cones, 
however, have a more rod-like appearance than the 
rods themselves, and one can scarcely even speculate 
on funnelling in a vessel-the dimensions of which are 
comparable with the wave-length of light, and the 
optical properties of which are virtually unknown. 

The analysis shown in Fig. 1 contains all the 
relevant results known to moe with but three excep- 
tions: first, Riezler, Esper and Meurers’s*, who 
failed to immobilize the observers’ heads to an extent 
which is generally considered a minimum require- 
ment (cf. also ref. 14) ; secondly, Craik and Vernon’s’, 
whose Ry; value is shown in Fig. 1, but who do not 


seem to have specified the retinal eccentricity at - 


which the rod portion of their results was obtained ; 
and thirdly, Pirenne’s**, which raise a point of great 
* interest. Using a blue test-field at 10’ angular 
diameter, he measured the absolute threshold in the 
fovea and at various eccentric locations up to 4°. 
Now Brindley’ has: shown that p, equals 1 for blue 
test-fields as large as 13’ in diameter, whereas Pe 
equals 0-5 for smaller test-fields, red or green in 
colour. Clearly, an attempt to express & foveal 


threshold measured with a blue 10’-field in terms of ' 


the maximal foveal sensitivity (yellow-green) leads 
to an inadmissible situation, analogous to the one 
illustrated earlier by reference to the dark-adaption 
curve. As the relative number of ‘blue’ receptors in 
the fovea cannot be even guessed at, the only point 
which need be made is that Pirenne’s observed value 
log Ry sy 2-1 reduces approximately to 1-1 when the 
corrections, previously mentioned, are applied. Rg 
cannot be estimated. 


A Photo-chemical Correlate 

The approximate- equality of rod and cone thres- 
holds raises the question of the relative visual 
pigment concentrations. in these receptors. Although 
there is no a priory reason why there should be direct 
proportionality between threshold and light-absorp- 
tion (evidence is accumulating that such a relation 
need not obtain), one would not expect the concen- 
trations to be greatly different. The first piece of 
photo-chemical evidence regarding this point comes 
from in vivo bleaching measurements on. the squirrel’s 
pure-cone retina!* ; it shows that the visual pigment 
density changes on bleaching by an amount com- 
mensurate with that found in experiments carried 
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out on rod-retine. Brindley’s sensory experiments’? 
lead to the same conclusion. 


Night Flying 

The fact that, at small visual test-angles, the fovea 
and the periphery are approximately equally sensitive 
may haye a practical sequel. At present, Service 
personnel due for nocturnal look-out or flying duties 
are kept.in a state of near dark or red adaptation. 
In so far as the visual demands are only the detection 
of point sources of light, the sensitivity factor of not 
more than 5 or 6 which prolonged dark-adaptation 
bestows would scarcely seem to be worth the price 
possibly paid for it in terms of reduced morale. If 
the visual task involves the detection of ‘dark shapes 
on the horizon’, prolonged dark-adaptation is un- 
avoidable. But when the object is the detection of 
point sources, dark-adaptation of a fow minutes may 
well be adequate. Stars appear, after all, little 
brighter after 50 min. than after 5 min. spont in the 
dark. 

Note added in proof. Since this paper was sub- 
mitted for publication, Pinegin!! has shown that, for 
very small test-fields, rod and cone thresholds are 
comparable in magnitude. 
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OBITUARIES | 
Dr. O. G. S. Crawford,7C.B.E., F.B.A. ’ 


O. G. S. CRAWFORD, who died on November 28, 
1957, was one of the bast-known British archeologists 
of his generation. Born in India in 1886, educated 
at Marlborough and Keble College, Oxford, where he 
turned from classics to geography, he soon began to 
make original contributions to archeology. He was 
impressed with the importance of studying the 
environment of early man, and the influence of 
geographical factors upon human, affairs, ideas which 
found expression in his first book, “Man and-his 
Past”? (1921). His interests led him to undertake an 
archewological survey of an area near his home, which 
was published in 1922 as “Tho Andover District”, 
and is still well worth reading. In 1913 he joined the 
Wellcome expedition to the Sudan, but this oppor- 


tunity was cut short by the outbreak of the First- 


World War. After a period in the infantry, he joined 
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the Royal Flying Corps as an observer, being shot 
down and taken prisoner in 1918. There were few at 
that time who foresaw the special contributions that 
aerial survey could make to archeological studies, 
but Crawford’s field-work on the chalk downs had 
shown him the use of shadows in studying com- 
plicated earthworks, and his war-time flying experi- 
ence impressed upon him the value of the aerial view 
for the understanding of archzological sites. 

At the time of the First World War archeological 
posts were few and offered little prospect of a career, 
but Crawford’s appointment in 1920, as the first 
archeology officer at the Ordnance Survey, provided 
just the opening he needed. Until the time of his 
appointment, the archxological information embodied 
in Ordnance maps was largely in the hands of the 
field staff, who might have little knowledge of 
archeology, no matter how competent they were at 
surveying. The task confronting Crawford was 
immense; however, he found time not only for 
routine revision of archeological detail on the 
Ordnance maps, but also for the preparation of a 
series of ‘period’ maps, of which- that of Roman 
Britain was the first and best known. The value of 
this work at the Ordnance Survey, undertaken with 
a minimum of assistance, may be seen in the official 
large-scale maps of the United Kingdom, .which 
attain æ standard in archeological cartography 
scarcely approached elsewhere. The results of Craw- 
ford’s field surveys were published as individual 
papers or larger works, such as “The Long Barrows 
of the Cotswolds” (1925), an important account of a 
selected class of monuments. © 

It is probably as the pioneer of archeological air 
photography and as the founder-editor of the 
quarterly journal Antiquity that Crawford will best 
be remembered. His achievement in the first sphere 
culminated in the publication, with Alexander 
Keiller, of “Wessex from the Air” (1928), a splendidly 
illustrated account of an archeological air recon- 
naissance of Salisbury Plain and adjacent areas, 
which sets a new standard in archzological research. 
In 1928, Crawford visited the Middle East, in an 
attempt to secure the preservation of air photo- 
graphs taken by the Royal Air Force, and to direct 
attention to the unique possibilities open to air 
photography for research in that region. He was 
ever keen to foster the development of the subject 
in Britain, either publishing discoveries himself or 
making known the work of others in the same field. 
Much of his later work appeared in Antiquity, over 
which he took great pains, making several special 
journeys to Europe and North Africa. If the first 
dozen years of that journal represent its best period, 
it has always provided a forum for review and 
criticism and for exchange of ideas on all branches 
of archeology. 

As an archeologist Crawford had a flair for field 
survey, which served him well when studying earth- 
works, either on the ground or from the air. He was 
a marked individualist, gifted with considerable 
powers of expression, to which the pages of Antiquity 
bear witness. For such a person, relations in an 
official department cannot always have been ‘easy, 
_ but he had a great capacity for friendship, and was 
able to awake in others something of his own immense 
enthusiasm for his chosen subject. He was created 
C.B.E. in 1950, elected Fellow of the British Academy 
in 1949 and awarded honorary degrees by the 
Universities of Cambridge and Southampton. 

J. K. S. St. JOSEPH 
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Prof. W. J. Jongmans 
Tum sudden death of Prof. Jongmans, at Heerlen 
on October 13, robs the world of one of its most 
active palæobotanists. Willem Josephus Jongmans 
was born on August 13, 1878, at Leyden, where he 
received his early education. A student of the Uni- 
versity of Leyden and later of the University of 


Munich, he was awarded a D.Phil. of the latter Uni- 


versity in 1906. In the same year he was charged with 
paleobotanical research in one of the Dutch Govern- 
ment Services concerned with fuel resources, and the. 
following year, 1907, was appointed a curator at the 


' Rijksherbarium in Leyden. In 1919 he was released 


from the post at the Herbarium to become head of 
one of the departments in the Government Geological 
Service. While holding this position Jongmans was 
nominated head of the office at Heerlen, which led 
directly to his appointment as director of the Geo- 
logical Bureau of the Netherlands Mining District at 
Heerlen, a post which he held from 1924 until his 
retirement in 1946. In addition to being director of 
the Bureau he was, from.1932 onwards, extraordinary . 
professor of paleophytology in the University of 
Groningen. 

Throughout his career, Jongmans’s interest was 
directed towards the study of the flora of the Carbon- 
iferous period, and his extensive knowledge led to 
the publication of many authoritative papers on the 
plants from such ‘widely distant places as Limburg 
and Sumatra, North America and Anatolia, Peru and 
Egypt, Spain and tho U.S.S.R. But perhaps he is 
best remembered in Britain for the excellent “Mono- 
graph. of the Calamites of Western Europe”, written 
in collaboration with Kidston (1915-17), and the 
monumental ‘“Fossilium Catalogus”, published in 
twenty-two parts between 1913 and 1937. Jong- 
mans’s interest was not, however, confined purely to 
the plants, but extended over the floral assemblages 
of which they had been members. Early in his life he 
made a specialist study of the stratigraphic relations 
of the Carboniferous floras and he was responsible 
for many publications on this aspect of paleobotany. 
We should remember also his very important opinions 
on the nomenclature of fossil plants. 

Though he officially retired in 1946, Jongmans 
carried on active research until the very last, and he 
was often to be seen in the Geological Bureau, which 
was only a short distance from his home at Heerlen. 
Time was always found to welcome and encourage & 
visiting palexobotanist who had come to seo the 
magnificent collections and discuss problems with 
the master who had done so much for the furtherance 
of his subject. In recognition of his services to his 
country and science, Jongmans had been elected an 
Officer in the Order of Orange-Nassau and a Knight 
of tho Order of the Netherlands Lion. 

' ALAN WESLEY 


Mr. C. T. Gimingham, O.B.E. 


Taroven he death of Conrad Theodore Giming- 
ham on November 16, agricultural entomologists and 
plant pathologists have lost one of their pioneers and 
dearest friends. , 

Gimingham joined the staff of the Ministry of 
Agriculture’s Plant Pathology Laboratory at Har- 
penden, as entomologist in 1928, at a most important 
time in the development of agricultural entomology. 
The specialist biological advisory services in agri- 
culture had started some years earlier when several 
young. and enthusiastic biologists were stationed at 
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universities and agricultural colleges to investigate 
local problems and give advice to farmers. The 
Plant Pathology Laboratory acted as their co- 
ordinating link, and Gimingham came into very close 
touch with all the advisory entomologists. In 1944 
he succeeded the late Sir John Fryer as director of 
the Laboratory and as chairman of the Conference of 
Advisory Entomologists, with which he had been 
closely associated since his appointment. It was one 
of his great delights, and although he relinquished 
his chairmanship shortly after his retirement, he 
remained a member until his death. The modern 
developments in the insecticide field, with which 
Gimingham had much to do, started in the 1920's, 
and he proved to be an ideal person to guide the 
biologists who had become available, to see that the 
best use was made of the new materials provided by 
research and industry. 

In the late 1930's it became evident that there was 
a real need to. institute some form of approval scheme 
for crop-protection chemicals. It was largely through 
Gimingham’s ability for painstaking negotiation and 
the deep respect in which he was held by both sides 
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that in 1942 the Ministry and the Association of 
British ‘Insecticide Manufacturers instituted the 
voluntary Crop Protection Products Approval 
Scheme. The success of this venture bears testi- 
mony to his achievement. 

He was deeply occupied in phytosanitary work at 
home and in Europe, for example, with the Colorado 
beetle, and he must be given a good deal of the 
credit for preventing this pest from becoming estab- 
lished in Great Britain after the Second World War. 

Perhaps Gimingham’s greatest influence lay in his 
keen interest in the development of the younger 
entomologists. His quiet modesty, kindliness and 
sincerity made him the ideal guide, philosopher and 
friend. We were happy and privileged to place our 
trust in him, and many of us are thankful for his 
help. 

Gimingham was closely associated with the Royal 
Entomological Society and the Association of Applied 
Biologists, of which he was president during 1938—40., 

He married, in 1912, Muriel Blake, who survives 
him together with two sons and a daughter. 

F. H. Jacozs 


NEWS and VIEWS 


Rothamsted Experimental Station : 
Sir William Ogg 


THE retirement of Sir William G. Ogg from the 
directorship of the Rothamsted Experimental Station 
is announced ‘to take place next September. He 
succeeded Sir John Russell in 1943, having previously 
been director of the Macaulay Institute for Soil 
Research, near Aberdeen. At Rothamsted he con- 
tinued the expansion begun in the inter-war period, 


and successfully organized the inclusion of the Soil 


Survey of England and Wales previously directed by 
the late Prof. G. W. Robinson, 
Dr. A. Muir from Aberdeen as the new head. As the 
owner and manager of a well-known farm in Aber- 
deenshire, Sir William has had exceptional -oppor- 
tunities of appreciating the new, and often difficult, 
agricultural problems of the post-war period and the 
ways in which modern science could contribute to 
their solution. His genial approachability has given 
him considerable popularity in agricultural circles, 
and on a variety of occasions he has been asked to 
undertake official visits overseas to advise on problems 
where his knowledge and shrowd Judgment proved 
very helpful. His friendly relations with the Rotham- 
sted staff enabled the expansion of the various 
departments to proceed smoothly, and when the 
Station finally obtained vacant: possession of the 
attractive old manor house, which had been acquired 
with the estate in 1934, he had it converted into a 
hostel, thereby providing living quarters for some of 
the staff, as well as additional accommodation for 
conferences and other gatherings. His useful term as 
president of the Society of Chemical Industry will 
long be remembered. It is understood that he will 
retire to his farm, where all his friends and former 
colleagues will wish him and Lady Ogg many happy 
years of useful activity. 


Mr. F. C. Bawden, F.R.S. 


Mr. F. C. BAWDEN, head of the Plant Pathology 
Department of the Rothamsted Experimental Station, 


of Bangor, bringing - 


has been appointed director of the Station in suc- 
cession to Sir Wiliam Ogg. Mr. Bawden, who is 
forty-nine, is well known for his brilliant researches 
on the virus diseases of plants, for which he was 
elected a Fellow of the Royal Society in 1949. His 
appointment shows the growing importance of plant 
pathology in Great Britain: the directorship has 
hitherto been from the side of soil and plant nutrition, 
the original, and for long the main, subject of the 
Rothamsted investigations. After a distinguished 
career at Cambridge, he went to Rothamsted in 
1936 as physiologist to the Virus Disease Unit and 
soon attracted attention by identifying, in conjunc- 
tion with his’ biochemical colleague, N. W. Pirie, a 
number of plant viruses and virus strains as nucleo- 
proteins. They isolated in crystalline form the 
tomato bushy stunt virus, the first ever to be so 
obtained. With another colleague, A. Kleczkowski, 
much valuable work has been done on the serology 
of the viruses. New methods have been discovered 
of inactivating viruses without destroying their anti-: 
genicity. Mr. Bawden has also organized much 
valuable field work to discover the factors affecting 
the rate of spread of virus diseases, in the hope of 
finding measures of control. He has shown that he 
not only possesses high scientific ability and power 
of organization, but also that he can appreciate 
scientific merit in others. Under his direction, 
Rothamsted may confidently be expected to main- 
tain the high position it has hitherto held among the 
world’s institutes for the development of agricultural 
science. 


Ministry of Agriculture, Fisheries and Food : Fishery ` 
Research: Mr. G. M. Graham, C.M.G., O.B.E. 


THE Ministry of Agriculture, Fisheries and Food 
has announced the retirement on February 21 of ` 
Mr. G. M. Graham, director of Fishery Research. 
Mr. Graham has served on the Ministry’s staff for 
thirty-eight years, having joined the staff of the 
Lowestoft laboratory in 1920. In his earlier years, 
Mr. Graham was especially concerned with research 
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on the cod, and his work laid the foundations for our 
knowledge of that species in the North Sea. In 1927 
he was loaned to the Government of Kenya to survey 
the fisheries of Lake Victoria; and in 1931 he was 
loaned to the Biological Board of Canada to study 
the herring in Passamaquoddy Bay. He was Buck- 
land professor for 1939. Mr. Graham served with the 
Royal Navy during the First World War, and during 
the Second World War he was with the Ministry of 
Aircraft Production in operational research and 
served with the honorary rank of wing commander 
in the European operations with the Royal Air Force. 
He was made O.B.E. (Mil.) in 1946. 

On his appointment as director of fishery research 
in 1948, Mr. Graham’ turned himself enthusiastically 
to problems arising out of the War and to the develop- 
ment of modern fishefies investigation. He will be 
especially remembered for the encouragement and 
direction that he has given to the mathematical 
treatment of the study of fish populations. During 
his directorship the fisheries research staff has 
increased. greatly in size, and the number of research 
ships was increased to include the Ernest Holt, which 
has carried the English investigations far into the 
north-east Arctic. A new laboratory for shell-fish 
investigations was also started at Burnham-on- 
Crouch under the leadership of Dr. H. A. Cole. In 
1954 Mr. Graham was made C.M.G. 


Mr. R. S. Wimpenny, O.B.E. 


Mr. R. S. Wimprenny, who has been deputy director 
of fishery research at Lowestoft since 1948, has been 
appointed director of fishery research in succession 
to Mr. Graham. Mr. Wimpenny joined the staff at 
the Lowestoft laboratory in 1925 and was chiefly 
engaged on plankton research, in which he advanced 
our knowledge of the fat content of copepods, and 
the biology of diatoms. In 1927 he left the Ministry’s 
staff to become director of fishery research to the 
Egyptian Government. While in Egypt he estab- 
lished a successful fishery for grey mullet in Lake 
Quaroun, the mullet fry being transported by air 
100 miles inland from the sea. Mr. Wimpenny 
rejoined the Lowestoft staff in 1932 and resumed 
work on plankton. He has also done research on the 
plaice, which was the subject of his lectures as 
Buckland professor in 1949. 

During the First World War Mr. Wimpenny served 
as a pilot in the Royal Flying Corps and, later, in the“ 
Royal Air Force. During the Second World War he 
was district inspector of fisheries for the eastern part 
of the south-east district of England and was Port 
Fishery Captain of Rye. Since the War he has been 
especially responsible for leading the work of the 
Lowestoft laboratory in research in the near fishing 
waters. He has also given much time to the work of 
the International Council for the Exploration of the 
Sea, and has been chairman of its Consultative Com- 
mittee since 1951. Mr. Wimpenny was made O.B.E. 
in 1957. i 


Geological Society : Awards for 1958 

Tae Council of the Geological Society of London 
has made the following awards for 1958: Wollaston 
Medal: to Prof. Pentti Eskola, doyen of Finnish 
geologists, distinguished for his contributions to 
metamorphic geology, especially in regard to the 
redistribution of material during metamorphism, the 
origin of granitic magmas and the conditions during 
the earliest geological time; Murchison Medal: to 
Dr. R. G. S. Hudson, for outstanding researches on 
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the Carboniferous rocks of the north of England, in 
particular on their stratigraphy and paleontology ; 
in recent years his work has been connected with the 
search for oil in the Middle Hast; Lyell Medal: to 
Dr. Helen Muir-Wood for her fundamental contri- 
butions to knowledge of the Brachiopoda ; Wollaston 
Fund: jointly to Mr. R. J. A. Eckford for his work 
on the Geological Survey in connexion with the 
igneous rocks of Scotland and in particular his 
investigations of the geology of the Southern Uplands, 
and to Mr. W. Manson for his work on the Geological 
Survey in connexion with the stratigraphy and 
paleontology of the Scottish Carboniferous rocks ; 
Murchison Fund; to Dr. Geoffrey Bond in recogni- 
tion of his researches into the Carboniferous strati- 
graphy and paleontology of Britain, and the Karroo 
system and later deposits of southern Africa; a 
moiety of the Lyell Fund to Mr. H. R. Warman for 
his stratigraphic and tectonic work in Sicily and 
South Iran, and his contribution to oil and gas 
exploration in the United Kingdom ; another moiety 
of the Lyell Fund to Dr. Eileen Lind .Hendriks, in 
recognition of her researches on the geology of the 
Cornish peninsula. 


Extension of Imperial Chemical Industries’ Research 
Fellowship Scheme 


Important changes have been made in the scheme 
of post-doctorate fellowships for research in chem- 
istry, physics, engineering and related sciences 
offered by Imperial Chemical Industries, Ltd. Since 
the start of the scheme in 1944, Imperial Chemical 
Industries Fellowships have been tenable in a con- 
siderable number of British universities, but not in 
all. In future, the scheme will apply to all universities 
in the United Kingdom, to the University College 
of North Staffordshire and to Trinity College and 
University College, Dublin. The number of fellow- 
ships will be increased from 92 to 103. Individual 
fellowships will now range in value between £700 
and £1,000 per annum, and the scheme is guaranteed 
for five years. As in the past, the universities and 
colleges will themselves make the appointments and 
draw up the regulations governing the holding of the 
fellowships. Imperial Chemical Industries exercises 
no control over the conduct of the research work. It 
is hoped that the scheme will help in promoting 
vigorous schools of research in British universities, 
and so contribute to the advancement of scientific 
knowledge upon which industrial progress ultimately 
depends. The enlarged scheme will cost approximately 
£93,000 per annum-——a sum which, when added to 
other financial assistance given by Imperial Chemical 
Industries to universities and learned societies, raises 
the Company’s total contribution to scientific educa- 
tion and research in Great Britain to more than 
£300,000 per annum. 


Team-work and Discovery in Science 


In his Perkin Medal Address, entitled ‘The 
Metallurgy of the Unusual’, delivered before the 
American Section of the Society of Chemical Industry 
in New York on January 10, Dr. W. S. Kroll took 
issue with those who claim that the days of ‘sealing 
wax—baling wire’ science are over. The fight of the 
individual against the collectivity in which he lives 
is as old as humanity and it will never cease to exist. 
While Dr. Kroll granted that the team could not be 
avoided in development work, he challenged its 
justification in research. He questioned whether 
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leadership can be created in such a system: when 
teams are put to work to make important discoveries 
or inventions, they either fail dismally or are far too 
costly. He maintained that many Jaboratories in the 
United States are over-fond of gadgets and com- 
plicated equipment which often take more time to 
repair than to use. These instruments remove the 
investigator from his experiment ; automatic research 
tools can thus be a great handicap to invention and 
progress. We have to offer the recalcitrant lone-wolf 
research worker some asylum since he is now menaced 
with extinction. His help is indispensable in the early 
stages of any new development and he acts like a 
scout, prospecting new territory before it is ex- 
ploited by the crowd. The inventor or scientist 
needs self-expression and the affirmation of his 
personality : to try to depersonalize him in a team 
is psychologically a great mistake. Very great 
discoveries, in Dr. Kroll’s opinion, are still so 
close to the surface that they can be unearthed 
with little expense by nonconformists with an 
inquisitive mind, with knowledge, the urge to create 
and who are prepared to accept sacrifice as a way 
of life. 


Acta Meteorologica Sinica | 


THREE issues of the periodical Acta Meteorologica 
Sinica have been received from the Institute of 
Geophysics and Meteorology of the Academia Sinica, 
Peking. Each contains six or seven papers. The 
papers themselves are in Chinese but each has a 
summary in either English or Russian, with: roughly 
equal numbers of summaries in each of these lang- 
uages. In the issues received, all the papers are on 
dynamical and synoptic meteorology with the 
exception of one on hygrometry. Frequent references 
are made to recent European and North American 
meteorological literature. Typical titles are “A Test 
for 24 and 48 hr. Numerical Forecasting with a 
Quasi-geostrophic Two-parameter Model” and 
‘Statistical Investigation on the Blocking Situations 
over Asia”, It does not seem that numerical fore- 
casting with electronic computers is yet under 
examination in China, but Fjertoft’s graphical method 
is in use. Study of the papers would be easier if 
titles in English or Russian were given to figures and 
tables and perhaps even isopleths might be labelled, 
-and columns and rows headed in one or other of 
those languages. It would also be very helpful if 
personal names of authors could be given in Latin 
script as well as in the Cyrillic form. 


Cleveland Museum of Natural History, Ohio 


UNDER the title of “A Reason for Pride” (Cleve- 
land, Ohio: Cleveland Museum of Natural History, 
1957) an attractive booklet describes how the site of 
the well-known Cleveland Museum of Natural History 
is required for a development plan of the city and 
the progress that the Trustees have made with a new 
building. At the outset, mention is made of the great 
assets of this Museum, and a brief résumé is given of 
the chief collections assembled during the past 
thirty-seven years. The new site is in Wade Park 
and covers eleven acres. Building is already in pro- 
gress, and when completed will include a Hall of 
Nature, a Gallery of Man, a Hall of Science, and a 
Planetarium. In addition, the grounds surrounding 
the Museum will be made into a Nature garden con- 
taining outdoor exhibits of flowers, shrubs and trees 
native to the Cleveland district. All exhibits, both 
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inside and out, will be planned in sequence to cover 
systematically the subjects of Nature and science in 
all their phases. 


Agricultural Research 


“Fonps for Research in Agricultural Experiment 
Stations, 1953-54’ is No. 8 in the series ““Reviews 
of Data on Research and Development” issued by the 
U.S. National Science Foundation. Expenditures 
for research by agricultural experiment stations in the 
United States increased tenfold from 7 million 
dollars in 1920 to more than 74 million in 1953-54 ; 17 
million for basic research and 57 million for applied 
research. Research funds for these stations came, for 
the most part, from the State governments and supple- 
mented the core of support provided by the Federal 
Government. Tho States accounted for 45 million 
dollars; the Federal Government for 13:5 million, 
and other sources, such as gales and royalties, for 
16 million. The 53 stations, practically all admini- 
stered by the land-grant colleges and universities, are 
the fountainhead of agricultural research in the United 
States. The largest amounts were devoted to animal 
production and field crops; the smallest, to genetics 
and farm forestry. Copies of the report can be 
obtained from the National Science Foundation, 
Washington 25, D.C. 


Tetrahydrothiophen 


TETRAHYDROTHIOPHEN (called tetrahydrothiophene 
in the trade) is @ colourless liquid with a fairly high 
boiling-point (above 120°) but low flashpoint (64° 
F.) which is now in production in England by 
Robinson Bros. Ltd., Ryders Green, West Bromwich. 
The substance has a strong odour of coal-gas and is 
used in odorizing colliery methane and ‘natural gas 
(see Nature, 180, 1444; 1957) and also re-formed 
petroleum gases before they are used in town gas 
supplies. These gases are otherwise practically 
odourless and in that condition would not betray 
their presence in case of leakage. The odorized gases, 
on the contrary, have the characteristic smell of 
ordinary coal-gas. Details are available from the 
manufacturers on request. 


Shelter Belts and Microclimate 


A LINE of work in the Forest Products Laboratory 
with a probable future for research is connected with 
shelter belts. In the past century, in the south of 
Scotland and the north of England, shelter belts were 
planted by landowners for the protection of stock and 
crops. In order to save land, they were usually much 
too narrow and often consisted of Norway spruce. 
When the trees had attained a certain height and 


weight in the crowns a winter gale would either blow _ 


them down or more usually make a hole at one end 
from which successive gales would sweep away the 
plantation. The Forestry Commission has recently 
published its Bulletin No. 29 on “Shelter Belts and 
Microclimate” (London and Edinburgh: H.M. 
Stationery Office, 1957), by Dr. J. M. Caborn, of the 
Department of Forestry, University of Edinburgh, 
to whom it gave a grant and assistance in carrying 
out the research work. The mvostigation included 
wind, temperature, atmospheric humidity, evapora- 
tion and transpiration, soil moisture, precipitation 
and snow distribution, the economic significance of 
the influences of shelter belts and general conclusions 
on. shelter-belt types, lay-out and structure. Help 
was received from the Department of Meteorology, 
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Imperial College of Science and Technology, London, 
from the Danish Heath Society, from the Swiss 
Forest Research Institute, Zurich, from the Meteor- 
ological Office and from colleagues on the forestry 
staff at Edinburgh. The results, if put into force, 
should provide a different type of shelter belt in 
Britain both in density and quality of timber. The 
Bulletin should prove of use in Colonial countries 
where shelter belts on a larger scale are very much 
needed for the improvement of agricultural crops 
and stock. 


Biochemistry and the International Union of Bio- 
logical Sciences 


A COMMITTEE of the Section of Biochemistry of the 
International Union of Biological Sciences has 
recently been formed. It is essentially a co-ordinating 
committee between the International Union of Bio- 
logical Sciences and the International Union of Bio- 
chemistry. It is assumed that this committee will be 
specifically concerned with chemical biology within 
the framework of the Unions federated in the Council 
of Scientific Unions. An important function of the 
committee will be to make proposals for international 
symposia to both Unions. It is hoped that a full 
committee meeting will shortly be held, perhaps 
during the fourth International Congress of Bio- 
chemistry in Vienna in September 1958. The com- 
mittee as at present constituted consists of M. Florkin 
(Liége, president), O. Lindberg (Stockholm), R. 
Brunel (Toulouse), F. Lynen (Munich), P. Boyer 
(Minneapolis) and T. W. Goodwin (Department of 
Biochemistry, University of Liverpool, secretary). 


Conference on Salt Marshes 


Tu Marine Institute of the University of Georgia 
has organized a Conference on Salt Marshes, to be 
held at Sapelo Island during March 25-28, 1958. 
The Conference is being sponsored jointly by the 
National Science Foundation and the Marine In- 
stitute. It will be international.in character. Its 
purpose is to bring together scientists who are 
working on, or interested in, salt marshes, for dis- 
cussion of research on this particular environment. 
An invited group of about twenty-five people will 
participate in the Conference; invitations will be 
extended on request to a limited additional number 
of persons who wish to attend at their own expense. 
The Conference is under the direction of Dr. Alfred 
C. Redfield, of Woods Hole, Massachusetts. Further 
information can be obtained from Dr. Robert A. 
Ragotzkie, University of Georgia Marine Institute, 
Sapelo Island, Georgia. 


Low-Temperature Physics Conferences 


Tus sixth international conference on low-tem- 
perature physics will be held in Leyden during June 
23-28, 1958, in connexion with the fiftieth anniversary 
of the first liquefaction of helium by Kamerlingh 
Onnes. Further information can be obtained from Dr. 
J. van den Handel, Kamerlingh Onnes Laboratory, 
Leyden, The Netherlands. A conference of the First 
Commission of the International Institute of Refrig- 
eration will be held in Delft during June 17-20, 
1958. At this meeting technical aspects of low tem- 
peratures will be discussed as well as scientific sub- 
jects. The secretary of the Delft conference is Prof. 
B. S. Blaisse, Mijnbouwplein 11, Delft, The Nether- 
lands. 
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Announcements 


Mr. R. F. Hayman, industrial gas officer of the 
Gas Council, has been appointed chairman of the 
Industrial Gas Development Committee of the 
Council in-succession to Mr. W. H. Tarn, whose term 
of office as chairman of the Committee expired on 
December 31. 


Dr. H. O. J. COLLIER has been appointed director 
of pharmacological research at Parke, Davis and Co., 
Ltd., Hounslow, Middlesex, from February 1. For 
the past twelve years, Dr. Collier has been head of 
the pharmacology department at Allen and Han- 
burys, Ltd., Ware, Herts. 


RECOMMENDATIONS for the Meldola Medal, which 
will be awarded to the chemist who, being a British 
subject and less than thirty years of age on Decem- 
ber 31, 1957, shows the most promise, as indicated 
by his or her published chemical work; and for 
Beilby Memorial Awards, given to young British 
investigators in science to mark appreciation of 
records of distinguished work, should be made by 
February 28. Further information can be obtained 
from the Royal Institute of Chemistry, 30 Russell 
Square, London, W.C.1. 


THE Society of Protozoologists is to publish “A 
Catalog of Laboratory Strains of Free-living and 
Parasitic Protozoa’, with sources from which they 
may be obtained and directions for their main- 
tenance. This will appear as an integral part of the 
February issue of the Journal of Protozoology (5, 
No. 1). Reprints, which will be sold at @ nominal 
cost, can be ordered from Dr. D. M. Lilly, Society of 
Protozoologists, St. John’s University, Department 
of Biology, Jamaica 32, New York. 


May and Baker, Ltd., state that from time to time 
they still receive empty Winchester quart bottles 
containing small amounts of sodium wire. Although 
all bottles that have been used for ether are examined 
before washing, it is difficult to detect such small 
pieces of sodium. ‘This practice has resulted in 
several incidents, potentially serious, in the bottle- 
washing plant. In the interests of safety, any residual 
sodium metal used to dry the ether should be carefully 
and completely decomposed with a low-boiling 
alcohol before return to the supplier. Drying in this 
way is not necessary with the very dry grade of ether 
now available when required. 


THE tenth British Mathematical Colloquium will 
Further 
information can be obtained from J. E. Reeve, 
Department of Mathematics, The University, 
Reading. 


Tur Anniversary Meeting of the Chemical Society 
will be held in Bristol during March 31-April 2. 
There will be symposia on “Developments in 
Aromatic Chemistry”, “Applications of Electron 
and Nuclear Resonance in Chemistry” and “Recent 
Work on the Inorganic Chemistry of Sulphur’. 
Further information can be obtained from the 
Secretary, The Chemical Society, Burlington House, 
London, W.. `’ 


In Nature of December 28, 1957, p. 1448, reference 
was made in the article entitled “Lubrication and 
Wear” to an international discussion on the subject 
twenty years ago under the chairmanship of “the 
late Dr. H. J. Gough”. We are glad to learn that æ 
mistake was made and that Dr. Gough is still alive. 
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A WAGES POLICY 


HE most pressing problem in the British economy 

is the race between the growth of personal in- 
comes and the rise in industrial output. It was fitting, 
therefore, that, during the annual conference of the 
Institute of Personnel Management which was held 
at Harrogate during October 4—6, the 800 members 
attending were invited by Sir Richard Snedden, 
director of the Shipping Federation and chairman of 
the Industrial Relations Standing Commitiee of 
the British Employers’ Confederation, to consider 
the means of dealing with this apparently intract- 
able problem. Sir Richard made it very clear that 
there was no universal prescription for good industrial 
relations. These depended upon individuals; they 
had to be established gradually, patiently and even 
laboriously. The first essential is that each side must 
be confident of the good faith and integrity of the 
other. The next is leadership, but it must be respon- 


sible leadership including courage on both sides to 


take the unpopular decisions that responsibility 
sometimes entailed. The best way to build up 
confidence and to create effective leadership was for 
employers’ and employees’ representatives to meet 
frequently, preferably to discuss less-controversial 
matters, rather than meeting only at long intervals 
over such questions as hours of work and wages. The 
third essential is to avoid bringing in third parties 
except as a very last resort. 

The classic approach to wages is that each industry 
should give the best wages that it could afford in order 
to get the best labour. The determining factor in 
wages-levels is the ability to pay, but there is no 
simple universal formula linking wages to production. 
There are seven reasons which seemed to make the 
discovery of a uniform magical slide-rule rather 
improbable. 

First, if would be necessary for the Trades Union 
Congress and the British Employers’ Confederation 
to reach an agreement and to bind: their members. 
The Trades Union Congress is a powerful body, 
but it has never claimed to supervise, much less 
regulate, the wage claims of its component parts. 
The British Employers’ Confederation is in the 
same position. 

Secondly, the measuring rod usually suggested is 
the general index of industrial production. That 
index is not and cannot be comprehensive, and, at 
the outside, covers only half the employed population. 

Thirdly, there are inherent weaknesses in any index 
of production. The proportion of products which are 
capable of unambiguous measurement and comparison 
at different dates is relatively small: 

Fourthly, even if one took not the general index, but 
the component indices for individual industries or 
groups, labour is not the only claimant—although a 
most important one—to a share in the ‘benefits of 
increased production. The consumer has a claim for 
lower prices. Capital also has a claim. 

Fifthly, the actual increase in production would 
inevitably vary from industry to industry, from firm 
to firm, from department to department and even 
with individuals. It would not be easy to convince 
those acquainted only with their own personal 
increased efforts to share the benefits with others. 


e. i a 
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Sixthly, in considering wages, what are called. 
‘fringe’ benefits must not be left out of account. 
Reduced hours, increased pensions, and increased 
holidays can be just as inflationary as a direct increase 
in wages. They may even be more inflationary 
because they are likely to be more permanent. 

Lastly, a scarcity of anything leads to higher prices 
and even & ‘black market’. Why should labour be 
any exception ? 

It is shortage of labour which makes employers 
yield increases of wages against their better judgment, 
and it might even be that shortage of labour sometimes 
compels some trades union leaders to put forward 
wage claims which they are not really convinced are 
in the best long-term interests of their own members. 

The formidable difficulties are not all equally 
applicable to all industries. The course which Sir 
Richard thought must be pursued is first to create a 
climate of public opinion favourable to effective 
action to ensure that wage increases operate only 
where they are earned. The actual solution must be 
worked out by industries for themselves and to suit 
their individual circumstances. 

The way in which wages policies in industry have 
developed was examined by Prof. D. T. Jack, of 
King’s College, Newcastle on Tyne, chairman of the 
Courts of Inquiry into the engineering and ship- 
building disputes in 1957. 

The traditional system of wage negotiation has 
some advantages. It provides a certain flexibility 
in the’whole structure of wages. It has fostered a 
sense of responsibility on the part of the two negotiat- 
ing parties in each trade and industry affected by this 
process. i 

There is, however, a frequently voiced demand for 
@ strong type of unified, compactly designed or 
consciously planned wages policy to replace the 
traditional policy which has’ operated for so long. 
There are three main sources for this desire. The 
first is the recognition in many quarters that, in a 
period of inflation, the wage-price spiral is frustrating 
to all wage earners and most injurious to some. 

The second is bound up with the effect of full, or, 
sometimes, over-full employment. Here we have a 
situation in which bargaining strength is heavily 
weighted on the side of the unions. Provided the 
monetary system is accommodating, it would be very 
surprising if wages were not pushed up by more than 
the overall increase in the productivity of labour, with 
the consequent increase in labour costs. 

Then there are the economic planners, some of 
whom recognize that their calculations and guesses 
may be reduced to nothing if the wages section of the 
economy is allowed to follow its own course while the 
remainder of the economy is tied to a rigid plan. 

If a unified wages policy is held to be desirable, the 
means of promoting it must be considered. Experi- 
ence in other countries has not been encouraging. 
There have been experiments in the United States of 
America and certain countries of Western Europe 
which have not been strikingly successful in prevent- 
ing inflationary tendencies. In Britain the trades 
unions have & strong dislike of any radical departure. 
from the traditional sectional wage-bargaining pro- 
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cedure. Despite this, there has been some evidence 
in recent years that wage claims, apparently put 
forward independently, tend to conform to a certain 
pattern. Some years ago, nearly every wage claim 
was expressed in terms of an application for w shillings 
@ week increase. The following year, nearly every 
wage claim was formulated in terms of an application 
for a percentage increase of y, and the following year 
it took a different form. The energy which might 
conceivably be devoted to the working out of a wages 
‘ policy betweer, say, the Trades Union Congress and 
the British Employers Confederation, was concen- 
trated on the type of suitable tactical procedures. 
In the old days, the usual practice was for wage 
claims to be presented, in the first instance at least, 
to the most prosperous industries.. In recent years, 
there is some evidence that a rather different proce- 
dure has been followed. Wage claims have been 
presented, not to the most prosperous industries, but 
to other industries which, for some reason or other, 
are regarded as of public importance and which are 
either not profitable at all or barely profitable. 
Having succeeded there, the next step is to present a 
greater demand upon the prosperous industries with 
the simple argument that, if the non-prosperous 
industry can afford a wage increase of x shillings, 
then the more prosperous industries must obviously 
be able to afford x plus A shillings. 

Some people believe that a wages policy could 
only be formulated -by means of national negotiation 
at the very highest level. Representatives of the 
Trades Union Council would meet representatives of 
the British Employers’ Confederation, and, between 
them, they would hammer out any wage increases 
for the following year. Such an experiment would 
meet with no success. 

A wages policy cannot be considered in a 
vacuum, and must be related to the larger issues of 
economic, financial and monetary policy. 

In the whole of the post-war period, successive 
Governments in Britain have failed to deal with 
those inflationary forces which lie within their own 
orbit of control; this complicates the question of 
what function any body charged with the formulation 
of a wages policy could usefully perform. Full 
employment with inflation requires the co-operation 
of the main economic groups within the community. 
How can that co-operation be most effectively 
secured ? 

Do the existing procedures for arbitration in 
Britain encourage inflationary tendencies? There 
would be considerable danger if any arbitrator were 
to obtrude into his decision his own personal judgment 
of the wider consequences of his award, if the wider 
consequences were not dealt with in evidence before 
him, by people who were competent to present that 
evidence. If one or other of the parties appearing 
before an arbitrator were to present a statement on 
the wider issues for the economy as a whole, he would 
probably be told by the other party that it was a 
matter not within his competence. 

The suggestion that arbitration should be made 
compulsory does not make for a more satisfactory 
solution. That being so, does the court of inquiry 
procedure provide a more elastic means of coping 
with the problem than the arbitration procedure ? 
To some extent it does, because the terms of reference 
of most courts of inquiry enable these courts to 
inquire into the causes and circumstances of the 
dispute. There is the further point that the reports 
of courts of inquiry are generally reasoned state- 
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ments and not merely decisions, as in the case of 
awards of arbitration. 

On the other hand, reports of courts of inquiry do 
not provide a complete answer because their terms of 
reference again generally limit inquiries to the particu- 
lar dispute which has arisen between the parties, and 
it is not usual for these courts to seek evidence on the 
wider issues which may be involved in a particular 
claim. 

One of the main gaps in the present system of in- 
dustrial relations in Britain is that, in the past, there 
has been no body which would speak with authority 
on the wider issues which are raised by major wage 
claims on the economy as a whole. Now, however, 
there is the Council on Prices, Productivity and 
Incomes. What good can such a body do? Parties 
to a dispute represent sectional interests, and their 
submissions are very properly dominated by those 
sectional interests. If we cannot go to the parties for 
enlightenment, where can we go? One cannot look 
to Government because of the persistent record of 
Government failure to deal with those inflationary 
forces which lie within the power of the Government 
to control. Governments which have failed in their 
responsibility are scarcely entitled to admonish or 
exhort the public, or sections of the public, for their 
apparent misdeeds. Moreover, a Government which 
intervenes in industrial disputes in a manner which is 
intended to influence a result could scarcely be said 
to be performing its traditional function of ‘keeping 
the ring’. At the lower, administration-level, only 


-two departments are concerned: the Treasury and 


the Ministry of Labour. Neither is quite fitted 
to perform the function which is now required. The 
Treasury is too far removed from the world of indus- 
trial relations and too academic in its approach to 
command the attention of the public or the interested 
parties by its bulletins or by its announcements. 
The Ministry of Labour probably has its ear too close 
to the ground and is too preoccupied with individual 
disputes to go far beyond its appropriate brief. 

Those concerned with the conjoint problem of 
inflation and full employment must be prepared to do 
some fresh thinking about the traditional arrange- 
ments for dealing with wages generally. Up to the 
present, the record is mainly one of failure. Govern- 
ments have failed, and the two sides of industry have 
equally failed, to show any imaginative approach to _ 
the issues which have now become real. 

Lhe attitude of the trades unionist to scientific 
development and human relations in industry was 
put by Lewis Wright, general secretary of the 
Amalgamated Weavers’ Association and chairman 
of the Trades Union Congress Scientific Advisory 
Committee (see Nature, 180, 1013; 1957). No trades 
union, said Mr. Wright, opposes the development of 
automation, but none will approve the development 
of the machine at the expense of human dignity. 
The trades unionist wishes to see the machine 
exploited and not the worker; the latter should 
receive some of the benefits accruing from the ex- 
ploitation of the machine. 

Besides the plenary sessions, a series of sectional 
meetings was held to consider the role of the shop 
steward in industry, industrial conciliation and 
arbitration, education for management, job analysis 
for managers and other staff, and ergonomics and 
industrial management. Reports of all these meetings 
have been published in the Journal of the Institute 
of Personnel Management (84, No. 342; Dec. 1957). 


` T. H. HAWKINS 
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THE HOME UNIVERSITIES CONFERENCE 


HERE can be no doubt that the Home Univer- 

sities Conference, held in mid-December each 
year, is achieving increasing importance. The topics 
chosen for discussion are always live, as the fact that 
the Conference is sponsored by the Committee of 
Vice-Chancellors and Principals should guarantee. 
In addition to four or so delegates from each 
university, there are always representative guests 
present—members of the University Grants Com- 
mittee, of the Ministry of Education, headmasters 
and headmistresses of schools and distinguished 
visitors from Britain and abroad.. 

Last December, the first subject for discussion was 
“The Place of Residence in the University To-day’’— 
chosen because of the recent publication of the report 
of the sub-committee of the University Grants Com- 
mittee on halls of residence. The Conference was 
clearly a strong believer in the educational value of 
halls of residence, but doubted whether they are 
being provided quickly enough. “Every new genera- 
tion is a new invasion of savages”, and if it behoves 
universities to play their part in civilizing their 
students, halls of residence are demonstrably among 
the most efficient means for doing this. As Prof. 
W. R. Niblett said, they should not be merely fringe 
enterprises in & university: they are closely related 
to its very raison d'étre. But though professors may 
almost all be converts to the cause of halls of residence, 
they are sometimes apt to regress rapidly when asked 
to make a contribution at a financial cost to the 
development of their own departments. Prof. Sea- 
borne Davies penetratingly remarked that it is chiefly 
upon the support of the disinterested that halls of 
residence have to rely. 

During the Conference someone might have 
pointed out that hails of residence are among the 
best assets to a modern university in capturing good 
students for any department. It is not in the quality 
of their research or their teaching that modern 
universities are most open to criticism. These often, 
indeed, are first-rate. But too many students who 
might in favourable circumstances have emerged 
as leaders, with a wide interest in life and able to 
make human contacts with ease, remain over- 
specialized and insufficiently awakened; and with 
increasing numbers of ‘first generation’ students 
in our universities this is increasingly true. Industry 
to-day realizes more and more that a period in a 
good hall of residence is an immense asset to a 
student, and especially perhaps to a scientist. For 
many scientists in their maturity are not going to 
be primarily scientists but managers—and therefore 
makers—of men. 

The introductory speeches, and also the con- 
tributions to the discussion on halls of residence, 
acute though some of them were, scarcely brought 
out sufficiently fully the differences between the older 
and newer universities in the living conditions they 
provide. It was suggested, for example, that really 
large halls in modern universities might still have 
something of the same civilizing effect on their 
inhabitants as Trinity College, Cambridge—for few 
declared that to be too large. In actual fact, many 
do, of course, regard Trinity College as far too big ; 


but it is at least doubtful whether a hall of residence 
in @ modern university will be so potent in its 
influence unless size is limited to a reasonable number 
of students under each warden (possibly not more 
than one hundred), each student having a private 
room of his own in which to work and live a private 
life. Of course, this is not to deny for a moment, 
any more than the Niblett Report does, that groups 
of halls of residence on one site have many possibil- 
ities. 

At the second session of the Conference, on ‘‘Pro- 
cedure for the Selection of Undergraduate Students”, 
the different points of view on this subject of people 
from universities and schools showed up sharply. 
Sir James Mountford, commenting on the report 
published a few months ago under the auspices of 
the Committee of Vice-Chancellors on ‘Applications 
for Admission to Universities’, emphasized that the 
basic problem was the number of applications com- 
pared with the number of vacancies. In his view, 
there was deplorable chaos in the procedure for the 
selection of students. He did not believe that a 
clearing-house system was a practicable solution to 
the problem, though. universities might well be less 
secretive about the number of vacancies they had. 
It seemed to him, however, that the chief remedies 
must be supplied by the sehools themselves. They 
should refuse to let their weak candidates apply for 
university entrance at all. They should support a 
movement for transferring the parts of the exam- 
ination for the General Certificate of Education on 
which selection is based, from July to some time in 
the spring term. . 

As representatives of the schools hinted, these 
proposals really left the universities with very little 
of the burden of the problem: it was evidently the 
schools, not the universities, who were required to 
make the difficult adaptations. It is not easy to 
refuse candidates a chance of getting into a university 
if parents and boys themselves are keen on such a 
chance being allowed. As for change of date for the 
General Certificate (Advanced Level) examinations : 
it must be remembered that sickness in schools is at its 
maximum in the spring term, and that the effect of 
such a change might be to cut to five terms the total 
sixth-form course of a number of boys and girls— 
both those hoping for a university career and those 
with no such intention—who needed at least six if 
they are to be given an adequate sixth-form training. 
In. a sincere and practical address, Miss M. J. Bishop, 
herself a very experienced headmistress, protested 
against the continuing. onerous weight of faculty 
requirements. These were a threat to all unexamined 
sixth-form work. The rampant individualism of 
universities was the despair of the schools. 

Dr. C. L. Pratt, of Christ’s College, Cambridge, 
supported the idea that a vigorous pruning of faculty 
requirements should be made. The Imperial Chemical 
Industries’ bursary scheme ‘suggested that some 
schoolboys at least can be orientated, after they 
have entered æ university, to a scheme of specialized 
study—for example, in science—when their sixth- 
form course had been almost entirely concentrated 
on the arts. He emphasized that what matters most 
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in choosing candidates rightly for university entry is 
the shape of the curve of the candidates’ progress up 
to the time of selection: Was a particular boy or 
girl likely to develop a great deal, or was he already 
near his peak ? He suggested that the selector must 
not be professionally and whole-time on the job: he 
should be made to live with the people he chooses. 
Selectors should suffer the consequences of their own 
decisions. 

In the discussions on this key subject of selection 
for university entrance, it is to be noted that the 
headmistresses were able to speak Inowledgeably of 
the problems of entry to both older and newer 
universities. No headmaster from a grammar school 
made a contribution, and the heads of public schools 
who spoke could only speak about selection for 
Oxford and Cambridge. One fancies that within the 
next few years, with the intense pressure on university 
entry and little chance of any significant increase in 
the number of students taken at Oxford and Cam- 
bridge, the public schools will have to make them- 
selves much more aware of conditions at modern 
universities. Incidentally, it was pointed out that in 
Scotland the examinations which determine entrance 
qualifications to universities start in mid-March each 
year. But England rarely learns from Scotland in 
such matters. 

The final session of the Conference tackled the 
problem of academic mobility. The investigation 
undertaken by the Association of University Teachers 
in 1956 suggested that too many members of univer- 
sity staffs stayed too long in one place. 22 per cent 
even of professors have never taught in a university 
other than that in which they hold their chair. Prof. 
A. G. N. Flew, of the University College of North 
Staffordshire, pointed out that a period of university 
teaching overseas could be of immense value in 
broadening the mind—in indicating, for example, 
that the English division of the curriculum into arts 
and sciences was not part of an inevitable ordering of 
things. Dr. R. S. Aitken, vice-chancellor of the 
University of Birmingham, considered that mobility 
among science staff was about right but that among 
arts staff it was insufficient. 

Discussion in the Conference indicated that there 
' was a widespread feeling that at present there was 
too great a degree of academic immobility. In 


NATURE 


165 


particular, it was held that universities ought to 
advertize senior lectureships wherever possible, 
whereas the almost universal present practice is to 
promote from within the institution. Strong pleas 
were entered for further exchanges within tho 
Commonwealth : a number of Commonwealth coun- 
tries are at a critical stage in their university 
development, and it would be of the greatest value to 
them that some of the best people should have a 
period of university service in them. But pleas were 
also entered for exchanges within the United King- 
dom itself: even one term of teaching in a different 
university might be a great stimulus. 

With the rapid increase in numbers of university 
steff during the past few years, there is to-day an 
altogether disproportionate number of university 
lecturers in the 30-40 age group. Some speakers saw 
a good deal of discontent ahead when many of these 
people were still lecturers and yet in the 50-60 age 
group. They suggested that this was an argument 
for providing more senior posts—more new univer- 
sities even—for then there would be more chairs for 
which to compete. 

There appear to be great differences between 
university departments of applied science in the 
closeness of their contacts with industry. In some, 
it is standard practice for lecturers in, say, engin- 
eering to be taken from industry and to return to 
industry after a period of teaching and research. In 
other universities this is rare. But the Conference ' 
did not clearly show what its mind was in this matter. 

In fact, the Home Universities Conference is much 
better as an assembly to which thoughtful and 
challenging contributions can be made either from 
platform or floor than as a place in which there is a 
keen to-and-fro discussion. Perhaps this is inevitable 
when there is a large and representative collection 
of university dons assembled with their vice-chan- 
cellors in the comfortable and dignified—if apparently 
underground— William Beveridge Hall of the Univer- 
sity of London. Be that as it may, British universities 
in general are in great debt to the University of 
London for its kindly and hospitable welcome to & 
Conference which is bringing together, as no other 
conference does, people from the staffs of all British 
universities at a time of year when they are 
prepared to be thoughtful in a creative way. 


AUTOMATIC MEASUREMENT OF QUALITY IN PROCESS | 
PLANTS 


UTOMATIC control has been utilized by the 

process industries for many years; indeed, 
many commercial processes in use to-day could not 
function efficiently without its aid. Over the past 
decade, however, the basic philosophy of automatic 
control has undergone a marked change as @ conse- 
quence of the introduction of powerful new instru- 
mental techniques. The function of automatic 
controllers has hitherto been that of regulating certain 
basic parameters of a process, in the hope that adher- 
ence to fixed values of such parameters—temperature, 
flow or pressure—would result in an end-product of 
unvarying quality. The analysis of the end-product 
has, of necessity, been carried out in laboratories 


remote from the plant, with the consequent introduc- 
tion of long delays between the detection of variations 
in the end-product quality and the initiation of the 
appropriate remedial action on the plant itself. ‘The 
economic benefits which could be obtained by carrying 
out such analyses directly on the process stream have 
stimulated. the development of a wide variety of 
instruments for the purpose, many of which have 
passed the experimental stage and are now accepted 
as sufficiently reliable for plant use. 

The Society of Instrument Technology is to be con- 
gratulated on its choice of “The Automatic Measure- 
ment of Quality in Process Plant” as the subject of the 
1957 Conference, which had as its aim the bringing 
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together of research workers, instrument engineers 
and other workers in this field to discuss these develop- 
ments and their common problems. 

Membership of the Conference, which was held at 


University College, Swansea, during September 23-26, 


was restricted in order to promote informal discussion ; 
it is noteworthy that & number of the Conference 
members were drawn from the United States, Ger- 
many, Holland, Norway and the U.S.S.R., so that 
the open discussions provided an international forum 
for the exchange of ideas. 

The seven formal sessions of the Conference fell 
into two complementary groups ; a number of papers 
were devoted to a review of the experience which 
has been gained with established instruments, while 
the second group explored the possible plant applica- 
tion of analytical techniques at present utilized only 
in the laboratory. In addition to the formal technical 
papers—which will be published with their associated 
discussions by Butterworths Scientific Press—the 
Conference heard two informal talks which related 
its main topic to fundamental issues. Prof. D. P. 
Eckman considered the basic problem of the optimiza- 
tion of control by on-line computation, while another 
guest speaker, Dr. W. P. Colquhoun, drew an illumin- 
ating comparison between the human senses and 
automatic instrumentation. ' 

The opening session of the Conference was con- 
cerned with the adaptation of laboratory techniques 
to plant measurement. Laboratory analytical tech- 
niques are, for the most part, well established and well 
understood ; it is natural to suppose that an auto- 
matic analysis can be carried through by the 
mechanization of the laboratory method, although 
such methods are often based on a sequence of 
discrete measurements and so are not readily adapt- 
able to truly continuous operation. This point was 
stressed in E. Hodgson’s paper, which described an 
instrument for the determination of the crystallizing 
point of batch samples. It is clearly advantageous to 
know the composition of a plant stream throughout 
the course of a reaction, rather than to know its 
composition at intervals, and it is therefore an 
obvious, if difficult, step to make the analysis 
continuous. ; 

Three papers, which were presented in the following 
session, described the manner in which this further 
step had beon accomplished for calorimetric measure- 
ments on town’s gas—a measurement of considerable 
importance to the gas industry, which is bound by 
law to maintain certain standards of calorific value 
and purity in the gas supplied to consumers. 

Considerablé- ‘discussion was aroused by another 
of the, papers presented -in this session, in which the 
éuthgrs underlined the difficulty of securing repre- 
sentative “saiiples: of gaseous streams—a problem 
which, it-is.often said, is more difficult than the 
analysis itself. It is ‘significant that this theme 
recurred frequently in papers devoted to a wide range 
of analytical techniques. 

The need for continuous control has resulted in the 
extensive use of physical methods of analysis; this 
trend was reflected in the eleven papers, ‘presented on 
the second day of the Conference, which reviewed 


the use of such diverse methods as mass spectro- 


metry, vapour phase chromatography and refracto- 
metry. 

Three of the papers were devoted to existing 
instruments working in the visible and infra-red 
region of the electromagnetic spectrum. Infra-red 
analysis is now well established as a process technique, 
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in spite of the fact that it is often difficult to find 
completely characteristic absorptions, and consider- 
able overlapping of the spectra is common. In 
practice, of course, such imperfections are overcome 
by corrective procedures, but it is clear that the 
fundamental power of the method would be greater 
if it were possible to obtain narrower absorptions 
and higher resolution. These features are character- 
istic of microwave spectra, which are also very 
sensitive to molecular structure. The potentialities 
of microwave spectroscopy in process control analysis 
were considered in a paper by Dr. J. Sheridan; a 
second paper, read by Dr. R. E. Richards, described 
yet another relatively new branch of chemical 
spectroscopy—nuclear magnetic resonance, which 
may well be applied to process stream analysis, | 
although little published information is available on 
its industrial applications. To the plant engineer, 
perhaps, these techniques may appear to be too 
difficult and complex for eventual adaptation to 
plant use. He would, however, do well to ponder 
on the implications of the final paper of the day, read 
by Dr. E. T. Hall. Dr. Hall is well known to the 
archzological world for his work on the dating of 
antiquities by the analysis of their chemical composi- 
tion. In the course of his research (which. has 


: included, among other achievements, the detection 


of the Piltdown skull forgery) Dr. Hall developed an 
X-ray fluorescent analysis instrument, which is to be 
manufactured commercially for process use. 

The last session of the Conference was devoted to a 
review of the uses of radioactive isotopes in quality 
measurement and a stimulating paper by Prof. W. 
Fishwick, which provoked considerable discussion, 
on. the possibilities of analysis by physical measure- 
ments of an out-of-the-ordinary character. The 
session ended with an open discussion on the engin- 
eering design of instrumentation. 

The catholic nature of the papers given at this 
Conference was in itself an indication of the rapidity 
with which technologists adapt to their own 
problems the tools provided for them by research 
workers in other fields; it is obvious, nevertheless, 


- that the transition from research tool to plant instru- 


ment is difficult and expensive. It is essential that 
an instrument for plant use should function reliably 
for long periods without attention, and that mainten- 
ance should be reduced as far as possible to standard 
procedures, so that it may be carried out by relatively 
unskilled personnel. i 

The development of such instruments must ab the 
same time be accompanied by the development of the 
associated sampling systems, since both are essential 
to the successful operation of the analyser on the 
plant. It is evident that a great deal of effort is at 
present expended on the design of sampling systems 
to meet the needs of various sectors of the process 
industries, each of which must therefore devote in 
isolation technical man-power to problems which 
must, in many cases, share many points of similarity. 
The consequent inefficient use of skilled technologists 
might well be remedied by the adoption of some 
coherent plan of attack which would co-ordinate the 
efforts of both users and manufacturers, both of 
whom were represented at the Conference; it is 
to be hoped that the Society of Instrument Tech- 
nology will act on the suggestion, so well received by 
the Conference, that the time is ripe for it to 
establish a working team to codify existing knowledge 
on sampling techniques and to correlate development 
work in this field. 
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SCIENCE IN UNITED STATES UNIVERSITIES 


A SURVEY of scientific research activities at 
colleges and universities in the United States, 
published by the National Science Foundation as 
No. 6 of “Tho Reviews of Data on Research 
and Development”, gives the number of scientists 
and engineers employed in the natural and social 
sciences. during the academic year 1953-54 as 
70,000. 

Detailed information was obtained from 180 out 
of 190 institutions constituting almost all the schools 
granting advanced degrees in science, and more 
limited information was obtained from 807 out of the 
remaining 930 schools. The returns covered 62,251 
or 90 per cent of the total, and of these 31,435 were 
engaged in research, 8,262 being full-time, the total 
full-time equivalent being estimated as 16,534. Of 
these latter, 5,481 were engaged in research (2,281 in 
engineering sciences, 1,077 in chemistry, 837 in 
physics), 3,508 in biological sciences, 2,171 in chemical 
sciences, 3,658 in agricultural sciences, 389 in psycho- 
logy, and 1,327 in social sciences. 


The 180 larger institutions reported 24,000 sup- 
porting personnel, corresponding to & full-time 
equivalent of 15,060, giving a ratio of approximately 
1:1. Of the 46,500 faculty members in the natural 
and social sciences at the 180 larger institutions, 
about 37,500 were employed full-time, and two -thirds 
of all the faculties spent some time on research, 
representing two-fifths of the total faculty-time, where- 
as in 807 small institutions less than 2 per cent of 
faculty-time was devoted to research, less than 10 per 
cent, or 16,000, employed being engaged in research. 

Nearly 1,500 professional schools were reported by 
the 987 institutions, of which 764 were in arts and 
sciences, 131 engineering, 106 health, 71 agriculture, 
217 research organizations (mainly responsible for a 


particular field of research) and 263 other professional 


schools. Two-thirds of the institutions were private 
and the remaining. public-controlled institutions 
employed 56 per cent of the total engaged in the 
natural and social sciences, 61 per cent of which 
were engaged in research. 


STARLING ROOSTS 


FASCINATING account of the way in which 

starlings roost and the sites they choose has 
beon given by H. A. S. Key in the Bedfordshire 
Naturalist (11; 1957). Starlings are abundant in 
Bedfordshire, and the many resident birds are con- 
siderably augmented during the winter months by 
many thousands of others which arrive chiefly from 
Scandinavia. At night the birds congregate in com- 
munal roosts which are usually sited in thorny 
copses and spinneys. In general, once a roost has 
reached an optimum condition of growth and non- 
disturbance, it is used for many seasons. At each 
roost the pattern of assembly is much the same. 
The birds fly at first in leisurely stages towards the 
roost, but as the daylight fades and they get nearer 
to the point of assembly, their flights are more direct 
and flocks tend to converge and amalgamate. 

The point of assembly is close to the roosts and 
often on the ground, where the birds form a dark 
carpet and the noise of their whistling and chattering 
is considerable.. Then, suddenly, they get up, often 
indulging in some preliminary aerobatics, first in 
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extended and then in close formation, before the 
entire party moves in a steady stream into the roost 
proper. Here with a great deal of commotion they 
wheel around and settle on the trees. For œ short 
period there may be changes of perching areas within 
the roosting wood, but finally, when it is almost 
dark, the whole mass of birds is assembled in the 
regularly used part and then as each stem becomes 
packed with the jostling mass the din reaches its 
crescendo. From this tight grouping they are then 
not easily disturbed and sharp noises such as hand- 
clapping usually only suffice to cause the nearest 
group to move a few yards away. 

In north Bedfordshire it would appear that the 
majority of the birds frequent one or other of two 
very large roosts, the populations of which would be 
hard to determine. ‘These are Horn Wood, near 
Bozeat, Northants, just outside the west boundary of 
the county, and another site near Everton in the 
east. There was some years ago @ smaller roost in 
Keysoe Park Wood, but this seems to have been. 


abandoned. ii 
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ANNUAL REPORT, 1956-57 


HE sixty-second annual report of the N ational 

Trust, for 1956-57, makes slight reference to the 
threats offered to its primary duty of ensuring the 
safety of fine open country or fine buildings which. 
arise from Government departments or other public 
authorities. Some evidence is recorded. of increasing 
public appreciation : in 1956 nearly 900,000 visitors 
paid for admission to those properties where an 
entrance fee is charged, an increase of more than. 


200,000 on 1955, and membership increased by more 
than 5,500 to 61,713, with a further increase of 
3,740 during the first seven months of 1957. 
Nevertheless, the Council’s hope that the 100,000- 
mark will be reached in 1959 seems modest indeed 
and far too low, either to relieve the Council of 
continuing financial anxiety (in spite of & small 
surplus in 1956, when membership income increased 
by £17,000) or to ensure the widespread public 
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understanding and support necessary to avert the 
increasing destruction and vulgarization of the 
countryside, country towns and villages. While the 
position of the country house to-day seems slightly 
less gloomy and in archaeology a considerable sum 
has been spent in the past eighteen months on the 
preservation of the Cerne Giant in Dorset, repairs 
have been commenced to the Roman ruins at Rib- 
chester, and satisfactory progress is reported in 
repairs to the Roman wall at Hotbanks, the report 
expresses the opinion that the face of England is 
rapidly changing for the worse. 

Cafés, petrol stations, advertisements, neon lights, 
concrete lamp-standards, ill-sited and ill-designed, are 
everywhere, and persistent irresponsibility is shown 
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in siting high-power cables, nuclear power stations 
and radar installations. The Trust has protested 
more than once during the past year against such ill- 
considered siting, but although this desecration is 
viewed with anxiety and regret the Council believes 
that a change of faith in official quarters and the 
establishment of a new canon of taste could, even 
now, save the situation and repair much damage 
already done. The Council appeals to members for 
active support in its practical proposals for deal- 
ing with the development of the English land- 
scape, and in particular the report urges the 
importance of reducing signposts to the essential 
minimum and for far more thought in their’ design 
and siting. 
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GROWTH AND REPRODUCTION IN WORM-FREE SHEEP 
AT PASTURE 


By Dr. C. R. W. SPEDDING, T. H. BROWN and I. A. N. WILSON 


Grassland Research Institute, Hurley, Berkshire 


EMATODES parasitic in the alimentary tract 

have been shown to cause a depression of the 
growth-rate of lambs maintained indoors? even 
when the level of infestation has been sub-clinical. 
This has been confirmed for lambs at pasture*, and 
it has been found possible to raise lambs free from 
stomach and intestinal worms (with the exception of 
Strongyloides papillosus) by rapid folding over clean 
pasture’. 

Thirteen Suffolk x half-bred ewe lambs reared 
with their infected ewes in this way in the spring of 
1956 were weaned on to 6 acres of worm-free pasture 
(that is, one not grazed by ruminants for at least two 
years) in June of that year. They remained on this 
area, for the most part set-stocked, until April 
1957, with the exception of three weeks (Oct. 29- 
Nov. 23, 1956) when they were brought indoors to be 
tupped. ‘This procedure was 
necessitated by the absence of 
a worm-free ram. At the same 
time, 15 of the best remaining 
ewe lambs from the farm flock 
were selected for comparison. 
The previous live-weight his- 
tory of these two groups is 
shown in Fig. 1. The decline 
in live-weight gain of the in- 
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fected ewe lambs (Group J) dur- 3 120 
ing the autumn was character- =| 
istic of sheep of that age onthe 3 100 
farm and occurred in spite of Ë 
grazing @ better pasture than 5% 80 


that available to the worm-free 
, lambs (Group F). Thus, at 
tupping time, Group F lambs | 
were, on average, 17 Ib. per 40 
head heavier than those in 
Group I. The latter were main- 
tained throughout the tupping 
period on a nearby field, and 
the same ram was employed for -> 0 
both groups, spending the day o M 
in the field and being brought - 

in to Group F at night. 


a>) 
S 


20 


Group F (Pregnant) —o— 


s Barren) —e— 
Group! (Pregnant)- + — 
Barren) - -e- — 


Group I weaned 


A M J J A 8 
1956 


On ‘November 23 Group F was returned to its 
field, and Group J was grazed on a comparable, and 
at no time inferior, sward. Fig. 1 shows the subse- 
quent mean live-weight changes for both groups of 
sheep. From January 16, 1957, concentrates (80 per 
cent cereal, 15 per cent dried lucerne meal, 5 per cent 
linseed cake) were fed to both groups at the rate of 
+ lb./head/day, rising gradually to 1 lb./head/day on 
February 25 and continuing at that rate until April 24. 
A mineral mixture rich in magnesium was included to 
prevent hypomagneszmia. 

The egg counts for each group are shown in Fig. 2. 
The egg-count curve for Group I was typical of sheep 
of that age at that time, but rather low. Group F 
fæces were negative for parasite eggs until the sheep 
were brought inside for tupping, when a mean count 
of 2 eggs per gm. was recorded. This declined to 


Lambing 





Concentrates fed 









i 
oo 
© 


160 


100 


Udder width of pregnant ewes (mm.) 


O N D J FM AM J J 
l 1957 


Fig. 1. Mean live weights and udder measurements of Groups J and F 
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Table 1. DATA FOR EWES AND LAMBS AS MEANS FOR EACH GROUP 
Live-wt. gain of ewes No. of lambs Live-wt. 
(i b.) Udder width born dead Length of Birth-wt. of lambs gain from 
of ewes at No. of or died gestation (1b.) irth 
Group Barren. Pregnant*. lambing barren within eriod —_— to 28 days 
29.10.56- Tupping to (mm.) ewes 12 hr. of days) ingles 
26.3.57 post-lambing birth Singles Twins (ib.) 
F 209 (4)T 25:9 (6) 148 (9) 4 0 143 11-8 (7) T'2 (4) | 25-5 (6) 
I 15:9 (6) 25-8 (6) 139 (8) 6 2 148 8'4 (7) 6-7 (2) 28 9 (6) 
Difference 5:0 0-1 9 — — 0 2'9 0:5 1-6 
Per cent 
difference 31-4 — 6:5 — — 0 84°5 7:5 6'8 





* Based on weight gains of ewes with single lambs only. 
+ Numbers of animals are given in brackets. 
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zero and remained so until lambing time, when eggs 
again occurred. This shows that Group F carried a 
few worms which, at times of stress leading to a 
temporary lowering of resistance, produced measur- 
able numbers of eggs. The parasitological conse- 
quences of this to’ ewes and lambs will be dealt with 
elsewhere. 


Since it is not possible to prove that any group of 


living sheep has no worms at all, it has been suggested* 
that a ‘worm-free’ sheep be defined as one that norm- 
ally shows no evidence of infestation even when. set- 
stocked on pasture with every opportunity for re- 
infection. In this sense Group F were worm-free over 
the year considered here. The live-weight gain of the 
ewes from tupping to lambing included any differen- 
tial growth of foetus and maternal tissue: the mean 
difference in live-weight just before lambing on 
March 26, 1957, was 32 lb./head in favour of Group F. 
The ewes were weighed within 24 hr. of lambing, 
however, and the gain in body-weight has been cal- 
culated for the period from tupping to this post- 
lambing weight (Table 1). At intervals during late 
pregnancy and lactation, udder-widths were measured 
on all the ewes, the width being the distance across 
the teats measured externally -at the base of the 
teat. Group F udder-widths exceeded those of 
Group I by 6-5 per cent at lambing time (Fig. 1). 
The birth data for the lambs produced by both 
groups are given in Table 1. Group F produced 
significantly heavier single lambs (P < 0-01) than 
Group I; there were fewer barren ewes and lower 
mortality. Two lambs in Group F suffered from 
mis-mothering and had to be removed ; one of them 
died later. There was no difference in the length of the 
gestation periods. There were too few twins to make 
a meaningful comparison. of their weights or growth. 
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Fig. 2. Mean egg-counts of Groups I and F 





The arrangements for tupping were of necessity restric- 
tive and preclude a valid comparison of lambing 
percentages. The differences observed in the birth- 
weights of the lambs may be attributed either to the 
presence and absence of worms over the whole life 
of the ewe or merely during pregnancy. Worm- 
infestation before pregnancy resulted in a mean 
difference of 17 Ib. per head in November. There was, 
however, no correlation between the weights of the 
ewes at tupping time and the birth-weight of their 
lambs in either Group J (with a range of 17 lb. in 
ewe weights) or Group F (with a range of 30 Ib.). 
Moreover, infected ewes produced considerably lighter 
lambs than worm-free ewes of comparable weight at 
tupping time. Thus it seems unlikely that the lower 
lamb weights can be attributed to the fact that the 
infected ewes were lighter when mated. The number 
of twins was small, but the ewes that bore twins were 
among the heaviest in each group. 

The infection carried by Group I ewes during 
pregnancy, although light in terms of fecal egg 
counts, was clearly the major factor. The non- 
pregnant ewes of Group F gained 31-4 per cent more 
weight during the winter period (October 29, 1956- 
March 26, 1957)' than those of Group J; numbers 
were small, however, and this difference was not 
statistically significant. The growth of the in-lamb 
ewes of each group from tupping to lambing (based 
on immediate post-lambing weights) was the same. 
The effect of worm-infestation was therefore just 
over 30 per cent in both non-pregnant and pregnant 
ewes but in the latter it affected only the foetus and 
the associated maternal tissues. In Group F the 
pregnant ewes carrying singles gained slightly more 
body-weight than the non-pregnant animals; in 
Group I the difference was much greater, though not . 
statistically significant. Thus the effect of worm- 
infestation appeared to be greater on barren than on 
in-lamb ewes and did not affect the growth of the 
latter, except in a reproductive sense. The growth 
of the pregnant ewes of Group J, in fact, 
was equal to that of Group F and appears to have 
taken complete priority over the growth of the 
foetus. 

The udder-width measurements differed by 6-5 per 
cent, which might indicate a lower capacity to produce 
milk. This suggestion was supported by the growth 
of lambs from birth to 28 days old: single lambs in 
Group F gained 6-8 per cent more weight during this 
period. These differences were not statistically 
significant ; but it should be noted that the majority 
of Group F single lambs were female (6 out of 7) 
while the majority of Group J lambs were male 
(5 out of 7). There was no correlation of birth-weight 
with growth to 28 days in either group. eae) ow 
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Twenty-eight days after the birth of the 
lambs, therefore, Group F single lambs were 11-3 
per cent heavier than those of Group I; the 
barren ewes were 16 per cent heavier and the ewes 
suckling single lambs were 13-8 per cent heavier in 
Group F. 

This suggests that the effect of a moderate degree of 
worm infestation on the growth of ewes is similar to 
that found for other sheep? but that in pregnant ewe 
lambs the effect may be suffered entirely by the 
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developing foetus and the associated maternal tissues. 

We wish to thank Dr. William Davies for facilities 
granted, Mr. C. D. Kemp for the statistical treatment 
of the results, and Mr. J. E. Betts for technical 
assistance. 
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By J. S. GRIFFITH and L. E. ORGEL 
Department of Theoretical Chemistry, Cambridge 


| this article we -gather together experimental 
evidence supporting a recent idea about the 
electronic structure of body-centred cubic transition 
metals proposed by one of us? and developed by the 
other’. A closely related theory has been given 
independently by Stevens*. We suggest, essentially, 
that the valence orbitals on a given metal atom can 
be divided into two classes, the orbitals of one of 
which bond strongly with the rest of the lattice, and 
those of the other only weakly. 

In a body-centred cubic metal each atom is sur- 
rounded by eight others at the corners of a cube, so 
that the site symmetry is cubic. We discuss at first 
the metals. of the first transition series as most of the 
experimental data refer to them, although @ qualita- 
tively similar discussion would apply to the other 
two series. The 3d-, 4s- and 4p-orbitals are then the 
important valence orbitals, the 4f- and other orbitals 
probably making only a minor contribution to the 
cohesive energy. Under the cubic group these 
orbitals form bases for representations the irreducible 
components of which are shown in Table 1 (in the 
usual notation, see ref. 4). The main bonding 
interaction is presumably the s-interaction between 
nearest neighbours. Table 1 shows that the s-, p- 
and d(tsg)-orbitals can take part in this, but that the 
d(eg)-orbital cannot.: (The f(@ex) and f(ti,) but not 
the f(t,)-orbitals can also take part in o-bonding 
but we shall not consider f-orbitals here.) 

If we take rectangular Cartesian axes centred at a 
site and parallel to the cube edges, then the nearest 
neighbour nuclei lie along the directions of the eight 
vectors (+1, +1, +1). The two d-orbitals of the eg 
representation are then da and dy,» and each has 
zero amplitude along all the nearest-neighbour direc- 
tions. This shows in a more immediate way that they 
cannot o-bond along any of them. A consideration 
of the angular variation of s, p and the three teg- 
orbitals (dzy, dyz, dzz) shows readily that the s-inter- 


Table 1. REPRESENTATIONS SPANNED BY ATOMIC ORBITALS AT A 
SITE AND NEAREST NEIGHBOUR AND NuxtT-NEAREST NBIGHBOUR o- 
AND 2x-ORBITALS IN A BODY-CENTRED CUBIC LaTTIOn 









‘Atom Orbital Representations 
Site atom 8 Qiy 
Pp -bju 
d eg + beg 
J Qoy thin + teu 
Nearest neighbour a Gig + Gog + bin + bag 
. n fg + €u + lig + tiu + lag + bey 
Next-nearest neigh- g Gig + Eg + bin 
bour an tig + bu + tog + try 


action allowed by group theory should really be 
large provided that the radial functions allow suffi- 
cient overlap. Hence, to the approximation of 
considering only o-interaction with nearest neigh- 
bours, the seven valence orbitals 48, 4pz, 4py, 472, 
3dz,, 3dyz, 3dzz bond and are able to hold the metal 
together, while the two orbitals d; and dgy are 
entirely non-bonding. We call the former class “‘bond- 
ing orbitals’ and the latter class ‘localized orbitals’. 

It may clarify matters to relate our treatment to: 
those postulating hybrid so-bonds directed towards 
the corners of a cube (that is, towards the nearest 
neighbours). Van Vleck® showed that it is possible 
to construct eight equivalent hybrids from spd?f1, 
Here the f-orbital is fryz (or day) and the remaining 
seven are our bonding orbitals. The two d-orbitals 
which cannot be used in these hybrids are our two 
localized d-orbitals. Thus in Pauling’s resonating- 
bond model? for a body-centred cubic metal the 
resonating bonds are formed only from our bonding 
atomic orbitals and never from localized ones. 

If we include z-bonding and next-nearest neighbour 
interaction in our theory the distinction between. the 
two classes of atomic orbitals is no longer complete. 
The eg-orbitals can m-bond with the nearest neigh- 
bours and o-bond with the next-nearest neighbours 
(this latter circumstance is to be related to the 
possibility of constructing octahedral sp*d? o-hybrids). 
The other orbitals also have extra bonding possi- 
bilities, as one sees from Table I (in an earlier paper 


‘(ref. 1, Table 2) the nearest neighbour z-interaction of 


the d(tag) orbitals was incorrectly omitted). However, 
the general conclusion that the seven ‘bonding’ 
orbitals are relatively strongly bonding while the two 
‘localized’ orbitals are only weakly so should still hold. 

The discussion we have given so far suggests that 
one should regard the two localized orbitals in the 
same way as one regards inner shell orbitals, or 
4f-orbitals in rare-earth metals. In other words one 
should assign a definite integral number of electrons 
(the same for each site in the metal) to the set of 
localized orbitals at each site. Denoting a bonding 
atomic orbital by b and a localized one by J, this means 
that we assign a definite configuration bmin to each 
body-centred cubic metal, with (m+n) the number of 
valence electrons and m and n yet to be determined. 


. Here n cannot be greater than four, by the Pauli 


exclusion. principle. 

For bml? or bml. we haye the localized electrons at 
any site forming a component of a 2E; state; for 
bm} the pair of localized electrons could belong to 
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Table 2. CONFIGURATION ASSIGNMENTS FOR BODY-OBNTRED CUBIO FIRST TRANSITION-SERIES METALS 
ypothetical body-centred cubic metals in brackets 


Metal K 


VA 


(Ca) 
531° 


(Se) 
bre 














Configuration 


Fe 
5°? 


(Co) 
perp 


Cr Mn 
b> 971-8 }5j} 











bre 








8Asg, Aig or Wy states. Using Racah’s notation’, 
the 24g state lies lowest in energy, with the Hy state 
lying (8B+2C) above and the 14,9 state the same 
amount higher still. The symbol 6” refers to a 
situation which cannot be described in any simple 
fashion. If there are N metal atoms, the mN bonding 
electrons could, of course, be assigned to bands 
formed from bonding orbitals. This would, however, 
involve an approximation introduced only for ease 
of calculation, but which is not implicit in our model. 
Our assignment of the configuration symbol bmin 
merely implies that in the metal mN electrons are in 
bonding atomic orbitals (we allow polar structures 
for b™ but not for the localized electrons) and that 
on each site n electrons are im localized atomic 
orbitals. i 

In principle, to describe a metal with two localized 
electrons one should take the best linear combinations 
of functions each of which is a product involving 
8A sg, 14g or 1E; states at each site. One could not 
then say that l? at a given site and for a given total 
electronic function is a definite one of the possible 
site states 34g, 141g or Wy. However, one would 
naturally expect the lowest eigenfunctions based on 
configurations b™Ml? to correspond to states which are 
almost entirely *A. at each site, and this is an 
assumption of our theory. 

The next problem is to decide what the individual 
values of m and n are. At the beginning of a period, 
one expects the electrons to go into the bonding 
orbitals. Thus body-centred cubic potassium would 
be 64°. It would be difficult to decide from a priori 
considerations when the electrons start going into the 
l-orbitals. If one accepts our model, however, the 
experimental data for the first long period strongly 
suggest that the first six electrons go into b-orbitals 
and then the l-orbitals start filling up at least until 
two electrons are in them. The configurations we 
propose for body-centred cubic metals, then, are 
shown in Table 2. 

In a more complete discussion we would consider 
interconfigurational interactions. To have a complete 
set of basic configurations we would include struc- 
tures having different numbers of localized electrons 
on different sites. Our proposal is, however, that we 
may usually restrict attention to one of the special 
configurations bmn without great inaccuracy. We 
shall find that the magnetic evidence may indicate a 
mixture of configurations for chromium, and then, of 
course, the majority of low-lying states will be linear 
combinations of functions corresponding neither to 
69° nor to b5, but of functions corresponding to 
n=0 on some sites and n =1 on others. 

We now pass on to show how the experimental 
data accord with our model and the above assumption 
about the individual values of m and n. 


Magnetic Properties 


Neutron diffraction experiments® on vanadium do 
not indicate any magnetic moment. This we inter- 
pret to mean that vanadium has the configuration 
65/°- Chromium , however, appears to have a small 
moment per atom, although the experimental position 
is not quite clear. This perhaps justifies the symbol 


b5-*]1-0 in Table 2. We regard the low-lying states of 
chromium as being formed from structures with no 
localized electron on most sites and perhaps ‘with 


‘ one on others. 


Body-centred cubic iron is ferromagnetic with a 
saturation magnetization of 2-22 uz per site. Neutron 
diffraction confirms this figure®. It has been inter- 
preted by supposing there are two electrons with 
parallel spins on each atom which then align ferro- 
magnetically by an indirect interaction through a 
conduction band’. This interpretation, according to 
our point of view!, means that iron is predominantly 
bls. The two localized electrons on @ given site 
have their spins parallel because the lowest state of 
lis 84... The ‘conduction band’ is roughly equivalent 
to b° im our model. l 

In view of tho analogy between our localized d- 
orbitals and inner-shell 4f rare-earth orbitals, this 
model of ferromagnetism in iron is precisely analogous 
to the model for ferromagnetic gadolinium with the 
configuration 6°4f? in which the localized 4f-electrons 
carry the magnetic moment. 


Electron Distribution 


The spatial distribution of electrons in transition 
metals has been studied by Weiss and co-workers” 
using X-ray methods. They find that for face-centred 
cubic nickel and copper the electron density corre- 
sponds to an inert gas core together with the antici- 
pated number of d-electrons (ten in copper and about 
nine in nickel) each having a radial distribution 
similar to that given by Hartree-Fock calculations. 
However, in body-centred cubic chromium there is 
no evidence at all for d-electrons with a normal radial 
distribution, while for body-centred cubic iron the 
electron density corresponds to the core and just two 
normal d-electrons. 

The absence of any density corresponding to 
d-orbitals in chromium is very puzzling. Presumably 
the radial functions for the electrons used in bonding 
are very different from those in the free atom and so 
escape detection by the X-ray method. However, 
the presence of just two radially localized electrons in 
iron is nicely consistent with the suggestion that there 
are two non-bonding electrons present in the eg 
orbitals', since a non-bonding electron would be 
expected to have a radial distribution not too different 
from that in the free atom. 

The low-temperature phases of both chromium and 
iron are body-centred cubic, but while there is a body- 
centred cubic form of manganese at high tempera- 
tures the low-temperature manganese structures are 
very complicated. It has been suggested* that this 
is because in the configuration b*l' anticipated for 
body-centred cubic manganese the localized electron 
in the doubly degenerate eg-orbital would lead to a 
Jahn-Teller distortion of the lattice. Considered 
alone, this evidence would, of course, be very indirect. 


X-ray Spectra 


Finally we discuss the soft X-ray spectra of body- 
centred metals. Our theory would lead us to anti- 
cipate that the allowed transitions from the 2p- and 
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3p-orbitals to the 3d- and 4s-orbitals would show one 
remarkable feature, namely, the presence of relatively 
narrow bands corresponding to transitions to the 
3d(e,)-orbitals?. Furthermore, in chromium, since 
the ¢,-level is just about to fill up, we should expect 
the narrow band to lie at the absorption edge. In 
iron, on the other hand, two electrons are already in 
the é¢,-orbitals so that a third would be forced to go 
in with antiparallel spin. It follows that the most 
stable empty orbitals are bonding orbitals, so that 
the narrow absorption band should be preceded by 
some absorption involving transitions to the conduc- 


tion band. Both these anticipated features have - 


been reported in the My; and Myr spectra of 
chromium and iron!!, but no explanation of them has 
previously been given. 

Tt is perhaps necessary to remark that the X-ray 
spectra give the relative positions of different unoccu- 
pied orbitals only in a qualitative sense. The excita- 
tion of an inner electron increases the effective 
charge on the nucleus and so perturbs the energy- 
level scheme of the metal. If different orbitals ara 
perturbed to different extents, the relative positions 
of these orbitals may be modified. In particular, a 
localized orbital will be more affected than an orbital 
which is part of a broad band, so the stability of the 
e,-orbital will be exaggerated somewhat in the X-ray 
spectrum. The difference between chromium and 
iron, however, is unambiguous. 


Additional Data 


There is not much to say about the later transition 
. series. Neutron diffraction indicates no atomic 
magnetic moments for niobium, molybdenum or 
tungsten, suggesting the configurations 6°, b9% and 
bel? respectively. 

In the second and third series the last element to 
have the body-centred cubic structure is that in 
group VI!2. In the first period, however, iron has 
both this structure and a close-packed structure™. 
Now body-centred cubic iron has a stabilization of 
about 9 keal./mole due to the exchange energy 
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.between the two l-orbitals!, there being no such 


exchange energy in close-packed iron. Since the two 
structures are almost equi-energetic!® one must 
suppose that there is a compensating gain of bonding 
energy in the close-packed structure. Accepting this 
empirical balance, one then expects the body-centred 
cubic structure to be less stable relative to close- 
packed structures for ruthenium and osmium because 
one knows that the exchange integrals (from atomic 
spectral data) are smaller, and the overall cohesive 
energies (and hence presumably bonding energies in 
the limited sense) are larger. Although ruthenium 
and osmium are hexagonal close-packed, whereas iron 
is faca-centred cubic, one may still suggest that the 
fact that only iron of the group VIII metals forms 
a body-centred cubic structure is due to the two 
reasons given. 

In neither the hexagonal nor the cubic close-packed 
metal lattices is it possible to find any s-, p- or d- 
orbitals which do not interact in a o-fashion with 
nearest neighbours. Hence our discussion does not 
apply directly to them. This means that the 
ferromagnetism of cobalt and nickel cannot be 
discussed in the same way as that of iron. 

We are indebted to Prof. H. C. Longuet-Higgins 
and Prof. N. F. Mott for their interest in this 
work. 
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ORIGIN OF TEKTITES 


H. NININGER? has proposed that tektites 
. be regarded as the ejecta from lunar craters 
produced by meteorite impact. He points to the 
work of L. J. Spencer?! comparing the tektites with 
glassy matter from terrestrial meteorite craters. The 
wide distribution of tektites of a single type, such as 
australites, argues in favour of lunar rather than 
terrestrial craters. 

This theory is especially attractive because there 
appears to be direct evidence that spherical glassy 
bodies have been ejected from some of the ray 
craters. The evidence is the fact that long bright 
streaks diverge from these craters; and that these 
streaks appear to return light in the direction from 
which it came in the manner of a beaded-glass 
screen’. (Prof. M. Minnaert has informed me verbally 
that experiments at Utrecht on various surfaces have 
shown that the dependence of brightness on phase 
angle observed for the bright rays cannot be dupli- 
cated by plausible sorts of surfaces; but can be 
duplicated by scattered glass beads.) Furthermore, 
in at least one case, namely, Tycho, the streaks 


extend almost half-way around the Moon, and hence 
correspond to velocities of the order of the velocity 
of escape from the Moon. 

Nininger seeks to explain the distribution of tektite 
finds, chiefly within 40° of the equator, as a con- 
sequence of lunar origin, the tektites having followed, 
he believes, a direct line between the centres of the 
Moon and Earth, and arriving in the tropics because 
the Moon is overhead only in these latitudes. This 
explanation is not satisfactory, since it assumes implic- 
itly that the orbital velocity of the Moon is perfectly 
cancelled by the explosion velocity. If the cancella- 
tion is imperfect, the orbital plane will be determined 
by the centre of the Earth and the resultant velocity 
vector, and will be oriented more or less at random. 

This difficulty can be removed if we assume that 
the Earth possesses an outer atmosphere, extending 
10 radii or more, and having a density of the order 
of 10-2: gm.jem.*. (Dr. H.-K. Paetzold, of the Max- 
Planck-Institut, has verbally confirmed this order of 
magnitude of the density of the atmosphere at 10 
Earth’s radii.) In this case, many of the particles 


pk pelea near. perigeo. 


: atmosphere — will be to diminish the eccentricity. 


semi-major axis of the orbit of the particle around the tektite deposi 


he Earth’, 

“After a period of 107 years or the like, the orbit 
ould become very nearly circular, and would 
pproach the surface of the Earth. Owing to the 
ttraction of the equatorial bulge of the Earth, the 
rbit would be more sharply curved where it crosses 
he equator. The equations of motion have been 
ntegrated for a closed, almost circular orbit which 
i symmetrical about the Earth’s axis. It is found 

that the radius vector, r, can be expressed approx- 


imately as a function of the latitude ọ for a meridional 


rbit by the relation : 


is ok ref 1 = z3 cos 29) 


can be described by the corresponding relation 


pom ro l -+ 5 COS 29 ) 


a Isi is seen that the orbital perturbations cancel only 
one-sixth of the effect of the Earth’s ellipticity. It- 


follows that such a satellite will be about 11 miles 


nearer the surface of the Earth at the equator than 
cat the poles, and will be subjected to about fifteen 


times as much air resistance. It will thus nearly 


ae always come to Earth in latitudes near the equator, | 
in accordance with the distribution found for tektites. 


An example of a body describing such an orbit is 


oe provided by the meteor procession of February 9, 
1918, described by C. A. Chant? and computed by 
ce the Rev. M, 
_ described a path 5,700 miles long from Saskatchewan 

to the South Atlantic at heights of the order of 


A. Davidson’. This group of bodies 


: 40 miles. 
about the centre of the Earth. 


The orbit was clearly a nearly circular one 
W. J. Fisher® sug- 


gested that the bodies were intercepted by the. 


equatorial bulge of the Earth. 


It thus appears plausible that in the tektites we 


have portions of the lunar surface. 


The kind assistance and advice of Mr. E. P 


Henderson, of the U.S. N ational Museum, is grate- 
ily acknowledged. 
i Jo OHN A. Q 'Kevre 
371 2 Thornapple Street, 

Chevy Chase 15, Maryland. 
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On the basis of observations accumulated by 
ifferent authors over the past few decades, I con- 
der that an extra-terrestrial origin of tektites is 
more compatible with their observed physical and 
chemical properties. The greatest difficulty encoun- 


te ered by any theory invoking an extra-terrestrial 
in of tektites is to explain their peculiar dis- of- 


ion over the surface: of the. Parti One would 
i ad arrived at th h 


density above the initial one. 


owe must conclude that the- he ite r 
be the correct one. — ae 


However, a cloud of such particles 
through space would not retain any deg 
pactness for more than a few hours, or pt 
and hence the cloud must have originate 


the Earth, possibly at the Moon. To test 


thesis, I carried out a series of calcula 
determined whether material ejected fro 

by the impact of a meteorite on the lunar 
could arrive at the Earth in such a way as 


= duce the observed distribution of tek 

.. planet. 
~ according to a model of meteoritie impact 
by Whipple and Rinehart (unpublishe 


where x represents the flattening of the Earth. ‘On Computations were carried out on th 


the other hand, the sea-level surface. of the Earth. 


The initial conditions of ejection 


digital computer of the Massachusetts Inst 
Technology. The distribution of tektites ejecte 
from a lunar crater so computed agrees remarkab! 
well with the observed distribution of australite 
(tektites found in Australia), thus making the Moo 
a very likely source for these peculiar objects. 
Details of the calculations have been included i in. 
paper submitted for publication in Geochimica et : 
Cosmochimica Acta. 
Cartos M. ¥ ARSAVSKY 
Harvard College Observatory, | 
Cambridge 38, 
Massachusetts. 


Tae glassy nature of tektites requires an x oxplans 
tion in terms of the processes of the impact explosions 
The heating at a meteoritic impact is very intense 
due to the great compression of the meteorite and | 
comparable quantity of the material of the ground 
During the short duration of the event, howeve 
‘much heat can be communicated to the SUET 


materials. Surfaces can be heated at most to 


evaporation temperatures, and the dept. 
heat conduction can then cause melting 
seconds is limited to some millimetres in 
— Stances. 


The mass ejected from craters. 
to be large compared with that of the 
causing them. The suggestion made b: 
account for the high reflecting power of 
around the younger lunar craters and al 
interior surfaces would require @ large 
all this ejected material to be glassy; | 
the idea of the lunar origin of tektites. 

A process that can distribute energy ‘mot! 
than heat conduction through the inte 
opaque solid is required for the explana 
large pressure pulse appears to be the only pos 
An impact explosion will no doubt be rest 
a shock wave in the solid. It will, however 
a single pressure cycle, and this can be € 
cause molting only in substances that poss 
hysteresis in their compression characterist 
material must end up as a liquid after t 
pulse if it is to form beads. Sand or powde 
rocks would qualify, as there the applice 
release of high pressure can greatly increase 
The volume 
assure around. the en oo 





ample, Berridge’) ; the difficulty is 
to give a priort justification to any 


 xecords its agglutination reactions. 





























rat: nat a slightly smaller range, and again 
ittle of tho material would be left in liquid 





orm o 
On the Earth, the phenomenon of liquefaction by 















<- impacts of meteorites in sand has been recognized : 
the so-called impactites display terrestrial chemical 
< eomposition, with somewhat similar glassy appear- 

ance to the real tektites. But these have occurred in 


- a small fraction of the recognized impact events ; 





t 


the lunar surface. 
T. GOLD 
Harvard College Observatory, 
Cambridge, 
Massachusetts. 


A POSSIBLE BASIS FOR PHYTO-IMMUNITY 
By D. H. TAYSUM 


Rubber Research Institute of Malaya, Kuala Lumpur 


x P studies on immunity in higher animals the most 
-Å obvious analytical medium is blood. In plants, 


: 7 . however, no such simple standard system is available ; 
indeed, phyto-immunity is, in principle, difficult to 


_ formulate because plants have no blood. A variety 
_ of natural saps and juices have been 
suggested as agglutinating systems 
in previous literature (see, for ex- 


` one system rather than another. 
_ What is required is a plant product 
_ continuously in contact with (bact- 
- erial) infection and demonstrating 
 yesistance to this infection over a 
reasonable portion of the life of the 
plant (say, 30 years, in the case of a 
tree). This article suggests that 
- Hevea latex is such a system and 








-. Early in 1956, a sterile box was 
constructed around a rubber tree 
(Hevea brasiliensis—an unselected 
seedling), and the latter tapped 
nder aseptic conditions, the air 
eing irradiated by six ultra- 
germicidal sources (Fig. 1). 
this apparatus are to be 

elsewhere.) It was found — 








This population could be re- 
moved. by deep-sectioning. That 
type of viable population exists 
vessels of many rubber troes 
has now been confirmed. It is poss- 
ible to take latex. from the interior 
f these vessels using a sterile hypo- 
rmic syringe and aseptic tech- 
and obtain latex with a viable 
tion of up to 10° bacteria/ml. 
ach tapping, some 101° 
actoria develop on the tap- _ 













however, latex with about 10° viable bactoria/ml. is 
obtained, and of this figure some 90 per cent result. 
from random external contamination by bacteria — 
on the outside of the tree. The presence of the. 
indigenous population of latex vessels and the 


lin 
hi téerile, sealed container 











Ha 


(a) 





: : “Big. 2, 





and agglutinated aystem for Mierococeus ap. 


-yeduction in viable population achieved between. 


= tappings argue some powerful defence mechanism 
designed to limit bacterial attack. The most likely 
transport for this defence is latex itself (this does not 
exclude the possibility of a type of phagocytosis 
occurring elsewhere—say, in the plasma layer), 
_. Various types of antigen-antibody reaction could be 
- suggested. 
ig. 2, a and b, shows agglutination of strains of 
Serratia marcescens (Bizio) and Micrococeus sp. both: 


isolated from latex vessels; these are agglutinated _ 


: by fresh Hevea latex sera from known (normal) 


ce infected trees, separated by high-speed contrifuging © 


a ab 20,000 r.p.m. for 30 min. in rotor 40 of the ‘Spinco 


. - Model L’ ultracentrifuge (36,000 g maximam); the. 


-Bora are filter-sterilized. Both somatic and. flagellar 
-agglutination are demonstrated by these sera. H 
agglutination takes about 40 min. at 53° C. and O 
agglutination some 8 hr. Despite the relative rapid- 
ity of these reactions, the titre is low, and almost neat 
= serum is required for efficient agglutination. 





Table 1, AGOLUTINATION REACTIONS IN BLOOD AND THEIR ANALOGUES 
R in Hevea. LATEX 


statue namiasiiremartannnn gic AENA a MANAA sims anana LAA vn nites N To Aia 
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Designation Blood system Hoven latex analogue. | 
A gglutination Bacterial suspension Bacte rial suspension 
; in saline plus biood | in saline plus fresh | 
BETHE latex serum (frorn 
ae centrifuge) 
-emagglatination | Bacterial suspension | Bacterial suspension 


in saline plus Hevea 
latex hydrocarbon 
particles (resua- 
pended} 
Agglutination of 
(bacterially) madi- 
fied hydrocarbon. 


in saline plus red 
blood cells 












Aggintination of | 
(bacterially) modi- 
fied red bleod cells 


“Thomsen- 
. Friedenreich pan- 
aggiutination and 




















- bacteriogenic py sera or other red | particles hy sera or 
hemagglitination blood cells (or the ether hydrocarbon 
converso} particles from j 


Hevea latex (or the 
converse). 


AEM en et I VDT CANNULA ers YE palling mara a pep UR A A AR LLAMA CAAA SY Pa PNA RIERA AT A | Abe 





ey 


Agglutination of bacterial suspensions by Hevea: ater sera (53° C2). 
s ‘Suapension and agglutinated system for Serratia marceseons (Bizio), (6) Control suspension 


are well defined, there being no difficulty in detecting 
cagglutination by eye; those involving hydrocarbon 


Aion: 


particles with bacteria may either sediment or floa 
In serum. or saline, depending on whether a giv 


unopened troes, with a resulting limitation in t 


rere pastri ratai 





specific agglutination might be in- 
voked to explain the simpler re- 
actions-—by change of pH or by 
phosphate ion normally present in 
sera. This view is not favoured: 
fresh latex is almost neutral, mean — 
pH 6-8, and the maximum differ- 
ence between latices used in these 
experiments is 0-3- pH “Units ; 
phosphate variations in. seedlings Een 
are insufficient to explain observed — 
variations in titre, Further, the 
analogue of bacteriogenic hem 
agglutination is a particularly effi- _ 
cient reaction: hydrocarbon part- 
icles from virgin trees are rapidly 
agglutinated (and coagulated) by 
filter-sterilized infected sera; it 
therefore follows that some. po i 
found modification of these sera _ 
must have occurred as a result 
of previous infection. The differ- 
ence in agglutination-rates Poren : 
flagellates and non-flagellates is 
strong evidence in favour of a 
specific mechanism. = 00.. : 
Of these reactions, those involving: modified ne 
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particles are weak when compared to hemagglutina-- 
Two factors contribute to this weakness: the 
first is the very small size of the hydrocarbon partie 
compared with the red blood cell (0-72 as against 
gome 8u—a difference of about two thousand-fold 
in mass); the second is the low density of hydro 
carbon. This means that agglutinated hydrocarbor 


clump is composed dominantly of bacteria or hydro 
carbon ; this does not facilitate macroscopic examina- 
tion. It is believed that the Thomson- Friedenreich : 
and related phenomena may explain observations i 
which latex from newly opened (presumably unin ae 
fected) trees suddenly flocculates : contamination of — 
this virgin latex with previously infected hydrocarbon _ ee 
or sera present in the tapping cup would initiate this n 


(Procoss. 


It is unfortunate that the gross containitabion: of ~ 
trees in normal tapping results in these sora boing a 
polyvalent. Thus reaction to infection by single 
strains must be deduced from studies on geet aes 













number of experiments performed. Despite thi 
diffieulty, it ig thought that these aggluti 
reactions of Hevea latex provide a general to 
the antigenic analysis of bacteria, particular 
pathogenic to plants. 

This study forms part of a research, pi 
on the microbiology of Hevea latex unde 
by the Board of the Rubber Research 3 
Malaya. 


ìi Berridge, E. M, Ann. ii ‘Biol, 16, 687 anoc 
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igation i into 5 the. electron spin resonance 


arbon. contained in the coal. 
m: vitrinites, were examined in air; 
at. which the measurements were made 


oo 
d that i in those Cases shape: the satura. 


d grosmenit with the theoretical expecta- 


z= (1 + FH PT Taa “1 
ormula y is the gyromagnetic ratio, H, the 
e of the alternating magnetic field, T, the 
spin-lattice. ‘relaxation. time and T, the spin-spin 
<o yelaxation time. As Z, H, and T, could be experi- 
Bidi mentally determined, Ti could be caleulated. 

© Instead of T; Fig. 1 gives the variation of P(Z =0-5) 





aS — aa function of the rank. We define P(Z = 0:5) as _ 


a ha amount of energy dissipated i in one gram of coal, 
oo for which the saturation factor Z becomes equal to 
0-5. In some cases, for example, when measuring 


= ao the number of free radicals, this quantity may have 
a more direct significance to the experimental. 


investigator than the value of T's. 
-A variation similar to that in Fig. 1 may probably 
be expected if for some sugar chars P(Z = 0-3) is 
oe plotted. as a function of the carbonization tempera- 
=o en oo 
| oom Fig. 1 it is seen that at carbon percentages 
ee less than 88 the value of P(Z = 0-5) is very low, so 
Age 


























Ey ee 80 
. eae Percentage coraan R ash-free basis) 


= cent carbon. That the value of P(Z = 0-5) in this 
„range must be very high is corroborated by the facts 
that a P(Z = 0-5)-value of 1 mW. /gm., for the coal 
under consideration corresponds. to T, ew 4 x 108 


a saturation effect depending on oa : 
ne © 


1 be measured the saturation factor Z 
samples are indicated by A in Fig. Ye 


near to 


et ade the interaction. energy” between an isolated Jorhat 
oe molecule and the nearest atom of sorbent is given by 
2a es theory of dispersion forces?. 


~ and in an isolated spherical cavity, all of radius r and 
just large enough. to contain the. molecules, the 
-energies of interaction aro respectively vee sm 4E, Fis 
Ea = 636E; and E; = 8E | 


E enhancements of sorption energies: could bo expected 
-= insuitable capillari a8 3 
Ze; apart, By = (2H, 

- . such as could occur: 

initial and limiting 

two. 

the. Above: explanation of it has been suggested 
-.. However, with highly porous sorbents one may easi 

oo exaggerate the enhancement of. dispersion forces. due 

+0 environment, and I wish to subject. the idea of 


hae aes this: enhancement to a more o critical examination. > 











PAb tabon a eoi than 86 the value ve 
of. P(Z = 0:5) shows a rapid increase. Lacking an 
energy source of sufficient power, I have not been Ee 
able to measure the saturation effect beyond 94 per 






sec., and that Garif’yanov and Kozyrev? measured 
T, = 12 x 10-8 sec. for an anthracite. ie 

1 “would also direct attention to the. influence Ch 
ash content. In two cases measurements were made 
on samples of low and high ash contents (the latter _ 
It is seen 
that the presence of ash causes a rise of P(Z = 0-5). 
At the same time T, decreases, which suggests an- 


increase in the exchange between the unpaired 


electrons and the surroundings. In both cases the 


samples of high ash-content proved to contain more _ 


free radicals than the practically ash-free samples, — 
which seems to indicate that, at least in the two cases. 
considered, the ash contains paramagnetic com- 
ponents. a 
a J. SMripr 
Central Laboratory, 
Staatsmijnen in Limburg, 
Geleen, The Netherlands. 
Nov. 19. 


1 Vebersfeld, J. and Erb, Bo CR, Acad. Sei. 


2 Garif vanov, N. S., and Koayrev, B.A, 
1160 (1956). 


, Paris, 248, 2048 (1956). - 
Zh, Eksper. Teor, Fis., 30, 


Dispersion Energies in Porous Sorbents 


De Boer and Custers!, by an integration process, 
approximated to the energy of interaction by dis- 
persion forces between a molecule and several 
types of cavity. On a plane surface containing N 
atoms of substrate per crm. * the interaction energy is S 


les E a 











A is a constant given approximately by the 
“Then, in turn. 
in a hemispherical pocket, at the bottom of a very 
long cylindrical capillary. with a hemispherical end, 








“This calculation indicates that very large. maximum 








ng heats of ‘sorption. may approach 
Such a ratio has indeed ‘been ‘observed,. ‘and 
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(energy = EH) or cavity (energy = H,) will not be 
encountered in practice. In the nearly spherical 
cavities in B-quinol, it is true that the free diameter 
is ~3:9 A., accommodating one argon atom of 
diameter 3-83 A. neatly’. (By ‘free’ is meant not 
occupied even-by the peripheries of the framework- 
forming atoms of the lattice.) However, in water 
clathrates of Type 1, the free diameter is 5:9 A. or 
5:2 A. 5 (a ‘loose’ fit for one argon atom); in chabazite 
it is ~7-3 A. 8 (three argon atoms just accommodated); 
in Linde sieve A it is ~11-8-l1-4.A.%7 (filled by 
thirteen argon atoms); while in faujasite it is ~12— 
13 A. 63,, filled by eighteen argon atoms. (In the 
last three sorbents the cavities are also linked by 
narrower windows into a network of channels, the 
diameter of which thus varies periodically along their 
lengths.) Also, and perhaps even more important for 
such intracrystalline sorptions, a molecule in a cavity 
is not interacting with a dense atomic distribution 
outside the cavity, but with a honeycomb-like 
structure having a rather small density of atoms per 
cm.? of sorbent. 

One way to demonstrate this last situation is to 
give per cm.® of sorbent host-lattice the number N 
of the atoms of the host lattice. This is done in 
Table 1, which also gives isosteric heats of sorption 
at zero coverage and for finite coverage. In column 2 
it is seen that N for the important oxygen and carbon 
atoms of the honeycomb-like sorbents (including 
8-quinol and the ß-ice water lattice in gas hydrates) 
is only about a third to a quarter of its value in 
compact solid-sorbents such as rutile or graphite. 
Thus the value of N in equation 1 is an important 
factor in reducing the enhancement of dispersion 
forces in these intracrystalline environments. Indeed, 
E, could be reduced by this factor from ~8£, to 
~2H,. If now we compare the situation for argon 
inside carbon-rich f-quinol with that for argon 
adsorbed on a non-porous carbon such as the 
‘Spheron’ or ‘Graphon’ of Table 1 we find ratios of 

l 


Table 1. Some HEATS OF ADSORPTION AND OF, JINTERCALATION 


(KOAL./MOL. ) 


Isosteric heat. 

For vitm = 0'5 (or 

As ¢— 0] for v ee at 
S.T.P., given by 

figures in brackets) 


N (atoms 


Sorbent of sorbent Sor- 


£-Quinol 
(ref, 4) 


Gas hydrate 
(ref. 5) 


Chabazite (ref, 
10) (out- 
gassed at 
480° C.) 

Chabazite (ref. 
11) (out- 
gassed at 
300° 0.) 

Faujasite 


Rutile 
(ref. 13) 
Carbon : 


2°47 (0) 
10:6 (0) 


11:5 (C as” 
graphite) 
-| ‘Spheron’ pre- 
heated to 
(refs. 14-16) 
‘Graphon’ 


(ref. 14) 





* Heats for intercalation in §-quinol and in gas hydrate should not 
depend on amount sorbed. In this case isosteric and integral sorption 
heats are identical, 
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sorption heats #,/#, a little less than two, and very 
far from the maximum value of eight suggested by 
de Boer and Custérs’s treatment. This is despite the 
nearly perfect fit of argon into the B-quinol cavities. 
Moreover, when we compare the initial isosteric 
sorption heats of argon for finely porous ‘Saran’ 
carbons with those of non-porous ‘Graphon’ or 
‘Spheron’ an enhancement is seen for the porous 
sorbents but only of ~1-5 fold, again much less than 
the optimum value of eight. 

Coming now to the porous oxygen-rich sorbents, 
chabazite and faujasite, and the dense rutile, it is 
seen from Table 1 that isosteric heats for argon for 
larger amounts sorbed are about the same on all 
three sorbents (polarization energy contributes to 
initial heats!*, especially for the calcium-rich chaba- 
zite crystals, so that the initial heats do not measure 
only dispersion energies). Evidently, then, the 
intracrystalline environment of argon in chabazite 
and faujasite is largely offset by the greater density 
of oxygen atoms for non-porous rutile, even though 
the argon is present only on external surfaces of rutile 
crystals. ` 


R. M. BARRER 


Physical Chemistry Laboratories, 
Imperial College, 
London, 8S.W.7. 

Oct. 29. 


1 De Boer and Custers, Z. phys. Chem., B, 25, 225 (1984). 
? London, Z. phys. Chem., B, 11, 222 (1930). 

3 Barrer, Proc. Roy. Soc., A, 161, 476 (1937). 

t van der Waals, Trans. Farad. Soc. 52, 184 (1956). 

ë Barrer and Stuart, Proc. Roy. Soc., [A, 248, 172 (1957) ]. 


¢ Barrer, 10th Solvay Congress, ‘Quelques Problèmes de Chimie 
Minérale”’, Brussels, 21 (1956). 


1 Reed and Breck, J. Amer. Chem. Soc., 78, 5972 (1956). 

8 Barrer and Sutherland, Proc. Roy. Soc., A, 237, 489 (1956). 

. BT acai and Sutherland, Trans. Farad. Soc., 53, 1111 
10 Barrer, Proc. Roy. Soc., A, 187, 892 (1938). 

12 Garden, Kington and Laing, Trans. Farad. Soc., 61, 1558 (1955). 
18 Barrer and Stuart (in preparation). 
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Flame lonization Detector for Gas 
Chromatography 


A NUMBER of gas chromatography detectors 
depending on ionization of the eluted gases have 
recently been reported+. Ionization has been effected 
either by @-rays from a radioactive source, or by a 
low-pressure glow discharge, or by electrons emitted 
in an ionization gauge. 

A sensitive detector has been developed which 
depends on the ionization of the effluent in a hydrogen 
flame. A schematic diagram of the detector is shown 
in Fig. 1. The gases from the column in a suitable 
inert carrier are mixed with hydrogen, and burned 
in air at the tip of the glass jet. If hydrogen is used 
as the carrier gas, mixing is naturally unnecessary. 
The platinum electrodes are arranged to be in còn- 
tact with the flame, the spacing being not very critical. 

The electrical circuit used, Fig. 2, consists of a 
balanced cathode-follower impedance transformer. | 
With a 0-1 m.amp. meter or recorder connected 
to the output terminals, full-scale deflexion was 
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Fig. 2. Electrical circuit 


Detector response 


Time 


Fig. 3. Analysis of Japanese mint ofl, Column packing: ‘Celite’ 
and di-nony]-phthalate. Samp a 54. Column temperature, 


produced with an injected sample of 1 ul, with a 
signal-to-noise ratio of better than 1,000 to l, and 
no observable base-line drift over a wide range of 
operating conditions. The ultimate sensitivity of 
this detector has not yet been established. 
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A typical chromatogram using this detector is 


- shown in Fig. 3. The electrical output appears to 


depend linearly on the sample size and was tested 
up to 10 ul, the reproducibility being at all times 
limited only by injection precision. 

As the detector is constructed entirely of glass 
and metal, it is well suited to the detection of fractions 
from high-temperature columns. i 

A more detailed description of the detector will bé 
published shortly. 


J. HARLEY 
Engineering Research Section, 
South African Iron and’ Steel 
-Industrial Corporation, Limited, 
Pretoria. 
W. NEL 


E V. PRETORIUS 


Department of Physical Chemistry, 
_ University -of Pretoria. 


2? Otvens, J. W., and Stevenson, D. P., J. Amer. Chem, Soc., 78, 546 
(1956). Harley, J., and Pretorius V., Nature, 178, 1244 (1956). 
Ryce, 8, A., and Bryce, W. A., tbid., 179, 541 (1957). 


Electric Double Hysteresis in (K; Na,.,)NbO;, 
Single Crystals 


SoDIo™ niobate forms solid solutions of perovskite 
type structure with the niobates of potassium}, 
cadmium? and lead’. At quite low concentrations of 
the latter in these compositions the room temperature 
orthorhombic antiferroelectric structure of pure 
sodium niobate (NaNbO;) gives place to an ortho- 
rhombic ferroelectric form. The phasd-change between 
these two structures has not, however, been observed 
in any of these systems. In the ceramic specimens 
which have been examined, the ferroelectric proper- 
ties increase gradually over a range of compositions. 
Pure sodium niobate single crystals, on the other 
hand, show double hysteresis loops at high fields‘ 
suggesting a discontinuous change to a ferroelectric 
form. 

Using the techniques previously developed for 
sodium niobate, I have now extended the single- 
crystal measurements to the system (Kz Na -z)NbOs,, 
and find the following properties. The phase diagram, 
determined optically on a. hot-stage polarizing 
microscope, is shown in Fig. 1. The behaviour of 
specimens in both regions a and b is characteristic of 
orthorhombic crystals of cubic habit, with twinned 
regions showing parallel and symmetric extinction, 
and there is no qualitative optical distinction between 
them. The refractive indices and birefringence are, 
however, different in a and b, so that the phase change 
in a single crystal may be readily distinguished. The 
lines 1, 2, represent extreme cases of the survival of 
phase b in a, and vice versa, and it is probable that 
the two phases co-exist over the whole region ab. 

Crystals of pure sodium niobate show electric 
double hysteresis for fields greater than 90 kV./cm. 
perpendicular to the orthorhombic c-axis. With 
increasing potassium niobate content, the field 
required to Initiate hysteresis in the mixed crystals 
is continuously reduced, and the halves of the double 
loop commence to overlap. As the composition 
approaches the boundary 1 on Fig. 1 (in the region 
of 0:6 mole per cent potassium niobate), the electrical 
properties become more complex and markedly 
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Fig.1. Phase diagram for mixed (KzNa,—-z)NbO; crystals 


dependent on pre-treatment. In virgin crystals, 
PaB is approximately linear up to a critical field- 
strength of the order of 20 kV./cm. at 50 c./s. Above 
this value, the initial cycles of the field produce 
double hysteresis loops, but subsequent cycling 
rapidly produces a ferroelectric loop (Fig. 2). Normal 
hysteresis persists below the previous critical field 
strength, and the performance of the virgin crystal 
is only regained after a sufficient period free from 
external fields. ‘The time taken to recover varies 
widely between different specimens, but generally 
appears to increase as the composition approaches 
the phase boundary. With compositions contaming 
more than 0:6 mole per cent potassium niobate, the 
mixed crystals give ferroelectric hysteresis loops. 
These measurements confirm the discontinuous 
nature of the phase transition between antiferro- 
electric and ferroelectric orthorhombic structures in 
the (Ky Na;-z)NbO, system of solid solutions. The 
‘two structures, however, coexist over a considerably 
wider range of temperature than has been evident 


in any previously observed phase-change in a: 


perovskite material.: 


P P 


(a) (b) 


Fig. 2. Electric hysteresis in a single crystal of composition 

(Ke-ooos N&o-g25)NbO;s. (a) Initial application of 42 kV./em. 

at 50 c./s. perpendicular to the orthorhombic c-axis ; (b) 40 Pole 
at 50 c./s. 1 br. after cycling with 50 kV./em. at 50 c./s. 
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There are a number of possible explanations for 
the absence of any discontinuity in the electrical 
properties of the equivalent ceramic materials. For 
compositions close to NaNbO, the single-crystal loops 
show that the field required to change the spontaneous 
polarization is high. There is also some evidence 
that the ‘coercivity’ increases with decreasing speci- 
men thickness; thus with the distribution of orienta- 
tions, and small crystallite size in the ceramics, it 
may not be possible to produce polarization re-orien- 
tation until the composition is markedly ferroelectric. 
It is probable also that there are larger composition 
inhomogeneities in the ceramics than in the single 
crystals, again tending to smear out the transition. 

The very close proximity of the ferroelectric b phase 
to the pure sodium niobate makes it appear likely 
that similar phase-changes exist in the cadmium 
and lead systems. It is doubtful, however, whether 
the phase boundaries will be detected without a 
systematic investigation of single crystals of these 
materials. 

A more complete account of this work, and the 
correlation with the thermodynamic treatment’ of 
the properties of the solid solution sequence will be 
published elsewhere. l 

I am indebted to the Director of the British 
Electrical and Allied Industries Research Association 
for permission to publish this communication. 


L. E. Cross 
The Electrical Research 
Association Laboratory, 
Cleeve Road, 
Leatherhead, Surrey. 
1 sa i Newnham, R., and Pepinsky, R., Phys. Rev., 96, 581 


2 Lewis, B., and White, E, A. D., J. Electronics, 1, 646 (1956). 
> Lewis, B., and Fancombe, M. H., J. Electronics, 2, 387 (1957). 
‘Cross, L. E., and Nicholson, B. J., Phil. Mag., 46, 212 (1955). 
s Cross, L. E., Phu. Mag. 1, 76 (1956). 


Germanium and Gallium in Sea-Water 
Germanium 


No quantitativo data have so far been published 
for the concentration of germanium in sea-water. 
The first observation of germanium in a specimen of 
marine origin was due to Cornec!, who detected it 
spectrographically in the ash of Laminaria sp. 
Noddack and Noddack? found the element in nine 
widely differing marine organisms in amounts ranging 
from 0:07 to 2-2 p.p.m. They were unable to detect 
it in sea-water, and concluded that its concentration 
must be less than 0-1 ugm./l. Bardet et al.* attempted 
to co-precipitate a number of trace elements from 
60-1. samples of sea-water from Roscoff (Brittany) 
using seven different carriers ; spectrographic exam- 
ination of the precipitates revealed the presence of 
germanium in three cases. 

Buljan? and Ishibashi and Shigematsu’ have 
attempted to predict the abundances of the elements 
in sea-water, and have arrived at the values of 73 
and 0-2 ugm./l. respectively for the concentration of 
germanium. The former figure is obviously much’ 
too high, since it would give a silicon : germanium 
ratio in sea-water of about 20: 1 as compared with a 
ratio of about 140,000: 1 in the lithosphere (Riley, 
J. P., and Burton, J. D., unpublished work). 

In order to get some quantitative information on 
the concentration of germanium in sea-water, 65-1. 
samples of sea-water were treated with ferric alum 
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solution. The resultant precipitate of ferric hydrox- 
ide, which carried down more than 97 per cent of 
the germanium present in the sea-water, was dis- 
solved in concentrated hydrochloric acid. Germanium 
was extracted from the acid solution with carbon 
tetrachloride, back-extracted with water and determ- 
ined spectrophotometrically with phenylfluorone. 

Surface samples of water from the Irish Sea (2), 
the English Channel (4) and the North Atlantic (2) 
were found to contain 0:06 + 0-01 ugm. of ger- 
manium/kgm. (0:82 + 0-13ugm.-atom/ton). Samples 
taken at depths of 240-270 m. and 3,660-3,900 m. at 
lat. 47° 47’ N., long. 9° 18’ W., contained 0-06 and 
0:07 ygm./kgm. (0-82 and 0-96 ugm.-atom/ton) 
respectively. The average germanium concentration 
found is of the same order as that predicted by 
Ishibashi and Shigematsu’. Germanium is concen- 
trated in sea-water, relative: to the closely related 
element silicon, having a silicon : germanium ratio 
of about 17,000: 1 (assuming a silicon concentration 
of 1,000 ugm. silicon/l., which is probably considerably 
higher than average); compared with a ratio of 
about 140,000 : 1 in the lithosphere. The concen- 
tration of the element in sea-water is much more 
constant than that of silicon, which varies? over the 
range 10-2,500 ugm./kgm. This constancy is 
probably attributable to the fact that, unlike silicon, 
it is not utilized appreciably by plankton. ` 

Further work is in progress on the marine geo- 
chemistry of germanium. 

J. D. Burton 
J. P. REY 


1 Cornec, B., C.R. Acad. Sci., Paris, 168, 513 (1919). 
* Noddack, I., and Noddack, W., ark. Zool., 82, 1 (1940). 


* Bardet, J., Tchakirian, A., and Lagrange, R., C.R. Acad. Sci., Paris, 
206, 450 (1938). 

* Buljan, M., Acta Adriat., 4, No. 6, 36 (1949). 

* Ishibashi, M., and Shigematsu, T., Bull. Inst. Chem. Res. Kyoto 
Univ., 37 42 (1961). 

* Harvey, H. W., “The Chemistry and Fertility of Sea-Waters"’, 147 
(Cambridge Univ. Press, 1955). 


Gallium 


LITTLE is known of the occurrence of gallium in sea- 
water. Its presence was first detected by del Campo 
and Rodeja!. Bardet et al.* found it spectrograph- 
ically, together with thirteen other trace elements, in 
water samples taken near Roscoff (Brittany). The 
only quantitative data so far published are due to 
Noddack and Noddack*, who found 0-5 ugm. of 
gallium/l. in the water of Gullmars Fjord, Göteborg, 
Sweden; this analysis can scarcely be considered 
representative of ocean water, since the sample was 
taken from a fjord which is likely to be contaminated 
by drainage from the land. Ishibashi and Shige- 
matsu* have predicted the abundance of gallium in 
sea-water to be 0-005 ugm./l. 

The present communication records an attempt to 
obtain quantitative data on the occurrence of gallium 
in sea-water. The element was precipitated in 93 + 5 
per cent yield from 5-1. samples of filtered sea-water 
using ferric hydroxide as carrier. The ferric hydroxide 
precipitate was dissolved in hydrochloric acid, 
titanous chloride was added to reduce the iron to the 
ferrous state, and gallium was then extracted with 
di-tso-propyl ether. After evaporation of the ether, 
gallium was determined spectrophotometrically in 
the residue, using a modification’ of the rhodamine B 
method of Onishi and Sandellé. 

Samples of the surface waters of thé Irish Sea (4), 
the English Channel (1), and North Atlantic (2) 
contained 0:030 + 0:007 ugm. gallium/kgm. (0-43 + 
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0-10 ugm.-atom/ton). Two samples taken at depths 
of 240-270 m. and 3,660-3,900 m. at lat. 47° 47’ N., 
long. 9° 18’ W. contained 0:037 and 0-023 ugm. 
gallium/kgm. (0-53 and 0-33 ugm.-atom/ton) respec- 
tively. It is not considered that these variations are 
significant, since they are of the same order as the 
analytical error. The average gallium content of 
sea-water is thus about 0-03 ugm./kgm.—a value 
very much less than that found spectrographically 
by the Noddacks, but more in line with the relative 
abundance of the element in the lithosphere. 
Further work on the occurrence of gallium in 
marine organisms and sediments is in progress. 


F. CULKIN 


J. P. R 
Dept. of Oceanography, SRE 


University, Liverpool, 3. 
Sept. 13. 
Beri ye A., and Rodeja, V. G., Anal. soc. esp. fis. quim., 12, 78 
? Bardet, J., Tchakirian, A., and Lagrange, R., O.R. Acad. Sci., Paris, 
206, 450 (1938). 


° Noddack, I., and Noddack, W., Ark. Zool., 32, 1 (1940). 


* Ishibashi, M.,and Shigematsu, T., Bull. Inst. Chem. Res. Kyoto Univ., 
27, 42 (1951). 


* Culkin, F., and Riley, J. P. (in the press). 
° Onishi, H., and Sandell, E. B., Anal. Chim. Acta, 18, 159 (1955). 


*Sub-Grains’ and Etch Figures in Lead 


In the course of a recent investigation into the 
ageing characteristics of lead—antimony alloys?, micro- 
scopical examinations of & range of aged specimens 
were carried out and -recrystallized areas were 
observed in a number of the specimens which had 
been strained prior to ageing. The specimens had 
been prepared by the normal metallographic tech- 
niques of grinding and polishing and had been 
etched in Worner and Worner’s reagent? to disclose 
the extent of precipitation. In a number of the 
specimens the precipitated antimony was cleared 
from the surface by a brief immersion in concentrated 
nitric acid (s.g. 1-42) and subsequent examinations 
showed the recrystallized areas to be covered with 
networks of fine lines producing an appearance of 
sub-grains, similar to that due to polygonization, 
which had been absent from the specimens prior to 
the nitric acid treatment. 

Specimens of unalloyed lead which were given the 
same etching treatment were found to show this 
structure over their entire surfaces even in cast 
material, and modifications in straining and annealing 
procedure did not produce changes in sub-grain 
dimensions. Repeatedly re-etching the same area of 
a single specimen did not develop the same configura- 
tion of sub-grains, and it was concluded that the 
network of lines did not result from the structure of 
the lead but was an effect produced primarily by the 
action of the nitric acid. 

The effects of etching treatments in a range of 
concentrations of nitric acid on prepared specimens 
of annealed, unalloyed lead were then observed and 
it was seen that the ‘sub-grain’ dimensions increased 
with the degree of dilution of the nitric acid (see 
Figs. 1 a and b). At 20 per cent dilution a mottling 
of the surface had started to spread from the ‘sub- 
grain’ boundaries and at 30 per cent dilution the 
entire surface was mottled and etch figures had 
started to form within the ‘sub-grains’ (see Fig. 1 c). 
These etch figures continued to develop to the extent 
shown in Fig. 1 d by treatment in nitric acid diluted 
40 per cent. 
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Fig. 1. a, Pure lead, treated in Worner and Worner’s reagent and 
then in concantrated nitric acid, 8.g. 1:42; b, as a, but finally 
treated in nitric acid, diluted 20 per cent; c, as a, but finally 
treated in nitric acid, diluted 30 per cent; d, as a, but finally 
treated in nitric acid, diluted 40 per cent. (All x 300) 


Thanks are due to Mr. A. F. Lampitt, director and 
general manager of Southern United Telephone 
Cables, Ltd., for permission to publish this com- 
munication. 

E. J. HOOKER 


Southern United Telephone Cables, Ltd., 
Dagenham Dock, Essex. 
. Oct. 30. 


1 Hooker, E. J., J. Inst. Metals, 86, 98 (1957-58). 
2 Worner, H. W., and Worner, H. K., J. Inst. Metals. 66, 45 (1940). 


Anomalous Atmospheric Refraction 
at Sea 


DuRING the Atlantic crossing on Research Yacht 
Princess Waimai in 1954, to increase the accuracy 
of navigation astronomical sights were taken, as a 
rule, in series of observations : the noon. sight series, 
extending usually for about an hour, with the Sun’s 
culmination in its middle, 9 a.m. and 3 p.m. series, 
extending for about 20 min. Observations were 
taken about every minute. In all, 46 noon sight 
curves were obtained and 72 others, all in good 
weather conditions, within the tropics. The sextant 
used was a Henry Hughes instrument, with a recent 
class A National Physical Laboratory certificate. 
The height of the eye varied for different series of 
sights between 6 ft. and 10 ft. ; estimated accuracy 
of observations within +0-5 min. of arc. 

Considering all the material, it appears that 24 per 
cent of sight points deviate by 2 min. of arc or more, 
and } per cent by 5 min. of arc or more, from. inter- 
polated curves. f 

Deviating points rarely appear at random, but 
rather in groups of three to five consecutive points, 
showing the same sign of deviation. But when 
a deviating group covers the culmination, there is 
often change of sign of deviation when the cul- 
mination is passed, that is, when the azimuth changes 
very quickly and the telescope sweeps over large 
stretches of thé horizon between two consecutive 
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sights. Groups of points deviating on either sidə of 
the curve are equally frequent. Morning sights show 
the lowest deviation frequency, namely, 15 per cent. 
There is little difference in frequency between noon 
and afternoon. sights. i 

A. plausible explanation of this phenomenon seems 
to be fluctuations of horizon height due to anomalous 
atmospheric refraction. 

Some experiments havə also been devoted to 
sextant optics. It was found that polarizing optics 
are superior to standard coloured glass ‘shades’, with 
which the sextant is normally equipped. Such 
optics often allow better horizon definition and also 
provide continuity in dimming incoming light. A 
‘Polaroid’ disk, attached to one end of @ sextant 
telescope so that it could be rotated, and another 
one, also with free rotation, in place of standard sun 
‘shades’, was used. By rotation of the telescope 
‘Polaroid’ one obtains the horizon contrast, and then 
the rotation of the sun ‘Polaroid’ provides the 
continuity in dimming the Sun. As any glare coming 
from the sea surface can be cut out completely by 
the telescope ‘Polaroid’, there is little need for 
additional horizon ‘shades’; but, if desired, a third 
‘Polaroid’, also with free rotation, can be attached in 
their place. 

B. M. Cwitone 


Research Yacht Princess Waimat, 
Balboa, Panama Canal Zone. 
Sept. 17. 


Effect of the Metallic lon on the Infra-Red 
Spectra of Salts of Carboxylic Acids 


A FULL analysis of the infra-red spectra of salts of 
carboxylic acids requires an interpretation of the 
effect of the metallic ion. Although a theoretical 
study’ of the formate ion has been published, & 
fundamental investigation of the perturbation caused 
by the presence of the metal ion has not yet been 
attempted!. Therefore, at present it is necessary to 
rely on empirical correlations. 

The strong absorption -bands attributed to the 
unsymmetrical (w, at 6-2-6-6u) and symmetrical 
(o, at 7-1-7-7u) vibrations of the carboxylate ion 
(COO-) have been the most thoroughly investigated’. 

Recently, Kagarise? reported that for mono- and 
di-valent metals there are linear relationships between 
electronegativity and wave number of the oz band 
for eight metallic phenyl stearates. Theimer and 
Theimer* have claimed that there is a relationship 
between the ionic radius of the metal and the Raman 
©, band for the salts of five fatty acids. 

The relationships claimed by Kagarise must not 
be regarded as general. Preliminary results on eight 


Table 1 


Radius 
(A.) 


Electro- Ionic 


Metal | negativity | charge Wave-length of w, band ()* 


8 | 6-348(S); 6-442 (M) 
6-362 (S) 6-421 (W); 


6:503 (5) 
6 368-6 -386 (S) broad band 


Li 


6:510 ( 
6:625 (S) 


0-7 
0:98 
0:78 
1:33 415 ( 
1:06 6-362 (S); 6:510 (5) 
0°83 0(S 
1:43 
1:32 8:627 (5) 





* The spectra were determined in ‘Nujol’ mulls with a Grubb Parsons 
double-beam infra-red spectrometer, with rock salt optics." Strength 
of band: S,strong; M, medium; W, weak. 
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Wh 


6:0 6:5 7-0 


Absorption (per cent) 





6:5 70 6:5 7:0 6% 70 75 


Wave-length (z) 


Fig. 1. Spectra of metal stearates (determined in ‘Nujol’ mulls). 
A, Lithium stearate; B, sodium stearate; CO, zino stearate; 
D, barium stearate 


metallic stearates show that the effect of the metallic 
ion may be more complicated than a simple change 
in frequency of the w, carboxylate band (see Table 1 
and Fig. 1). The splitting of this band into a doublet 
(lithium and calcium) and a triplet (sodium) requires 
further investigation. 

The influence of the metal ion may not be simply 
related to any one single factor. However, inspection 
of Table 1 shows that there is no relationship for 
these metallic stearates between the wave-length of 
‘the ws band and either the electronegativity or the 
ionic radius of the metal. 

For the eight metallic stearates investigated the 
dominant influence of the mass of the metal in 
determining the perturbation of the w, carboxylate 
band is clearly illustrated in Fig. 2. However, 
because of the occurrence of doublets and triplets it 
is not possible to determine a single relationship 
between the wave-length of the w, band and the mass 
of the metal ion. 


220 
200 


180 


160 


140 


Atomic weight 
m m 
o> Go © [S] 
(=) © © O 


S 





6°4 6-5 


6-6 6:7 
_ Wave-length (z) 


Fig. 2. Atomic weight versus wave-length of œ carboxylate band 

for metallic stearates. @, Single absorption band ; x shorter 

wave-length of doublets; ©, longer wave-length of doublets: 

®, intermediate weak peak (sodium stearate); —, broad band 
(magnesium stearate) 
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The dependence on mass noted here for metallic 
stearates is supported by the relationship between 
mass and frequency found in the spectra of carbon- 
ates® and metallic acetyl acetonates®. 

The award of a Research Fellowship to one of us 
(B. E.) by the Imperial Smelting Corporation, Limited, 


BRYAN ELLIS 
H. Pyszora 


National College of Rubber Technology, 
Northern Polytechnic, 
Holloway, 
London, N.7. 


* Davis, M., and Orville-Thomas, W. J., Disc. Farad. Soc., 9, 335 
(1956), Orville-Thomas, W. J., private communication. 


* Bellamy, L. J., “The Infra-red Spectra of Complex Molecules”, 149 
(Methuen, London, 1954). 


* Kagarise, R. E., J. Phys. Chem., 69, 271 (1955). 
t Theimer, R., and Theimer, O., Monatsh., 81, 313 (1950). 
* Miler, F. A., and Wilkins, C. H., Anal. Chem., 24, 1253 (1952). 


* Jones, R. N., and Sandorfy, C., ‘Techniques of Organic Chemistry”, 
9, 556 (Interscience, New York, 1956). 


A New Class of Antibiotic Salts of 
Reduced Toxicity 


WE have recently reported? the preparation and 
acute toxicity of a number of salts of basic antibiotics 
with acid vitamins. However, the good results 
obtained with the pantothenates in the reduction of 
the neurotoxicity of streptomycin®? have not been 
as marked in the prevention of nephrotoxicity and 
other side effects produced by neomycin‘ and vio- 
mycin*,®, This prompted us to prepare other types of 
salts of antibiotics. 

It was Short? who first reported that methionine 
and S-methyl-L-cysteine reduced the nephrotoxicity 
of polymyxin A. Kimmerle and Gésswald? showed 
that N-acetylmethionine reduced the toxicity of 
streptomycin and briefly mentioned that the leucinate 
of the same antibiotic had no advantage over the 
sulphate. We record here the preparation of amino- 
acid salts of basic antibiotics that may prove of 
interest not only in the general reduction of toxicity 
but also in the detoxication of specific organs. 

The dihydrostreptomycin salts were prepared by 
neutralization of concentrated aqueous solutions of 
the base with three moles of the amino-acid or by 
double decomposition between solutions of dihydro- 
streptomycin sulphate and of an equivalent quantity 
of the proper barium amino-salt. The salts were then 
obtained by freeze-drying the solutions or concen- 
trating them under reduced pressure at room tem- 
perature, dissolving the syrup in methyl alcohol and 
precipitating with a ten-fold excess of acetone. The 
tri-salts are stable in the solid state. They are very 
soluble in water giving solutions slightly alkaline 
except when the amino-group is acylated. The 
following salts were prepared: Glycinate (Anal. Cale. 
for Cy7Hy,N1.0:,: C, 40:09; H, 6-98; N, 17-32; 
Found: C, 39:99; H, 7-14; N, 17-15); px-leucinate 
(Anal. Cale. for Cy,H,.N1,.0,,; C, 47:94; H, 8-25: 
N, 14:34. Found: O, 47-78; H, 8-45; N, 14-09) ; 
L-glutamate (Anal. Cale. for Css HesN 14024 : C, 42-18 ; 
H, 6-69; N, 13-67. Found: C, 42-40; H, 6-97; 
N, 13:40); x-methioninate (Anal. Cale. for 
Css HygN 10015; : C, 41:93; H, 7°23 ; N, 13°58. 
Found: O, 42-16; H, 7-61; N, 13-47); N-acetyl- 
DL-methioninate (Anal. Cale. for CyeHgoN 1 02183 : 
C, 43-58; H, 6-97; N, 12-10. Found: C, 43-42: 
H, 6:94; N, 11-80) and S-ethyl-u-cysteinate (Anal. 
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Table 1. 






















Salt Potency LD650 
y base/mgm. | mgm. base/20 gm. 
Glycinate 
pL-Leucinate 
L-Glutamate 
L-Methioninate 


N-Acetyl-pL-methioninate 
S-Ethyl-L-cysteinate 
Sulphate 

Ascorhate (ref. 1) 
Pantothenate 
Glucuronate 


Cale. for CHNOS: C, 41:93; H, 7:23; 
N, 13-58. Found: C, 41-28; H, 7:58; N, 13-50). 

The acute intravenous toxicities determined in 
white mice are shown in Table 1, which includes for 
comparison the sulphate, pantothenate, ascorbate 
and glucuronate (prepared by a method similar to 
U.S. Patent 2,583,534, December 31, 1949). 

The acute toxicities are, in most cases, lower 
than those of the sulphate or glucuronate except the 
S-ethyl-L-cysteinate in which, however, the anion also 
has tuberculostatic activity®. The leucinate and the 
methioninate are being studied further. These are 
less toxic than the pantothenate, and only the ascor- 
bate is less toxic than they. 


F. A. ALVES 
M. F. ©. A. N. Graga 
H. L. BAPTISTA 


Research Laboratories, 
Laboratorios Atral, 
Lisbon. 
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Patent 552140 (May 1957). 
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A New Series of Anthelmintics 


We wish to report a new series of chemical 
compounds effective against nematodes parasitic in 
the gastro-intestinal tract of mammals. Certain of 
these compounds possess an unusually broad anthel- 
mintic spectrum which includes appreciable activity 
against certain species causing infections of economic 
importance for which there is, at present, no satis- 
factory treatment. ~ 


K JOCH, }-Ñ(CH:)2-0H:K y 
R} R? 


(I) 


These compounds (patent applications pending) have 
the general formula (I), where F! can be hydrogen, 
methyl or chlorine, while R? can be hydrogen, 
methyl, chlorine or fluorine. Lower activities are 
encountered when R? is a nitro-group, bromine or 
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when R? is bromine. Numerous other variants are 
in course of examination. E 

The synthesis and initial biological assay of the 
series were carried out by two of us (F. C. C. and 
O. D. S.). Nippostrongylus muris was used as the 
test organism in this work. Afterwards, biological 
testing was extended to observe the effects of the more 
active compounds against trichostrongylid nematodes 
in sheep, Uncinaria stenocephala in dogs (J. S. and 
D. A. R.) and Ancylostoma caninum in dogs and cats 
(R. B. B.) as well as other species of nematodes 
cultured in small laboratory animals. 

Certain members of the series possess anthelmintic 
activity against a wide range of species. It is of 
particular interest that these compounds appear to be 
more effective against the mucosa-dwelling species of 
parasitic nematode than against those living more 
freely in the lumen. Thus, considerable activity has 
been demonstrated against N. muris in the rat; 
Nematospiroides dubius in the mouse; Nematodirus 
sp, Haemonchus contortus, Trichostrongylus axei, 
Cooperia curticei and Ostertagia spp. in the sheep ; 
A. caninum in the dog and cat. Lower activity has 
been demonstrated against U. stenocephala, Aspi- 
culuris tetraptera, Syphacea obvelata, Toxocara canis, 
T. cati, in vivo and against Ascaris lumbricoides (from 
the pig), in vitro. The full range of activity has yet 
to be established. Field trials are in progress, and 
clinical trials are to be undertaken. 


F. ©. Copp 


Wellcome Chemical Research 
Laboratories, 
Beckenham, Kent. f 
O. D. STANDEN 


Wellcome Laboratories of 
Tropical Medicine, 
London. 
J. SCARNELL 
DEIRDRE A. RAWES 


Wellcome Veterinary Research 
Station, 
Frant, Sussex. 
R. B. BURROWS 


Wellcome Research Laboratories, 
Tuckahoe, New York. 


The IX-« Structure of the Common Bile 
Pigments 


Ir is generally accepted that all the naturally 
occurring ‘tetrapyrrolic’ bile pigments must be of a 
[X-« structure, that is, that they are derived from 
the biliverdin which is produced biologically by rup- 
ture of the «-methene bridge carbon atom of proto- 
porphyrin IX. Therefore, all bile pigments prepared 
from biological material should possess a 1,3,6,7- 
tetramethyl-4,5-dicarboxyethyl-2,8-divinyl (or di- 
ethyl), open-chain, ‘tetrapyrrolic’ structure (using the 
system of numbering shown in formula (I). Although 
some of the bile pigments have been synthesized by 
methods which exclude the formation of isomers 
other than IX-a«,-there is, at present, no analytical 
evidence of the absence of such isomers in the pig- 
ments obtained from biological sources. The presence 
of such isomers would be expected if biological fission 
of the protoporphyrin molecule did not occur exclu- 
sively at the a-methene linkage. Since stercobilin 
(and therefore also the less-hydrogenated bile pig- 
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ments) is known to be produced by at least two 
distinct physiological mechanisms}, such a possibility 
is not entirely speculative. The method of identi- 
fication of pyrrole carboxylic acids described by one 
of us and used in investigations of the porphyrins? 
has now been applied to a study of the order of 
the B-side-chains of the bile pigments. In the bile 
pigments one «-position of each end ring bears an 
oxygen atom (usually formulated in a hydroxyl 
group?) instead of a carbon atom. It is therefore 
impossible for these rings, on degradation, to provide 
the aa’-pyrroledicarboxylic acids given under similar 
conditions by the corresponding porphyrins; any 
such acids can only originate from the middle rings 
of the pigment molecule. 

The ‘hydroxypyrroles’ in general, and particularly 
those used in the syntheses of the bile pigments, are 
in fact pyrrolenones‘, and it is therefore probable 
that the bile pigments are also lactam compounds. 
The present systems of nomenclature’ make no 
provision for this fact and do not allow easy deriva- 
tion of the structures of the bile pigments. In this 
communication we have named the bile pigments as 
derivatives of the fully unsaturated structure I, to 
which we give the trivial neme ‘bilenone’. 
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(I) 
The bile pigments are derived from I by appropriate 
substitution at. positions l-8 and by suitable 
reduction of any of the carbon-carbon double bonds 
shown with the exception of those in the two middle 
rings B and C. Rings B and C, together with the 
linking methene group, b, are assumed to constitute 
@ resonating dipyrrylmethene unit; reduction of 
this by means of two atoms of hydrogen produces a 
dipyrrylmethane structure in which rings B and C 


Table 1 


Compounds oxidized Acids obtained 
‘ II III IV 
Bilirubin 
1,3,6,7-tetramethyl-4,5-dicarboxyethy]-2,8-di- 
vinyl-(0-13)-dihydrobilenone 
Mesobilirubin 
1,3,6,7-tetramethyl-4,5-dicarboxyethyl-2,8-di- 
ethyl-(0-13)-dihydrobilenone 
Biliver 
1,3,6,7-tetramethyl-4,5-dicarboxyethy]-2,8-di- 
vinyl-bilenone 
Mesobiliviolin*® 
1,8,6,7- tetramethy1-4 6-dicarboxyethyl-2,8-di- 
ethyl-(e-16) dihydrobilenone 
d-Urobilin t (ref. 7) 
1,3,6,7-tetramethyl-4,5-dicarboxyethyl-2 (or 8)- 
ethyl-8-(or 2)-vinyl-(9-a),(c-16)-tetrahydrobilenone + — — 
Stercobilin 
1,3,6,7-tetramethyl-4,5-dicarboxyethyl-2,8- 
diethyl-(1-2) ,(9-a),(c-16),(7-8)-octahydrobile- 
none — — — 
Glaucobilin 
1,3,6,7-tetramethyl-4,5-dicarboxyethyl-2,8- 
diethyl-bilenone 
Stercobilinogen 
1,3,6,7-tetramethyl-4,5-dicarboxyethyl-2,8- 
diethyl-(1-2),(9-a),(b-18),(c-16),(7-8)-decahy- 
drobilenone — — ~ 
Mesobilirubinogen 
1,3,6,7-tetramethyl-4,5-dicarboxyethyl-2,8- 
diethyl-(9-a),(b-18),(e-1 6)hexahydrobilenone + — — 
Glaucobilin- -q 
1,3,6,8-tetramethyl-4,5-dicarboxyethyl-2,7- 
diethyl-bilenone 
2,4-dimethyl-3-carboxyethylpyrrole-5-carb- 
oxylic acid : 
* Probably a mixture of mesobilirhodin and mesobiliviolin 


t The positions of the ethyl- and vinyl-groups are not yet known 
with certainty. , 
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are truly pyrrolic. The systematic names which 
result from the use of this system of nomenclature 
have been used in Table 1. ` 

About 30 mgm. of each of the bile pigments 
mentioned in Table 1 were oxidized with alkaline 
potassium permanganate and the products were 
identified by chromatographic comparison with 
authentic 4-methyl-3-carboxyethylpyrrole-2,5-dicarb- 
oxylic acid (II), 4-methyl-3-ethylpyrrole -2,5- 
dicarboxylic acid (III) and 4-methylpyrrole-2,3,5- 
tricarboxylic acid (IV). With the exceptions of 
stercobilin and stercobilinogen all the pigments 
examined gave the acid (II) on oxidation ; the same 
acid was obtained from the glaucobilin produced 
from stercobilin by treatment with sulphuric acid 
and from synthetic glaucobilin. The acids III and 
IV, which would be expected to arise from bile 
pigments derived from protoporphyrin on fission at 
the ßB-, y- or 8-lmkages, could not be detected in the 
products of oxidation of any of the pure bile pigments 
or of the mother liquors from the isolation of d-uro- 
bilin. The yields of the acid II indicated in Table 1, 
are those obtained from equivalent quantities of 
pigment and were assessed by inspection of the size 
of the chromatogram spots. The results permit the 
following conclusions to be drawn : 

(a) The common bile pigments, including bilirubin, 
d-urobilin and stercobilin (after conversion to glauco- 
bilin) are wholly IX-« in structure. : l 

(b) Oxidation of stercobilin and stercobilinogen 
proceeds without the formation of pyrrolic acids. 
This is an. interesting indication that the two end- 
rings A and D are completely hydrogenated and of a 
stable aliphatic nature. In agreement it was found 
that the monopyrrole V, which resembles the latest 
structure postulated for stercobilin® in having a 
saturated «-substituent, furnishes no trace of acid IL 
under the conditions of oxidation used for the bile 
pigments. In contrast, the oxidation of mesobili- 
rubinogen and d-urobilin (in: which the groups 
attached to the dipyrrylmethene unit have an 
element of unsaturation) produced acid II. The 
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product arising from stercobilin appears to be a water- 
soluble acid which forms an optically active, 2,4- 
dinitrophenylhydrazone. It is possible that sterco- 
bilin undergoes fission at the 6-12 or 6-13 bond 
with formation of a product of the type VI. A 
study of the nature of this product is being under- 
taken. 

One of us (R. A. N.) is indebted to the Nationel 
Research Council (Rome) for financial support. 


C. H. Gray 
D. C. NICHOLSON 
R. A. NICOLAUS 


Department of Chemical Pathology, 
Medical School, 
King’s College Hospital, 
London, S.E.5. 
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A Ribonucleoprotein from Amphibian 
Gastrulæ 


DISAGGREGATION of amphibian embryos by agents 
which chelate calcium is succeeded by re-aggregation 
if the cells are returned to a medium containing 
calcium}. It is customary to consider that the 
removal of calcium from the environment of the cells 
is responsible for the loss of adhesion displayed in 
disaggregation. An attempt has been made to find 
out whether any organic material is removed from 
the embryos during disaggregation. Such organic 
material might lie on the cell surfaces or between the 
cells and assist in their adhesion, or it might be 
removed from within the cells during disaggregation. 
Batches of 250-260 late gastrule of Xenopus laevis 
were disaggregated in 0-001 M ethylene diamine 
tetraacetate at pH 8-03 in tris-hydrochloric acid buffer 
(0-001 M ‘in tris) made up in calcium-free Holtfreter 
solution. The embryos were gently agitated on a 
rocker for 40 min. at 19—21° C., and at the end of this 
period the cells of the completely disaggregated 
embryos were allowed to settle. No evidence of 
cytolysis of the cells could be found. The super- 
natant was removed and centrifuged at 300-400 g 
for 10 min. A small number of intact cells, and a 
few yolk platelets probably of extracellular origin, 
formed the residue. The clear supernatant from this 
centrifugation was examined spectrophotometrically, 
and the absorption curve suggested the presence of 
nucleic acids. The preparation was frozen-dried. 

Estimations of the total nitrogen by the Lubo- 
chinsky test, phosphorus as phosphate after digestion 
in concentrated sulphuric acid, ribose by the orcinol 
reaction, and a-amino nitrogen by the ninhydrin 
method were made. Deoxyribose and hexose sugars 
were absent. After hydrolysis in perchloric acid the 
material was run on a chromatogram using 7sopro- 
panol/hydrochloric acid/water (170: 41: to 250 vol.) 
as the solvent. Adenine, guanine, cytosine and uracil 
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were recognized from the Ep values and from the 
absorption curves of the eluates of the spots. The 
extinction values of the various bases suggest that 
the nucleic acid forms 25 per cent of the dry weight 
of the material. This value is in agreement with the 
results of the other tests, and with the 260/280 mu 
absorption ratio for the untreated material, which all 
give 75 per cent of protein in the preparation. A 
sample of the material was hydrolysed in 6 N hydro- 
chloric acid, and a chromatogram of this hydrolysate 
was run in phenol saturated with water. Qualita- 
tively, arginine, histidine and tyrosine have been 
recognized from Fp values and from specific reactions ; 
exact identifications of the remaining amino-acids 
have not yet been done. 

Embryos of this stage disaggregate in calcium-free 
media at or above pH 9-8, forming a clear jelly 
between the cells in the process, and show a certain 
amount of cytolysis. On returning the cells to pH 6-8 
in the absence of calcium, the jelly slowly dissolves ; 
if ‘the return to pH 6-8 is done in the presence of 
calcium, the jelly remains. At this lower pH the 
jelly is dissolved by trypsin and by ribonuclease. It 
is possible that the jelly is at least in part identical 
with the ribonucleic acid and protein described above, 
though there is undoubtedly some degree of con- 
tamination. with cytolytic products. Since ethylene 
diamine tetraacetate removes the ribonucleic acid 
and protein components from the embryos without 
visible damage to the cells, the suggestion is that 
they are derived from the surface of the cells or from 
between them. This is supported by histochemical 
evidence for the presence of ribonucleoproteins on or 
between the cells from methyl-green pyronin and 
toluidine blue staining (cf. ref. 2). The constant 
proportion that existed between the ribonucleic acid 
and protein components from batch to batch favours 
the view that they exist as a ribonucleoprotein in 
the embryo. Until the matter has been further 
investigated, it is probably most convenient to refer 
to the material as.a ribonucleoprotein. It may be 
connected in function with the adhesion of cells to 
one another and with the binding of calcium on the 
cell surface, which is important in adhesion’. This 
function of ribonucleic acid on the cell surface has 
been suggested for Hlodea*. It is of interest that if 
the disaggregated cells are treated with trypsin or 
ribonuclease they fail to re-aggregate, which suggests 
that there is a ribonucleoprotein on the cell surface 
connected with adhesion. It might also be concerned 
with induction and be related to the substance de- 
scribed by Niu’. 

I thank Prof. C. H. Waddington for his interest 
and for providing facilities for the work in the 
Institute, of Animal Genetics, Edinburgh, Prof. J. N. 
Davidson for his interest and advice, and the 
Department of Scientific and Industrial Research for 
& maintenance grant. 


A. S. G. Currrs* 


Institute of Animal Genetics, 
West Mains Road, 
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Sept. 27. 
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8-Glucuronidase, Lipase and Esterase in the 
Testis of the Cryptorchid Rat 


ALTHOUGH considerable attention has been paid to 
lipase and esterase in the testis!, comparatively little 
is known of 8-glucuronidase in this organ. ‘This 
communication is concerned with some relationships 
between testicular 8-glucuronidase, lipase and esterase 
of the rat in artificial cryptorchidism. 

Thirty-four albino rats of the Wistar stock bred. in. 
this laboratory were used and grouped as follows: 
normal control (13), unilateral cryptorchidism (9), 
bilateral ecryptorchidism (12). Determinations of 
enzyme activity in tissue homogenates were made 
according to the method of Talalay et al.? for B-- 
glucuronidase, of Nachlas et al.? for lipase and for 
esterase ; the units used were the amount of enzyme 
which liberates 1 ugm., of phenolic substance in 1 hr. 
for ßB- eras omadaee and for lipase, and in 20 min. 
for esterase’. 


Table 1 


Cryptorchidism 


Unilateral Bilateral 
Normally Crypt- Cc 
located orchid orchid 
testis testis testes 


No. of rats 13 9 12 


Body-weilght 
(gm.) 182 +10* 186+6°8 16048°9 
Testicular 


Normal 
control 


567 +69 541 58 

222 + 44 722 +242 | 1,333 +136 
29442 52 +88 3442 

7,341 +126 | 7,284 +447 | 9,179 +502 | 9,178 +639 


742 +80 
146 +14 


1,078 +100 


( 
B- Glucuronid- 
ase activityt 
Lipase act- 
ivityt 1241°6 


Esterase act- 
ivityt 





* Mean + standard error of the mean. 
t Units per gm. of wet tissue. 


In the testis of the cryptorchid rat four weeks after 
operation, the concentrations of all three enzymes 
showed an increase. The most striking change was 
geen in the B-glucuronidase level. The concentration 
of this enzyme in the testis increased nine-fold in the 
bilaterally ecryptorchid rat and five-fold in the 
unilaterally operated animal. Lipase concentration, 
however, increased much more in the cryptorchid 
testis of the unilaterally eryptorchid animal than in 
the bilaterally operated animal. The increase in the 
concentration of esterase was slight and the same in 
both groups. It should also be noted that B-glucuroni- 
dase and. lipase activities were significantly (P<0: 05) 
elevated in the normally located testis of the uni- 
laterally cryptorchid animal. Results are shown in 
Table 1. | 

A full account of this work will appear elsewhere. 

Masanpo HAYASHI 
KAZUHIRO OGATA 
TAKURO SHIRAOGAWA 
- Osamu KAWASE 
Department of Pathology, , 
Research Institute for 
Diathetic Medicine, 
Kumamoto University, 
Kumamoto, Japan. 


1 Verne, J., and Hébert, S., Ann. Endocrinol., 18, 659, 924 (1952). 
Verne, J., ibid., 14, 747 (1953). Huggins, C., and Moulton, S. H., 
J. Exp. Med., 88, 169 (1948). Morii, S., Acta Schol. Med. Univ. 
Kioto, 34, 1 (195 6). 

2 Talalay, P., Fishman, W. H., and Huggins, O., J. Biol. Chem., 116, 


757 (1946). 
3 Nachlas, M. M., and Seligman A M., J. Biol. Chem., 181, 343 (1949) ; 
J. Nat. Cancer Inst., 9, 415 (1949). 
t Ogata, K., Simoda, K., Takamori, T., Shiraogawa, T., Yok 
Hayashi, M., and Kawase, O., Kumamoto Med. J., 3,168. (dees 


NATURE 


January 18, 1958 VoL. 181 


Inhibition of 5-Hydroxytryptophan 
Decarboxylase by Phenylalanine 
Metabolites 


EVIDENCE has recently been presented which 
demonstrated a lowered level of circulating 5-hydroxy- 
tryptamine in patients with phenylketonuria!. The 
condition is associated with production of an excess 
of certain aromatic acid metabolites of phenylalanine, 
which it has been claimed inhibit dihydroxypheny]l- 
alanine decarboxylase*, It was suggested that this 
inhibitory effect was an explanation of the low 
plasma levels of adrenaline found in phenylketonuria. 
As 5-hydroxytryptamine is derived from 5-hydroxy- 
tryptophan by the action of 5-hydroxytryptophan 
decarboxylase’ it was decided to examine the effects 
of these aromatic acids on this enzyme system 
also. 


Table 1. INHIBITION OF 5-HYDROXYTERYPTOPHAN DECARBOXYLASE BY 
PHENYLALANINE METABOLITES 


EE of 
O 
(umoles/ *p1.CO./ | Inhibition phenylalanine 
8 ml.) | 40 min. | (per cent) | decarboxylase* 
(per cent) 


Additions 


Control n 
Phenyl!lpyruvic 100 
acid 


Phenyl-lactic 
acid 


Phenylacetic 
acid 


L-Phenyl- 
alanine 





Guinea pig kidne a were homogenized in ice-cold M/30 Serensen's 
phosphate buffer pH 6'8. The homogenate was centrifuged in the 
cold for 5 min. and 2 ml. of the supernatant (equivalent to 2 gm. of 
pc wet tissue) used in each Warburg flask. 25 ugm. of pyridoxal 
pho osphate and the inhibitor, dissolved in phosphate buffer, was added. 

he volume was adjusted to 2-75 ml. with phosphate buffer. After 
gassing for 2 min. with nitrogen, the flasks were equilibrated at 37° 
for 10 min. and 0'25 ml. of DL-5-hydroxytryptophan (10 moles) 
added from the side-arm. Controls and blanks were also used. Carbon 
dioxide output was determined. for 40 min. 

rair Fellman (ref. 2). Dihydroxyphenylalanine (20 moles) as 
substrate. 


Phenylacetic acid was found to be more active 
and phenylpyruvic and phenyl-lactic acids were less 
active as inhibitors of 5-hydroxytryptophan decar- 
boxylase when compared with the results presented 
by Fellman? for dihydroxyphenylalanine decarboxy- 
lase, which is similar to but not identical with 
5-hydroxytryptophan decarboxylase’. 

These results, although preliminary, suggest the 
possibility that such an ‘inhibition, in vivo, might be 
responsible for the decreased production of 5-hydroxy- 
tryptamine observed in patients with phenylketo- 
nuria. As there is a large body of evidence to suggest 
that 5-hydroxytryptamine plays a part in normal 
brain function, inhibition of 5-hydroxytryptophan 
decarboxylase, present in some areas of the brain in 
high concentration’, might thus contribute to the 
cause of the mental defect in this disease. 

It is of interest to note that ingestion of phenyl- 
acetic acid in man is followed by transitory mental 
disturbance’. But before the inference can be drawn 
that this effect is due to inhibition of 5-hydroxy- 
tryptophan decarboxylase more work must be done 
on the mechanism of this inhibition, and the possible 
inhibitory action on other enzyme systems! must be 


„studied. 
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We are grateful to Dr. L. I. Woolf for gifts of the 
aromatic acids used. 


A. N. Davison 


Dept. of Pathology, 
Guy’s Hospital Medical School, 
London, 8.E.1. 


M. SANDLER 


Dept. of Chemical Pathology, 
Royal Free Hospital, 
London, W.C.1. 
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Role of Ferrous Iron in Enzymatic 
Transamination 


ALTHOUGH the part played by metals in non- 
enzymatic transaminations is known, its role in the 
enzymatic reaction of this type is still to be proved. 
Aluminium, nickel, copper and iron are known to 
catalyse the non-enzymatic reaction between an 
amino-acid and pyridoxal, or a keto-acid and pyridox- 
amine. Recently, Fasella et al.1 have isolated the 
intermediates involved. This preliminary com- 
munication reports the possibility of iron (in its 
reduced state) being involved in the enzymatic 
transamination. 

The source of the enzyme was the fresh green beans 
of Dolichos lablab. From the residue after acetone ex- 
traction of the beans, aspartic-glutamic transaminase 
was purified by ‘Dowex-2’ (in chloride form), calcium 
phosphate gel and alumina Cy treatment. Electro- 
phoresis (on paper) showed that the enzyme moved 
as @ single component (pH 9-0, glycine-sodium 
hydroxide buffer, 4 cm. in 4 hr., 440 V., 26° C.) 
indicating a high state of purity. This purified 
preparation. was used in the present work. 

Preliminary experiments showed that metals such 
as aluminium, nickel, copper, magnesium, manganese 
and cobalt had no appreciable effect on the activity 
of the enzyme. Ferrous sulphate produced an 
increase in its activity, whereas mercury (as mer- 
curous chloride) completely inhibited it. 

As shown in Table 1, dialysis against 8-oxyquinoline 
solution (0-005 M) for 17 hr. in the cold reduced the 
activity of the enzyme considerably, but it was 


Table 1. EFFECT of FERROUS IRON ON ASPARTIO-GLUTAMIO TRANS- 
AMINASH 


Reaction carried out at 37°C. for half an hour under nitrogen. 
Activity estimated by the method of Tonhazy (ref. 3) 


Additions 


Enzyme (undialysed) +asp. + KG 


Enzyme (undialysed) + asp. + KG + 5 ugm, Fe** 
Enzyme diniya) -+ asp. + KG 

Enzyme (dialysed) + asp. + KG + 5 ugm., Fe*+ 
Enzyme (boiled) + asp. + KG 

Enzyme (boiled) + asp. + KG + 5 ugm. Fe'+ 
Asp. + KG 

Asp. + KG + 5 pgm. Fe*t 





asp. = DL-aspartic acid. KG = a-ketoglutaric acid. 
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completely restored by addition of about 5 ugm. of 
ferrous iron (as FeSO,.7 H,O) to the reaction mixture. 
Also there was no non-enzymatie transamination 
either in the presence or the absence of ferrous iron. 
Ferric iron (as Fe,(SO,),) was not active. Addition 
of ferrous iron to the undialysed enzyme had no 
effect. Among the various iron binders studied it 
was noticed that addition of glutathione, versene 
(disodium salt), O-phenanthroline and a-a-dipyridyl 
inhibited the activity by 10-20 per cent. Cyanide 
completely destroyed the activity, whereas 8-oxy- 
quinoline had no effect at all. 

Thus there appears to be an indication, for the first 
time, that a metal is involved in enzymatic trans- 
amination. In this connexion it can be stated that 
Dr. Cohen reported the presence of a strong Fe band 
in one of the Merck preparations of pyridoxal phos- 
phate which was found to be twice as active as 
pyridoxal phosphate from other sources’. No exo- 
genous coenzyme was used in the present investiga- ' 
tion. Further work is in progress to isolate the 
enzyme in a high state of purity, in order to find. 
whether there is iron in the enzyme, and also its 
mode of action. 

I wish to thank Dr. M. Srinivasan and Mr. Nagab- 
hushanam for their helpful discussions, and Dr. V. 
Subrahmanyan, director of this Institute, for his 
interest in the present investigation. Thanks are also 
due to Glyco Products Inc., New York, for a gift of 
versene. 

M. V. PATWARDHAN 


Division of Biochemistry and 
Nutrition, 
Central Food Technological 
Research Institute, 
Mysore, India. 
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Effect of Testosterone and Orchidectomy 
on the Activity of the Melanocytes in 
the Skin 


Ir is well known that there is an increased pigmen- 
tation of the skin in certain areas of the body in 
pregnancy. It has also been established that the 
occurrence of a malignant change in benign pigmented 
tumours or moles is rare before puberty in both sexes. 
Furthermore it is accepted that the growth of 
malignant melanomas and the formation of meta- 
stases is accelerated during pregnancy}. All these 
facts suggest that the activity of the melanocyte is 
under hormonal influence. Edwards, Hamilton, 
Duntley and Hubert? reported that the human male 
castrate has a reduced amount of melanin in the skin. 
Treatment of these men with testosterone usually 
increased the melanin content in. all areas, although 
the response was of small degree. Kupperman*, work- 
ing on the male golden hamster, showed that testo- 
sterone increases the pigmentation of the skin, where- ` 
as castration causes a reduction in pigmentation. 
Wheeler et al. found by .macroscopical and micro- 
scopical observations that topical application of 
testosterone to the nipples and areolæ of immature 
castrated male guinea pigs produced no increased pig- 
mentation. The present investigation was designed to 
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investigate histochemically the effect of testosterone 
and orchidectomy on the activity of the melanocyie. 

Eighteen male guinea pigs weighing about 400 gm. 
were used. The animals were divided into three 
groups, each consisting of three pure black and three 
red guinea, pigs. Skin biopsies were taken from all 
the animals from the right ear, right side of the 
anterior abdominal wall in the hypochondriac region 
and from the sole of the right foot. In addition, the 
right areola, including the nipple, was excised. The 
first group of animals was orchidectomized, received 
no hormone treatment, and was left for four weeks. 
The second group of animals was also orchidecto- 
mized, and four weeks later a course of testosterone 
was commenced. The animals were given 2 mgm. 
of testosterone propionate (Organon) intramuscularly 
once daily for 5 days a week for a period of 4 weeks. 
The third group of animals was left intact and was 
given a 4-week course of testosterone injections 
identical with that received by the animals of the 
second group. The animals were killed by a blow on 
the back of the neck, and a further series of skin 
specimens was removed from areas adjacent to those 
taken previously, and the left areola, including the 
nipple, was excised. 

Most of the sheets of skin were left intact after 
excess subcutaneous fat and the deeper part of the 
dermis had been excised under a dissecting micro- 
scope. A few of the specimens, however, were treated 
with trypsin to disengage the epidermis. The skin 
was then incubated with the dopa reagent after 
preliminary fixation. The greater part of each skin 
sheet was then mounted; the remainder was 
embedded in paraffin and sagittal sections were cut. 
The hormonal influence on the melanocytes was 
studied by assessing the number and size of the 
melanocytes and the amount and position of the 
melanin within the cells in the skin specimens removed 
before and after treatment. The number, length 
and complexity of the dendritic processes were also 
noted, and an attempt was made. to assess the 
amount of free melanin present in the vicinity of the 
cells. 

The results were as follows : 

Skin of ear. Following orchidectomy, no definite 
changes were noted. In the orchidectomized animals 
which received testosterone, in 2 of the animals the 
size of the melanocytes became reduced. In 3 of the 
animals, which included the 2 with a reduction in 
cell size, the dendrites were increased in length. The 
amount of melanin in the basal layer of the epidermis 
was increased in all the animals, but it was impos- 
sible to determine whether this increase had occurred 
within the melanocytes or in the surrounding tissue. 
In. the intact animals which received testosterone the 
number of melanocytes. became reduced in three of 
the animals and it was seen that the length and 
complexity of the dendrites of these cells were reduced. 
Furthermore it was noted that the amount of free 
melanin in these animals was increased. - 

Skin of anterior abdominal wall. Orchidectomy 
increased the number of melanocytes in 5 of the 
animals. In 2 of these the size of the melanocytes 
become reduced and in one it was increased. It was 
also seen that in 3 of the animals the amount of free 
melanin had increased, but this could not be correlated 
with the melanocyte changes. In the orchidecto- 
mized animals which received testosterone no 
uniform change occurred. There was a slight 
tendency for the size of the melanocytes and the 
amount of intracellular melanin, and the length and 
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complexity of the dendrites, to become reduced. In 
the intact animals which received testosterone, no 
definite changes were seen. 

Skin of areola. In the orchidectomized animals the 
changes noted were inconsistent. In 2 of the animals, 
however, the number of melanocytes and the amount 
of free melanin increased. In another 2 animals the 
length and complexity of the dendrites increased. 
In the orchidectomized animals which received 
testosterone no uniform changes occurred. In the 
intact animals which received testosterone, in 3 of 
the animals the number of melanocytes became 
increased. In 4 animals the amount of free melanin 
was increased, but in one animal it was reduced. 

Sole of foot. In all three groups of animals the 
amount of melanin in the basal layer of the epidermis 
showed a definite increase. 

The above findings show that orchidectomy, 
orchidectomy followed by testosterone, or testosterone 
alone, are incapable of producing uniform changes in 
the melanocytes and in the intra- and extra-cellular 
melanin in the skin of the ear, anterior abdominal 
wall and areola. It is therefore concluded that the 
melanocytes in the skin of these regions are not 
directly influenced by the male sex hormone. The 
results in the skin of the sole of the foot are, however, 
constant, and indicate that any change in the amount 
of male sex hormone will produce an increase in 
melanogenic activity. This is of particular interest 
im view of the high incidence of malignant change in 
pigmented lesions of the sole of the foot in man. 

We gratefully acknowledge financial assistance 
from the Medical Research Council for this work. 


P. G. Brsoxurrz 
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Effect of some Nitrogen Mustard Deriva- 
tives on Growth of Rabbit’s Hair 


THE stimulating effect of ionizing radiations on the 
growth of rabbit’s hair has been noted recently!.- It 
may be of interest to record that similar effects have 
been found following the application of certain 
nitrogen mustard derivatives to rabbit skin. 

In 1948, the preparation of mustard derivatives of _ 
desylamine, C,H,COCH(NH,)C,H,, was undertaken 
for studies in cancer chemotherapy. Desyl chloride, 
C,H,COCHCIC,H;, and the p-methoxy bromo com- 
pound, CH,0C,H,COCHBrC,H,, were prepared by 
standard methods and allowed to react with 
diethanolamine. The resulting bases, 


RC,H,COCH{N[(CH,),0H],}C,H, 


had the following properties: for R = H, mp. = 
136 — 137° C., N per cent found = 4-46, N per cent 
calc. = 4-68; for R = CH,O, m.p. = 108 — 109°C., 
N per cent found = 4-40, N per cent calc. = 4-26, 
Cold chloroform solutions of these products were 
treated with thionyl chloride (in the case of the 
methoxy derivative, the reaction mixture exhibited 
a transient deep blue-green colour) and, after removal 
of chloroform, white substances were obtained. 
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These compounds, which were hygroscopic and seemed 
to:;be susceptible to decomposition, were stored in 
vacuo. Analyses were unsatisfactory, but indicated 
that the products probably consisted mainly of 
hydrochlorides of the mustard derivatives, 


RC,H,COCH{N[(CH,).Cl],}0,H, 


No further chemical studies were made with the 
substances ; but their ability to produce blisters on 
the shaved skin of rabbits was investigated. 

On November 17, 1948, a drop of a chloroform 
solution of the desyl mustard derivative (R = H; 
~20 mgm.) was placed in the middle of a shaved area 
on the belly of a Dutch rabbit. The skin reddened 
at the site of application, and, 3 days later, a yellow 
area of thickened skin (blister) had formed at this 
site. On November 23, a thick keratinous layer was 
observed along the line of application of the mustard 
solution and by November 29 the keratin had sloughed 
off leaving a mark resembling a knife incision. On 
December 9, it was observed that hair about 1 cm. 
in length had grown on this mark, but the surrounding 
shaved area remained free from hair. On December 
16, hair on the ‘wound’ site had grown to normal 
length and by February 21, 1949, a thick tuft of hair 
was growing.on the site of application of the mustard 
while the rest of the shaved area remained hairless. 
On this day, fur was shaved from a fresh area of the 
experimental animal and a control animal was shaved 
on the belly. By March 3, 1949, there was a light 
growth of hair on the shaved area of the control 
animal and the site was completely covered with hair 
on March 10. At this time the recently shaved area 
on the mustard-treated rabbit showed no growth of 
hair. 

Other rabbits were shaved on both flanks and one 
flank of each was treated with desyl or methoxy-desyl 
mustard on December 11, 1948. On February 28, 
1949, growth of hair was observed on the painted 
site but scarcely any on the surrounding shaved area 
or on the control shaved flank. 

Experiments with di-2-chloroethyl sulphide and 
di-2-chloroethylamine led to early death of the 
treated rabbits, so it remains uncertain whether these 
substances have the same action as the desyl mus- 
tards. It should be of interest to determine whether 
the observed effects can be obtained with other 
radiomimetic agents or carcinogenic substances. 

The work described here was carried out with the 
aid of a grant from the British Empire Cancer 
Campaign. I am at present in receipt of a James 
Morrison Research Fellowship. 
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Effects of Gibberellic Acid on Soil 
Micro-organisms 


GIBBERELLIC acid, a metabolic product of the 
fungus, Gibberella fujikuroi, has shown marked effects 
on plant growth, stimulating stem and leaf elongation. 
British investigators! have studied its influence on a 
number of bacteria and moulds and have briefly 
stated they were unable to detect any effect, either 
inhibitory or stimulatory. Although there is indirect 
evidence that gibberellic acid is rapidly decomposed 
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in the soil', there have been no reports concerning 
action of the acid on soil micro-organisms and their 
activities. The following preliminary experiments 
were carried out to determine if gibberellic acid had 
any effect on terminal respiration of the soil microbial 
population in conventional Warburg runs. 

5-gm. portions of air-dry sandy loam soil passing 
a 10-mesh sieve were placed in Warburg vessels’. The 
soil had a water-holding capacity of 37 per cent ; 
0-80 per cent total carbon and 0-06 per cent total 
nitrogen were present. Gibberellic acid, dissolved in 
a drop of ethanol, was added to duplicate flasks of 
the soil to give concentrations of 0, 1, 3, 5, 50 and 
100 p.p.m. Glucose treatments at 2,000 p.p.m. 
carbon and ethanol controls in duplicate were 
included. In addition to the soil (vol., 2-5 ml.), each 
flask contained 0:5 ml. substrate and 0-2 ml. 20 per 
cent potassium hydroxide. Runs were made for 
15 hr. at 29-8° C. and all values were corrected. The 
Qo,N values were considerably increased by the 
ethanol. No significant increases were given by 
gibberellic acid; in some instances it gave slight 
decreases. 

At the close of the respiration experiment, soil 
from the Warburg flasks was removed, appropriately 
diluted, and plated in quadruplicate for microbial 
counts and incubated at 28° ©. Sodium albuminate ` 
agar was used as the medium for bacteria and 
Streptomyces, and peptone-glucose agar acidified to 
pH 3-9 was used for soil fungi. Plates were counted 
as soon as colonies could be well differentiated. 
Results were analysed statistically. The F values 
for treatments and interactions were significant at 
the l per cent level. The results disclosed that 
gibberellic acid in comparison with ethanol controls 
apparently induced some stimulations and some 
inhibitions not consistent with the rates of application. 
An explanation of these variations cannot be given 
from present information. 

The most significant observation was that with the 
ethanolic gibberellic acid treatment at 50 p.p.m. + 
glucose, and ethanolic gibberellic acid at 100 p.p.m. + 
glucose, numerous colonies of Azotobacter chroococcum 
(as determined by cultural and microscopic exam- 
ination), a non-symbiotic nitrogen-fixing bacterium, 
occurred on all replicate sodium albuminate agar 
plates. No such colonies were found on dilution 
plates from any of the soil treatments which did not 
include gibberellic acid. It is evident, however, that 
Azotobacter, in lesser numbers, must have been 
present in the original soil. This was confirmed by 
observation of typical Azotobacter colonies that 
developed on plaques of soil-starch paste. Therefore, 
in another experiment, which confirmed the first 
Warburg results, soil from the flasks was air-dried, 
sieved and tested for Azotobacter, using the nitrogen- 
free agar plate method’. After five days, Azotobacter 
were found to be numerous in all samples, but 
appeared most abundant with ethanolic gibberellic 
acid at 50 p.p.m. + glucose (Table 1). 


Table 1. Azotobacter COLONIES FROM SOILS AFTER 15-HR. RESPIRATION 
IN WARBURG FLASKS 


Treatment 
Soil + gibberellic acid, 1 p.p.m. 
Soil + gibberellic acid, 3 p.p.m. 


Soil + gibberellic acid, 5 p.p.m. 2,600 
Soil + gibberellic acid, 25 p.p.m. -+ glucose 


Colonies per gm. soil* 


at 2,000 p.p.m. C. 2,400 
Soil + gibberellic acid, 50 p.p.m. + glucose 

at 2,000 p.p.m. O. 8,400 
Soil + glucose at 2,000 p.p.m. 0. 2,000 
Soil + ethanol, 14 p.p.m. 2,400 
Soil only 2,000 


* Average of duplicates 
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, Further studies are in progress to determine if 
“Gibrel’, a water-soluble potassium salt of gibberellic 
acid, has a significant effect on nitrogen fixation by 
Azotobacter. 

The gibberellic acid was kindly supplied by Dr. 
L. T. Blaney of the Horticulture Department. It 
was originally obtained from Dr. P. W. Brian of 
Imperial Chemical Industries, Ltd., England. The 
‘Gibrel’ was supplied by Merck and Co., Inc., New 
Jersey. 

K. C. Lu 

C. M. GILMOUR 
A. ČC. ZAGALLO 
W. B. BOLLEN 


Department of Bacteriology, 
Oregon Agricultural Experiment Station, 
Corvallis, Oregon. 
Oct. 21. 
1 Brian, P. W., Hemming, G. W., and Radley, M., J. Sci. Food and 
Agric., 5, 602 (1954), 

2 SURO, n Bolen, W. B., and Damsky, L., Agronomy Absts., 
? Martin, W. P., Ariz. Agric. Exp. Sta. Tech. Bull. 83 (1940). 


Enzymes in the Ileal Juice of the Horse 


So far as can be ascertained there is no information 
about the enzymes secreted by the horse’s small 
intestine. Since a pony with a Thiry—Vella loop in 
the middle of the ileum was available’ the opportunity 
was taken to determine whether the enzymes present 
in man and dogs were present in the horse.’ The 
juice was obtained by gently rubbing the mucosa 
with a rubber catheter. Juice thus obtained was, on 
occasion, slightly contaminated with blood. How- 
ever, the enzymic activity of such samples did not 
differ from the uncontaminated. 


Ileal juice is a watery fluid with a yellow tinge’ 


and sometimes contained mucus. The pH was 
7°8-8°5. Enzymic activity was measured on the 
supernatant fluid from juice centrifuged at 3,000 r.p.m. 
for 5 min. 

Amylase, lactase, maltase, and sucrase activity 
was detected by Lagerlof’s? method, lipase activity 
by Cherry and Crandall’s*? method, peptidase by 
Cajori’s* technique using a peptone substrate and 
protease by Lagerlof’s' method with casein as 
Substrate. Enterokinase activity was detected by 
using the protease method after adding 2 ml. of 
0-01 per cent trypsinogen (Worthington Biochemical 
Corporation) to 6 ml. incubating mixture and using 
controls without trypsinogen and also, with boiled 
Juice. This method showed marked enterokinase 
activity in the ileal juice of freshly killed rats and 
guinea, pigs. The experimental findings are shown in 
“Table 1; the dilution of juice was the highest at 
which activity could be detected by the methods 
used. 


Table 1. ENZYMES IN HORSE ILBAL JUICE 


N 


0. Dilution 
observa 


of juice 
1:1,000 
1:20 

1:1,000 


of Activity 
Enzyme tions present 
Amylase 
Sucrase 


1:1,000 
Undiluted 
1:5 
1:10 
1:10 
Undiluted 


Peptidase 
Bnterokinase 
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It was interesting to compare the results of these 
experiments with those of Doller and Porter, who 
studied the enzymes of the calf’s digestive tract. 
They found no sucrase activity in the calf’s ileum 
and that the lactase activity decreased with age. 

The absence from the horse juice of lipase activity 
was noteworthy, although Reale? has stated that 
lipase was absent from fresh ileal juice in man but 
increased with cellular autolysis, and Roger and 
Binet? suggested that bile increased lipolytic activity 
by. destroying cells. However, in our experiments 
‘both centrifuged juice, macerated mucus and celluler 
debris were free from lipolytic activity. In control 
experiments the method employed showed marked 
lipolytic activity in ileal juice of rats and guinea pigs. 

The absence of enterokinase activity could be 
explained by the Thiry—Vella loop being six years old, 
as Foa’ showed the enzyme to disappear from fistulæ 
of dogs within six months of operation, and Sawitsch?® 
found the enzyme to disappear from fistulæ deprived 


of pancreatic juice. 
F. ALEXANDER 
A. K. CaowpHurRy* 


Department of Veterinary Pharmacology, 
University of Edinburgh, 
Royal (Dick) School of Veterinary Studies, 
Edinburgh, 9. 
* Colombo Plan Scholar. 
1 Alexander, F., J. Physiol., 115, 63P (1951). 
* Lagerlof, H. O., Acta Med. Scand., Supp., 128, 18 (1942). 
* Cherry, I. S., and Crandall, L. A., Amer. J. Physiol., 100, 266 (1932). 
t Cajori, F. A., Amer. J. Physiol., 104, 659 (1983). 
* Lagerlof, H. O., Acta Med. Scand., Supp., 128, 38 (1942). 
° Dollar, A. M., and Porter, J. W. G., Nature, 179, 4578 (1957). 
7 Reale, L., Boll. Soc. Ital. Biol., 7, 1880; 8, 492 (1982). 
* Roger, H., and Binet, L., C.R. Soc. Biol., Paris, 85, 648 (1921). 
*Foa, 0., Arch. Physiol., 5, 26 (1908). 
19 Sawitsch, W. W., Diss. St. Petersburg (1904). 


Effect of Electrolytes on the Uptake 
by Bacteria of Labelled Glutamate 


In a recent paper, Krebs, Whittam and Hems! 
reported an accelerating effect of potassium salts 
on the rate .of oxidation of various substrates by 
Alcaligenes faecalis. All the potassium salts tested 
were equally active. The ionic composition of the 
medium was found to affect respiration also in 
Escherichia colt (strain B), and Pasteurella tularensis 
(strain S + D)*. The effect of the anion was also 
apparent with these two micro-organisms. For the 
maximal rate of oxidation of glutamate and glucose 
by P. tularensis the halogen salts of potassium and 
rubidium were found to be required; in the case of 
E. colt potassium chloride or sulphate was needed. 
In E. colt addition of minute amounts (10-4 M) of 
sodium salts rendered the accelerating effect of 
potassium independent of the nature of the anion. 
Conditions known to diminish the rate of penetration 
of metabolites into the bacterial cell (rising pH, low 
substrate concentration) rendered the accelerating 
effect of potassium more pronounced. ‘The latter 
observation suggested regulation of permeability as 
& possible mode of action of the electrolytes. In order 
to test the validity of this assumption, the effect of 
electrolytes on the rate of uptake of labelled glutamate 
was examined. 

The composition of the reaction mixture was as 
follows: 15 mgm./ml. (wet weight) of the bacterial 
cells, washed thoroughly with 0-25 M sucrose, 10-2 M 
of the electrolytes and 0:25 M sucrose. 
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Table 1. EFFECT OF CATIONS ON THE RATH OF PENETRATION OF 
GLUTAMATE INTO THE CELLS OF E. coli AND P. tularensis 


Counts/10 min.* 


No elec- 


40 36 
60 60 
70 80 


240 210 | 50 80] 50 
530 566 | 50 170| 50 170 | 110 
500 560 | 140 260 | 130 260 | 160 





* After the deduction of the background count (200/10 min.). 
100 counts/10 min. represent approximately 3 x 10-* umole of glutamate, 


After thermal equilibration (28° C.) 0:03 M tris 
glutamate and glutamate uniformly labelled with 
earbon-14 (0:01 tc./ml.) were added, samples of 
3:0 ml. were withdrawn at various time-intervals, 
chilled to 0° C. and centrifuged (30,0009). The 
radioactivity of the well-drained but unwashed cell 
mass was determined by a method essentially iden- 
tical with the procedure adopted by Krebs et al.+. 

Results which show the effect of various monovalent 
cations (tested as their chlorides) on the rate of 
increase of the radioactivity in the bacterial cell mass 
(E. coli; P. tularensis) are given in Table 1. The 
modifying influence of the anions on this process is 
shown in Table 2. It can be seen that potassium. chlor- 
ide in Æ. colt and potassium chloride and rubidium 
chloride in P. tularensis which accelerate the oxidation 
of glutamate also increased the rate of its accumula- 
tion. Cations which were found ineffective on the 
respiration also had no effect on the accumulation. 
A mixture of potassium and sodium nitrates was as 
effective as potassium chloride, while each compound 
separately accelerated neither accumulation nor the 
oxidation of the substrate. The nature of the anion 
` affected respiration and accumulation in a parallel 
manner. 


Table 2. EFFEOT OF ANIONS ON THE RATE OF PENETRATION OF 
GLUTAMATE INTO THA CELLS OF E. colt AND P. tularensis 


Counts/10 min,* 


No elec- 
trolyte 
added 
E. P. 


40 70 
70 100 


90 90/660 560/180 613 |180 260 | 440 270 | 595 





* After the deduction of the background count (200/10 min.). 
100 counts/10 min. tepreseni pobproxiuately 3 X1075 zmole of 
glu 7 


Jn view of similarity of effect of the ionic environ- 


ment on the respiration and on the ‘uptake’ of the ' 


substrate, consideration has to be given to the 
possibility that the electrolytes regulate the rate of 
respiration by controlling @ process directly con- 
nected with the penetration of the substrate. 

It remains, however, to be shown that increase in 
radioactivity in the cell mass is due to the penetration 
of the substrate into the bacteria, and furthermore, 
that penetration is the rate-limiting factor in the 
reaction sequence. 


Y. Avi-Dor 
SH. MILER 
Israeli Institute for Biological 
i Research, 
Ness-Ziona, Israel. , 


3 Krebs, H. A., Whittam, R., and Hems, R., Biochem. J., 66, 63 (1957). 
3 Miller, Sh., and Avi-Dor, Y., J. Gen. Microbiol. (in the press). 
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Novel Action of Potassium on a Yeast 
and a Counteraction by Aluminium 
A PAPER! from’ this laboratory described an 
improved method for the estimation of Oospora lactis 
Fros. (formerly known as Oidium lactis) in pressed 


- bakers’ yeast, using a medium consisting of ammon- 


lum, succinate, mineral salts and agar. The method 
worked well with most yeasts, but one strain 
(Saccharomyces cerevisiae D.C.L. 557) prevented the 
growth of visible colonies of Oospora on the above 
medium. This effect has been further studied, and 
it has been found that the immediate cause of the 
inhibition was the presence in the medium of 
2 x 10-7M potassium (as the dihydrogen phosphate). 
This was demonstrated by excluding potassium from 
the medium, adding the phosphate as the sodium or 
ammonium salt. The mould then developed into 
dense colonies; these were not, however, quite so 
large as those grown on normal medium (containing 
potassium) in the absence of yeast. This reduction 
in size was due to the fact that Oospora required 
3 x 10-4 M potassium ions for optimal growth on 
ammonium succinate, mineral salts, agar medium. 
When Yeast 557 was present, however, this concen- 
tration of potassium, added ds sulphate or chloride 
to the medium (containing sodium or ammonium 
dihydrogen phosphate), inhibited the growth of the 
mould. The inhibition was largely overcome by the 
addition of 5 x 10-4 M aluminium (as ammonium 
alum) to the normal medium. 

A similar effect was obtained with other salts of 
aluminium, but not with salts of other multivalent 
elements, calcium, magnesium, manganese or silicon. 
The concentration of aluminium required to counter- 
act the inhibition indicated that the action was not 
a trace-element effect. In fact there was sufficient 
aluminium to envelop each yeast cell 10? times. 
mechanism of the action of potassium and .the 
counteraction by aluminium has not been elucidated. 

The suggestion? that potassium might regulate cell 
permeability offered no obvious clue to the problem. 
Rossi® showed that potassium ions stimulated the 
oxidation of succinic acid in resting cells of Escherichia 
colt in the Warburg apparatus. It seemed possible 
that some oxidation product of succinic acid might 
be formed in this way by Yeast 557 and be inhibitory 
to the growth of Oospora. The addition to the 
medium of 4 x 10-3? M fumaric acid or of 4 x 10-7 M 
maleic acid produced no inhibition of the mould. 


E. J. MILER 


Research and Development Department, 
Í The Distillers Co., Ltd., 
Epsom, Surrey. 
! Levi, J. D., J. Inst. Brew., 62, 261. (1956). 


1 Fleming, W. R., J. Cell. and Comp. Physiol., 49, 129 (1957). 
7 Rossi, F., Sperimentale, 106, 214 (1956). 


Detection of Uric Acid in the Tissue 
Homogenates of Earthworms 


‘Lusser!, working on Lumbricus agricola and 
Allolobophora foetida, Ackermann and Kutscher? on 
extracts of tissues of earthworms, Delaunay? on 
excreta of earthworms, Heidermanns‘ on tissues of 
Lumbricus, Bahl on excreta of Pheretima, Abdel 
Fattah® on tissue homogenate of Lumbricus, were all 
unable to detect the presence of even traces of uric 
acid in these worms. Only Cohen and Lewis’ found 
that the non-protein nitrogen excreted by Lumbricus 


The’ 
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terrestris was mainly in the form of ammonia together 
with small traces of both urea and uric acid. 

Uric acid is known to be very sparingly soluble m 
water, and it is possible that the previous authors, 
working with water extracts of tissues, have over- 
looked the presence of uric acid. 

As uric acid is readily soluble in lithium hydroxide, 
the following technique was used in the present 
study on Allolobophora caliginosa f. tropezoides. The 
worms were homogenized with water in a Potter— 
Elvehjem® homogenizer, and the homogenate was 
made up to a known volume. Homogenate portions 
were digested in a Kjeldahl apparatus for estimating 
its total nitrogen content, to relate the concentration 
of the homogenate constituents to the total nitrogen 
of the tissues. This was carried out since the fresh 
weight of the worms is not constant, owing to the 
different rates of desiccation of the worms. Another 
homogenate portion was centrifuged and the super- 
natant was tested for uric acid using Brown’s? 
method. The residue was afterwards dissolved in 
1 per cent lithium hydroxide and recentrifuged, and 
the centrifugate was examined again for uric acid. 
Both uric acid values, the water-soluble and the 
lithium hydroxide-soluble, were added together and 
related to the nitrogen content of the tissues of the 
Worms. 

It was found that the uric acid content of the 
tissues of the worms examined was 3°34 mgm. per 
gm.’ tissue nitrogen. Further details will appear 
elsewhere. 

GABER M. Haeeaea 
A. Kaarar EL-DUWEDNI 


Department of Zoology, 
Faculty of Science, 
Cairo University. 
Oct. 18. 
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Electrical Noise from ‘Polarization Cells’ 
and from Human Tissues 


In electromyography, metal electrodes are attached 
to the skin to detect the electrical changes associated 
with the activity of the underlying muscles. It has 
often been stated that a resting muscle is ‘electrically 
silent’. However, if the amplifier noise is reduced 
sufficiently, electrical fluctuations of a, random nature 
with an amplitude of about 5 uV. (peak to peak) are 


observed even when the subject is lying comfortably © 


at rest on a bed!. The first possible explanation that 
comes to mind is that these fluctuations represent 
the random thermal noise of the source, which in this 
case is the skin and muscle tissue in series with the 
electrodes. This suggestion has been tested by 
simultaneous measurements of the impedance between 
the electrodes and the spectrum of the fluctuations. 

Analysis of measurements of the impedance of the 
tissues with the aid of Cole impedance diagrams? 
before and after rubbing away the horny layer of the 
skin confirmed that the skin and underlying tissues 
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could each be represented by a fixed resistance in 
parallel with a ‘polarization cell’ containing a resis- 
tance and capacitance the values of which were 
dependent on frequency. The next problem was, 
therefore, to estimate the noise . produced by a 
‘polarization cell’. This was investigated experi- 
mentally. A stainless-steel concentric needle elec- 
trode, consisting of a hypodermic needle 0:64 mm. 
in diameter with a central wire 0-126 mm. in diameter, 
insulated by “Araldite’ cement, dipped into 1 per cent 
sodium chloride, was chosen as a convenient ‘polariza- 
tion, cell’ the impedance of which was almost entirely 
attributable to the metal-solution interfaces and only 
to a negligible degree to the resistance of the elec- 
trolyte. The impedance was measured at a given 
frequency at a current density of a few m.amp. per 
sq. cm. of electrode area, and the noise generated by 
the cell in a narrow band centred at that frequency 
was determined with the aid of the low-noise amplifier 
and a Muirhead—Pametrada wave analyser. The cell 
was then replaced by its equivalent impedance 
consisting of a resistance in parallel with a condenser, 
and the noise again measured ; this was found to be 
equal within the expected error of the measurements 
(about 4 per cent), to the noise produced by the cell, 
in the range 125-4,000 c./s. At higher frequencies 
the noise produced by the cell was too small to observe 
above amplifier noise. At lower frequencies the cell 
produced more noise than the equivalent impedance. 
This was probably caused by slight movements of the 
needle set up by vibration; the discrepancy was 
reduced, though not eliminated, by fixing the needle 
more rigidly to the vessel containing the solution. 
It was concluded tentatively that the component at 
a given frequency of the noise produced by a ‘polar- 
ization cell’ is equal to the component of the thermal 
noise arising from the equivalent impedance measured 
at that frequency. Incidentally, this confirms an 
observation made by Wien as long ago as 1896 ? that 
the impedance of a metal-electrode system is inde- 
pendent of the current density up to a certain limit 
of a few m.amp. per sq. om. (Above this limit the 
impedance decreases with increasing current density.) 
Indeed, the noise measurement may be regarded as a 
method of determining the impedance at the lowest 
possible current density, that is, the current density 
caused by thermal agitation. 

Since the-frequency-dependent component of the 
tissue impedance may have a physical basis similar 
at any rate in part to a polarization impedance, it 
seemed reasonable to expect that the tissues would 
generate the thermal noise which could be calculated . 
from the values of their measured impedance. In 


fact it was found that the tissue noise was greater 


than this expected value, particularly at low frequen- 
cies. Measurements with surface electrodes 1 cm. in 
diameter before and after rubbing away the horny 
layer of the skin made it possible to show that both 
skin and underlying tissues contributed to the 
‘excess’ fluctuations. Spectra of the excess fluctua- 
tions for three different subjects, for rubbed skin, are 
shown in Fig. 1. Above about 1,000 c./s. the com- 
ponents of the fluctuations were too small to measure 
in the presence of the amplifier noise. Excess 
fluctuations were also found when the needle electrode 
was inserted into a resting muscle. 

It is possible that the excess fluctuations are caused. 
in part by small movements of the electrodes relative 
to the tissues, by fluctuating streaming potentials 
set up by the ebb and flow of blood in the small 
vessels’, by the miniature eénd-plate potentials 


Oe. R. E: č “Tibiatis ateri 


© K.T. Patella. 


| stimulus, and i may be observed in ince in 


10 100 1,000 


Frequency (¢./s8.) 


“Fig. 1. Spectra of the excess fluctuations. detected by silver 
guetion electrodes 1 cm. in apel. placed 5 om, apart on the 
-pites Indicated. The skin was scraped with fine san apaper to 
remove the horny layer, and rubbed with electrode jelly béfore 
the electrodes were attached. The excess fluctuation is the total 
observed fluctuation less the contributions caused by amplifier 
» noise and thermal noise in the tissue. impedance. The ordinate 
represents the square root of the mean s Le ai potential difference ~ 
2 in a band 1,45. 


reported by Fatt and Katz', by the ‘biological noise’ 
reported by Brock, Coombs and. Eecles*, and by 
_ discharges in sensory nerve fibres. ; 
_ they. are found when the electrodes are placed over 


-  non-muscular sites such as the patella suggests that . 
they are not caused by the continuous firing of a few 
- motor units in a muscle. 
relation to the hypothesis that muscular ‘tone’ is _ 
— -caused by just such a background of active contrac: 
tion, persisting in a normal muscle even when resting, - 
and supports the view expressed by Ralston’ that 


this classical concept of tone should be reconsidered. 
ee a. ‘Sigurmcate 
ae Physics Department, 

a Guy’ s Hospital Medical School, 
: ‘London Bridge, S.E. L 


Joseph, J , Nightingale, A. and Williams, P. L.. J. Phial, 127, 617 


‘Cole, Ki 8; J. Gen. Physiol., 12, 20 (1928). See 

‘Wien, M., Ann. Phys. u. Chemie, Neue Folge, 58, 87 (1896). 

“Bul, 
t, P., and Katz, B., J. Physiol., 127, 109 (1952). 
a G. , Coombs, J. Ss. , and Eccles, J. T ade Physiol., 12 E 


ton, H. J., Amer. J. Phys, Med., 86, 8, 4 01957) 


dervan i Control of Cilia in Amphioxu 
(Branchiostoma) 


NE of the clearest cases of the ner 
? was pr ovided by Fedele’ st work 
he- 


m p> as may be abated to boat inter 


tently i in the intact animal, and D. B. Carlisle producing the feeding current in the no 


10,000 


The: fact that: 


This result is of interest in- 


in dissected preparations (as, for exam: 
experiments upon the Enteropneusta), thi 
inevitably involves derangement of the | l 
supply to the ciliary tissue, and it is 
therefore, that the ciliary inhibition 3 ma; 
secondary effect. 

When a small amphioxus is placki in 
of sea-water under a binocular, the latera 
gill bars are clearly visible through the transy 
body-wall. Even in the largest animals so1 
the gill apparatus is visible. When the ar 


_ anesthetized with dilute solutions of- benzar 


hydrochloride, magnesium chloride, or ‘urethane, 
the lateral cilia of the gill bars exhibit metachr 


beat, of the kind discussed by Knight-Jones’. _ 


Isolated parts of the gill apparatus also -sho 
metachronal beat when anwsthetized. = = = 
In the normal animal, which has been. feedi 


< is invariably the case that some parts of the ‘ill 


apparatus do not exhibit metachrony. The cilia of 


-Bome parts of some gill bars or of all of some gill 
bars are either found to be at rest or else feobly 


vibrating non-metachronously.. Upon the additio 


of anesthetic, the parts of the gill apparatus whi 
-aro at rest begin to beat and soon achieve metachr 


In the normal unanesthetized animal, certain. : 


stimuli, for example, the addition of carmine sus- 
- pensions to the water, result in complete or nearly 


complete cessation of ciliary beat. This takes place 


rapidly ; a minute after the carmine particles ha 
centered the atrium, all the cilia are at rest. 
-animal is now placed. in an anesthetic, metachrol 


Tf the 


beat is resumed as soon as anzsthesia has proc 7 
so far that the reflex responses of the buccal e 


E and velar tentacles have been abolished. Add 
of carmine suspensions to anesthetized anima f 
not inhibit the metachronal beat. 


These facts strongly suggest that the late 


3 “ " a 8 ef the gill bars (those chiefly instrumental in ] 
B. B., ‘Physical Biochemistry’, 165 (Wiley, New York, a the fo pp nt) Ais Ge 
. that this control is inhibitory. upon & 


ie metachronal rhythm. at is Anterootiny 


under nervous. eor 


with the feeding process, “the whe 
pharyngeal cilia of the gill bars are 
stop beating under any stimuli Bu 
of carmino particles. 7 we 
It is less easy to observe the: aili o 
intact animal, but in very smal 
achronal beat of the gut cilia « 
oes not appear to alter. when t ae 
ə gill bars are inhibited. — Eo 
Phe significance of the nervous äitee 


the animal is not certainly known, but. 


ies. of oale PATIN occasionally how both: 
) chial apertures Pa with: no {water current : 


a orosumably. ‘at rest. 
7 r the , Enteropneusta p 


that it is related, as Rice*t long ago sug 
intermittent patterns of- activity | i 


mn “feeding periods with periods of rest 
it -beneath the sand, and pointed out thi 


es ee that the animals could i 


o of the cilia ] 








-nervous control of cilia has been suggested, the 
peripheral nervous system is fairly well known ; 
- Dogiel® and Kutchin® have shown that there are many 
-multipolar nerve cells lying upon the gill bars, and 
-under the endostyle; I have shown that it is probable 
that these cells are connected with the central nervous 
system by their own axons’. That metachrony is not 
dat the same parts of the gill bars where it 
st: inhibited, when an animal that has been in 
ne suspension is placed in anwsthesia, does 
ggest that the inhibition can be a local effect, 
‘the dendrite fields of particular neurons. 
letailed account of these observations will be 
published elsewhere with other observations upon the 
ar patterns in the feeding process of amphioxus. 
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_ Neurosecretory Cells in some Cirripedes 


"ms occurrence of neurosecretory cells or their 
products has not hitherto been demonstrated in the 
-o Cirripedia.. By analogy with the situation in many 
other crustaceans the neurosecretory organs of which 
have recently been the object of much investigation, 
control of many of the metabolic processes in the 
Cirripedes might be expected to be under hormonal 
control originating in neurosecretory activities?. 






























tory cells containing abundant granules 
hat stain deeply with the paraldehyde- 


‘about 30-40u largest diameter) and prolific 
ub- and supra-cesophageal ganglia where 
par to be localized in discrete areas. Release 
granules appears to take place both through 
T membrane and by axon transport. It has 
ossible to follow the development of these cells 
16 formation and discharge of the granules. 

, cross-sections of the sub-cesophageal, but 
er ganglion, show discrete paired areas where 





are absent. ; 





examined, Balanus glandula Darwin, B. hesperius 
vidomus Pilsbry, B. nubilis Darwin, B. rostratus 
k and Chthamalus dalli Pilsbry. 
staining granules are found in the major 


uld be related to the season when collected. 





dia would seem to offer a new and profitable 


ap 
sol 









© have recently shown the presence of typical. 


Gabe’s modification? of Gomori’s technique. « Supported by a grant from the Office of Naval Research (Contract: 


licipes polymerus J. B. Sowerby, the cells are No. N#165/142). 


eeply staining granules are concentrated and 
: Little is known of its nature and properties. 
_dissecting the animal? it was noticed that the intensity 
of colour increased, implying that in vivo some of 
_ the pigment is in a colourless, reduced form. Interest 
in the pigment was renewed by the demonstration of- 
-a tissue-pigment with a redox colour change in the 
‘isopod Crustacea’, : 


following operculate barnacles have also been | 


In all these,- 


but the neurosecretory cells are much smaller 
ess well defined than in Pollicipes polymerus ; — 


o investigation of neurosecretion in the Cirri- | 
d l ) graphic procedures. The absorption spectrum of the 
proach to many problems of their physiology and oxidized form, in neutral aqueous medium, shows a 
logy. Further, since most of the species, unlike 1 95 mu. 






Fig. i; 


Photomicrograph 
(green light) taken from transverse section of ganglion showing 
large neurosecretory cell. Paraldehyde-fuchsin stained: note 
large unstained nucleus and numbers of deeply staining granules 
around periphery, in blood spaces and in the axon hillock 


Pollicipes polymerus J, B. Sowerby. 


almost all other crustacean groups, are hermaphrodite 
and yet normally cross-fertilizing, the relation of their 
neurosecretory activities to their reproductive act- 
ivities presents problems of unusual interest, as does 
its relation to the uncommon moulting behaviour. 

A detailed account of this work and the results of 
further related observations will be published else- 


where. 
H. Barnes* 


J. J. Gonor 
The Marine Station, Millport, | 
Scotland, and 


The Friday Harbor Laboratories, 


University of Washington, 
Seattle. 
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= Connective-Tissue Pigment of the Centi- 
7 pede, Lithobius forficatus (L.) 


THE connective-tissue pigment of the centipede 


Lithobius forficatus is violet in colour and occurs ino 


abundant granules in the connective tissue cells!, 
On- 


The pigment cells of the latter- 
are of mesodermal origin, like those of Lithobius. ` 
_ The pigment has been extracted by mild treatmen 
and further purified by precipitation and chromato 







peak around 580 my and a trough around 495 mp. 






















th decrease in wave-length beyon 
bsorption increases, without incident, to a pea 
58 my, probably indicating the presence of nucleic 
cid. There is a shallow trough at 245 my, beyond 
hich point absorption increases sharply. 










tonous increase as wave-length decreases. 

- The colours, and the absorption spectra of oxidized 
and reduced forms in the visible range, resemble 
hose of hemocyanin‘. The resemblance extends also 
O- solubility properties, both being soluble in water 
nd being precipitated at about pH 5-0, the isoelectric 
point of a protein moiety. Phenolic amino-acids 
and arginine are demonstrable in the unhydrolysed 
‘pigment of Lithobius. It also contains about 0-2 per 
cent copper, that is, approximately the same con- 
_ centration as in hemocyanin. 

The pigment therefore may prove to be a ‘eyto- 
| eyanin’, related to hemocyanin as myoglobin and 
_ the cytochromes are related to hemoglobin, Until 
_ yecently no such intracellular copper-pigment was 
_ recognized*. It is now known® that a number of 














~ copper-containing enzymes and pigments are closely 


: — related to hemocyanin in colour and composition, 
and may occur intracellularly. The Lithobius pig- 


2 mont probably differs from these in its high concen- 


__. tration in the body and possibly in acting as a normal 
- oxygen-mediator for the tissues generally, which 


-carry a rich investment of the pigment-tissue. In 


__ vitro it is rapidly and reversibly reduced by chemical 
reducing agents, including ascorbic acid, but it 
_ Yemains oxidized down to very low oxygen tensions. 
It catalyses the oxidation of hydroquinone, though 
mot of tyrosine. It appears to be an active redox 
agent in vivo. 


The pigment differs from hemocyanin in several — 


— essentials. The colour is normally violet, and not 
bluo, and the absorption spectrum in the visible 


range differs in detail. In the ultra-violet range the. 


- spectrum differs considerably, showing peaks at 346: 
and 278 my in hemocyanin‘. The 278-my peak 


5 indicates a higher percentage of protein than in the 


-~ Lithobius pigment, and this is confirmed by the 
estimation of total nitrogen. The pigment is more 
_. Stable than hemocyanin, for example, towards 
‘strong alkali; it is not decolorized by carbon mon- 










destroyed by trichloracetic acid at 95° C. ` Tt with- 
stands boiling for a long period : in this it resembles 


eonish-blue under this condition. 7 
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reduced pigment is pale yellow in colour; in the i 
‘isible range its absorption of li how non- i 
isiblo range its absorption of light shows a mon ‘embryo and pathogenicity for the mouse 


feature of Australian work that recombir 


$ h ; ' double- izi utinin in all eggs was 
oxide or by hydrocyanic acid and is only slowly. double-neutralizing hemagglutinin in all eggs was 
: Between each cyclo of infection the N~M strain. was 
re-isolated from the pooled allantoic fluids of each 
group by two allantoic passages at the limit 


phosphoproteins and, in fact, contains abundant. 
s infectivity in the presence of sufficient anti-N 


nosphorus. Like phosphoproteins it rediasolves on. 
© acid side of its isoelectric point, giving an apricat- 4° ; IDA af NWS vir 
Sacer PE A in of Helix remaing POTUTA to neutralize 104-°1D50 of NWS virus 
Dts Gales as ee  enarared the tho haterogenavus product chic 
oe cas ee in the Dennar:, tious cycle was not passed from one pool. 
iam greatly indebted to colleagues in the Depart- ; Hous eye ea 
ent of Biochemistry for the use of spectrophoto- into the next according to the following se 


-ELD = 2 passages at limiting infectivity in anti-N Ws serum 
NWS = 9-hr. growth cyele in the presence of NWS. 


compared with that of the original N—M’s in ‘th 
gy. oe C., in “Copper Metabolism”, edit. by McElroy, W. D, a dete z ra 
























been inoculated intra-cerebrally with th 
separate heritable characteristics, both of + 
transferable from NWS to MED. It ha 









strains produced by double infection of the 
cavity of the chick embryo are not pathogenic f 
mouse (Fraser, K. B., and Burnet, F, M., unpublished 
work). On the other hand, American work records 
combination forms, produced in the fertile egg, which 
are virulent for the mouse*, but the methods of 












Amorican methods used both the washed and the a 


intact allantois, variable reproductive times up to. 
forty hours and inocula irradiated with ultra-violet. 
The precise source of the most virulent recombinant 

of the MEL type is not described ; but in general, 
transfer of pathogenicity was most effective with 


‘small doses and after long reproductive cycles*. The — 


most likely explanations of the failure of our hybrid 
strains to acquire pathogenicity to the mouse were 
thus the washing out of the allantoic sac or the — 
limiting of reproduction to one cycle. a iene 

In order to investigate the results of 































cerebral inoculation of the mouse, was subjected, in 
the chick allantois, to a series of four separate growth- 
cycles of nine hours duration in the presence of an. 
adequate inoculum of the pathogenic ‘parent’ NWS. 
Groups of three eggs were used and the presence of 


taken as a criterion of successful double infection 


= NM N-M) N 
Po! sip x } Poe! eu x pe QLD x 
| NWS NWS NW 





There were three such series, one for each 
of N--M virus, and a pool of three fluids Was pre 
from each cycle in all series. The mouse pathogenicit: 
of limit dilution fluids from pool 4 of each series was 





























fluids were grown in anti-N Wi 


hows, each fluid from the fo 



























“g/e* (+ 1 sick) 
3/6 (+ 1 sick) 
2/6 (+ 1 sick) 
3/6 (+ 1 sick) 
3/6 (+1 aia 
2/6 (+ 1 sick 





nae fe 







for pop pep 


he wd 








i * Fractions indicate dead/survivors. 






our successive cycles of four days each in 


co and no NWS grew. 
Since N-M strains are pathogenic for the chick 
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: _ Gestational ‘Changes in Connective Tissue 
Sas eee am in the Ewe 


In a previous communication’, various gross 




























anges in the pelvic region of the pregnant ewe 


ures at different gestational stages: 


; bosacral joint, and the pubie sym 


Poo x 





ion was included, the gastrocnemius muscle 
endon of origin of the deep flexor muscle of 
limb being selected for this purpose. In 
ìe connective tissue layers in the different 
he urogenital tract were examined. = — 


standard connective tissue stains, including 
mpregnation method, were used, - Histo- 


techniques were not applicable in this 








largely to fibroblasts and collagen fibres. 

the broad and sacrosciatic ligaments, samples 
en from a total of nine non-pregnant: ewes, 
strus and the others in mid-cycle, 2 a 


different stages throughout gesta 















- geiatie ligaments 
-sacroiliac joint. Similar microscopic difference 
occurred in the connective tissue of the uterus 
cervix and vagina of pregnant and of estrous ewes 


j E | AEEA z ureters, or in the connective tissue of the gastrocne 
pont ne ee ee a oe ne  mius muscle and the tendon of the deep flexor of th 
nd also contamination by NWS virus, the 
Oo N- : ; FYE i z es 
M strains in high dosage, 10™*/D650, wore ‘cularly in intense activity of the fibroblast cells. The- 


Frouse-brain. They failed to become pathogenic to five pronounced changes were soon in the broad 


when first isolated, these results are evidence of at- 


| preparations. 
“tinued progressively throughout pregnancy, were _ 


were described. Studies on pelvic relaxation in this tissues are chiefly those concerned in enlargement of 
ave now been extended to include miero- i | 
xamination of pelvie connective tissue . studies? showed that relaxation of the sacroiliac. 
sia © o: . joints results in potential horizontal movement of 
logical preparations were made of samples. 
broad ligament of the uterus, the sacrosciatic 
ent, the ischiococcygeus muscle and its tendon ` 
gin, the fibrous portion of the sacroiliac joint, 
ymphysis. For . 
n; similar tissue from an area outside the — 
in pregnancy. 


- lished work) have indicated that the sacrosciati 
ligament and the ischiococeygeus muscle are impor 
tant components of the pelvic outlet in the ewe 
‘Changes in the connective tissue of the reproductiv 

















which, do not change, the bony surfaces of th 
: ischiopubie symphysis are united by a single layer ¢ 
“hyaline cartilage, no fibrous tissue being present ; 
the lumbosacral joint, the collagenous annulu 
_lamellosus contains. a sparse distribution of sma 
-pyenotic nuclei with no visible cytoplasm which d 











described. Tho increased flexibility of this j 
which has previously been observed in prognano: 
may thus be an indirect effect due to changes 









aney were observed in the 


of the broad uterine and sacro 
, the ischiococeygous muscle and the 


tissue’. 














gn 











in comparison with non-pregnant animals in thi 
mid-phase of the œstrous cycle. No such changes 
were seen, however, in the pubie symphysis, thi 


lumbosacral joint, the Fallopian tubes, bladder ð 





lower limb. 
These gestational effects revealed themselves parti 












ligament, in which the fibroblast changes were _ 
accompanied by disappearance of fibres staining with _ 
‘collagen’ dyes, such as light green, and the appear- 
ance of argyrophil fibres (Figs. 1 and 2). A consider- _ 
able relative increase in ground substance also 


< occurred, the fibres and cells in sections from falls: 


term ewes being sparsely distributed through the 
matrix, in comparison with preparations from | = 
non-pregnant animals. Similar, although less exten: 
sive, changes occurred in the other affected structures __ 


4 Figs. 3 and 4). 


In connective tissue from non-pregnant ewes, the _ 
fibroblasts consisted. of small dense nuclei, with no _ 
visible cytoplasm (Fig. 5). In the broad and sacro: — 
sciatic ligamonts, for which samples were available __ 
at early gestational stages, changes in the fibroblasts _ 
were apparent by 60 days. The nuclei were now 
oval to round and less dense than in non-pregnant _ 
These nuclear changes, which con- 


associated with increasing amounts of visible cellular 
cytoplasm. At full-term, these cells were large, with 


heavily stained cytoplasm which, especially in the | 


broad ligament, were commonly extended into long | 
pseudopodial processes (Fig. 6). o 

In terms of parturition problems in the ewe, these _ 
observations are significant in that the affected. 


the pelvic canal prior to parturition. Previous 













the sacrum. Gross anatomical dissections (unpub 


















tract are not unexpected in view of its direct rol 








With regard to the structure of the pelvic tissue 

















not closely resemble the fibroblasts of the other tissu 
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Figs. 1 and 2. Broad ligament. o Non-pregnant: collagen fibres only. (2) Pregnant, full-term: many argyrophil fibres, collagen 


scarce. (Silver impre 
Figs. 3 and 4, Sacrosclatic ligament. (8) 


ation with Weigert’s hematoxylin and light green, 
on-pregnant: flattened fibroblast nuclei with no cytoplasm, dense Hel 


x 870) 


fibres, (4) Post-partum ; clear oval fibroblast nuclei with much cytoplasm, loosened collagen fibres. (Weigert’s hematoxylin 


and van Giesen., 
(5) Non-pregnant ; small dense fibroblast nuclei with no cytoplasm. 
oval-round clear fibroblast nuclei, pseudopial cytoplasm. 


Figs. & and 6. Broad ligament. 


_ mental evidence indicating that the changes are due 
_ - to hormone action (see ref, 3 for reviews). 
<0 Mechanical loosening of the sacroiliac joints has 
-been described for these species and for some other 
mammals, including man, in which relaxation of the 
pubic symphysis also occurs, and cattle. No reference 
= can be found to microscopic gestational changes in 
_ the sacroiliac joints of any species, or to other pelvic 
_ -connective tissues which might be of importance in 
parturition. 
. Other investigations concerning hormones and 
_ connective tissue have been concerned chiefly with 
_ disease processes (see ref. 4 for reviow). Relatively 
less attention has been given to the different con- 
nective tissue components in normal variations of 
| <- body processes, such as pregnancy and the cstrous 
zoo eyele, 
<> Thus, in addition to their possible application to 
= obstetrics in ewes and other mammals of social or 
economic importance, the findings from this investi- 
gation are of some interest in connective tissue 
physiology in general. It is well established that the 
fibroblast cells are responsible for the production of 
ollagen fibres and that under proliferative conditions, 
uch as tissue culture and wound healing, the fibres 
are at first argyrophilic, losing this capacity as they 
mature and acquiring instead an affinity for standard 
collagen’ stains. The changes in the broad ligament 
f the pregnant ewe emphasize the fact that in the 
ormal mature animal collagen is not in a static 
state, but under suitable stimulus is capable of 
reversible change, to form argyrophil fibres and 
ice versa. The regional specificity of response 
of the connective tissues suggests a differential 
nsitivity of fibroblast cells to the hormones of 
pregnancy. 
- Further studies are in progress, using histochemical 
as well as histological methods, to determine the 
gestational effects on other connective tissue com- 
ponents, such as the ground-substance and mast 
cells, 
































x 875 l 
; (6) Pregnant, full-term; 


(Weigert’s hematoxylin and van Giesen. x 780) 





These investigations were carried out at the 
Anatomy School, University of Cambridge. A full 
account will be submitted for publication elsewhere. 


EB. G. Base rrr 
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Department of Agriculture, 
Hamilton, New Zealand. 
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Hemoglobins lin Monkeys: SACE 
We recently described' the finding of some 
abnormal hemoglobins in two species of monkeys, 
Work has continued since then, and we wish ti 
report some further abnormal findings. All but one 
Cercocebus albigena were collected within a few mile 
of Epulu in the Belgian Congo. s 
The numbers examined in the different species o 
monkeys can be seen from Table 1. e 
The doubtful specimen of Cercopithecus mona and 
one of Cercocebus albigena are so designated in spite 













Table 1 







Result of paper strip el 








No. | 





Species trophoresis of hamoglobhi 
solutions at pH 8-6 ~ 
Cercopithecus mitis 2 Both normal l 
y ascanius 3 All normal A 
ja MMA 7 8 normal and 1 doubtful- 
i Phoesti l Normal i 
Cercocebus albigena 2 Both abnormal 
l es galeritus 4 AH abnormal 
Papio doguera 1 Normal 






e 









486 


=o Of the actual numbering of the bottles. Because the 
hemoglobin actually labelled as C. mona behaves 
exactly like seventeen other Cercocebus albigena 
samples we have assumed that the numbers were 
inverted in the field. Both animals were shot on 
_ the same day. 
Cercopithecus mona. One specimen (7.6) gave a 
blurred pattern and appeared to have a forward 
_ component running slightly faster than the normal. 
- This blood. was in poor condition when it arrived in 
_ the laboratory and contained quite an amount of 
methemoglobin. However, since methemoglobin 


: usually causes slowing of a specimen at pH 8-6, it 


seems probable that this specimen does contain a 
< fast-running component. Its true position on electro- 
S phoresis remains uncertain. Fig. 1 shows T.6 in 
comparison with a normal blood. 

Jercocebus galeritus. All four specimens from this 
3 (which included a mother and son) were 
ical in pattern. The hæmoglobin separated into 








































aller of the two and lay just behind the normal 
‘the same place as the abnormal hamo- 
ercocebus albigena. The slower component 





globin S or D. Fig. 2 shows a sample of 
emoglobin. from Cercocebus galeritus (T.12) running 


‘blood on the right. 
cocebus albigena. Both specimens were abnor- 
d showed exactly the same pattern as the 


escribed!, Since our earlier communication was 
"itten, a sample of Cercocebus albigena has been sent 
Dr. H. Lehmann. 





an S.P. 


4 8-6 


seven ean gf toe ha wore dotermined i in 2-58 M 


distinct components. The faster component was _ 


ny horniones’. 
been known as an organ of internal secretion neces- 
sary for the normal development of eggs in many 
insects ; in some species it also influences the secretion ` 
‘from accessory sex glands. The medial groups of: 
neurosecretory cells in the brain have been demon- 
_ strated to have a hormonal influence on egg develop- 
ment in the fly Calliphora*, a 


larger of the two and lay just behind human 


: human sickle-cell trait on the left and a | 


allatum is an unpaired organ.situated closely behind- 
‘the corpora cardiaca and the hypocerebral ganglion. — 
This organ complex, which is intimately associated 
with the walls of aorta, has nervous connexions with. 
_ the. pars intercerebralis region of the brain, the 
--guboesophageal ganglion, the stomodæal nervou 
“system, and probably the tritocerebrum, 
_ corporis cardiaci I originate from two groups, each 
-consisting of five neurosecretory cells, close to the 
-median line in the pars intercerebralis region of the 
~~ brain. 
< dark purple with the aldehyde-fuchsin technique, are 
_. visible in the living adult, and are distinct. from. BS 
_ types of neurosecretory cells in the 1 brain, | o 


z ‘specimens from this species previously 


He reports that on paper — 


phosphate buffer ; they were 2-60, 2-66, 2-72, 1-63, 
2-23, 2-84, 2-32 gm./litre. The hæmoglobin solubili- — 
ties of six Cercopithecus ascanius were: 2-65, 2-23, 
2-76, 2-07, 1-51, 2-09 gm./litre.. It seems that the- 
slow-moving hemoglobin of Cercocebus albigena does 
not differ appreciably in solubility from the normal- 
moving hemoglobin of Cercopithecus ascantus. a 

The small size of the sample of Cercocebus galeritus. 
does not give enough information to decide whether ` 
the two electrophoretic components are the effect 
of alleles or or fixation of genes at one or more 


loci. The second condition has not been observed 
in man. If the first is the case, both alleles are- 


probably of high frequency in the population. All. 
four specimens were part of the same group and. 
were collected on the same day. The collection of © 
more animals of this species would be of great interest. 

If it should prove possible to cross-breed these two — 
species of mangabeys, more evidence on the genetic — 


control of their hemoglobins could be accumulated.” 


Zuckerman? has reported numerous examples of 


viable hybrids of different species, and even genera, 


from the records of zoological gardens. At present: . 
the chromosomal complements of both species are. 
being studied to assess their suitability for hybrid- 
ization experiments. 
This study was assisted by a grant from the Wenner—. . 
Gren Foundation for Anthropological Research. : 
G. FE. Jacon 
Medical Laboratory, 
Uganda. 
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Hormonal Regulation of Reproduction in > 
the Milkweed Bug, Oncopeltus Jasciatus ae 
(Dallas) 


REPRODUCTIVE processes in insect; are Sonipeslied | 
The corpus allatum has for some time 












Inthe milkweed bug, Oncopeltus fasciatus, the dome 








The nery 


These cells, the so-called A cells*, which stay, i 






of the A | cells was tr tried in 14 
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Jess than 1 hr.—2 days, and in 59 males, adult age 
2—12 hr. The operated animals were kept separately 
at about 30°C. Of the operated females 48 survived 
and were killed at intervals of 10-146 days after 
the operation. 18 males survived and were examined 
at intervals from 10-80 days after the operation. 43 of 
the surviving females produced mature eggs, and in 
the males the reproductive organs looked normal. 
Thus the extirpation of these cells, when performed 
in young adults, does not prevent egg development, a 
result which is supported by similar experiments in 
phasmids‘. Quantitative differences, namely, a 
reduction in the number of eggs produced, were 
observed in females deprived of the A cells as com- 
pared with normal animals or with operated controls. 
In females with a complete removal of the A cells, 
corpus allatum was usually of subnormal size. As in 
Calliphora*, the neurosecretory cells in the brain seem 
to activate the corpus allatum. 

In females allatectomized during the first day of 
adult life, normal egg development did not take place, 
and secretory material was not visible in the oviducts. 
Implantation of one corpus allatum taken from a 
sexually mature donor induced egg development in 
allatectomized individuals. Thus the corpus allatum 
seems to be necessary for normal egg development 
and oviducal secretion in Oncopeltus. The reproduc- 
tive organs of allatectomized males had a normal 
appearance. 

Starvation usually prevents egg development in 
Oncopeltus. This is due to an insufficiency of corpus 
allatum in starved individuals. Implantation of one 
corpus allatum taken from a sexually mature donor 
induces egg development in animals deprived of food’. 

The regulatory function of the corpus allatum in 
starved females was studied in a series of experiments 
performed on animals during the first day of adult life. 
The operated specimens were given only water and 
were examined 10 days later. Implantation of one 
corpora cardiaca—corpus allatum complex taken from 
a newly emerged female induced egg development in 
10 out of 20 surviving specimens. The results 
obtained after implantation of a complex consisting 
of brain, subcesophageal ganglion, and corpora 
cardiaca—corpus allatum from a newly emerged 
specimen depended upon the innervation of the 
corpora cardiaca-corpus allatum complex in thé 
implant. If the connexions between this complex 
and the head ganglia were severed before implanta- 
tion, 16 out of 28 specimens produced eggs, whereas 
this happened in only 4 out of 24 females which 
received implants where the nerves were left intact. 
Other experiments where the starved female had its 
own corpus allatum denervated also resulted in a 
stimulation of egg development. Thus in starved 
female Oncopeltus the corpus allatum seems to be 
inhibited by its nervous connexions to the brain. 

It has been emphasized that the corpus allatum is 
not an autonomous organ, but that its activity is 
under the control of the central nervous system*®. The 
present report indicates that in Oncopeltus this holds 
for both fed and starved females. 


A. S. JOHANSSON 
Zoological Laboratory, 
University of Oslo. 
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š Johansson, A. S., Nature, 174, 89 (1954). 
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Laboratory Variations in Mortality of the 


‘Mosquito, Culex fatigans Wied., exposed to 


DDT 


IT is & common experience that in the same 
laboratory the susceptibility of test insects to inseeti- 
cides varies from one occasion to another, but few 
attempts appear to have been made to study the 
causative factors in detail. In these laboratories, 
we have investigated the variation in the suscep- 
tibility of Culex fatigans Wied. to DDT since Septem- 
ber 1949. In view of. the recent communication of 
Burnett! describing the influence of atmospheric 
humidity on the mortality-rate of mosquitoes exposed 
to certain residual insecticides, our results may be 
of interest. 

Our experiments were carried out with the insects 
drawn from a colony which was established from a 
single egg raft on September 17, 1945 ?. The breeding 
of insects as well as the assay of toxicity were carried 
out in a partially conditioned room in which, while 
the variations in temperature and humidity during 
any one day or succeeding days were not appreciable, 
they varied particularly in respect of humidity in the 
different months or seasons of the year. Over a 
period of séven years ending September 1956, the 
temperature and relative humidity ranged between 
80° and 90° F. and 48 and 92 per cent respectively. 
Female mosquitoes 40 + 5 hr. old were exposed at 
fortnightly intervals to filter papers impregnated . 
with solutions of pure pp’-DDT in liquid paraffin in 
varying concentrations. The contact period was 1 hr., 
and observations on mortality were recorded 24 hr. 
afterwards. The mortality of mosquitoes in the 
control sets was nil. In Fig. 1 are presented the 
values: of LD50 and of relative humidity and tem- 
perature on the days of assessment. For comparison 
with Burnett’s results!, the rainfall also has been 
indicated. i 

The results show that while such variations in 
temperature as there have been cannot account for 
the rise and fall in the values of DD50, relative 
humidity has & positive role. With higher humidities, 
particularly during the period of August—October in 
any year, greater values of LD50 are registered. With 
lower humidities during November—February the 
In this connexion, 
the results obtained by Barlow and Hadaway® are 
of interest. 

In order to provide confirmatory proof of the role 
of humidity in influencing the mortality, two experi- 
ments were conducted at the same temperature, 
29 + 1° C., but at two different controlled levels of 
humidity: 49 + 6 per cent and 88 + 4 per cent. 
Pups of C. fatigans drawn from the laboratory culture 
were placed in the respective humidity cabinets, and 
on emergence the adults (40 +65 hr. old) were 
exposed. to the filter papers impregnated with vary- 
ing concentrations of pp’-DDT. Dosage—mortality 
relationship is shown in Fig. 2. It will be seen that 
humidity bears an inverse relation to the mortality 
affected. 

The work of Burnett! and the earlier work of 
Bordas and Navarrot have shown that with dieldrin 
and BHC the susceptibility of certain species of 
Anopheles is enhanced by an increase in relative 
humidity. The results described above with DDT 
using C. fatigans show a reverse trend. The difference 
can perhaps be tinderstood on the basis of two 
competing influences coming into operation. One of 
these is connected with the availability of the insec- * 
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Fig. 1. anor tory variations in mortality of the mosquito Culex fatigans Wied. exposed to DDT at fortnightly intervals. 


A, LD50 mgm./ft.?; B, temperature (° F.); C, relative 
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Fig. 2. a toxicity. of pp’-DDT in liquid parafin to Culex 
Jatgans W ied. A, 29°C. + 1° and 49 +68 per cent relative 
umidity; B, 29°C, + 1° and 88°+ 4 per cent relative humidity 


ticide on the surface treated, and the other is the 
variation in susceptibility of the test insect on 
account of the humidity of the environment. 
appears that in Burnett’s field trials! the former of 
the two factors takes a predominant role whereas in 
` the experiments now reported the second factor takes 
the lead. Further work is in progress. 

We thank Mr. Ali Ausat for technical assistance, 
and we are indebted to Dr: T. S. Subramanian, 
former chief superintendent of these laboratories, 
for interest in the work. 


T. Kosar 
S5. K. RANGANATHAN 


Technical Development 
Establishment Laboratories, 
Kanpur. - 
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Reversibility of the 
Red - Far-red Reaction by Irradiation 
at Different Sites 


SINCE the discovery that red light promotes anc 
far-red light inhibits the germination of lettuce 
seeds}? this reversible photoreaction has been studiec 
in details and has been found to be identical witk 
that involved in controlling flowering and other 
biological processes. Because of the widespread 
occurrence and importance of this reaction, a detailed 
understanding of its mechanism is of the utmost 
importance, and attempts to explain it have been 
made by a number of workers. Most recently, the 
available knowledge has been summed up by Hend. 
ricks in a formula of general terms’. The form in 
which this process is usually stated makes it appear 
that the same pigment molecules which, for example, 
have been brought to the far-red absorbing form by 
red radiation are directly reversed to their former 
state by the absorption of far-red light. 

In all the experiments upon which this type of 
explanation is based, red and’ infra-red light were 
always given on the same side of the seeds. In order 
to discover whether an illumination active in reversing 
@ previous light effect has to be applied at the same 
site or not, a simple experiment was. carried out, 


. that is, the seeds were turned over between the two 


kinds of illumination. 50-100 lettuce seeds were laid 
out in rows on dry filter paper and 2-5 c.c. water 
added. The seeds were allowed to imbibe for two 
hours in the dark at 25° C. and were then exposed 
to red light (‘Sylvania’ red fluorescent tube wrapped 
in red ‘Cellophane’) for various periods between 5 sec. 
and 10 min., the light intensity being about 19 kilo- 
erg./cm. 2/min. Immediately after the light treat- 
ment, the seeds were turned over with a tapered 
blunt spatula under a’weak green safelight (‘Sylvania’ 
green fluorescent wrapped in yellow and green 
‘Cellophane’), while control lots were exposed to the 
same intensity of green light, but not turned over. 
Between 1:5 and 2:5 min. are required to turn over 
50-100 seeds. Both the ‘inverted’ seeds and the 
controls received various amounts of far-red radiation 
(incandescent illumination filtered through blue and 
red “Cellophane’) 10 min. -after the light treatment. 
Other controls were inverted, but not given subse- 
quent far-red illumination. 
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Fig. 1. Germination percentage of lettuce seeds after irradiation 
with red light, followed by far-red. (1, Red-light treatment given 
for 60 sec.; ©, for 80 sec.; A,for5 seo. Closed symbols: seeds 
received red irradiation on one side and far-red on the other. 

Open symbols: both light treatments given to same side . 
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Fig. 2. Germination percentage of lettuce seeds after irradiation 
with far-red light for 1 min., followed by treatment with red light. 
Open and closed symbols as in Fig. 1 


Fig. 1 shows that far-red radiation depresses the red 
light effect as well as, or even somewhat better, when 
applied on the reverse side of the seed than when 
given to the same side which had received the red 
light. The same is true for the reverse sequence of 
light irradiation, as can be seen from Fig. 2. 

It is highly improbable that the seeds received the 
same amount of any irradiation on both sides owing 
to the optical properties of the wet filter paper. 
Neither can penetration of the light through the seed 
itself make this possible. When penetration of light 
through whole or bisected seeds was measured by 
photographing them on spectroscopic plates with the 
same light source as used in the experiments, it was 
found that at least 90 per cent of the incident light 
was absorbed by the seed halves. 

The findings permit a number of interpretations : 
for example, the photoreceptor and/or photoproducts 
may diffuse rapidly after illumination throughout 
the seed. Another conclusion may be that although 
the photoreceptor molecules on one side of the seeds 
remain in the state determined by the first irradiation, 
illumination in a different site, that is, involving 
different photoreceptor molecules, will bring about 
reversal of the effect caused by the first illumination. 

Further experiments, including the use of colli- 
mated light sources and irradiation with red as well 
as far-red light on both sides of the seed, will be 
carried out to gain more information on the system 
involved. 

This investigation was part of the research carried 
out by one of us (S. K.) under the Atypical Growth 
Grant (INSTR 47H-962) to Dr. A. W. Galston, to 
whom our thanks for his interest and advice. are 


NATURE 


180 see. - 


201 


due. The work of J. W. P. was supported by the 
John A. Hartford Foundation. 
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Effect of Transmitted Ribonucleic Acid - 
from Healthy Pear Trees upon the 
Synthesis and Composition of 
Protein 


QUITE recently it has been shown that ribo- 
nucleic acid, derived from tobacco mosaic virus, is 
infectious!.*, that is, when inoculated into plants it 
induces typical metabolic changes. 

In a previous paper the effect of uracil upon the 
synthesis of ribonucleic acid and the importance of 
the acid for protein synthesis in fruit trees was 
demonstrated’. The question now arises whether 
the effect of ribonucleic acid upon protein synthesis 
occurs im situ only, or whether it is possible, con- 
sidering the above reports, to induce this effect in 
other trees by transmitting ribonucleic acid from one 
tree to another. This problem was investigated by 
testing ribonucleic acid derived from trees in a 
certain physiological condition upon those in & 
different physiological condition. 

It is well known that pear trees grafted on pear 
seedlings differentiate flower buds much later than 
do those grafted on quince. Thus, though both types 
of trees are of the same age, they are in different 
physiological stages. This provides a situation 
suitable for the above tests. 

Leaves were collected in May at the time of natural 
flower-bud differentiation from bearing pear trees 
(grafted on quince), and the pH. quickly determined. 
For the extraction of ribonucleic acid, the leaves were 
minced in a Waring blendor for 1 min. ; ‘sufficient 
ice-cold water was added to produce a crude mash 
which was adjusted to the previously determined 
pH of the leaves. The minced material was washed 
several times with ice-cold 0:1 N sodium chloride 
and then with a 3/1 mixture of cold ethanol/ether. 
After separation of the organic solvent phase the 
material was transferred to twice its volume of ice-cold 
0-4 N sodium chloride containing 0:5 per cent sodium 
dodecyl sulphate, and the whole adjusted to pH 7:5. 
The suspension, frequently shaken, was then kept 
for 6 hr. at 4°C. The aqueous fraction was separated, 
and the extraction procedure was repeated once more. 
The aqueous fractions from both. extractions were 
combined and ammonium sulphate added to 0-4 
saturation. The protein precipitate was separated 
and the supernatant was now shaken with an equal 
volume of ice-cold water-saturated phenol. The 
aqueous phase containing ribonucleic’ acid was 
decanted and the phenol was extracted with ether? *. 
The refrigerated solution was adjusted to pH 6-3, 
and the acid was precipitated by saturation with 
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sodium chloride. After separation the ribonucleic 
acid was dissolved in a pH 6 acetate buffer; the 
resulting ribonucleic acid—buffer solution was then 
applied to the non-bearing ‘acceptor’ (pear on pear) 
trees. The aqueous solution of ribonucleic acid was 
light yellowish, and Folin’s phenol reagent* gave no 
indication of the presence of proteins. 

The leaves of selected branches of the acceptor 
trees were first treated with ‘Carborundum’, and fhen 
immersed in the solution of ribonucleic acid, followed 
by gentle brushing of the leaf surface. This procedure 
was performed on two branches and repeated five 
times. Three weeks after the treatments leaves from 
bearing and non-bearing-trees were collected. The 
dried leaves were then analysed for alcohol-soluble 
and -insoluble nitrogen fractions and amino-acid 
composition®. Table 1 summarizes the effect of the 
extracted and transmitted ribonucleic acid upon the 
soluble and insoluble nitrogen fractions of the 


acceptor. 
i] 
Table 1. THE EFFECT OF RIBONUCLHIC ACID FROM BEARING PEHAR- 


TREES UPON THE TOTAL: ‘SOLUBLE’ AND ‘INSOLUBLE’ NITROGEN OF 
NON-BEARING PRAR TREES 


Total 


nitrogen | Soluble nitrogen 


Dry Total 
matter nitrogen nitrogen 
(per cent)|(per cent)|(per cent)|(per cent)/(per cent) 


1:75 90 ‘0 
1:57 89:0 


2°17 
1-60 


Insoluble nitrogen 


Treatment 


Control* 
Controlt 
Ribonucleic 
acidt 
Ribonucleic 
acid v s 


Standard 
error 





” 


* Leaves of untreated bearing (pear on quince) trees. 
Leaves of untreated non-bearing (pear on quince) trees. 
Leaves of non-bearing trees treated with ribonucleic acid from 


bearing trees. 
§ Leaves of non-boariig trees treated with degraded ribonucleic 
acid (the acid was boiled with 0:5 N potassium hydroxide before 


transmittance). 


It is seen from Table 1 that the transmitted ribo- 
nucleic acid markedly effects the metabolism of 
nitrogen in the acceptor tissue. The absorption of 
total nitrogen into the leaves was considerably 
increased; the total level of protein was increased, 
as well as its percentage of total nitrogen. 

In order to establish whether the latter effects were 
the results of the biological activity of the applied 
ribonucleic acid, the acid was inactivated before 
application. Part of the extracted ribonucleic acid 
solution was boiled for 5 min. with 0-5 N potassium 
hydroxide. The pH was adjusted as outlined pre- 
viously, and the solution was applied to the acceptor 
trees in exactly the same manner as the unboiled 
solution of ribonucleic acid. As seen from Table 1 
the boiling of ribonucleic acid annuls its effect 
completely. It has been shown? that uracil induces 
the synthesis of protein when the ratio of uracil to 
guanine is increased. The addition of inactivated 
ribonucleic acid supplies uracil to the leaves but does 
not change the ratio of uracil to guanine and possibly 
therefore no protein synthesis was induced. Hence 
it is probable that a specific configuration of the intact 
ribonucleic acid is necessary to induce protein 
synthesis in the acceptor tree after transmission. 

In a previous communication’ it was shown that 
uracil affects, via ribonucleic acid, the amino-acid com- 
position of the leaves. This was now also found true 
for transmitted ribonucleic acid as shown in Table 2. 
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Table 2. THE EFFEOT OF TRANSMITTED RIBONUOLEIO ACID UPON THE 
COMPOSITION OF THE LEAF PROTEIN OF NON-BEARING PHAR TREES 


ugm. nitrogen per dry Nitrogen as per cent of 
matter total nitrogen 
Amino-acid ——— | 
Ribonucleic | Control* 
acid 


1,382 10 
3,073 "25 
3,466 05 


Control* 


Alanine 
Arginine 
Aspartic acid 
Cystine 
Glutamic acid 
Glycine 
Histidine 
isoLeucine 
Kynurenine 
Leucine 
Lysine 
norLeucine 
Phenylalanine 
Proline 
Threonine 
Tryptophan 
Tyrosine 
Valine 
Unidentified 


1,28310 


Nr 
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| 
| 
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PORUIDIODOAAIGOS 





* Leaves from non-bearing (pear on pear) trees. 
t Leaves from non-bearing trees which were treated with ribonucleic 
acid from bearing trees. 


The values obtained for the amounts of the different 
amino-acids making up the leaf protein are greatly 
affected by the treatment. Especially the amount of 
isoleucine, of which only traces were found in the 
untreated leaves, was increased due to ribonucleic 
acid. Of special interest is the appearance of nor- 
leucine and a, quinoline derivative—kynurenine—which 
in certain animals is an oxidative product of n-trypto- 
phan5-? and a precursor of nicotinic acid in plants®. 
The significance of the appearance of kynurenine will 
be discussed in a separate paper. 

The above results demonstrated the possibility of 
transmitting ribonucleic acid in its ‘native’ state from 
one tree to another; the transmitted acid then 
causes certain changes in the synthetic activity of the 
acceptor tree. Hence one might consider whether 
there are not certain similarities between the effect 
of normal and viral ribonucleic acid, the ‘normal’ and 
‘abnormal’ activities of a plant being often only a 
matter of degree. 

B. KESSLER 
Division of Horticulture, 
Agricultural Research Station, 
Rehovot, Israel. 
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Planting Distance and Number of Seedlings 
in Rice Cultivation 


For early paddy a planting distance! of 6 in. x 6in. 
using six seedlings? at each spot has been recom- 
mended. But this narrow row-spacing limits the use 
of interculture implements like rotary weeders, 
thereby affecting the economy of paddy cultivation. 
In order to find out if the row spacing could be 
increased without a detrimental effect on yield, and 
also to determine the corresponding number of 
seedlings to be planted at each spot, a field experiment 
was designed with rice variety N22, planted at 
6 in. x 6 in., 8 in. x 44 in. and 12 in. x 3 ju., using 
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Table 1. ANALYSIS OF VARIANOR 


Variance for 
grain yield | straw yield 


760 °3* 
8-1 


Degrees of 
freedom 


3 
2 
6 91-9 
2 286 
4 281 -9F 
8 81-5 


1 





* Significant at 5 per cent level 
t Significant at 1 per cent level 
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‘Lomco’ agar in an atmosphere of 90 per cent hydrogen 
and 10 per cent carbon dioxide at 39° C. and was first 
isolated in association with an anserogenic rumen 
strain of Proteus. When grown in pure culture, 
F. nigrescens died out after giving rise to various 
atypical forms, for example, where growth occurred 
at isolated points on the plate; maximum growth 
did not coincide with points of maximum inoculation, 
or where growth occurred in the form of minute 
colourless colonies. Other workers? have remarked 
on the variability in growth of this organism. When 


Table 2, Pappy YIELD (02.) PER PLOT 


No. of 
seedlings 








Grain 
Planting 
distance 2 4 6 
6in. x 6in. 43-25 44-50 65:00 
Sin, x 4g in. 45 -25 63°26 39°50 
12in. x 3 in. 55-00 44-00 40°25 
Mean 47:83 47-25 44-02 


i e Ů—————ĖŮŮĂ. a o e SS | e 





Straw 
Mean 2 4 6 Mean 
47-58 121-0 124-0 151-0 130-3 
46-00 125:0 190-0 1010 138-8 
45°42 164-0 118-0 99:0 1238 °7 
46°67 131:7 144-0 117-0 130-9 


Least significant difference for interaction : Grain, 8-20; straw, 14°26 


two, four and six seedlings. The nine treatment- 
combinations were replicated four times in split plot 
design, with an ultimate plot-size of 6 ft. x 9 ft. 
Crop was harvested on October 6, 1956, ten weeks 
after transplanting. Results of analysis of variance 
of yield and of grain and straw yields are represented 
in Tables 1 and 2 respectively. 

Only interactions were found to be significant. 
From a comparison of italic figures- in Table 2, 
it is evident that distance between rows can be 
increased without a deleterious effect on the yield of 
rain-fed early rice by a corresponding decrease in the 
number of seedlings planted at each spot—thereby 
also deriving benefit of a much lower seed-rate. In 
other words, at a given area for a clump of rice 
plants, the optimum number of seedlings planted at 
each spot is a function of, and directly proportional 
to, the shorter side of planting distance. 


N. K. Jam 
Agronomy Laboratory, 
College of Agriculture, 
Banaras Hindu University, 
Banaras-5. 
Sept. 24. 
1 Indian Council of Agricultural Research, Annual Report, 1953-54. 


2 Ganguly, P. M., and Choudhuri, 8. D., Assam Agric. Dept., Paddy 
Series, Bull. No. 4 (1948). 


Apparent Requirement for Vitamin K 
of Rumen Strains of Fusiformis nigrescens 


AN organism producing coal-black colonies on 
blood agar has been isolated in numbers of 10*-°/gm. 
from the rumen contents of six cows fed on kale, 
hay and concentrates or grass diets and from the 
rumens of two abbatoir-killed cows. It may therefore 
be a normal component of the flora of the bovine 
rumen.’ 

The organism is a Gram-negative cocco-bacillus 
and a strict anaerobe, producing a black pigment 
and a foul odour from blood. The cells measure 
about 0-4 x 0-3-0-2p, occurring singly or in pairs. 
Longer forms and chain formation were found at 
minimum concentrations of menaphthone. 
characteristics suggest its identity with Fusiformis 
nigrescens'. It was grown on 10 per cent horse blood 
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Proteus was inoculated into blood plates showing 
atypical growth, or plates inoculated with F. nigres- 
cens which did not show growth after incubation for 
one week, good growth of F'. nigrescens with typical 
colony formation developed on further incubation ; 
control atypical plates remained the same. 

Attempts were made to determine the growth- 
promoting factor. Filtrates of Proteus grown under 
aerobic and anaerobic conditions were added to blood 
plates, but no consistent stimulation was obtained. 
Attempts to remove a possible growth-inhibiting 
substance in the medium by the addition of 0-1 per 
cent soluble starch, 0-03 per cent ethylene: diamine 
tetra-acotic acid and urease were without effect. 
Chocolate agar and laked blood? also failed to 
influence the growth of the organism. 

This difficulty in cultivating F. nigrescens is 
analogous in a number of ways to that existing in the 
culture of Mycobacterium johnei without M. phlei. 
The growth of certain strains of M. johnei is enhanced 
by the addition of vitamin K to the medium*. An 
autoclaved suspension of menaphthone in water was 
therefore added to a blood ‘Lemco’ agar plate to give 
a final concentration of 5y/ml. Good growth was 
obtained after six days incubation and F'. nigrescens 
has been subcultured serially on this medium. More- 
over, menaphthone was able to revive atypically 
growing cultures in the same manner as Proteus. In 
liquid medium dense growth was obtained after three 
days incubation in 1 per cent blood ‘Lemco’ broth +. 
15y/ml. menaphthone and also at ranges of menaph- 
thone and menaphthone sodium bisulphite of 0:25- 
25y/ml. after three days. No growth or very poor 
growth was obtained in ‘Lemco’ blood broth alone, 
and no growth was obtained in ‘Lemco’ broth con- 
taining a range of menaphthone concentrations. 

Preliminary experiments suggest that this require- 
ment for vitamin K by rumen strains of F'. nigrescens 
is specific, and the inhibition of the growth of F. 
nigrescens by the natural antagonist of vitamin K, 
dicoumarin, is competitive. Thus, inhibition occurred 
when the amount of dicoumarin was equal to the 
amount of menaphthone added at a level of 0-25y/ml., 
and 1-5 times the amount of menaphthone when the 
latter was added at 25y/ml.; that is, approximately 
equal proportions of dicoumarin/menaphthone result 
in inhibition at both levels. 
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Many organisms, including Proteus, are known to 
synthesize vitamins of the K group, and synthesis 
by rumen micro-organisms supplies the requirements 
of the cow for this vitamins. These preliminary 
experiments give an example of vitamin interdepen- 
dence among micro-organisms in the rumen. A more 
detailed study of the nutrition of F. nigrescens and 
experiments to develop a microbiological assay 
technique for vitamin K with this organism are in 
progress. 
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Importance of Photoperiod and Tempera- 
ture in inducing Diapause in the 
European Corn Borer, Pyrausta nubilalis 
(Hbn.) 


Tas European corn borer was first found in 
Ontario in 19201 and, until recently, was primarily a 
single-generation species, producing one larval brood 
each summer and overwintering in diapause in the 
final larval instar.: Beginning about 1941, a marked 
change in the seasonal history of the corn borer 
occurred. The numbers of larve completing develop- 
ment without diapause and giving rise to second- 
generation larve increased until it now constitutes a 
substantial part of the total borer population®. As 
one approach to an understanding of this divergence 
in seasonal history, we initiated a study on factors 
in diapause in the corn borer, including environment. 

Lhe larve used in this study were obtained from a 
laboratory culture of borers that were multivoltine 
at normal rearing temperatures. All larve in the 
culture were reared individually in one-dram shell 
vials containing a modification of Beck’s® diet. Eight 
successive generations have been reared at 85° F. 
and approximately 70 per cent relative humidity 
without interruption by diapause and with no 
apparent reduction in vigour. 

In an initial experiment, groups of newly hatched 
borers were reared at 45°, 55°, 65°, 75° or 85° F. to 
determine the effect of temperature on larval develop- 
ment and on the occurrence of diapause. The borers 
reared at 45° and 55° F. died in the second instar ; 
those reared at 75° and 85° F. developed normally 
and pupated, whereas those reared at 65° F. entered 
a diapause. These results indicate that diapause in 
laboratory-reared borers can be induced by con- 
trolling the larval rearing temperature. An experi- 
ment in which larve in each of the five instars were 
reared at 65° F. for one instar and at 85° F. for the 
remaining instars showed that the low-temperature 
treatment is relatively ineffective in inducing diapause 
unless the treatment occurs in the fifth instar. 
Furthermore, fewer borers enter diapause if the larvæ 
have been more than one day in the fifth instar at 
the beginning of the low-temperature treatment. 

In the foregoing experiments a photoperiod of 
8°5 hr. light per day was used. Failure to induce 
diapause in comparable numbers of larve under 
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Table 1, INFLUENCE OF PHOTOPERIOD, AT 65° F., ON INDUCTION OF 
DIAPAUSE IN THE EUROPEAN CORN BORER, Pyrausta nubilalis (HBN.) 


Survivors enter- 
ing diapause 
(per cent) 


Hr. light 
per day 


Initial No. 


Percentage 
of larve 


mortality 
48 
10 
12 
2 
7 
22, 


0 
0 
4 
8 
8° 
9: 
9: 


Mmana 





continuous illumination at 65° F. turned our attention 
to the possible role of photoperiod in diapause 
induction. Groups of larva reared to the end of the 
fourth instar at 85° F. and constant light were 
transferred to 65° F., and a photoperiod of 0, 4, 8, 
16, 20 or 24 hr. light per day until they had either 
pupated or entered diapause. The results of this 
experiment are compared with data for photoperiods 
of 8-5 and 9-5 hr. light per day, and are summarized 
in Table 1. The number of borers entering diapause 
at 65° F. increased with increasing light periods up 
to 9-5 hr. light per day ; photoperiods of 16—24 hr. 
light per day were relatively ineffective. A similar 
experiment at 75° F., in which light periods of 0, 8, 
16 and 24 hr. light per day were tested, induced 
diapause in no larve. 

The stock used in these experiments, though 
roultivoltine at normal rearing temperatures, thus 
has a facultative diapause. Furthermore, it is clear 
that temperature and photoperiod are factors of 
importance in the initiation of diapause in the borer. 


J. A. MUTCHMOR 


Entomology Laboratory, 
Canada Department of Agriculture, 
Chatham, Ontario. 
W. E. BEOKEL 


Department of Zoology, 
University of Toronto, 
Toronto, Ontario. 
Sept. 3. 
1 Stirrett, G. M., Sci. Agric., 18, 355 (1938). 
? Wressell, H. B., Ann. Rep. Ent. Soc. Ontario, 83, 43 (1953). 


* Beck, S. D., Lilly, J. H., and Stauffer, J. F., Ann, Ent. Soc. Amer., 
42, 483 (1949). 


Blackhead Toppling Disease of Bananas 


BLACKHEAD disease of bananas was described by 
Ashby! as occurring in Jamaica in 1915 and being 
caused by a nematode, identified by Cobb! as Tylen- 
chus similis Cobb, now renamed Radopholus similis. 
It was not sufficiently serious on the Gros Michel 
variety in 1942 to be listed by Martyn? among the 
banana diseases of Jamaica. 

Ever since Panama disease necessitated the replace- 
ment of the Gros Michel banana by a resistant variety 
in Jamaica, Lacatan bananas have been grown more 
and more extensively there, notably since the 1951 
hurricane. Lacatan bananas have, however, recently 
been found highly susceptible to the old blackhead 
disease. This has been well demonstrated where an 
experimental acre plot of Gros Michel bananas on 
one estate is practically free of the disease whereas 
the Lacatan bananas of the same age, in the same 
field, are riddled with it. 
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The presence of blackhead disease has only been 
realized since high winds have uprooted a large 
number of banana plants without causing ‘breakneck’ 
of the pseudostems. Investigations have shown that 
the roots of such plants have been so extensively 
invaded by Radopholus similis that they have been 
killed by the entry of secondary organisms into the 
stele. Where infection is not very severe, plants may 
produce good grades of fruit, and the heaviest losses 
from toppling often occur in such circumstances. 
Present indications are that, where the disease is 
particularly severe, losses from toppling may not be 
so serious because the plants are backward in‘growth 
and bear light bunches. The roots of young suckers 
tend to be less heavily invaded than those of the 
parent plants and these healthier roots are able to 
assist in anchoring the parent. In the taller plants, 
bearing heavier fruit, this assistance is inadequate 
to prevent toppling. 

Radopholus similis is a burrowing nematode which 
soon. leaves tissue rotted by secondary organisms, with 
the result that examination of blackened roots and 
heads (corms) frequently yields remarkably few 
parasitic nematodes. To find F. similis readily in the 
banana plant it should be sought in two regions, 
namely, where purplish streak lesions (less than 
Ts in. wide and often not more than ł in. long) 
occur on young roots and, also, at the junction of 
diseased and healthy tissue near the surface of the 
corm, which is seldom invaded to a depth of more 
than half an inch. Invaded tissue is isolated by the 
formation of wound cambium. Although able to 
confine the nematodes to the surface layers of the 
head in this way, the banana plant is unable to resist 
penetration into the comparatively loose-celled 
parenchyma of the root cortex, so that the nematodes 
readily enter as far as the endodermis, where secondary 
organisms gain access to the vascular system, resulting 
in death of the roots. 

R. Lace 


Banana Board Research Dept., 
Kingston, Jamaica. 
* Ashby, 8. F., Bull. Dept. Agric. Jamaica, 2, 316 (1915). 
3 Cobb, N. A., J. Agric. Res., 4, 561 (1915). 
* Martyn, E. B., Bull. Dept. Sci. Agric. Jamaica, 82 (1942). 


Leucocytozoon spp. in some Hertfordshire 
Birds 


DuRING the course of some work on the blood 
parasites of birds’ (some of which has been or will 
shortly be published?) gametocytes of several species 
of Leucocytozoon were observed in the blood of seven 
species of birds. In the absence of reports of the 
incidence of this parasite in British birds since those 
of Seligman and Sambon? (in grouse), Woodcock‘ (in 
chaffinches and redpolls) and Coles® (in thrush, 
blackbird, jay, pigeon, starling, moorhen and “many 
others”) it is thought that results from the present 
investigation (which took place between 1953 and 
1955) might be of interest. 

All the birds were shot or trapped near St. Albans, 
Hertfordshire, and thin films of their peripheral 
blood (stained with Giemsa’s stain) were examined 
under a magnification of about 100 diameters for at 
least 10 min. The term ‘adult’ in Table 1 refers to 
all birds which had left the nest and were able to fly. 

Details of the birds which were found to be infected 
are recorded in Table 1. No parasites were found in 
nine adult and four nestling song thrushes (Turdus e. 
ericetorum Turton), eight adult and one nestling 
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Table 1. INOIDENOH OF precy NORAN SPP. IN SOME HERTFORDSHIRE 
IRDS 


Percentage 
infected 


No. No. 
examined | infected 


Age 
Species of bird group 


Rook (Corvus f. Adult 
tlegus L.) Nestling 
Jackdaw (0. mone- 
dula spermologus | Adult 
Vieill. 
Blackbird (Turdus | Adult 
mM. merula L. Nestling 
Wood pigeon (Col- | Adult 
umba p. palum- Nestling 


L. 

Blue tit (Parus 
caeruleus obscurus 
Pražak) 

Carrion crow (Cor- 
vus c. corone L.) 

Tawny owl (Striz 
aluco sylvatica 
Shaw) 


Adult 


Adult 
Adult 





starlings (Sturnus v. vulgaris L.), or seven adult house 
sparrows (Passer d. domesticus L.). (Species of which 
fewer than five individuals were examined are 
excluded from this list.) 

The species of Leucocytozoon found were identified 
as follows: L. sakharofi Sambon 1908 in rook, 
jackdaw and carrion crow; L. dubreuili Mathis and 
Leger 1911 in blackbird ; L. marchouxi Mathis and 
Leger 1910 in wood pigeon; L. majoris (Laveran 
1902) in blue tit; and L. danilewskyi Ziemann, 1898 
in tawny owl. ‘This last species was found inhabiting 
both round and elongated host cells in the blood, 
whereas all the other species were found in round 
cells only. 

It is interesting to note that no nestling birds were 
found to be infected. Of the 52 adult rooks examined, 
48 were known to be less than one year old (because 
they possessed a forwardly directed tuft of feathers 
at the base of the beak which is lost at the beginning 
of the second year‘), and all the infected birds were 
among this group. This suggests that infection of 
British rooks (and probably other species) does not 
occur until either just before or after they leave the 
nest. 

I wish to thank Prof. P. C. C. Garnham for his 
advice and interest throughout this work. 


J. R. BAKER* 
Department of Parasitology, 
London School of Hygiene and Tropical Medicine, 
Keppel Street, London, W.C.1. 


* Present address: East African Trypanosomiasis Research a 
ization, Tororo, Uganda. TYP search Organ 


1 Baker, J. R., Ph.D. thesis, University of London, 1955. 


*Baker, J. R., Parasitol., 46, 308, 321, 335 (1956); J. Protozool. 
(in the press). 


* Seligman, O. G., and Sambon, L. W., Lancet, 829 (1907). 
4 Woodcock, H. M., Quart. J. Micro. Sci., 55, 641 (1910). 
5 Coles, A. 0., Parasitol., 7, 17 (1914). 


* Witherby, H. F., Jourdain, F. 0. R., Ticehurst, N. F., and Tucker, 
Bowe) The Handbook of British Birds” (Witherby, London, 


Influence of Parasitization on Form 
Determination in Aphids 


PARASITIZATION of the immature stages of some 
insects and Crustacea is known to result in structural 
abnormalities in the adults. Examples from insects 
are the production of ‘intersexes’ in certain Homop- 
tera and Hymenoptera when parasitized by Strep- 
siptera’, and of ‘intercastes’ of ants parasitized by 
nematodes*. Unparasitized aphids intermediate in 
structure between alate and apterous forms have 
been observed and described a number of times®, and 
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Fig.1. Hxtent of suppression of alate structures in adult aphids 


by parasitization at different stages of development. These 
aphids were parasitized at (a) second instar; (b and e) early 
third instar; (d) late third instar 


it has now been found that in Aphis craccivora Koch 
this kind of intermediate can be produced by para- 
sitization of alatiform nymphs by the braconid wasp 
Lysiphlebus testaceipes (Cresson). 

In a series of experiments, aphid nymphs which 
would normally have developed into alats were 
parasitized at various stages of their development, 
and the structural characters of the ensuing adults 
were observed. Until the third nymphal cutical is 
laid down there is no apparent structural difference 
between nymphs which will develop into alate or 
apteræ, and early instar alatiform nymphs were 
obtained by subjecting adult aphids to conditions 
which were known to result in the production of 
alatiform progeny. Adults of A. craccivora which had 
been kept for several days on cuttings of Vicia faba 
bearing only mature leaves were found to produce 
more than 90 per cent alatiform nymphs, whereas 
aphids kept on seedlings produced almost exclusively 
apteriform nymphs. ; 

The extent to which alate structures were sup- 
pressed by parasitization depended upon the stage of 
development at which the aphids were parasitized. 
Aphids parasitized in the third and early fourth 
instars developed into intermediates in which the size 
of the wing pads and degree of differentiation of the 
thorax varied according to when they were para- 
sitized ; but they all had lateral ocelli and secondary 
sensoria on the antennæ, both of which are typically 
alate structures. Aphids parasitized in the third 
instar became adults without wing pads and having 
greatly reduced lateral ocelli and no antennal sensoria. 
Aphids parasitized in the first instar did not survive 
the fourth instar in which they had no alatiform 
structures and were indistinguishable from normal 
fourth instar apteriform nymphs except that they 
showed some degree of prothetely: in a number of 
them the form of the cauda was intermediate between 
those of the nymph and the adult, and they all had 
some typically adult pigmentation. The only appar- 
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ent effect of parasitization on the structure of apteri- 
form nymphs was in nymphs parasitized in the first 
instar which in the fourth instar had some adult 
structures. 

The means by which interference with the determ- 
ination of alate structure in aphids is effected is not 
known. Attempts to simulate the effects of para- 
sitization by puncturing the aphids with a fine 
needle were unsuccessful, although severe burn 
injuries to parts of the abdomen of third instar 
nymphs did in a number of cases result in the aphids 
becoming intermediate between alate and aptere. 
Ultimately form determination is probably due to the 
availability to the epidermal cells which produce the 
polymorphic structures of some substance or sub- 
stances at optimum concentration at certain more-or- 
less critical times during development. Nutrition, 
which has been shown to influence form determination 
in & number of insects, is not likely to be involved 
here, as starvation of developing aphids, for example, 
by allowing them to develop on wilting plants, or 
removing them from the plants for considerable 
periods, merely results in smaller adults and does not 
cause a reversal of form. It seems more reasonable, 
in the light of present knowledge of the role of 
hormones in insect development, to suspect that the 
presence of the parasite causes interference with the 
hormone system of the nymphs. The occurrence 
in some parasitized aphids of prothetely, which can 
be caused by hormonal upsets‘, supports this, but 
experimental proof is lacking. - 

This work is being continued in the hope that it 
may throw some light on the mechanism of de- 
termination of form in aphids. 

Bruce JOHNSON 


Waite Agricultural Research Institute, 
University of Adelaide, 
South Australia. 


* Hasson, A. I., Trans. Roy. Ent. Soc., 89, 845 (1989). Salt, G., J. 
Ezp. Zool., 59, 183 (1981). 
* Wheeler, W. M., J. Ezp. Zool., 60, 165 (1928). 
* Davidson, J., J. Linn. Soc. Lond., 86, 467 (1927). Stiles, K. A., 
Biol. Bull., 74, 480 (1938). 
t Wigglesworth, V. B., “The Physiology of Insect Metamorphosis’, 
bridge, 1954). 


Balanus tulipiformis Ellis on the Atlantic 
Coast of France and an Unusual Situation 
for B. amphitrite Darwin 


In June 1956, a stone carrying a large red barnacle 
was brought up by a vrawler from a depth of about 
25 m., between the mouth of the Adour and Cap 
Breton. The specimen was identified by Dr. J. P. 
Harding of the British Museum (Natural History) as 
Balanus tulipiformis Ellis. So far as can be ascer- 
tained, B. tulipiformis has not previously been 
reported from any part of the Atlantic coast of Europe. 
Its distribution is given by Darwin! as Sicily, Malta, 
Malaga (associated with B. perforatus) and Madeira. 
Gruvel? gives the same distribution. Nilsson- 
Cantell? adds one further habitat, Wasin (West 
Africa). ` 

Further, ‘the specimen, with a basal diameter of 
50 mm., would appear to be the largest of the species 
so far recorded from any locality. Darwin gives the 
measurement of the largest specimen (from Malta) as 
1-4 in. (about 35 mm.) in basal diameter, and adds 
that, usually, full-sized specimens are about } in. 
(about 20 mm.) in basal diameter. Gruvel gives the 
basal diameter as 18 mm. . 
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E. Since the discovery of this specimen, it has become 
apparent that the species is well established on the 
south-west coast of France. 

There is a ‘whistling’ buoy outside thé bay of 
Saint-Jean-de-Luz moored in 25 m. of water. Hach 
year this buoy is taken up, usually in September, 
being immediately replaced by another. The buoy 
was examined for cirripeds in September 1956 and 
again in September 1957. 

When the buoy was taken from the water in 
September 1956 there was a number of isolated 
Balanus scattered over the surface below the water- 
line. These included a score or more B. tulipiformis, 
some of which had a basal diameter of 35mm. There 
was a much greater number of B. perforatus Bruguiére, 
and there were a few of a third species, identified by 
Dr. Harding as B. amphitrite Darwin. In September 
1957, 36 B. tulipiformis were counted on the buoy. 
They were concentrated on or near the junction of 
the tube with the floating part of the buoy, that is to 
say somewhat deeper in the water than the rounded 
part of the buoy on which they had mostly settled 
the year before. The basal diameters of the largest 
specimens were 40 mm. (2), 38 mm. (3), 37 mm. (3). 
These sizes were attained in a single year, the buoy 
having been in the water from September 8, 1956, 
until September 18, 1957. As in the previous year 
there was a far larger number of B. perforatus, but 
on this occasion only one B. amphitrite (juv.) was 
observed. There was also a quantity of Lepas 
anatifera L. This species had not been seen in the 
previous year. 

The buoy is situated at least 25 km. from the area 
from which the first example of B. tulipiformis was 
obtained. From more or less that same area and 
depth—25 m. or more—the same trawler, in July 
1957, brought up a very old anchor on which were 
fixed a number of B. tulipiformis of various sizes. 
On the anchor was found the outer shell of what 
appears to have been a B. tulipiformis of great size, 
with a basal diameter of more than 75 mm. Young 
specimens of this species have also been found on shells 
of Ostrea rugosa Gmelin taken from crayfish traps set 
in 30 m. of water, or deeper, off Saint-Jean-de-Luz. 

The presence of B. amphitrite on the buoy in 1956 
is worthy of note. In a recent study of the cirripeds 
on the north coast of Spain, E. Fischer-Piette and 
M. Prenant* have noted the presence of B. amphitrite 
in certain ports and estuaries and its absence in 
others. This is explained as due to the fact that, 
to establish itself, this species requires a certain 
amount of turbidity in the water and is not to be 
found where the water is very clear. In an earlier 
work on the distribution of the principal intertidal 
species on thé north coast of Spain, Fischer-Piette® 
remarks that in the situations known to him he has 
found this species living only in ports, estuaries and 
lagoons, and never on the open coast. In a letter to 
me he has stated that, except on the hulls of ships, 
he has only seen the species ‘dans des milieux 
souillés ou confinés’’. i 

It is probable that, in the case of the B. amphttrite 
on the buoy, the condition of turbidity of the water 
at the time of settlement may have been satisfied. 
Although more than & kilometre from the nearest 
land, the buoy is in direct line with the entrance 
of the harbour of Saint-Jean-de-Luz in the estuary 
of the River Nivelle. After heavy rain, an area of 


turbidity can be seen to extend up to and beyond ` 


- the buoy, and sometimes to remain visible for several 
days. Ono cannot, therefore, exclude the possibility 
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that, at the time of settlement of the larve of 
B. amphitrite, there may have been sufficient turbidity 
in the water around the buoy to permit of their 
establishment. On the other hand, the buoy is well 
out in the open sea, 1,200 m. from the nearest land. 
So there is no question here of a confined space. As 
noted above, only one young specimen of B. amphi- 
trite was found on the buoy in 1957. 

My sincere thanks are due to Dr. J. P. Harding 
for his identifications and for his kind advice in the 
preparation of this communication. I also wish to 
acknowledge the assistance received from Prof. E. 
Fischer-Piette and Monsieur M. Prenant. 


B. S. Kison 
Saint-Jean-de-Luz, 
Basses-Pyrénées, 
France. 
1 Darwin, 0., “Cirripedia”, 204 (1854). 
a Gruvel, A., “Monographie des Cirrhipedes’’, 216 (1905). 
® Nilsson-Cantell, 0. A., Zool. Bidr. Uppsala, 7, 808 (1921). 


t Fischer-Piette, E., and Prenant, M., Bull, Centre Eiudes et Recherches 
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A Possible Ecologial Effect of Upwelling in 
a Submarine Canyon 


Durme July-November 1956, an exploratory 
ecological survey along the south-west edge of the 
Lea Jola submarine canyon was conducted over a 
sandy bottom using self-contained underwater breath- 
ing apparatus! diving techniques (for a chart of the 
region see Shepard and Emery’), and the following 
preliminary information may be of general interest. 

There are sharp changes in the dominant species 
of animals as one swims toward the north-west along 
the canyon axis between the 27- to 37-m. contours. 
In the shoreward regions (area 1) abundant popula- 
tions of the sea-pen, Stylatula elongata, and the sea- 
star, Astropecten californicus, exist. Abruptly the 
community changes and is almost entirely Astropecten 
for about 50 m. (area 2). Continuing farther (area 3), 
brittle stars, Ophiura liitkent, are found almost 
exclusively. On the broad, sandy continental shelf 
to the north Ophiura are not found until a depth of 
47-50 m. is reached; Astropecten here occurs at 
40-23 m. and Stylatula at 23-10 m. Boundaries 
between communities on the shelf appear to run 
parallel to the depth contours; at the canyon they 
run across the contours. 

100-150 m. traverses were swum near the 30-m. 
contour along the edge of the canyon through the 
regions mentioned above. Centrally within these 
regions counts of animals were made in areas chosen 
at random by quadrats cast down blindly. Table 1 
presents the marked differences which were found. 





Table 1 
Size of No. of individuals in each Indi- 
quadrat sample viduals 
(m.*) (per m.?) 
Area 1 
Astropecten 1 0, 0,0, 0, 0, 0,0, 2,0, 3,3 1 
Stylatul 1 2,1,2,1,0, 0, 3, 5, 7, 6,0 2 
1 0, 0,0, 0, 0,0, 0, 0,0, 0, 0, 0 
1 1, 6, 4, 10, 2, 1 4 
1 0, 0, 0, 0, 0, 0 0 
1 0, 0, 0, 0, 0, 0 0 
1 0, 0, 0, 4,0,0,0,0,0,0 0 
(three observed during a 50-m. swim) 0 
Ophiura ~ 0:05 | 4, 5, 4,8, 2,0, 8, 0,5, 8,0, 4 60 
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The areas on the canyon rim are not: 
characterized by any large differences 
in substrate, depth and temperature. 
We have, however, while on the bottom 
in area 3, observed water currents com- 
ing from the direction of the canyon 
travelling up slopes as steep as 26°. 
Current velocities are variable both in 
magnitude and direction; but this is 
characteristic of near-shore currents in 
southern California. Velocity measure- 
ments, determined by timing the pro- 
gress of a cloud of permanganate solu- 
tion for 1 m., yielded vertical com- 
ponents as great as 45 cm./min. up- 
wards. Studies of area 1 have as yet 
failed to give evidence of upwelling ; this 
difference may be an important factor 
influencing the distributions discussed 
above. The commercially harvested 
kelp beds of Macrocystis pyrifera just 
south of area 3 may also be affected by 
the upwelling. 

Tides, internal waves, and northerly 
currents could contribute to the upwell- 
ing; the biological data suggest that 
northerly currents may play an import- 
ant part. Ophiuran populations occur- 
ring at 50 m. depth on the shelf and at 30 m. in the 
canyon allow the possibility of a water mass common 
to both places. Currents from the north at the 50 m. 
depth would run into the south wall of the canyon 
below area 3 and may upwell and flow across this 
region. Area 1 and possibly area 2, however, below 
27 m. are protected from northerly currents by the 
shoal opposite wall of the canyon. 

_ We are grateful for criticism and assistance to 
Prof. D. L. Fox and to Dr. E. W. Fager. The work 
was supported by the George A. Bisbee Donation 
and a Rockefeller Foundation donation for research 
in marine biology. 
RAYMOND J. GHELARDI 
WHEELER J. NORTH 


Division of Marine Biochemistry, 
University of California, 
Scripps Institution of Oceanography, 
La Jolla, California. 
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Monte Carlo Analyses of Genetic Models 


AvromarTro digital electronic computers, such as 
the SILLIAC, have several features which are of use 
in simulation of genetic systems. These are the 
ability to form sets of pseudo-random numbers, the 
ability to perform the operations of logical summation, 
equivalence, etc., and particularly the ability to 
perform a sequence of operations repeatedly at bigh 


Table 1. FREQUENCIES OF GAMETIO TYPES IN PARENT POPULATIONS 
Location 


c Frequency 
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Pe 

” 

53 


HreHoOooOoocos 
COCrrrOOOS 
SCOSCCCOHREH 
HOOHOOHOOR 
OmODOHOODOHNHOO®D 
COFPCOHCORN, 


NATURE 


January 18, 1958 vo.. 181 





Generations 


Figs. 1-4. Rates of advance under selection calculated by the SILLIAC. In 

each figure there are five lines representing different degrees of recombination. 

Figs. 1-2 are at high intensity of selection, small population size. 
are at low Intensity of selection, large population size 


Figs. 8-4 


speeds. A programme’? has been written for the 
SILLIAC which simulates the action of selection on 
a population segregating for six loci. The programme 
has been run for complete dominance, equal effects 
at all loci, and no interactions between loci. The 
number of progeny was set at 100, and of parents at 
50. Mating was at random. The initial population 
was set to contain the gametic types listed in binary 
notation in Table 1. 

The values of recombination between the six loci 
were set at the values given in Table 2. 


Table 2. RECOMBINATION VALUES 


Location 
a b c- d e Í 
0°5 0-5 0-5 0:5 0°5 A 
0°25 0:25 0-5 0°25 0-25 B 
0-05 0-05 0-5 0-05 0°05 C 
0:025 0'025 0:5 0-025 0-025 D 
0:005 0-005 0'5 0-005 0-005 E 


The programme therefore simulates conditions of 
recombination from complete independence (A), to 
tight linkage in two chromosomes, each containing 
three loci. Two runs were made at each set of 
recombination values, starting at different points in 
the set of pseudo-random numbers. ‘The results are 
shown in Figs. 3 and 4. 

As would be expected on general grounds, and 
from the analyses of Wright, Haldane and Fisher, 
there is a decrease in the rate of advance with 
increasing tightness of linkage. None of the runs 
showed. any periods of no advance as were found by 
Mather? and used by him as the basis for the polygene 
concept. The programme was run again, changing 
the number of progeny to 40, of parents to 4 (that is, 
approximating the values of Mather’s experiment). 
The results are shown in Figs. 1 and 2. 

In these runs a more marked retardation of the 
rate of advance by increasing tightness of linkage 
was found. This is particularly the case in the runs 
at recombination values of 0-005, where distinct 
lags occurred in the advance under selection which 
are analogous to those found by Mather? in his 
second selection line which is illustrated in Fig. 5. 


No. 4603 January 18, 1958 





0 5 
Generations 


10 


Fig. 5. Rates of advance under selection in Drosophila, from 


Mather, ref. $ 


These runs indicate that any effects of linkage on 
the amount of variability present in a population will 
be slight at recombination values greater than 0:005 
in populations of reasonable size. In small popula- 
tions, the effects of linkage of this intensity are 
sufficiently great to produce qualitative changes in 
the curve of advance under selection, considerably 
reducing the efficiency of selection. : 

The above analyses are sufficiently encouraging to 
justify writing further programmes for Monte Carlo 
analyses of genetic systems. Three are being written 
covering (a) single loci, multiple populations with 
migration, (b) several loci, with variation of domin- 
ance, interactions, linkage, and number of chromo- 
somes, and (c) several loci, no linkage, several pheno- 
types, environmental variation, non-random mating. 
Monte Carlo analyses can never be @ substitute for 
complete mathematical simplifications. They can, 
however, be régarded as complementary to the 
present incomplete mathematical solutions, and 
provide an easily used tool for those geneticists, such 
as myself, who cannot otherwise add to the mathe- 
matical theory of natural selection. 


A. S. FRASER 
Animal Genetics Section, 
Commonwealth Scientific and 
Industrial Research. Organization, 
Zoology Department, 
University of Sydney. 


1 Hoffman, J. G., Metropolis, N., and Gardiner, V., J. Nat. Cancer 
Inst., 17, 175 (1956). 


2? Fraser, A. 8., Aust. J. Biol. Sci., 10, 4 (1957). 
3 Mather, K., J. Genetics, 41, 159 (1941). 


An Experimental Design for Three 
Factors at Three Levels 
In an experiment with three factors at three levels 


each, the experimenter may be willing to sacrifice 
information on certain components of the two-factor 
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Fig. 1. The 3° factorial.design and the cuboctahedron plus centre 
point. `O, @ + ©, 3° factorial ; e. cuboctahedron ; ©, centre 
i poin 


interactions and to ignore the three-factor interactions 
completely except as an estimate of error’. A 
possibly useful experimental design for this purpose’ 
is detailed below. 

The experimental arrangement permits independent 
estimation of and tests of significance on both the 
‘linear’ and ‘quadratic’ components of the main 
effects and on the ‘linear x linear’ components of the 
three two-factor interactions. As the basic experi- 
mental design requires only 16 observations, it can 
be used in ‘mixed series’ experiments with other 
factors at two or four levels each in partial replication 
of the whole (De Baun, R. M., unpublished). More- 
over, quadruplicate replication of one experimental 
combination permits an estimate of true experimen- 
tal error. The experimental design and appropriate 
orthogonal polynomials are detailed in Table 1. We 
may compare the power of estimation in this design 
to that of the 27 point 3? factorial design in single 
replication, by taking the variances of the several 
effects corrected by the ratio of the numbers of obser- 
vations in each experiment. These variances relative 
to those of the 3* factorial design are: linear effects 
1-338, quadratic effects 0:888 and linear times linear 
interaction effects 1:185. We thus gain informa- 
tion on the quadratic effects while sustaining 
an information loss on the linear effects and their 
interactions. 

The experimental design cannot be further blocked. 
independently of the previously cited effects. How- 
ever, omission of a (111) point permits blocking into 
three blocks of 6 with the block contrasts partially 
confounded with the quadratic effects. 

The basic experimental design can be seen to be a 
symmetrical fraction of the 3° factorial, as is shown 
in Fig. 1. Geometrically, the design may be viewed 
as a cuboctahedron in single replication with quad- 
ruplicate observations at the centre. 


Table 1. EXPERIMENTAL COMBINATIONS AND ORTHOGONAL POLYNOMIALS . 

Observation 1 2 3 4 5 6 7 8 9 _ 10 11 12 13 14 15 16 
A level 0 2 0 2 1 1 1 1 0 0 2 2 1 1 1 L 
B level 0 0 2 2 0 2 0 2 1 1 1 1 1 1 1 L 
O level 1 1 1 1 05 0 2 2 0 2 0 2 1 1 1 L 

se ah E A pee a et ee ee es ee ee 
A effect —1 +1 —1 +1 0 0 0 0 —1 —1 +1 +1 0 0 0 0 
A’ effect +1 +1 +1 +1 —1l —1 —1 —1 +1 +1 +1 -1 —1 —1 —1 —1 
B effect —1 —1 +1 +1 —1 +1 —1 +E 0 0 0. 0 0 0 0 0 
P: effect +1 +1 +1 +1 +1 +1 +1 +1 —1 —1 —1 —1 -—1 —1 —] —1 
AB effect +1 -.-I —1 +1 0 0 0 0 0 0 0 0 0 0 0 0 


x 
- l ! 
a a$ U stilar, 
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The analysis of the variance breaks down to 
nine degrees of freedom for treatments (three linear, 
three quadratic and three interaction), three degrees 
of freedom for lack of fit, that is, higher-order inter- 
actions and three degrees of freedom for true error, 
if properly randomized. 

RoBert M. De BAUN 

American Cyanamid Co., 

Stamford, Connecticut. 
1 Yates, F., Imp. Bur. Soil Sci., Tech. Comm. No. 35 (1937). 


Vowel Recognition in Clipped Speech 


Ir would be a great advantage if computers used 
for translation from one language into another could 
be provided with voice-operated input equipment. 
This development, however, depends on the isolation 
of information-bearing factors in speech, that is, a 
distinction among different sounds produced by a 
speaker and an identification of the same sound 
produced by different speakers. 

In the course of work on speech-input devices for 
a translating machine, clipped speech was examined 
for the possible extraction of information-bearing 
factors. Since it is reported to be intelligible!-* while 
carrying information solely in the temporal pattern 


of zero-crossings, an apparatus was constructed to- 


analyse the fine structure of the zero-crossings. The 
apparatus consisted of a magnetic tape player fol- 
lowed by amplifying and clipping circuits. The 
output was taken through a variable gate to a scaler 
so that the number of pulses in short intervals of time 
(of the order of 0-02 sec.) could be counted. The 
width of the gate was measured by passing generator 
pulses through it and counting them by means of the 
scaler. This arrangement, with routine precautions, 
allowed the number of pulses and time to be determ- 
ined to an accuracy of about 1 per cent. 

The first elementary sounds to be analysed were 


the vowels, because of their stability5-8 and com- . 


120 






l 
100 2 a 
3 
à 1 
80 2 re) 
3 
l 
u 
60 2 
3 
L 
x 





0:04 


0°12 0-16 
Time (sec.) 


Fig. 1. No. of pulses plotted against time for the vowels a (father), 
o (tone), u (pool) and ¢ (meet), spoken by three persons 
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Pulse count 





0°04 


0-08 
Time (sec.) 


0:12 0:16 


Fig. 2. Characteristic slopes of vowels in combination 


paratively easy aural intelligibility. As a result of 
the experiment it was found that the plots of the 
number of pulses versus gate-width for the various 
vowels spoken by different persons were perfect 
straight lines. The slopes of these lines increased 
regularly from the vowel 7 (as in ‘meet’) to the vowel 
a (as in ‘father’). Furthermore, the slopes were 
found to be reproducible within the limits of error of 
the apparatus. The vowels were thus recognizable 
singly as well as in combinations. Some of these 
results are shown in Figs. l and 2. 


Counts per sec, 


: `a o u i 
Voice 1 558 450 350 288 
cg. 2 533 417 317 — 
» 8 491 384 292 218 


The constancy of pulse count per second for the 
various vowels throws some light on the particular 
feature by which clipped speech conveys information. 
Since vowels are made up of recurring trains of 
pulses (and yet they cannot be copied by pulses taken 
from a generator), it seems obvious that they carry 
information by: (1) the number of pulses in the 
interval of fundamental frequency and (2) the width- 
modulation of thése pulses. It is interesting that the 
number of width-modulated pulses in the fundamental 
interval may be as small as two to three, as in the 
case of the vowel ¢. 

Further work is being done on width-modulation 
within the fundamental period, and detailed result 
of the present study will appear elsewhere. 5 


Rats AHMED 


Birkbeck College Computational 
Laboratory, 
21 Torrington Square, London, 
and 
Department of Physics, 
Aligarh University, 
~ Aligarh, India. 


* Licklider, J. ©. R., J. Acous. Soc. Amer., 20, 42 (1948). 

a Licklider, J. ©. R., J. Acous. Soe. Amer., 22, 820 (1950). 

* Vilbig, F., J. Acous. Soc. Amer., 27, A, 207 (1955). 

4 ends and Inoue, 5., J. Inst. Elect. Com. Eng. Japan, 89, 404 


* Black, J. W., Quart. J. Sp., 25, 52 (1989). 
* Siegenthaler, B. M., Quart. J. Sp., 86, 202 (1960). 


' Tadooged, P., and Broadbent, D. E., J. Acous. Soc. Amer., 28, 98 


* Flanagan, J. L., J. Acous. Soc. Amer., 29, 633 (1957). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) . 


Monday, January 20 


_ _ ROYAL GROGRAPHIOAL Soorkty (at 1 Kensington Gore, London, 
a ; D mD J. W. Birch: “The Economic Geography of 
o Isle o n”. 


BRITISH COMPUTER SOOIETY: (at York Hall 
minster, London, S.W.1), at 6.15 p.m.—Dr. N. 
Principles of Xerography”. 


INSTITUTE OF METAL FINISHING (at Northampton Polytechnic, 
St. John Street, London, E.C.1), at 6.15 p.m.—Mr. A. MeL. Aitken : 
cca Properties and Applications of Chemically Reduced Nickel 

oa ngs”; 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SEOTION (at Enfield 
Technical College, Queensway, Ponders End), at 7.80 p.m.—Dr. 8. F. 
Birch: “Petroleum Chemicals”, 


Caxton Hall, West- 
evin: “The Physical 


Monday, January 20—Tuesday, January 21 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (in collabora- 
tion with the INDUSTRIAL PEST CONTROL ASSOCIATION, at 14 Belgrave 
Square, London, 8.W.1), at 10 a.m. daily—Symposium on ‘Pests of 
Stored Products”. 


Tuesday, January 21 


BRITISH NUOLBAR ENERGY CONFERENCE (at;The Hoare Memorial 
Hall, Church House, Westminster, London, 8.W.1), at 9.30 a.m.—Sym- 
posium on “Nuclear Energy”. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
S.W.1), at 5.30 p.m.—Mr. J. F. Greinig, Mr. R. W. Horseman and 
Mr. A. N. Kinkead: “The Design and Construction of the Founda- 
tions and Pressure Shell of the 8 ft. by 8 ft. High-Speed Wind Tunnel 
of the R.A.E., Bedford”. 


INSTITUTION OF ELEOTRIOAL ENGINEERS, MHASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.80 p.m.— 
Dr. G. F. Tagg : Informal lecture on “‘The Effect of Modern Industrial 
Requirements on Electrical Instrument Design”. > 


ROYAL AERONAUTICAL SOOIRTY (at 4 Hamilton Place, London, 
W.1), at 7 p.m.—Mr. P. J. Duncton and Mr. T. F. R. George: 
“Environments and Environmental Testing’. 


Wednesday, January 22 


GEOLOGIOAL SOCIETY OF LONDON (at Burlington House, Piccadilly 
London, W.1), at 5 .—Dr. C. H. Holland: “The Ludlovian and 
Downtonian Rocks of the Knighton District, Radnorshire” ; Mr. F., M. 
Broadhurst: “A New Species of Anthraconaia, and a Study of 
Palsoecology in the Coal Measures of the Oldham Area, Lancashire”. 


ROYAL STATISTICAL SOCIETY (at the London School of Economies, 
Houghton Street, London, W.C.2), at 5.15 p.m.—Mr. G. 8. Watson: 
“On Chi-Square Goodness-of-Fit Tests for Continuous Distributions”. 


EvGENIcS SoommTy (at the Royal Society, Burlington House, 
Piccadilly, London, W.1), at 5.80 p.m.—Dr. G. ©. L. Bertram: 
“Eugenics in the Age of Crowding’’.* 


INSTITUTHD OF FUEL (at the Institution of Civil Engineers, Great 
A TA Street, London, 8.W.1), at 5.30 p.m.—Dr. D. W. Gillin 
and Mr. W. Lawson: “The Shatter Strength of Cokes from High- 
Volatile Coals: Use of Plastometer Measurements on Blends for 
Test-Oven Experiments”.® 


INSTITUTION OF ELECTRICAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.80 p.m.— 
Mr. E. Esping: “Special Problems of Broadcasting in Sweden”. 


INSTITUTE OF PHYSICS, EDUCATION GROOP (at 47 Belgrave Square, 
London, S.W.1), at 6 p.m.—Mr. B. O. Brookes: “Presenting Science 
in Physics Text Books”. 


INSTITUTION OF MEOHANICAL ENGINEERS, APPLIED MEOHANICS 
GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6.45 p.m. 
—Discussion on “The Measurement of Noise and Vibration”. 


BRITISH PSYCHOLOGICAL SOCIETY, MEDIOAL SECTION (at the Royal 
Society of Medicine, 1 Wimpole Street, London, W.1), at 8.30 p.m.— 
Mr. D. Russell Davis: ‘Clinical Problems and Experimental Re- 
searches” (Chairman’s Addregs). 


Thursday, January 23 
UNIVERSITY COLLEGH, LONDON (in the Physlology Theatre, Gower 


Street, London, W.C.1), at 5 p.m.—Dr. E. Lester Smith: “The 
Biochemical Functions of Vitamin B,,’’.* 
UNIVERSITY COLLEGE, LONDON (in the Anatomy Theatre, Gower 


Street, London, W.C.1), at 5.30 p.m.—Dr. R. E. D. Bishop: “Applied 
Mechanics in Engineering’* (Inaugural Lecture). 


OIL AND COLOUR CHEMISTS’ ASSOOIATION (at the Royal Society 
of Tropical Medicine and Hygiene, Manson House; 26 Portland Place, 
London, W.1), at 7 p.m.—Mr. J. H. W. Turner, Mr. S. E. Hanson 
and Mr. 8. G. Kemp: “The Function of Aluminium Complexes as 
Structure Modifers in Paints”. 


ROYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place, London, 
W.1), at 7 p.m.—Mr. L. H. Bedford: ‘Guidance and Control”, 
Friday, January 24 


BRITISH GLACIOLOGIOAL Soolmmty (at the Geography School, 341 
Bristol Road, Birmingham), at 5.30 p.m.—Mr. J. W. Glen: “The 
Cambridge Austerdalibre Expedition 1955-67”. 
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Saturday, January 25 


BIOCHEMICAL Soocrmmty (at the Glaxo Laboratories, Greenford, 
Middlesex), at 11.15 a.m.— Scientific Papers. 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the dates mentioned: 

PRINCIPAL OF THE INSTITUTE OF AGRICULTURE, Moulton—Chief 
jo Officer, County Education Offices, Northampton (January 

RESHARCH ASSISTANT (qualified biochemist with some research 
experience) to Sir Rodolph Peters—The Secretary, Institute of Animal 
Phyulology, Babraham, Cambridge (January 25). 

BORATORY STÐWARD (familiar with the maintenance and prepara- 
tion of general equipment and materials for chemistry and physics)— 
The Registrar, North Oxfordshire Technical College and School of 
Art, 51 The Green, Banbury, Oxon (January 25). S 

LECTURER IN MATHEMATIOS—The Secretary of University Court, 
The University, Glasgow (January 81). 

LEOTURER (preferably with special interests in high frequency 
techniques or in servomechanisms) IN ELECTRICAL ENGINEBRING— 
The Registrar, The Manchester College of Science and Technology, 
Manchester 1 (January 31). 

LECTURERS IN INORGANIC CHEMISTRY AND IN PHYSIOAL CHEMISTRY 
-—The Registrar, The Manchester College of Science and Technology, 
Manchester 1 (January 81), 

SENIOR LECTURER IN ELECTRICAL ENGINEERING at Singapore Poly- 
technic—The Council for Overseas Colleges, 12 Lincoln’s Fields, 
London, W.C.2 (January 81). . 

SENIOR RESHAROH FELLOW (graduate in mining, physics, mathe- 
matics or engineering, with postgraduate experience, preferably in 
the fleld of applied mechanics) IN THE POSTGRADUATE SCHOOL OF 
MINING, to undertake a study of the mechanics of rock fracture in 
mning processes—The Registrar, The University, Sheffield (January 


ASSISTANT PHYSIOIST (graduate) IN THE PHYSICS DEPARTMENT, ` 
Coventry Radiotherapy Centre—The Secretary, Group 20 H.M.C., 
Coventry and Warwickshire Hospital, Coventry (February 1). 

LECTURER (Grade I or Grade IL) IN THE DEPARTMENT OF AGRI- 
CULTURE, University College, Ibadan, Nigerla—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (February 3). 

LECTURER (with special qualifications in physical chemistry) IN 
THE DEPARTMENT OF CHEMISTRY—The Clerk to the Governors, 
Chelsea College of Science and Technology, Manresa Road, London, 
S.W.3 (February 8). 

ANALYST (with B.Sc. degree, preferably with honours in organic 
chemistry or equivalent and an interest in biochemistry and animal 
nutrition) IN THE NUTRITION RESEAROH LABORATORY, Department of 
Agriculture, Glenfield, New South Wales, Australia—The Agent- 
General for New South Wales, 56 Strand, London, W.C.2 (February 12). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF APPLIED 
MaTHEMATIOS—The Registrar, The University, Liverpool (February 


14 è. 

unm IN GEOLOGY at Bedford College—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (February 14). 

IMPERIAL CHEMICAL INDUSTRIES RESHARCH FELLOWS IN BIOOHEM- 
ISTRY, CHEMISTRY, ENGINEERING, PHARMACOLOGY, PHYSICS, CHEMIOAL 
TEROHNOLOGY or CHEMICAL ENGINEBRING—The Secretary, The Univer- 
sity, Edinburgh (February 15). 

LECTURER IN ZooLoGY at the University of Sydney, Australia— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, February 15). 

SENIOR LECTURER with high academic qualifications and/or pro- 
fessional qualifications and some teaching experience? IN CHEMICAL 
ENGINEERING at Neath Technical College—The Director of Education, 
County Hall, Cardiff (February 17). 

LECTURER or TANT LECTURER (preferably with research in- 
terest in some aspect of taxonomy) IN BOTANY at the University 
pulley? of the West Indfes—The Secretary, Inter-University Council 
for Higher Education Overseas, 29 Woburn Square, London, W.C.1 
(February 25). 

BABCOCK AND WILOOX RESEARCH FELLOW IN NUCLEAR ENGINEER- 
ING—The Registrar, Queen Mary College (University of London), 
Mile End Road, London, E.1 ebrnuny 28). 

CHALLIS CHAIR OF PHILOSOPHY at the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (February 28). 

COURTAULDS’ FELLOWS (2) (with & good honours degree in physics, 
chemistry or chemical engineering) for research In textile chemistry— 
The Registrar, The Manchester College of Science and Technology, 
Manchester 1 (February 28). 

LEOTURER (graduate with an interest in electronics and preferably 
a knowledge of experimental stress analysis) IN THE DEPARTMENT 
OF TEXTILE INDUSTRIES—The Registrar, The Manchester College of 
Science and Technology, Manchester 1 (March 1). 

LEVERHULME POSTGRADUATE FELLOWS (3), TWO IN THE FACULTY 
OF SCIENCE and ONE IN THE FACULTY OF GINEERING—The Regis- 
trar, The University, Liverpool (March 1). ; 

RESEAROH FELLOW for independent research—-The Registrar 
(Room 22, O.R.B.), The University, Reading (March 17). 

ASSISTANT (Grade B) TO TEAOH CHEMISTRY with some PHYSICS or 
MarnoemMatTics—The Principal, North-West Kent College of Tech- 
nology, Miskin Road, Dartford. 

ELECTRONIO ENGINEER, for the construction of electronic apparatus 
with special application to biological material—The Secretary, 
Institute of Ophthalmology, Judd Street, London, W.C.1. 

ELEOTRONIOS TEVHNIOAL ASSISTANT (capable of maintaining and 
servicing existing equipment and assisting with the design and pro- 
duction of new electronic apparatus) IN. THE INTERDEPARTMENTAL 
WORKSHOP of the Royal Free Hospital School of Medicine—The 
Secretary, Royal Free Hospital School of Medicine, 8 Hunter Street, 
London, W.O.1. 
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LECTURER, ASSISTANT PROFESSOR, POSTDOCTORATE FELLOW, and a 
RESEARCH ASSISTANT IN THE DEPARTMENT OF PHysics—Head of 
the P sen of Physics, University of British Columbia, Vancouver 
B.C., Canada, 

MASTER TO TEACH MATHEMATICS throughout the School to Univer- 
sity Scholarship standard—The Headmaster, The Perse School, 
Cambridge. 

MATHEMATIOIANS and PHYSICISTS (with a good honours degree in 
mathematics or physics and preferably experience in hydro-dynamics 
and modern computing techniques), for work on theoretical reactor 
physics and transport theory—The Recruitment Officer (10022/34), 
Atomic Energy Research Establishment, Harwell, Didcot, Berks. 

RESEAROH ASSISTANT IN THE COMPUTING MACHINE LABORATORY— 
The Registrar, The University, Manchester 13. 

SO'ENTIFIO OFFICER (with a first- or second-class honours degree 
in physics or natural sciences or equivalent qualification), to undertake 
research in the physical and mechanical properties of explosives and 
to apply the data to a study of problems arising in weapon design— 
The Senior Recruitment Officer, Atomic Weapons Research Establish- 
ment, Aldermaston, Berks, quoting Ref. 1659/34. 

SENIOR and JUNIOR RESHAROH FELLOWS (with a first- or second- 
class honours degree in an appr priate subject and evidence of a very 
high standard of ability in research) at Government Scientific Estab- 
lishments—The Civil Service Commission, Scientific Branch, 30 Old 
Burlington Street, London, W.1, quoting $.4798/58. 

SENIOR LABORATORY TECHNICIAN (male), to be responsible for 
the Laboratories (Chemistry, Physics, Biology), other Laboratory Staff 
and equipment and stock—The Principal, North-West Kent College 
of Technology, Miskin Road, Dartford. ` 

SENIOR LECTURER IN HIGH POLYMER TECHNOLOGY —The Principal, 
Welsh College of Advanced Technology, Cathay’s Park, Cardiff. 

_ SENIOR LECTURER (preferably with an active interest in research 
in some branch of applied mathematics) IN MATHEMATIOS—The Clerk 
to the Governors, Northern Polytechnic, Holloway, London, N.7. 

VISITING LECTURER IN MATHEMATIOS—Prof., A. D. Wallace, Tulane 

University, New Orleans, La., U.S.A 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Aluminium Development Association. List of Publications. Pp. 32. 
(London: Aluminium Development Association, 1957.) j fisio 

Bulletin of the British Museum (Natural History). Entomology. 
Vol. 5, No. 7: Neuropters and Trichoptera collected by Mr. J. D. 
Bradley on Guadalcanal Island, 1953-54. By D. E. Kimmins. Pp. 
287-308. 7s. Vol. 5, No.8: Odonata collected by Mr. J. D. Bradley 
on Guadalcanal Island, 1953-54. By D. B. Kimmins. Pp. 309-820, 
4s. Geology. Vol. 3, No. 2: Eocene Mollusca from Nigeria: a 
Revision. By Frank E. Hames. Pp. 28-70+ plates 5-10. 25s. 
Vol. 5, No. 4: A Revision of the Lake Victoria Haplochromis Species 
(Pisces, Cichlidae). Part 2: H. sauvagei (Pfeffer), H. prodromus 


Trewavas, H. granti Blgr., and H. xenognathus, SP.N. By P. H. 
Greenwood. Pp. 76-97-+plate 4. 8s. (London: British Museum 
(Natural History), 1957.) 4 [1810 

Agricultural Research Institute of Northern Ireland. Thirtieth 
Annual Report, 1956-1957. Pp. 40. (Hillsborough, Co. Down: 
Agricultural Research Institute, 1957.) ue 

Solvents, Plasticisers, and Technical Chemicals. Pp. 90. (Ilford : 
Howards of Ilford, Ltd., 1957.) [2110 


Anti-Locust Bulletin 28: Factors Affecting the Rate of Sexual 
Maturation of the Desert Locust (Schistocerca gregaria Forsk&l) in 
the Laboratory. By Dr. Maud O. W. Richards. Pp.ii+26. (London: 
Anti-Locust Research Centre, 1957.) 3s. [2110 

Philosophical Transactions of the Royal Society of London. Series 
A: Mathematical and Physical Sciences. No. 975, Vol. 250 (17 Octo- 
ber 1957): Statistical Properties of an Isotropic Random Surface. 
By M. 8. Longuet-Higgins, EP. 157-174. 6s. No. 976, Vol. 250 
(17 October 1957): The Statistical Thermodynamics of Mixtures of 
Lennard-Jones Molecules. 1: Random Mixtures. By W. B. Brown. 
Pp. 175-246. 22s. 6d. No. 977, Vol. 250 (17 October 1957): The 
Aerodynamic Forces on an Aerofoilin Non-Uniform Unsteady Motion 
in a Closed Tunnel. By S. Rosenblat. Pp. 247-278. 10s. (London: 
Royal Society, 1957.) [2110 

The Hydrogen Bomb. Pp. 32. (London: H.M. Stationery Office, 
1957.) 9d. net. [2210 

Federation of British Industries. Report of the Second National 
Conference between Industry and the Technical Colleges, 15 May, 
1956. Pp. vi+71. (London: Federation of British Industries, 
1957.) 5s. 2310 

The Non-Destructive Testing of Engineering Materials (With 
Particular Reference to their Internal Structure and Properties). 
Second edition. Pp.24. (Southall, Mddx.: A. E. Cawkell, 1957.) [2310 

Department of Scientific and Industrial Research. Problems of 
Progress in Industry, No. 1: Men, Steel and Technical a By 
the Industrial Research Section, Department of Social Science, Univer- 
a a Liverpool. Pp. 36. (London: H.M. Stationery Office, are 

s. net. 


Other Countries 


Food and Agriculture Organization of the United Nations. FAO 
Forestry Development Paper No. 8: Tree Planting Practices in 
Tropical Africa. By M. S. Parry. Pp. xti+302. 15s.; 3 dollars. 
FAO Forestry Development Paper No. 11: Tree Planting Practices in 
Tropical Asia. Prepared by Charles Letourneux. Pp. viit172. 10s.: 
2 dollars. (Rome: Food and Agriculture Organization of the United 
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By Gilbert F. Whitley. Pp. 23-30+plate 2. Vol. 24, No. 4 (23 
November, 1956): Additional Remarks on Australian Gyrinidae. 
By Georg Ochs. Pp. 31-36. Vol. 24, No. 5 (23 November, 1956): 
Rock Engravings of the Sydney-Hawkesbury District. Part 1: 
Flat Rocks Ridge—a Daruk Ceremonial Ground. By Frederick D. 
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Bengal Immunity Research Institute. ; 
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RESEARCH ENT ROSCORSTS 
The Organization's Division of Industrial Chem- 
istry is at present seeking to appoint two Re- 
search Spectroscopists. The Division is located 
in modern and well equipped laboratories at 
Fisherman’s Bend, Melbourne. The spectroscopy 
group is part of the Chemical Physics Section 
which includes 30. Research Officers and 22 Tech- 
nical and Workshops staff. The appointees wili 
be required to work on the following Research 
tonics: (D Development of the field of atomic 
absorption spectroscopy and its application to 
theoretical and applied problems, and (2) Experi- 
mental and theoretical studies of electronic and 
vibrational spectra of co-ordination compounds in 
relation to structure. Applicants should possess 
a university degree of Master of Science or Doctor 
of Philosophy in chemistry or physics, preferably 
with some research experience in the gencral field 
of spectroscopy. Successful applicants will be 
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facilities for vacuum ultra-violet, visible and near 
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HARNESSING NUCLEAR FUSION 


N replying on November 11 to a question in 
the House of Commons, the Paymaster-General, 
speaking for the Government, said that the experi- 
mental apparatus known as ZETA at the Atomic 
Energy Research Establishment, Harwell, was oper- 
ating successfully, and discharges through heavy 
hydrogen were giving very high temperatures, 
accompanied by discharges of neutrons, believed to 
be due to thermonuclear reactions. It is appropriate 
that the first detailed account of this work should 
appear in Nature, where it will be read by scientists 
all over the world (see p. 217 of this issue). 

Ever since the possibility of nuclear fission was 
realized, it was understood that a converse process of 
fusion of atomic nuclei was possible and would yield 
a vast amount of energy. This possibility became a 
fact with the invention of the hydrogen bomb. All 
the time, however, scientists in many countries were 
endeavouring to learn more about the mechanism 
of the reaction with the view of controlling this 
immense explosive force. A carefully considered 
account, by one of the Harwell scientists, of the 
theory involved was published in Nature of May 4, 
1957, p. 886; this demonstrated the very stringent 
physical conditions which control of such processes 
must entail. Although it is generally recognized that 
we are continually witnessing the results of thermo- 
nuclear reactions—for they are believed to be the 
source of the heat and light given out by the Sun— 
their production and control in the laboratory 
present problems hitherto unparalleled. 

The communications from British and American 
scientists appearing in this issue of Nature demonstrate 
that the first steps in this great task have been success- 
fully taken. Teams of scientists at Harwell and 
Aldermaston have obtained results which led to the 
brief announcement made in the House of Commons 
on November 11. American scientists, working on 
slightly different lines, have also contributed their 
results, and it is heartening to read the tribute they 
pay to the Harwell scientists. 

Bearing in mind the scientific importance and wide 
interest of the work already done, the lag between 
the Government’s brief statement and the present 
publication of British and American results suggests 
thet difficulties other than those of the laboratory 
have been met. The work was being done, perhaps 
inevitably in view of its complexity, under govern- 
ment auspices, in the two countries, and was subject 
to security restrictions. There seems to have been 
considerable exchange of information between the 
scientists directly concerned ; but it is regrettable 
that security measures should have been invoked in 
such a quest, the significance of which for military 
purposes would not appear to be greater than that of 
innumerable scientific investigations in progress in 
various laboratories in both countries. Only those 
with full knowledge of the situation can give a fina] 
answer to this question. 


However, the announcement of the successful 
control of the thermonuclear reaction has now been 
made, and all the scientists and others concerned are 
to be congratulated on their magnificent achievement. 

Under the stress of military needs during the 
Second World War, great efforts were concentrated 
on the production of the atom bomb, leading to the 
preparation of fissile material of various kinds; the 
problem of converting this weapon to the production 
of energy for peaceful purposes was, for the time 
being, in the background. But with the end of open 
warfare, its utilization for the production of useful 
power became an urgent problem. The culmination 
of this effort was seen in the opening by H.M. The 
Queen in 1956 of Calder Hall power station, the first 
in the world to be solely dependent on atomic energy 
as a source of power. But the use of fissile material 
for this purpose, though a triumph of scientific and 
engineering skill, brought its own difficulties in the 
economic and other fields, for the initial cost of 
atomic fuel is high and it is a scarce commodity. 
Atomic energy power stations and the conventional 
power stations were seen to be complementary rather 
than competitive. Now we have the possibility of 
utilizing another ‘atomic’ fuel, of wonderful poten- 
tiality and world-wide occurrence, though whether it 
becomes the basis of the generation of electrical 
power, or means are found of making direct use of it 
as a source of energy, only the future will show. 
Meanwhile the control of nuclear fusion will be 
welcomed both as a great advance in science and 
as & factor of tremendous importance for the future, 
bringing vast stores of energy into the service of 
man for his use in the amelioration of his conditions. 

In 1831, Michael Faraday discovered electromag- 
netic induction. His apparatus was of the simplest 
kind, consisting of a ring of iron on which two coils 
of wire insulated with “twine and calico” were 
wound, and a compass needle as detector. The 
experiment was not @ chance affair, for his thoughts 
had turned repeatedly to the subject, and he had 
tried some experiments, but without success. Then 
he hit upon the correct sequence of events, and the 
experiment succeeded. Electricity had been gener- 
ated in one simple circuit by making and breaking 
another simple circuit. From that experiment the 
electrical industry was born—the electrical age 
was initiated ; and although its growth was at first 
slow, it now dominates the industrial world. 

The new work on thermonuclear reactions is at 
present a laboratory experiment, albeit with most 
complex and costly equipment and even the risk of 
dangerous irradiation ; it is clearly a first step, even 
as Faraday’s experiment was. Life on the Earth 
has always depended on nuclear reactions in the Sun, 
and now it seems that man is learning to reproduce 
those reactions in the laboratory. Are we witnessing 
the birth of a new age—that of the utilization of 
man-made thermonuclear reactions ? 
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ENIGMATIC EDDINGTON 


The Development and Meaning of Eddington’s 

‘Fundamental Theory’ ; 
Including a Compilation from Eddington’s Unpub- 
lished Manuscripts. By Dr. Noel B. Slater. Pp. 
xii+300. (Cambridge: At the University Press, 
1957.) 40s. net. 


| Fierce regarded physics as the structural 
knowledge of measures of an external world of 
objects that can be indicated but the intrinsic nature 
of which is not discoverable. Fundamental physics 
was for him the part concerned with properties of 
measures simply as operations, independently of 
what they operate on. He claimed to have discovered 
that fundamental physics in this sense comprises all 
the general laws of Nature, including the evaluation 
of all the constants involved. His book, ‘‘Funda- 
mental Theory” (Cambridge 1946), was the final 
account of this work. The manuscript was not quite 
complete when he died in 1944, but was printed as 
he had left it, under the editorship of the late Sir 
Edmund Whittaker (who included one of Eddington’s 
published papers on the intended subject of the 
missing last chapter). 

Large parts of five or six earlier drafts had been pre- 
served by Eddington, and Dr. N. B. Slater has collated 
these in the present book. After summaries of the 
main sections of “Fundamental Theory”, Dr. Slater 
gives notes on the various drafts and extensive 
quotations wherever he considers that they contain a 
significant variant of an argument or material omitted 
from the final version. He provides a bibliography 
of writings on the subject that have been of assistance 
in preparing the book, and a useful list of the symbols 
employed by Eddington. He has also noted an error 
in a statistical argument of Eddington’s that calls 
for one or two amendments in the evaluation of certain 
constants. His task has been extremely onerous, all 
the more so because the material reached him piece- 
meal in the course of the work. Clearly, he has 
exercised the utmost thoroughness, and the plan he 
has followed is almost certainly the one making for 
greatest conciseness. Dr. Slater is not to be blamed 
for the one regrettable feature of the presentation, 
the smallness of the type used for all quotations from 
Eddington. 

Most physicists would go some way with Eddington 
in recognizing that their results are not so much 
properties of an external world as properties of their 
own operations upon such a world. A number would 
be glad to be able to go further. Each major con- 
clusion as Eddington describes it in general terms 
appeals to them as possessing a high degree of 
plausibility and, if valid, as being profoundly illumin- 
ating. Yet they find insuperable difficulty in seeing 
very much connexion between any such conclusion 
and the detailed arguments and calculations that 
purport to establish it. A few physicists are, indeed, 
prepared to follow Eddington through separate 
sections of the work but without being satisfied as 
to the connexions between the sections. So far as 
I am aware, however, no physicist professes to under- 
stand the arguments of “Fundamental Theory” 
sufficiently thoroughly to be able to assert or deny 
that it provides a continuous chain of reasoning. © 

Were Eddington’s work acceptable, it would of 
course be one of the very great advances in scientific 
thought. The new book might have led to a better 
understanding of the work had the available material 
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shown how Eddington proceeded from an early stage 
to build up his final intricate structure. As Dr. 
Slater remarks, however, almost all the material at his 
disposal had been intended as a final version when it 
was written. One cannot, therefore, see much hope 
that it will help substantially to resolve the enigma 
of “Fundamental Theory”. 

The new material, together with Dr. Slater’s com- 
mentaries, does make clearer than before what 
Eddington was trying to achieve. Also it shows that 
Eddington was wonderfully confident that he had 
achieved it. One cannot help thinking that he has 
at least indicated the general character of probable 
developments in physical theory. Such developments 
may ultimately come from some completely inde- 
pendent approach, or they may come from work 
like that of E. W. Bastin and C. W. Kilmister that is 
probably to some extent inspired by Eddington. 
But one would hazard the view. that they are now 
scarcely likely to flow directly from Eddington’s own 
treatment. For until acceptable conclusions have 
been reached by other means, it will probably be 
impossible to know how far Eddington relied upon 
his astonishing power of intuition. Nevertheless, 
Eddington’s thought never lost its quality of great- 
ness, even when it was most enigmatic, and we must 
be grateful to Dr. Slater and the publishers for this 
additional record of it. W. H. MoCrra 


~ HYDROGRAPHY 


Hydrography of the Faroe-Shetland Channel, 
1927-1952 

By Dr. John B. Tait. (Scottish Home Department. 

Marine Research, 1957, No. 2.) Pp. ix+309. (Edin- 

burgh and London: H.M. Stationery Office, 1957.) 

105s. net. 


ISHERY scientists have good reason to believe 

that changes in ocean currents and water cir- 
culation have an important bearing on variations in 
local stocks of fish and migration of fish shoals. For 
the whole of north-west Europe it is important to 
have a good knowledge of the varying balance 
between Arctic and Atlantic influences, and for the 
North Sea itself we must understand the varying 
influence of oceanic water which mixes with coastal 
water and flows from north to south across the 
herring fishing grounds. The first essential is to have 
measurements of what has taken place, and the 
most promising method known so far is to make 
regular surveys of the changing temperature and 
salinity of the water. The Faroe—Shetland Channel 
is a particularly informative area because a large 
proportion of the Atlantic water that warms the 
northern North Sea and the Arctic Ocean. passes 
through it. 

Dr. Tait’s large monograph gives a detailed 
presentation of the vertical distribution of tem- 
perature and salinity along two roughly parallel 
cross-sections from the Faroe Islands to the Shetland 
Islands and from the Faroe Bank to the Butt of 
Lewis. On twenty-two occasions between 1927 and 
1952 observations were made along both lines, and 
on a further twenty-five they were made along one 
or the other. Every now and then other lines were 
worked. The monograph gives diagrams showing the 
distribution of temperature and salinity in the vertical 
plane for every line of observations, and the observa- 
tions themselves are listed in Appendix 2. It also 
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gives the computed transport of water across each 
line assuming geostrophic flow and the existence of 
little or no current at the depth of the 35 parts per 
1,000 isohaline. These assumptions are the best that 
can be made until it is feasible to carry out a very 
large programme of deep-current measurements, and 
they are supported by good general agreement 
between. conclusions based on the two linés 120 miles 
apart, and by a few current measurements described 
in Appendix 1. 

The work reveals large seasonal and long-term 
variations in the north-eastward transport of water, 
and opens up large and fascinating fields of research 
into the energy exchanges and hydrodynamical pro- 
cesses that cause them and into their effect on the 
complex hydrographic conditions and biology of the 
area. Linked with the main problem there is much 
information about the different types of water that 
are encountered there and practical conclusions as 
to their origin and formation. Enormous numbers of 
observations have been made with great care under 
difficult conditions, and this thorough and detailed 
study is a work of great value. It is prefaced by a 
good historical introduction, and it will itself be the 
foundation of much future work as well as serving 
present needs. G. E. R. DEACON 


PREHISTORIC DENMARK 


Denmark Before the Vikings 3. 
By Dr. Ole Kilindt-Jensen. (Ancient Peoples and 
Places.) Pp. 212 (73 plates). (London: Thames 
and Hudson, Ltd., 1957.) 21s. net. 


ENMARK is a small country, but it has bred 
noted archzologists. As long ago as 1836 
Christian Thomsen of the National Museum suggested 
the well-known triple subdivision of human history 
into the ages of Stone, Bronze and Iron. Later the 


names of Worsaae and Sophus Müller became world . 


renowned. Denmark is rich in prehistoric remains 
and much exploration work hasbeen done there, 
but no short, satisfactory account of the prehistory 
of the country has been published for very many 
years. 

The new volume on Denmark by Dr. O. Klindt- 
Jensen, who is the curator at the National Museum 
in Copenhagen, is therefore very welcome. After 
a brief introduction there is a chapter headed 
“The Palsxolithic’. But while the term Palzolithic 
is not entirely inaccurate since some of the earliest 
cultures found in the country do, like that of Ham- 
burg, overlap with the end of Magdalenian times, 
there is nothing in these northern regions to compare 
with the rich upper Palzxolithic cultures of France and 
northern Spain with their wealth of industries in 
stone and bone and their superb art, both in the 
prehistoric homes and on the walls of caves. The 
industries of these northern cultures are at first 
simple, but there soon appear others belonging to the 
so-called point cultures which stretched westwards 
from as far away as Poland, where they occur below 
some ancient dunes. Later the classic Mesolithic 
cultures are represented at Maglemosean sites and 
in the Kitchen Middens. Actually the earliest mani- 
festation of the former (Maglemose) culture_is perhaps 
best seen in Britain at Star Carr, but in Denmark 


there are many sites and much exploration has taken ` 


place. It may be added that digging a late Mesolithic 
(Kitchen Midden) site is no fun—the fine white dust 
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penetrates everywhere and everything. Denmark is 
particularly rich in Neolithic remains of all kinds ; not 
least there is a magnificent series of Megalithic 
monuments. The author’s account of these is neces- 
sarily brief, but gives a good picture of the situation. 
Chapters on the Bronze Age up to the Dark Ages 
follow, and there is @ concluding chapter on the 
prehistoric landscape. Following some notes and a 
short bibliography there come the plates—no less 
than 73, occupying 48 full pages. These are well 
chosen and well illustrate the text. 

Doubtless the specialist in one or more of the periods 
covered will complain that too much has had to be left 
out. But the ordinary reader will congratulate the 
general editor of the series, Dr. Glyn Daniel, on having 
persuaded Dr. Klindt-Jensen to undertake the work, 
and the author himself for having produced such an 
excellent little volume. M. C. Borxrrr — 


THE BIOCHEMICAL LESION 


Biochemical Disorders in Human Disease 

Edited by Prof. R. H. S. Thompson and Prof. E. J. 
King. Pp. xiv+843. (London: J. and A. Churchill, 
Ltd.; New York: Academic Press, Inc., 1957.) 90s. 


HE enormous strides made by biochemistry 

during the past half-century and the ever- 
increasing application of biochemical concepts, as well 
as biochemical techniques, to the study of disease, 
have made important additions to the points of view 
from which disease can be surveyed, described and 
examined. From the cellular, we have advanced to 
the molecular level, and we can now think both of 
the anatomical or histological lesion and the under- 
lying, more fundamental, ‘biochemical lesion’ This 
convenient term, which we owe to Sir Rudolph Peters, 
is not actually used by the editors in the preface of 
this book, but it is implicit in what they say of their 
aims and lines of approach, and is indeed employed 
by contributors. 

The object of the editors in planning the book was, 
for the benefit of both physicians and biochemists, 
to “assemble, relate, and interpret the known facts 
concerning the biochemical disorders a underlie or 
are associated with human disease’; the method 
was to ask each of a number of aikngwindaed experts 
to “describe . . . how the various diseases of any 
given organic system are dependent on biochemical 
disorders and to indicate the trends of biochemical 
work now in progress ...’. It can be said at once 
that the method has proved admirably adapted to a 
laudable aim. The editors and their fellow-contribu- 
tors have succeeded in producing an exceedingly 
valuable addition to medico-biochemical literature 
and one which, I suspect, is likely to prove the 
prototype of the ‘text- book of medicine’ for the next 
generation. 

Each author has been left free to interpret the 
editors’ general directive in his own way, and as a 
result there is a considerable variety of treatment. 
This does not necessarily reflect differences in per- 
sonal outlook, for the subjects are not equally 
‘advanced’ from the biochemical point of view. In 
every case, however, the interpretation has clearly 
been that involved in the title of the book and in 
that of this review. In the past there has been too 
much emphasis on the function of biochemistry 
applied to medicine as a provider of diagnostic and 
prognostic tools, too little emphasis on its use in 
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describing and explaining the nature and develop- 
ment of the disease processes ; yet the latter, which 
indeed includes, and is @ logical extension of, the 
former, is by far the more important function of 
‘clinical chemistry’ or ‘chemical pathology’: In these 
chapters the diagnostic aids are discussed fully and 
extremely clearly, not as ends in themselves, nor as 
helping the physician to tie an appropriate label on 
his individual patients, but as the means of investi- 
gating the fundamental abnormalities whether con- 
sidered as a general state covered by the label or as 
they afflict the individual. This is an essentially 
modern approach, well calculated to lead to a real 
understanding of disease and, through that, to 
therapy which can be adjusted rationally to the 
changing needs of a particular case. 

The arrangement of the book is logical in relation 
to its general theme and it is a remarkable tribute 
to contributors and editors alike that the various 
chapters, written by different authors and each a 
review capable of standing alone, cover the ground 
fully, connectedly, yet without unnecessary over- 
lapping. Twenty chapters deal with the diseases of 
the major organs (gastrointestinal tract, liver, kidney, 
pancreas, major endocrine glands, muscle), with 
disease groups not referable to particular organs 
(anszemias, hypertension, etc.) and with suitably 
grouped metabolic disorders (diseases of nutrition, 
porphyrias, lipoidosis and the like). Such an arrange- 
ment, probably the best for the clinician, means that 
a single biochemical topic such as acid-base equi- 
librium may be treated in several chapters by several 
authors and from various points of view. This is no 
disadvantage but is, indeed, one of the stimulating 
features of the book. 

One ventures to predict that “Thompson and 
King”? will become a classic, read and studied by 
senior medical undergraduates, by clinicians who 
wish to acquire understanding of their work, and by 
biochemists who, professionally or through interest, 
are concerned in the application of their science to 
the study of disease. C. P. STEWART 


MECHANiSM IN BEHAVIOUR 


Behavior Mechanisms in Monkeys 

By Heinrich Kliiver. Second impression. Pp. 
Xvii +387. (Chicago, Il.: University of Chicago 
Press ; London: Cambridge University Press, 1957.) 
49s. net. 


HE study of the mechanisms underlying the 

activity of the central nervous system has 
claimed the attention of workers engaged in dis- 
ciplines as far removed as, for example, psychology 
and electronic engineering, and it is therefore not 
surprising that there should be marked differences of 
emphasis and approach. Thus, of recent years, 
attention has been focused on mechanisms as they 
exist at the level of the individual cell, on the way 
in which neurones influence each other’s activity, 
and on the part played by chemical processes in the 
specification and patterning of cerebral structure. 
Concurrently, and from quite a different point of 
view, mathematicians and communication engineers 
have been prompted to suggest that many problems 
of cerebral organization and function can best be 
treated on & statistical basis and to formulate hypo- 


theses incorporating the established concepts of. 


information theory and conditional probability to 


NATURE 


January 25, 1958 vo. 18: 


replace older views concerning the relationship 
between stimulus and response. To be fruitful, such 
advances in knowledge and thinking must be con- 
stantly applied to what is known about the reactions 
of the organism as a whole, and it is therefore par- 
ticularly timely that Prof. Kltver’s classic mono- 
graph ‘“‘Behavior Mechanisms in Monkeys”, which 
has been out of print for many years, has now been 
re-issued. 

Prof. Kliiver interprets the mechanism of behaviour 
in phenomenological terms, and his analysis is based 
on. a study of those “general modes of reaction” from 
which it is possible “‘to predict the way an animal is 
going to react to a specific stimulus’. He does not 
concern, himself with the neural processes which 
underlie behaviour, but stresses, in his opening 
chapters, that little progress can be made in the 
investigation of cerebral function at the physiological 
level in the absence of firmly established experimental 
data concerning the overt factors governing 
the reactions of the individual to its environ- 
ment. It is to this end that his monograph is 
directed. 

The major portion of the book is devoted to a 
description and analysis of problems “selected chiefly 
because of their possible significance for neuro- 
physiology”. Experimental results are reported in 
considerable detail and fall into two groups. The 
first of these deals with investigations into the 
features of the stimulus situation to which the 
monkey responds. Variations of the ‘pulling-in 
technique’, which has since been extensively applied 
in experimental psychology, are used for determining 
the equivalence or non-equivalence of stimuli in the 
performance of discriminations involving weight, 
visual appearance and sound. The findings show an 
incidence of response to the relational aspects of the 
experimental situation which is consistently high 
over a wide range of cues; but there are occasions, 
particularly in the case of some visual discriminations, 
in which the animal responds to absolute sensory 
criteria. The second group of experiments deals in a 
similar way with such behavioural capacities as 
visual and tactual acuity, handedness and the ability 
to use common objects as tools. 

Prof. Kliver ends with a thorough and critical 
analysis of his findings. He concludes that to account 
for the persistence of certain forms of discriminative 
behaviour in the face of marked changes in the 
environment, it is necessary to postulate the presence 
of some component which is identifiable throughout 
the range of experimental situations; but any 
definition of the property so abstracted as ‘‘an element 
which the stimuli have objectively in common” is 
unacceptable. Similarly, since the “response to 
relations’ is not invariant, the unmodified concept 
of ‘generalization’ as a basic mechanism must be 
regarded as an over-simplification unless the individual 
characteristics of each stimulus situation are taken 


Into account. 


This book, which first appeared in 1933, is aimed 
at the serious student of behaviour rather than at 
the casual reader, and those unfamiliar with the 
extensive literature cited may have difficulty in 
following some of the arguments. Later developments 
are referred to in a new preface, but many of the 
original issues raised by Prof. Kliiver still remain 
unresolved and it is gratifying that his monograph is 
once again readily available to a new generation of 
workers in the field of behavioural research. 

J. T. Eayrs 
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introduction.. 


rT HE basic conditions which must be established 
Í before a thermonuclear reactor is possible are, 


first, the containment of a high-temperature gas so. 


that it is isolated from the wails of the surrounding 
= vessel, and second, the attainment of temperatures 
sufficiently high for nuclear reactions to take place 
between the light elements. These two conditions 
= are interdependent. Poor containment results in 
energy losses so large that gas temperatures much 
exceeding 10° °K. are unattainable. 

Phe experimental apparatus described was designed 
te study the containment of ionized hydrogen (or 
deuterium) by the magnetic field associated with the 


current flowing in the gas and to reach temperatures 
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The nuclear reaction-rates observed are not -incot 
sistent with those expected from a thermonuclear 
process. te 


at low pressure. 


in the gas lasts for about 4 msec. and is reper 
every 10 sec. <A steady axial magnetic fielc 
_ generated by current-carrying coils wound o: 
torus. This field can be varied from zero 
have been discussed by a number of | Fig. 1 shows the discharge tube assembl 


The constricted gas discharge formed. by passing : ‘seen connected to the torus body. f ie 


ation make it impossible to maintain high tem- in Fig. 2. 


‘atures except for a transient period's, These measured by a loop around the iron core en 
tabilities can be suppressed by the combination of - 
‘axial magnetic field parallel to the direction of- 
discharge current and by the fields produced. _ 
eddy currents induced in the surrounding. ~ 
1 walls when the current channel changes its when the voltage per turn is zero, thus | 
o: ooo the ¢harge on the condensers reversing. T 
“trace shows the current flowing in the g 
“persists for about 2 msec. after the tr 


‘the discharge tube. The length of the disch 


eoretical studies of discharge stability in the 
ce of an axial magnetic field have. been. pub- re 
12, together with experimental evidence Fory 












| this article 
that relatively long-time stability. can elke i aS 








Apparatus 


ZETA is a ring-shaped discharge tube of aluminium, 
l-m. bore and 3-m. mean diameter, containing gas 
The gas, usually at a pressure of 
about 10-4 mm. of mercury, is made weakly con- 
ducting by a radio-frequency discharge. The toroidal 
ionized gas plasma forms the secondary of a large — 
iron-cored pulse transformer. A condenser bank, 
storing up to a maximum of 5 x 10° joules, is 
discharged into the primary of the transformer, and 
produces a unidirectional current pulse in the gas u 
to a maximum of 200,000 amp. The current pul: 





















Electrical Characteristics 


Typical current and voltage oscillogra 
The top trace is the ‘voltag 










field at the boundary of the ionized gas 
2V. per cm. The primary winding is short 












As the current decreases the plasma expan 


218 


NATURE 


January 25, 1958 


VoL. 181 





Fig. 1. Photograph of ZETA, 


suppressed by the addition of 5 per cent nitrogen 
without affecting the neutron yield. 


Stability 


Measurements with magnetic field-probes and 
Langmuir probes. together with streak photographs 
of the current channel taken through a slit in the 
vacuum vessel, show the current channel to be 
quasi-stable and clear of the walls for the greater 
part of the current pulse. Fig. 3 is a reproduction 
of a streak picture of a helium discharge. The 
limit of the black area represents the internal 
diameter of the tube. 
the spark lines of impurities and of (He II) 4686 A. 
Streak pictures taken of discharges in deuterium are 
difficult to interpret as the light is emitted by neutral 
atoms and by impurity ions released into the current 
channel from the walls. 

The centre of the current channel is displaced 
towards the outer wall due to the tendency of the 
ring current to expand. This expansion is opposed 


by eddy currents in the metal walls, which are of 


l-in. thick aluminium. Measurements of the internal 
magnetic fields in the plasma are reproducible and 
show that the axial magnetic field, Bz, is trapped in the 
gas. On the axis it increases to approximately ten 
times the initial value. In general, the resultant 


The light recorded is that of 


The apparatus is enclosed in a room with concrete walls 3 ft. thick for radiation shielding 


lines of magnetic force due to the Bọ and Bz com- 
ponents are helical and vary in pitch over the cross- 
section of the plasma. The stability of a discharge 
with this magnetic-field configuration has not been 
treated theoretically. 

The presence of the magnetic field-probe, which 
is l in. in diameter, greatly increases the dis- 
charge resistance and reduces the production of 
neutrons. 

The diameter of the current channel estimated 
from the magnetic-field measurements and the streak 
photographs is between 20 and 40 em. at peak 
current. Transmission measurements with 4-mm. 
microwaves demonstrate that the electron density 


Table 1 


Conditions: gas D, + 6 per cent N,. Pressure: 0:12 x 10 mm. 
B, = 160 gauss 





Current | Total neutron yield T'e (calc.) | 
(k.amp.) per pulse 
84 | 0-4 x 10 | 2-4 x 10° °K. | 
117 3'1 2-9 
126 9-2 | 3-3 | 
135 14-2 3°6 
141 20 -5 3'8 | 
150 41-6 4-0 
177 108 4°5 
178 | 125 4'6 | 
187 134 | 4°66 | 
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fig. 2. “Oselllograph recordings of the voltage per turn of the 

transformer, and the secondary current de. The lower trace shows 

oo the pulses produced by proton recoil in a scintillation neuron 

counter, Conditions: gas, deuterium + 5- per cent nitrogen + 

10 per cent oxygen: pressure, 0-18 x 10°" mm. mercar; axial 
field, 160 gauss 


Milliseconds 





initial 


Fig. 8. Streak picture of a helium discharge. Conditions : 
stones gas pressure, O25 x 1074 mm. mercury: axial fiekl, 160 gauss; 
EERE bene wirrent, 150 kamp The tube walls lie at the boundary of 
CEREA the dark region 


E s greater than 6 x 108 emr -This density is 
o gonsistent with the assumption that all the gas 
present is ionized and contained in the current 
 ¢hannel. 


High-Energy Radiations 


Neutron emission arising from the D-D reaction 
is observed for gas currents in deutertum m excess 
of 84 kamp. Emission occurs for a 
period of about 1 msec., centred about 
the peak current. 
: Table 1 shows the average number of 
eutrons emitted per pulse as the peak 
current is increased. ; gg 
Fig. 4 is a histogram showing the 
verage rate of neutron emission during 
e current pulse. 
The third column of Table 1 gives the 
peratures required to produce the 
served neutron yields assuming & 
ermonuclear process. In calculating 
iese figures, it has been assumed that oa 
he current channel is 20 em. in dia- : 
Or, -emits neutrons uniformly for CY 
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temperature of deuterium and. neon discharges, 








spectroscopically ` : Wear temperat 
Fig. ô. 

Within the pressure-range investigated (0 H 
10- mm.) the neutron yield decreased with me 
pressure. Neutrons were observed when 25 per cen 
of the gas initially present was nitrogen, but th 
yield was much reduced. p 

The results obtained with a directional noutro 
counter moved around the torus showed. that, es 
within a factor of two, the neutron emission 
was uniform and did not arise from localized Pees, 
sources. ee 

No correlation is found . between the time i of Be 
neutron emission and the voltage fluctuations during _ 
the current pulse. However, neutrons are produced 
at the large voltage transient at the end of the 
pulse, but these can be eliminated by the addition of 
nitrogen gas. 

X-rays are observed towards the beginning of tho 
current pulse. Their average energy lies in the range 
20-30 kV. and on the average some 10° quanta per 
pulse are emitted by the whole tube. The number 
and energy of the X-ray quanta are insensitive | to = 
gas pressure and current, but mecrease in intensity = ee 
the axial magnetic field is increased. ee 






















Spectroscopic Observations 


Both arc and spark line intensities vary greatly 
over the period of the pulse. In general, emission o 
lines of normal atoms and ions up to three times — 
ioized have a maximum intensity before ‘peak 2 
current. Fig. 5 shows the intensity variation. ae cS 
(He IT) 4686 A. and (O V} 2781 A. 

The Doppler broadening of spark lines omitted i in 
a vadial direction is used for estimating the kinetic ion 


Small quantities of oxygen and nitrogen introduced o 
into deuterium discharges provide spark lines in è 
convenient part. of the spectrum. The breadth of | 
the lines is of the order of 1A. and can be measured | 
with a quartz spectrograph having a dispersion of | 
20 A.jmm. Calculations show that both Stark and — 
Zeeman effects make a negligible contribution to the 
line-breadth. Mass motion may contribute to the —_ 
observed broadening to an appreciable extent, but ao 
both. probe and streak. records show no evidence of es 
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and (N IV) lines as a function of 












on temperature has yet been made. 


Conclusion 





= > isolated from the walls of a toroidal tube. Hydrogen 
-. gas has been maintained in a ‘state of virtually 
© — complete ionization with a particle density lying 
between 10% and 10% per em.*, for times of milli- 
seconds. The mean energy of the ions in the plasma 
is certainly of the order of 300 eV., and there are 





many indications that the electron temperature is of 


the same order. The containment time and the 


nes high electrical conductivity are both adequate. 
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temperatures obtained by. observation — 


shown in Fig. 6. The ion -femnperetures : 
-to decrease with increasing ‘initial pressure 
terjum, No satisfactory measurement Of: = 


eS e These preliminary results demonstrate. that it is. 
es possible to produce a stable highly ionized plasma 


. and direction of emission of the neutrons. 
“neutron flux so far obtained is insufficient to attain 
- the desired accuracy of measurement. 


ee ‘have been constantly encouraged and supported. by 
Sir John Cockeroft and the late Lord Cherwell. The 
theoretical investigations have been directed 
Dr. W. B. Thompson, of the Theoretical PI f 
= Division. 
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Fig. 6. Ion temperature asa finetion: of peak-current determined 5 
from the Doppler broadening of (O V).and (N TV). Conditions: — 
initial gas pressure, 0-18 x 107* mm, deuterium and & per cent. 
nitrogen; Be = 160 gauss. The temperature of the deuterium: 
EAS, estimated from the observed neutron yield, is shown for- 

comparison Tf 


To identify a thermonuclear process it is necessary 
to show that random collisions in the gas between 
deuterium ions are responsible for the nuclear reac- 
tions. In principle, this can be done by calculating 
the velocity distribution of the reacting deuterium 
ions from an exact determination of both the energy 
The 
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“HE interesting results deseribed by Thonemann 
-- and his co-workers in the preceding article provide 
10t only an important step forward in the controlled 
elease of thermonuclear energy, but also a challenging 
woblem in the dynamics of fully ionized gases or 
plasmas. The spectroscopic line profiles and the 
ieutron counts provide incontrovertible evidence for 
‘the acceleration of the positive ions. However, theory 
would seem to indicate that electron-ion collisions are 
“inadequate to explain the observed rate of heating, 
and some unknown mechanism would appear to be 
“involved. | 

The rate at which the positive-ion temperature 
increases, as a result of electron-ion collisions, has 
- — beon given elsewhere’. It has been suggested, both 
in Great Britain and in the United States, that. this 
process might be inadequate to explain the rate at 
which positive ions gain energy in certain electrical 
discharges. A relatively simple procedure, due to 
_ -Stixt, may be used to set an upper limit to the rate 
= ab which positive ions are heated by electron-ion 
eollisions. In this method the rate of heating is 
made a maximum by setting the electron temperature 
equal to three times the ion temperature, T;, and 
_ setting the electron density equal to a constant, ne 
corresponding to complete ionization and concen- 





























ae tration within the discharge channel. of all the gas- 








— initially present in the tube. On this basis (with 
InA set equal to 15, see ref. 1) Zg is given by the 
relation 






Pelt = 171 x 10? ne (1) 





















and ¢ in seconds. 


Ld 








ld, Bz, is 













Neglect of the finite gas pressure decreases the 








two currents, and an initial Bz of 160 gauss, and 
listed in the second column of Table 1. | 






Table 1 
Ti CK.) 
3-8 x 10° 


t(obs.) 
1-0 x 107 


t(theor.) 


amp.) ralem.) ne fem.) 
0 4-0 x 10 


6,000 16 8-6 x 10" 


CO-OPERATIVE PHENOMENA IN HOT PLASMAS 


By Pror. LYMAN SPITZER, sun. 


Princeton University 


where Ti is in degrees K., ne in electrons per emê, . | DRE mre 

ee above from experimental results obtained at Pro 
‘To determine the density in the ZETA experiments,. 
6 compute the radius, rg, of the discharge channel gas 
‘the assumption that the flux of the axial magnetic — 
held constant in the gas during the Pp 
traction, and that the field, Bo, due to the current 
als the compressed axial field at the boundary `: ) | rut 3 
he discharge. As a result of the high temperatures. material walls restricted the discharge to s 
hieved in ZETA, appreciable leakage of axial flux ` 
+ of the discharge does not appear to be possible. 


of 5 cm. diameter. A loop voltage of 30 
“applied around an iron transformer threa 
puted channel radius, increases me and again — observed ; since this current produces only 
akes the rate of increase of Ty a maximum. On | 
o assumptions, values of ra have been computed 


pared to a theoretical maximum value o: 
‘degrees in this same time-interval. 


“that electrons in a conventional gas di 
approach a Maxwellian distribution much 
rapidly than ean be explained by inter-p 


pressure of 1/8 p, and its concentration in th 
channel. The value of 7; for the lower ev 
column 4 is taken from Table 1 in the. 
Thonemann et al., and is based on the neutr 









The value of 7; at the higher current is the to 
ture obtained from the Doppler width of the 
triplet, as shown in Fig. 6 of the Harwell artich 
The ion temperature obtained from the net 
yield under this condition is about 50. per 
greater, but no information is available on the tim 
at which the neutrons appear in this case. In th 
fifth column are given the values of the time, in 
seconds, required ‘for the positive ions to reach this 
temperature, computed from. equation H Sere: 

For comparison, the final column lists the observed 
times, in seconds, at which the positive-ion energies 
reach the values corresponding to the fourth column.  — 
For the lesser current, this is the time at which the 
neutron yield reaches half its peak value as shown > 
in Fig. 4 of the paper from Harwell. For the greater 
value of current, t(obs.) is set equal to the time abo 
which the O V radiation reaches its peak intensity, — 
as shown in Fig. 5 of the Harwell paper. The _ 
simplifications made have tended to reduce t(theor.), 
and the correct value may be about an.order of < 
magnitude greater than given in Table 1. Thus the 
discrepancy seoms real. There does not appear to 
be any simple model, based on a quiescent plasma, 
which is consistent with the observed rapid heating 
of the positive ions. n 

Following a suggestion by the Harwell group as to 
the importance of non-thermal heating processes 
Stix? in 1956 arrived at conclusions similar to the 































Matterhorn. A discharge was produced in 
in a stainless-steel race-track tube of. 
diameter and 240 em. axial length, with an 
oressure of 0-63y, and an externally produce 






field of 19,000 gauss. The magnetic field was 
so that intersection of the outer lines of fc 









race-track, and a maximum current of 8, 
perturbation in the magnetic field, there 
pinching of the discharge. _Time-resolv 
troscopic profiles of the He IT line, à 4686, ir 
that the kinetic temperature of these ions in 
to 1-2 x 10° degrees K. in 1-5 x 10-* SÖG; 28 





















Tt has been known since the work by 



























Recent research by Gabor and hi 









represent a phenomenon — ‘related. 566° ‘Langmuir’ s 
paradox. To analyse the possible processes involved, — 


such as oscillations, shocks, hydromagnetic turbu- 


 Tences, otc., it would be helpful to obtain information 
on the extent to which the positive-ion velocities are 


:  thermaliized, that is, on how nearly the distribution 


AL -operative | : offøcts in “hoe plasmas will bo. of "great 
Interest. in basic physics. ee 


= Spitzer, Ti : “Physics. of: Jay Ionized Gases” (loterasience Pur 





lishers, 1956, Section 
* Stix, T. Talk at Berkeley, California ‘ieheiary 20-23, 1057). 


A Langmuir, I, Phys, Rev., 26,585 (1925) + Z, Phys. 46; 271 (1028). 


* Gabor, D., Ash, E. A. and Dracott, D., Nature, 178, 916 (1955). 


STABILIZED HIGH-CURRENT TOROIDAL DISCHARGE 
PRODUCING HIGH TEMPERATURES 


ye Da. N. L. ALLEN, Dr. T. E. ALLIBONE, RRS: 


D. R. CHICK, R. F. HEMMINGS, T. P. HUGHES, 


DR, S. KAUFMAN, B. $. LILEY, J.-G. MACK, Dr. H. T. MILES, Dr. R. M. PAYNE, 
| J. E. READ, Dr. A. A. WARE, J. A. WESSON and R. V. WILLIAMS 


Research Laboratory, Associated Electrical industries, Ltd., Aldermaston Court, Aldermaston, Berks 


: : quecs: in stabilizing a pinched toroidal discharge 


aes was first achieved in the apparatus known. as 
ZETA at the Atomic Energy Research Establish- 


o ment! The stabilization was produced by applying 
= 8 toroidal magnetic field (Bz) to a gas discharge com- ~ 
bined with a metal-walled tube. A discharge similarly _ 
"stabilized has been obtained in this Laboratory in a 
smaller apparatus, known as SCEPTRE HI. : 
The discharge tube of SCEPTRE III was an 
aluminium: torus having an internal diameter of 
30 em. and a mean torus diameter of 115 em. A- 
— 4-ton iron core linked the torus with a primary 
winding of eight turns, wound close to the torus to 
keep the leakage inductance to a minimum. <A con- 
denser bank of 150 pF. charged to voltages up to 


80 kV. was discharged thr ough: the primary by means 
of a spark-gap switch. A toroidal magnetic field of 


: us to 1,000 gauss was produced within. the torus. 
Fig. 1 shows a plot of the peak gas current against 
oe applied magnetic field for discharges in deuterium at 

ooo BOX Iot mm. mercury pressure, the range: of. 

_ ¢urrents measured being from 20 to 200 kamp. Typical 
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oscillograms of the voltage (V) measured around the 
torus, the gas current (I) and rate of change of current 

— {dijdt) are shown in Fig. 2. The marked change of 
(di f/dt} at t occurs at that current for which the 
= magnetic field at the wall (Bẹ) due to the gas current 
is equal to the applied Bz field. Theory shows that 
when these fields are equal, the discharge leaves the 
walls and constricts, and a sudden change of effective 
inductance will occur because energy must be supplied 
be compress the gas and the Bz flux. The change of 
(dT /dt) at this point confirms this theory. A corre- 
sponding change occurs at the same current value 
>o o when J is decreasing. This is consistent with an 
expanding discharge reaching the wall at this time. 
_. Measurements of inductance at peak gas current 


ee. 7 i : dř qd’ + 4y ; MF: i , 
-derived from the ratio E JE indicate that between 


0-55 and 0-9 of the applied B; flux is trapped by the 
constricting discharge. 
Coo Spectroscopic observations show the presence of 
<o a considerable amount of impurity in the discharge 
(oxygen, carbon, copper and aluminium). These 
-impurities are thought to be produced by the arcing 
which occurs between the gaps which must be left in 
the metal walls of the torus. Ion temperatures have 
been measured by observing the Doppler broadening 
of the quadruply ionized oxygen lines by means of a 
_ Hilger medium quartz spectrograph. The line profiles 
-Obtained after allowing for instrumental broadening 
(by Voigt profiles) were found to be Gaussian down 
== tö 1/20 of their peak intensity: this is the experi- 
> mental limit of observation. At 6 x 10-4 mm. mer- 
--eury pressure, 15 kV. condenser voltage, and Be 300 
C gauss, the line-breadth for the (O V) lines at 2781 A. 
was 0-97 + 0-1 A., which with an instrumental width 
of 0-3 A. corresponds to a temperature of 2-6 x 10° 
_ degree K. No temperature measurements have been 
_. derived when operating at less than 11 kV. condenser 
voltage because of the faintness of the impurity lines. 
_. Above this voltage the temperature has been found 
to decrease somewhat with increased voltage. This 


disappointing result must be due to radiation and — 


other losses from the discharge increasing more than 
© proportionately with voltage, caused by inereased 

impurity ; more arcing does occur at higher voltages. 
< To reduce the amount of impurity in the gas, 
xperiments were carried oub with a greater number 
of primary turns and hence a lower gradient for a 
iven input energy. Since the impedance of the 
lischarge channel is still predominantly inductive, 
‘the peak currents for a given input energy are only 
slightly reduced. Preliminary measurements with a 
6-turn primary have yielded ion temperatures in 
she range 2-5 x 10% to 3-8 x 10°°K., the temperature 
nereasing with condenser voltage up to 25 kV. 
With deuterium in the torus, neutron emission has 












en detected over the range of pressures 9 x 10-4 to =. 





i x 107 mm. mercury, a maximum occurring at 


about 2 x 107 mm. mercury, when the magnetic oe 


field is about 500 gauss. Table 1 gives some pre- : 
liminary results for the total number of neutrons per 


pulse, and in some of the cases the corresponding 
The temperatures in 
column 6 of Table I are calculated from the neutron 
yield, assuming a constant density within a discharge 
channel one-third the diameter of the tube and 
having a constant temperature for a period of 


measured ion temperatures, 


400 psec. 


Because of the impurities in the discharge, it emits = 
sufficient light to be photographed. Fig. 3 shows a 
Lhe discharge 
is viewed at one point of the torus simultaneously ~ 
through a slit window on top of the tube and on the 
side of the tube. Fig. 3¢ shows a print from a colour 


streak photograph of the discharge. 


photograph which records both red and blue light, 5 o | : 





500 
psec, 

Fig. 3. Streak photograph of the discharge: (a) without filter ; 

($) with blue filter. Deuteriam,1-2 x 10-*mm, mercury ; current. 


53 kamp. ; furns ratio, 8:1, magnetic field, 320 gause 

























ilse time. Superimposed on this channel 


mainly red at first, but later become white. 








bility have been studied by Shrafranov’, Taylor? 
Rosenbluth‘. Further properties of a discharge | 
stabilized in this manner have been studied theoretic- 
ally by Liley, of this Laboratory, in work not yet 
published. In particular, if the toroidal discharge is 
<- produced by discharging a condenser bank through 
>o -a primary closely coupled with the gas current, the 
temperature reached at peak current is relatively 






















a l 
z> g and 


i -independent of ajb within the range 1 > 

E is given in degrees K. by: | 

Do Bx 107 x S85 /(ypbsE)*!* 

| where J is the energy stored in the condensers in 
joules per cm. of the discharge tube-length, p the 
















ulse ig ¢ - perature across the discharge channel, and that th 
of light stretching across the whole tube energy exchange time betwoen positive ions anc 
electrons is small compared with the period of the 
condenser discharge. Ohmic heating due to currents 
-in both the z and 0 directions is taken into account, 





have been shown to travel around thè- 
th velocities of the order 2 x 10° em. seci,- 
believed to be due to shock waves produced 
ntermittent arcing occurring at the gaps. 
‘ho observed results are consistent with the dis- 
go being stabilized, due to the applied toroidal- 
tic field being trapped by the constricting — 
= The theoretical conditions for such | 


‘as is also the effect of adiabatic compression as the- 
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discharge contracts. Radiation and other heat losses. 


are neglected. = 
The temperatures calculated from the above. 


formula are given in column 8 of Table 1; con 
sidering the simplifying assumptions which were. 
made, these values agree reasonably well with the 


experimental observations. 
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advice and encouragement throughout this work, 
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MAGNETIC MEASUREMENT OF PLASMA CONFINEMENT 



























HE distribution of currents in a linear pinched 
discharge in deuterium has been measured by 
the use of small magnetic probes inserted into the 
plasmat. This report of work performed in mid-1956 
describes the current distribution in a discharge 
which compresses a longitudinal magnetic field 
originally set up in the tube by an external coil. 
‘The stabilizing properties of an included longitudinal 
field have been discussed theoretically elsewhere. 

The discharge tube was of the Columbus? design 


bank of 75 uF. at 10 kV. The connecting circuit, 
consisting of ten ignitrons and coaxial cables in 
parallel, had an inductance of 0-12 pH., which allowed 
a peak current in the discharge of approximately 
“1-5 x 10° amp. 


No. 40 wire on l-mm. diameter forms. These were 
encapsulated in slotted hypodermic tubes which 
were surrounded 

from the plasma. _ 





by quartz jackets for insulation 












with an inside diameter of 6-8 em. and an electrode — 
‘spacing of 30 em. Energy was stored in a capacitor 


The magnetic probes consisted of 44-turn coils of 


provided electrostatic shielding, and these in turn 






The coil output was integrated by 


IN A PARTIALLY STABILIZED LINEAR PINCH 


By Drs. L. C. BURKHARDT, R. H. LOVBERG and J. A. PHILLIPS 


Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico 





Fig. 1. Bz magnetic field and axial current density (Jz) distribu- 
_ tions as a function of time. Initial conditions: Bz = 1,000 






gauss ; deuterium pressure, 6004; V, 10 kV. 
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Fig, 2. Contour plot of axial Jz current density as a function of 
& time. Same conditions 4 as si Big 1 


4 e akaze o current, ; 
s Plots of the Bg and Bz fields » 3 


um at ‘600 with 1 ,000- -gauss ‘By oe init 
hown in Figs. 1, 2 ‘and 3. 


adius and to oscillate about a mean value. ‘The Bz 
eld is compressed within the main current sheath. 
If Bz and Bg are known throughout the tube, and 
one assumes the pinch to be in an equilibrium state, 
he plasma pressure may be calculated from the 
quation: j x B = yp. 
“In this case, the pinch was not entirely in equili- 
rium, as evidenced by a tendency to ‘bounce’ 
lightly at maximum compression. However, pres- 
sure balance calculations were made at times when 
he sheath acceleration was zero, where the above 
uation as piara 


-The discharge F seon ato 
è compressed to approximately ‘one third the. tube 


| TIME = p SEC. 


> RADIUS CME . a 
Fig. 3. Contour plot of B Tiina. field asa funtion 
Same conditions # as in Fig. t 
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a e} BILOGAUSS 
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* 


PRESSURE- DYNES /CM"x 10° 


at 2-5 psec. under conditions of Fig. i The radial ma ore 
sure as calculated from pressure balance considerations is k 
shown 


corresponds to a kinetie temperature of approxima 
10 eV. if all the gas is assumed to have been s 
in with the current sheath. In later stages im 
discharge the maximum temperature before breal 
was about 40 eV. 3 

We wish to acknowledge the encouragement 
J. L. Tuck during this work. „L. Fretwell assis 
generously in the taking of results. We ¢ 
acknowledge the pioneer (1954) work, £. a 
Mather in the use of magnetic probes. - 

This work was performed under: the. auspices 
the U.S. Atomic Energy Commission. 
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NEUTRON PRODUCTION IN A HIGH-POWER PINCH APPARATUS 


By Drs. D. C. HAGERMAN and J. W. MATHER 


Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico 


N the work on fusion power devices, several 
investigators'-® have studied the neutrons pro- 
duced by forming a pinch in deuterium. This com- 
munication reports on those neutrons coming from the 
Los Alamos Scientific Laboratory device known as 
Columbus II (July 1957). In view of the fast rate 
of growth of instability amplitudes in the pinch, 
Columbus II was designed as a high-powered machine 
in which the current reached its maximum value in 
as short a time as possible. 

The Columbus IL main condenser bank (shown in 
Fig. 1) consists of twenty-five 0-8 uF., 100-kV. low- 
inductance condensers on the periphery of a circle 14 ft. 
in diameter. The transmission line which connects 
the condensers to the centrally located discharge tube 
consists of two circular copper sheets separated by a 
4 in. polyethylene insulator. This bank is switched 
by a graded vacuum spark gap (Hagerman, D., 
unpublished work), which is placed above tho dis- 
charge tube. The condenser bank is charged by a 
Marx generator in 90 usec. The inductance external 
to the discharge tube is 0-035 uH., which implies that 
under short-circuit conditions at 100 kV. the maxi- 


mum current capability is 2-5 million amp. Typical 
operation is at 60 kV. with a gas current of 1 million 
amp. and a rise-time of 2 usec. In addition to the 
main high-voltage bank, a second low-voltage bank 
(60 uF., 20 kV.) was available which could be used 
to form a partially stabilized pinch in the discharge 
tube before application of the high-voltage bank. 
The reason for this two-stage operation was the hope 
that the low-power pinch could be adiabatically 
compressed by the high-power bank beyond the 
region of stability to a high transient temperature. 
Axial magnetic fields up to 10 kilogauss were provided 
by an auxiliary low-voltage condenser bank. Ceramic 
discharge tubes (30 cm. long, 10 em. in diameter) of 
sillimanite were found to allow operation up to 
55-60 kV. An interesting difficulty has up to date 
prevented all effective use of the machine above 
60 kV. The pinch phenomena can be identified by 
characteristic voltage or, in the case of extremely low 
inductance supply suchas this one, current fluctuations 
observed during the discharge cycle. These are 
found to disappear at voltages above 55 kV. as do 
the neutrons. 
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Fig. 1. 
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— plates situated behind the cathode and anode. 
observed energy shift of approximately 0-17 MeV. 
= corresponds to a 20-keV. deuteron. colliding with a 
deuteron at rest, or to a group of interacting deuterons 
travelling toward the cathode with a velocity of 
oo T X 10 em./sec. Plates were also exposed. radially 
at three positions along the discharge; the results 
are compatible with a uniform neutron distribution. 
= — from the cathode to within 5 em. of the anode, 
beyond which the yield is lower. 
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l Ex (Mev. ) 
Fig. 4.° (a) and (b) show the axial. neutron ener Bt panachoba à 
= fe) 8 Tange- energy calibration using a Cockeroft- n machine 


The 


All the plate 
_ exposures. were made with a 200- -gauss Bz field and 
Pk a Penk voltage. 


(2) Neutron pulse widths were approximately 1 usec 
- (3) Neutron yields were approximately 107/pulse 

_. (4) A 90-gauss axial magnetic field reduced the. yield 
-y by a factor of 3. | 

-© > -3v factor of 2 in going from 40 to 50 kV. on the. high 
voltage bank. In Table 1 the above results ar 
a | pompere? with those reported by other laboratories 


oe on. applied magnetic field, helium contamination, gas _ 
>e pressure and voltage, as well as the long neutron _ 
_-pulse-duration, suggests a mechanism of neutron _ 
production different from the usual 
“process. : 
“the neutron energy spectrum at 200-gauss axial — 

- magnetic field that directed motion of the reacting _ 
‘deuteron system exists. 







neutron yield if the fast bank - was timed ¢ prior to h 
development of instabilities in the first-stage pinch 













(5) Neutron yield increased by i 



















The dependence of neutron yield (row g, Table 





instability ae 
However, it is clear from the anisotropy in 


This anisotropy is smaller |. 
than that reported (row b, c, Table 1) for instability 
neutrons without axial magnetic field, even though — 
the applied electric field in Columbus IL is appreciably 
larger. ee 
We are indebted to J, L. Tuck and J. A. Phillips 
for many helpful discussions concerning this experi- _ 
ment. Thanks are also due to L. Rosen and the | 
nuclear plate group for their generous. assistance, to 
J. H. Coon for the provision of D-D calibration _ 
neutrons, to L. Neher for assistance in fast-scintilla- 
tion techniques, and to A. H. Williams and Glen _ 
Livermore for their technical assistance throughout. a 

This work was performed under the auspices of the a 
U.S. Atomic Energy Commission. a 
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3 NEW CONFINEMENT PHENOMENA AND NEUTRON PRODUCTION Lo 
IN A LINEAR STABILIZED PINCH | 


By Das. {i C: BURKHARDT and R. H. LOVBERG 


Los Alamos Scientific. Laboratory, University of California, Los Alamos, New Mexico 


A LINEAR discharge devic ot, oes Columibad y 

~ $~4, has been constructed to test the effect of. 
nereased tube diameter and inter-electrode spacing . 
n the properties of a Bz-stabilized pinched discharge. — 
apparatus utilizes the same capacitor bank as. 
hat employed in the magnetic-probe experiments 
75 uF., 20 kV.) with the external inductance reduced 

0: 075 uH. The discharge tube is a cylinder of 
porcelain (“Mullite’) of inside diameter 5-0 in. and © tul 
24 i es discharges,’ it became impossible to detect 
ylindrical. return conductor of 1/16 in. stainless — , ) 


‘he 


in. spacing between electrodes. A close-fitting 


teel. ‘provides rigbi AeA in the 2- msec. rise ae 


been made for radial insertion of a “magnetic prob 
halfway. between the electrodes... 

-From the time of its initial operation, this tube’ i 
əxhibited properties qualitatively different from tho 


observed in previous experiments: Initial observ. 
-tions of optical spectra from the discharge ` were ma 
with a monochromator of approximately 1 A. re 
tion whieh looked along the tube axis. Afte 





f the: common impurities such as silicon. and ox; 








SR toa ee ES 


Fig. 1 (@) Four superimposed traces of Bgtt) for a radius of. 6-4 em, 


The capacitor bank. current ia shown in 
5 peet jonr. (bh) By traces for ¢ = d-d om. 
en previous systems, The Hg line, under these 
conditions, appeared with considerable amplitude 
during the initial discharge current rise, dropped to 
an almost undetectable amplitude near the first 
< courront maximum, and remained faint until the 
second current maximum, when it again became 
prominent. ‘The rise in gas pressure after each shot 
owas less than 5 per cent. Operating conditions for 
othe above observations were: 


fiube-wall radius). 
opposite polarity, Sweep ; 


Condenser voltage = 1-5 x WV, 
Bz =» 1,750 gauss 
Deuterium pressure x= 40u. mercury 
l max, sx 25 x 105 amp. 
‘Lime to first current 


peak = 6 psec, 


Magnetic-probe measurements of the By and Be: 

_ fields were made under these conditions, and for times 
extending through three half-cycles of the bank 

< current., 
othe probe traces became imperfect after 3 usec., due 
-o to an apparent small-amplitude flutter of the plasma 
-soluran, the spread in the trace amplitudes was still 
sufficiently small to allow the plotting of meaningful 
field distributions and the calculation of approximate 
plasma pressures. Figs. la and 16 are Bg records for 
radii of 6-4 em. (the tube wall) and 4-4 em. respec- 
tively. Four traces are superimposed in each picture, 
_ sand the capacitor bank current is also displayed in 
_ 6pposite polarity. The sweep-speed is 5 usec. per 
em. An unexpected effect is seen to manifest itself 
 cafter a time of 3 usec. While before this time the 
amplitudes display the 1/7 dependence characteristic 
of all current being within: 4-4 em. radius, this 


a dependence breaks down at later times in the half 


eyele ; in particular, the amplitude ratio between, the 
-two sets of traces at 10 usec. exceeds a factor of two. 
This implies the existence of a sheath of negative 
courrent just inside the tube wall. The same con- 
clusion can be drawn by comparing the By, amplitudes 
at the zero of input current; no net current flows 
inside the tube, since Bg at 6-4 em. is zero; yet 
about 5 x 10% amp. is flowing inside 4-4 em. radius. 
A circulation of current is evidently taking place 
mside the tube. Later in the cycle it is seen that when 
the central core current has. dropped to zero, the 
entire. bank current is s flowing 

























< wall materials have apparently collected m it dv 


While the shot-to-shot reproducibility of 


w. the outer sheath ; T 








appear only at the compression n of this: second sheath 










its relatively long existence at the wall, 
A pressure-balance calculation: has _ beon done 
using the Bz and Be amplitudes at 6 usec. after. the — 3 
starting of current, that is, ab the current maximum. 
The plasma pressure at the tube axis and at this _ 
time appears to be about 12 atmospheres; if the 
plasma is assumed to be uncontaminated and pinched 
to the same radius as the longitudinal current, the aS 
temperature should be in excess of 300 eV occo ooe 
Since a temperature as high as this, together withthe 
assumed central density, should result in an easily de- __ 
tectable neutron yield, namely, of the order of 100/e.e. | 
psec., & series of counter experiments was performed. ee 
A plastic scintillation counter was found to give | 
pulses centred at the current maximum, and testa a 
with paraffin interposed between the counter and 
discharge tube established. the radiation to bo 
neutrons. The yield was found to be too: small to 
activate a silver foil counter to. significantly greater 
than a background count, and if was concluded from 
the known counter calibration that the total yield 
was fewer than 10° per discharge. The numbers of 
counts observed in the plastic scintillators made it 
apparent that some of the discharges yielded more — 
than 10° neutrons. At the time of writing, the 
number has not been accurately fixed. Fig. 2shows  —_ 
the output of the scintillation counter for several 
successive discharges, along with a trace of the ć _ 
condenser current. In this instance, the condenser see 
voltage had been raised to 17-5 kV, ee 
Runs were made to measure relative neutron yield ey 
as a function of bank voltage, Bz, deuterium pressure, 
and contaminant fraction in the gas. The yield over 
the half-cycle was obtained by integrating the — 
photomultiplier anode current for this time. Ten 
shots were taken at each condition of the system. In 
Figs. 3, 4, 5 and 6 the relative yield for each discharge 
is plotted as a small dot, while the mean values are 
horizontal bars. 
It must be remarked that most of the data plotted 
in the above figures were taken at conditions more. 
favourable for neutron production than those used 
for the magnotic-field measurements. However, 
counts were observed in significant numbers at 15-kV. 
bank voltage and 1,750-gauss Bz; typically, one : 
observed the order of 10 counts per discharge in a 
5 in, x 5 in. cylindrical plastic scintillator placed 
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NEUTRONS FROM A STABILIZED TOROIDAL PINCH 


By Drs. J. HONSAKER, H. KARR, J. OSHER, J. A. PHILLIPS 
and J. L. TUCK 


Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico 


YDROMAGNETIC calculations on idealized 
models of the pinch have indicated that 
stability might be attained by a combination of a 
central axial magnetic field and conducting walls, 
provided that certain restrictions on compression 
and 8rxp/B? (p is plasma pressure) are obeyed'*. The 
problem is actually more complicated than these 
simple models suggest, especially when the finite 
thickness of the boundary layer between external 
magnetic confining field Bg and internal magnetic 
stabilizing field Bz is taken into account. 
Experiments at Los Alamos on straight tubes‘ 
using magnetic probes have measured substantial 
plasma pressure confinement with appreciable stabil- 
ity by these means. It proved unexpectedly difficult 
to do as well in toroidal geometry, duo in part to the 
technical difficulty of inducing high-voltage gradients 
and also to the presence of unavoidable gradients in 
electric and magnetic fields across the discharge tube 
cross-section. After a progression of machines 
extending over several years, Perhapsatron 5-3 
began to show (middle 1957), by magnetic probe 
measurements’, more symmetrical detachment of the 
current channel from the walls. This apparatus is 
shown in Fig. 1. 
Fig. 2 shows a magnetic pressure measurement, 
with plasma pressure (nkT) determination made in 


Perhapsatron S—3 at two stages in the current wave 
t = 4 usec., 2-0 x 10° amp., and t = 6 psec., 2-3 x 
10° amp. Such curves show penetration of the Bg 
magnetic field towards the pinch axis with some 
increased confining current density along the axis 
and little current outside the pinch. We evaluate 
nkT by substitution in the pressure balance equation : 


Ms "3 
Ma: T Bt wee 4 ten: l Bo’ Bz’ 
[met + Sa] al) E+E) +e 
ri ry 


where B? = Be*, r and R are the radii of curvature of 
Bo and Bz respectively, and C is a constant evaluated 
at some position at which nkT is known. 
calculations of nkT are not precise, since (1) the radii 
of curvature of the magnetic field lines are assumed 
from symmetry and (2) uncertainties of the position 
of the discharge axis seriously affect the integration ° 
in its vicinity. The pressures are consistent with 
appreciable average temperatures greater than 125 eV. 
Also the cooling effect of impurity influx from the 
walls is suggested by the lower pressures at 6 usec., 
compared with those indicated at 4 usec. This is” 
paralleled by the rise in impurity spectral line inten- 





Fig. 1, The glass torus (minor radius 2-65 cm.) of Perhapsatron S-3 is shown supported 


of the 


r radius 16-2cm.). The condenser is 


in the lower half copper primary (majo 
225 uF. (44,500 joules at 20 RV) with a total connected inductance of 0-08 »H. ati the 


torus feed 


-point 
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Pres 
jeutron ieee iner orison À with. ‘decreasing pr sur 
1 At high pressures (400p), X-ray energies as. high 

Ve 0-9- MeV. “have been measured with 12 kV. -primar 
gO anid ueintillator r (43 ¢ em. damt 50. em. voltage and 5,000 gauss Bzy. oe 
aXe owed neutron emission ea. 17, a = A spectrogram taken during three apike dis | 

er di charges at 11 A. per mm. dispersion over range 
000-6600 A. shows a strong continuum throughout, 
with a few lines greatly broadened ~30 A. tentativel 3 
identified as Si IT, Si ITI. | | , 
~. One of the central features of the design: of Porhap 
‘satron S—3 is the thinness (0:3 cm.) of the glass walls 
of the torus and its close fit to the metal primary, 
-based on the unequivocal predictions by theory of 





























pal to 2 x 10° neutrons per dische 
laminated iron core improved tl 
in the early stages of the current. eycle 
it saturated, and gave a further small increase. 
ields X to 10° per icharge.) have: been 





































Ue : y ya the bad effect of Bz external to the pinch on stability. 
D oil scintillation counter shows a burst of e ; This has made the glass torus very fragile and easily 
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sec. This may have interesting implications. to : aa 
s a well-defined optimum Bz; with no yield abo- ars a 
Bz (Fig. 4). The yield rises with diminishing Actor 
terium pressure, and the lower limit in this direc- _ 
is determined by failure to obtain gas breads ety 
Fig. 4) even with radio-frequency pre-excita- 
The yield is sensitive to contaminants and to: 
ality of the base vacuum pressure. 5 per cent 2 ie m n. 
en reduces the yield by a factor of 2 (Fig. Š) 
5: are variable | at fixed operating conditions: by ; 
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witness the great sensitivity of instability noutrons 
bo Impurities*-1, 

oo We think it fairly safe to say that at any rate the 
fringe of thermonuclear temperatures of approxi- 
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in the 12-keV. energy-range after very few reflexions, 
yet a small fraction of the gas, 0-6 per cent with ‘this oe 
energy, equals the thermonuclear yield of a plasma _ 
at 600 eV. Nor is it easy to distinguish the two 
experimentally. Refined nuclear emulsion techniques 
could do it, but would require several thousand — 
discharges to accumulate enough intensity: at theo 
present output-level of Perhapsatron S-3. Com- 
parison of yields with DD and DT gas fillings cèn 
also be used, but requires more reproducibility’ than ae 
prevails at present. a 
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are spectrum of manganese. For the first time, the 
pectrum of a complex atom could be interpreted, 





ee giving experimental support to the quantum theory 


es of those atoms. Catalan’s discovery was the beginning 
of a novel approach to the study of atomic spectra, 


= ] ‘and all laboratory spectroscopists began to study 


© many other complex spectra, looking for multiplets 
8s Catalan did in Mn I. 

In 1923 he was awarded a Rockefeller Fellow- 
one ship. ‘at the suggestion of Prof. A. Sommerfeld, and 
worked with him during 1928-24. Back in Spain, 

Catalan continued his work on atomic spectra, and 
in 1980 was promoted head of the Atomic Spectro- 

= scopy Section at the Rockefeller Institute of Madrid. 
— Many students from Spain and abroad worked under 
his direction, and in 1934 he became full professor 
in the University of Madrid. During the following 
years, a large number of important papers on analyses 
of atomic spectra were published by Catalan and his 
students; thus, very soon his school was well known 
and appreciated all over the world. Invited by the 
_ American Philosophical Society, he worked in the 
United States during 1947-48 and again in 1950 and 
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ontributions to the field of atomic spectroscopy were 
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nds a and colleagues. R. VELASCO 


Prof. Louis Pillemer 





sts in Great. 
` 1957 t the 









ago of ariy hine haat 


: T LAN wa bo Sarago “Ph.D. there in 1938. In 1944 Pillemer worked at the. 
m stare "te ‘= cara Army Medical School in Washington. 
en! ’ returned to Western Reserve University he became, 
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chemistry (1946) and professor of biochemistry 
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y in the laboratory for advanced studies — Pathology. 
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b _ University, with E. E. Ecker, who was his chief at 

hip, he studied in ib Tagg arash rican, Western Reserve University for many years, and 


During this stay at- “with E. J. Cohn at Harvard, undoubtedly influenced. 


1Y perial College of Science and Technology, — 
Catalan made his most important contribution to- 
spectroscopy with the discovery of multiplets in the 


951. In 1950 he was appointed chief of the Depart- 
he Joint Commission for Spectroscopy of the Inter- 


also rewarded in Spain when he was elected member | 


invitation of South American universities, Catalin 
lectured in Argentina and Venezuela in 1956 and- 
. Up to the date of his illness, he was still very — 


e and productive ; thus his death surprised and _ could gain was respect of his. eta: for his oe 


-Catalán was not only an eminent spectro- - he certainly gained this award. 


he was also a great teacher and he enjoyed a who as Jean Burrell’ was among his collaborators, ; 


was really his hobby. He had the rare < and four sona, 


of making simple and understandable the most, Pittemed. L., Ecker, E. B., 


-* Pillemer, L., Chem. Rev., 38, 1 (1943). 
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His association with W. A. Perlzweig at Duke 


his experimental approach and orientation, but the’ 


direction and drive of his endeavours flowed from 
his own stormy and original personality and from 
the intuitive faculties of his mind. When one came =: 


to know him intimately, one realized the uncom: 


promisingly high standards of values which guided | 
his scientific decisions and the tremendous emotional 
strain caused by the demands he so pitilessly made 
on himself. l 
Pillemer’s experimental work ranged from studies 
of protein specificity? and complement? to clinical 
biochemistry? and to the purification of toxins and 
toxoids*, : 
Pillemer made contributions of fundamental sig- 
nificance in several directions, but his choice of- 


¿research projects was usually strongly weighted by- 


their potential practical value, Purification studies: 
were aimed at an improved combined vaccine of. 
diphtheria—tetanus—pertussis ; the later development 
of a pertussis vaccine by ultrasonic disintegration of 
the microbes followed by absorption of the protective 
antigen on human red cell stroma continued this 
endeavour’. | 
During recent years he abandoned other lines of 


research to turn his attention again to complement ; 


soon “Properdin’ was discovered by him and his small. 
band of enthusiastic and able colleagues and assis- | 
tants. ‘Properdin’, acting with components of 


complement and magnesium ions, was shown to be 


part of the constitutive defence mechanisms of the 
mammalian organism and to mediate the destruction 


of certain micro-organisms and abnormal red cells*, — 
_ By the time of Pillemer’s death, it was clear that the 


discovery of ‘Properdin’ represented an important 


-~ milestone in the study of the non-induced defence 


mechanisms against infection. a 
Pillomer felt that the highest award a scientist 
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Hydraulics Research : 
Sir Claude Inglis, C.I.E., F.R.S. 


SIR CLAUDE Inctis is retiring from the post of 
director of the Hydraulics Research Organization of 
the Department of Scientific and Industrial Research. 
According to ““Who’s Who”, Sir Claude was born in 
1883 ; those who are familiar with him and with his 
work will read this statement with some incredulity, 
for it implies that at the date of his appointment as 
the first director of the Organization he was already 
some sixty-three years of age. Although so many 
fundamental contributions to the subject of hydraulic 
scale models had been made by British engineers 
(notably Osborne Reynolds and A. H. Gibeon), 
facilities for such investigations, especially in the 
field of loose-boundary hydraulics, then lagged far 
behind those established in many places abroad. 
Happily, the situation is now different, and this is 
very largely due to Sir Claude’s quiet but effective 
persistence, his infinite patience and his capacity for 
continuous hard work; all combined with his 
specialized knowledge and the experience of his 
earlier directorship of the Indian Waterways Experi- 
ment Station at Poona. The Department of Scientific 
and Industrial Research now has a magnificent 
Hydraulics Research Station at Wallingford (a site 
chosen by Inglis), which includes a main experimental 
hall with a floor area of 60,000 sq. ft. Before joining 
the Department, Sir Claude had comparatively little 
experience of tidal models; nevertheless, he has 
since directed several notable tidal model investi- 
gations of considerable complexity. A remarkable 
feature of his directorship has been his enthusiasm 
for the development of new measuring devices, the 
design of novel tide- and wave-making machinery 
and the exploitation of radioactive isotopes as an 
aid in tracing the movement of sand and silt. At the 
same time, he has maintained his interest in the basic 
mechanics of the regime of channels and the mean- 
dering of rivers. 


Mr. Fergus H. Allen 


Mr. Fegeus H. Auten, who has been appointed 
to succeed Sir Claude Inglis as director of the 
Hydraulics Research Station at Wallingford, has 
earned widespread respect and confidence during 
tenure of the office of assistant director. The site of 
the Station was only acquired in 1949, and the 
design and construction of buildings and equipment 
there have clearly demanded strenuous efforts by all 
concerned and not least by Mr. Allen, who has 
shared the responsibility for many of the investi- 
gations undertaken both at the Station itself and on 
other premises, and has at the same time shouldered 
many of the administrative duties. Mr. Allen has 
visited hydraulics research laboratories abroad and 
has been the author or co-author of several pub- 
lications, including “The Regimen of the Thames 
Estuary as affected by Currents, Salinities and River 
Flow”, a paper which aroused considerable discussion 
when it was read by Inglis and Allen at the Institution 
of Civil Engineers in May 1957. At meetings of the 
Hydraulics Research Board of the Department of 
Scientific and Industrial Research and at conferences 
held by bodies such as the International Association 
for Hydraulic Research and the Permanent Inter- 
national Association of Navigation Congresses, Mr. 
Allen has made a very favourable impression by his 
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grasp of the subjects under discussion and by his 
capacity for lucid exposition. The Hydraulics 
Research Station may look forward with confidence 
to continuing progress under his direction. 


Irrigation Research Station, Griffith : 
Mr. E. R. Hoare 


Mr. E. R. Hoare has been appointed as officer- 
in-charge of the Commonwealth Scientific and Indus- 
trial Research Organization, Irrigation Research 
Station, Griffith, New South Wales. Mr. Hoare comes 
from the United Kingdom Institute of Agricultural 
Engineering, Silsoe, Bedfordshire. He has been in 
charge of the Horticultural Engineering Department, 
which has made important contributions to research 
on plant cultivation. He graduated in mechanical 
and electrical engineering at the University of London 
in 1934. For eleven years he was research engineer 
and physicist with the General Post Office. He 
undertook important services for the Armed Forces 
during the War, including the synchronization of 
all radar stations on the east coast of Britain, and 
the design and installation of D-day cross-channel 
communications. 

Mr. Hoare has applied his experience as a radio 
and electrical engineer to the study of the basic 
requirements of the growing plant. In this work he 
and his team of research workers have developed 
many original and sensitive electronic instruments 
for assessing such factors as the respiration of plants 
and their sensitivity to light and heat. Among the 
projects successfully developed by the Horticultural 
Engineering Department under his guidance have 
been the study of the uptake of water in plants both in 
glasshouse and open ground cultivation ; cultivation 
and tractor problems ; plant-culture under glass with 
special reference to heat requirements; crop- and 
pest-spraying problems; study of light, radiant 
energy and radioactivity in relation to plant growth. 


Giovanni Alfonso Borelli (1608-79) 


MATHEMATICIAN, astronomer, physicist and physio- 
logist, Giovanni Alfonso Borelli was the son of a 
soldier and was born at Naples 350 years ago on 
January 28, 1608. A pupil of Galileo, he became 
professor of mathematics at Messina in 1649 and 
seven years later, at the invitation of Ferdinand I, 
Duke of Tuscany, went to Pisa. There he met Mal- 
pighi, whom he taught mathematics and physics and 
from whom he acquired an interest in physiology. 
Borelli looked upon locomotion, respiration and 
digestion as mechanical processes, describing digestion 
as the result of a mechanical trituration of the food 
within the stomach. He taught, erroneously, that 
contracting muscle increases in bulk due to fer- 
mentation in muscle, and believed that the nerve 
supplying the muscle discharged a fluid, succus 
nerveus—his substitute for Galen’s ‘animal spirits’. 
His neurogenic theory of the heart beat, revived by 
J. J. C. Legallois in 1812, held the field against the 
myogenic theory until modern times. Borelli’s “De 
motu animalium”, an enormous work in two volumes, 
was published posthumously in 1680-81. His pseu- 
donymous letter, ““Del movimento della cometa 
apparsa il mese di decembre 1664” (1665), contains 
the first suggestion of a parabolic path, and his 
““Theorica mediceorum planetarum ex causis physicis 
deducta” (1666) deals with the influence of attraction 
on the satellites of Jupiter. In 1679 he invented a 
diving apparatus capable of altering the specific 
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gravity of the diver. Borelli returned to Messina in 
1668 and in 1674 retired to Rome, where he lived 
under the protection of Queen Christina of Sweden. 
A morose, obstinate and quarrelsome man, he died of 
pleurisy on December 31, 1679. 


The Commonwealth Trans-Antarctic Expedition 


THE trans-Antarctic survey party led by Dr. Vivian 
Fuchs reached the South Pole on January 20, where 
they were met by Sir Edmund Hillary and Rear- 
Admiral G. Dufek, commander of the American naval 
base at the Pole. The expedition, which consists of 
Dr. Fuchs and his team of eleven men, four ‘Snocats’ 
and a ‘Weasel’, with two dog teams and sledges, left 
Shackleton Base for South Ice on the Weddell Sea 
on November 24 and started from South Ice for the 
Pole on December 21. Throughout the journey the 
expedition has conducted a programme of scientific 
observations including seismic soundings every thirty 
miles, gravimetric readings every fifteen miles and 
meteorological observations every three hours, in 
connexion with the International Geophysical Year. 
It is reported that Dr. Fuchs proposes to continue 
his journey across the Antarctic continent to Scott 
Base on the Ross Sea using the depots of food and 
fuel established by Sir Edmund Hillary’s earlier 


supporting party. 


Tenth Anniversary of British Ocean Weather Ships 


In August 1957 British ocean weather ships com- 
pleted ten years of service in the North Atlantic. 
The first, Weather Observer, arrived at station ‘Juliett’ 
(53° 50’ N., 18° 40’ W.) on August 5, 1947, and 
transmitted her first observation to the Central Fore- 
cast Office, Dunstable, on that day, thereby in- 
augurating the active participation of the United 
Kingdom in the North Atlantic Station Agreement. 
The record of the ten years work is summarized by 
Comdr. ©. E. N. Frankcom, marine superintendent 
of the Meteorological Office, in an article in the issue 
of the Meteorological Magazine of October 1957. 
Besides the usual surface observations, regular upper 
air ascents with radio-sonde and radar-wind balloons 
have been made, a difficult task in the high winds so 
often encountered at the ocean weather stations. 

In addition to performing their meteorological 
work, the four ships have provided navigational 
assistance to aircraft, carried out oceanographic 
research, and been used for researches by other 
institutions, for example, in seismological work by 
the University of Cambridge. Ten of the marine 
staff have served throughout the decade and one 
meteorologist for six years. ‘The ships employed, 
converted “Flower” -class naval corvettes, are showing 
wear after their war and ocean-station work and 
one of them is to be replaced by a larger “Castle” - 
class frigate now being converted for its new duties. 
The new vessel, which may be followed by others of 
the same type, will be much more roomy and com- 
fortable. 


U.S. National Astronomical Observatory 


THE National Science Foundation has entered into 
a contract with the Association of Universities for 
Research in Astronomy, Inc., for the construction, 
operation and maintenance of a U.S. national 
astronomical observatory. The Association, which 
has its principal office in Phoenix, Arizona, comprises 
the following Universities: California, 
Harvard, Indiana, Michigan, Ohio State and Wis- 
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consin. ‘These Universities joined together to con- 
stitute a management group for the new observatory, 
because they have had experience in operating 
large observatories and have big programmes of 
research and graduate instruction in astronomy. As 
the project develops, it is expected that other 
universities and individuals will join the Association. 
The Board of Directors of the newly formed cor- 
poration consists of a scientific and an administrative 
representative of each of the seven participating 
universities, as follows: California; Dr. : 
Shane, director, Lick Observatory; Mr. J. M. 
Miller, assistant vice-president, business affiairs ; 
Chicago: Dr. G. P. Kuiper, director, Yerkes Observ- 
atory ; Mr. W. B. Harrell, vice-president, business 
affairs; Harvard: Dr. D. H. Menzel, director, 
Harvard College Observatory; Mr. Edward Rey- 
nolds, administrative vice-president ; Indiana : Dr. 
F. K. Edmondson, chairman, Department of 
Astronomy ; Mr. J. A. Franklin, vice-president and 
treasurer; Michigan: Dr. R. R. McMath, director, 
McMath—Hulbert Observatory ; Mr. G. L. Lee, jun., 
controller; Ohio State: Dr. P. C. Keenan, professor 
of astronomy; Mr. ©. F. Miller, controller; Wis- 
consin: Dr. A. E. Whitford, director, Washburn 
Observatory ; Mr. A. W. Peterson, vice-president. 
The corporation appointed Dr. McMath president, 
Dr. Edmonson as vice-president, and Mr. J. M. Miller 
as secretary. 

The new observatory, when completed, will be 
open for research to all qualified astronomers. Under 
the terms of the contract, it is hoped to equip the ~ 
Observatory initially with a 36-in. and an 80-in. 
telescope. The National Science Foundation’s 
appropriation for the fiscal year 1958 includes an 
item of 3-1 million dollars for construction of 
an optical observatory on a site which is to be 
selected as a result of extensive tests. The Foundation 
earlier awarded grants totalling approximately 
800,000 dollars to the University of Michigan to 
support studies leading to the establishment of such 
an observatory (see Nature, 178, 837; 1956). After 
extensive studies under the direction of Dr. Aden B. 
Meinel, executive secretary of the Foundation’s 
advisory panel for the observatory, the choice of site 
was narrowed to five locations : Kitt Peak (6,875 ft.), 
40 miles south-west of Tucson, Arizona; Summit 
Mountain (7,500 ft.), 11 miles south of Williams ; 
Chevalon Butte (6,950 ft.), 40 miles south of Winslow ; 
the Hualapai Mountains (7,350 ft.), 13 miles south of 
Kingman; and Junipero Serra (5,800 ft.), 21 miles 
west of King City, California. A special committee, 
under the chairmanship of Dr. C. D. Shane, director 
of Lick Observatory, recently spent some time in 
Arizona reviewing the situation. As a result, site 
studies will be continued at Kitt Peak and Hualapai 
and at a new location on Mormon Mountain (8,440 
ft.), 35 miles south of Flagstaff, but discontinued 
elsewhere because recent work has shown that the other 
sites are unsuitable. Temperature and wind velocity 
will continue to be measured and seeing conditions 
tested at the three remaining sites. Studies are 
expected to be completed by about June 30, 1958. 


British Group for Computation and Automatic 

Contro! 

Tue British Conference on Automation and Com- 
putation is being organized in three sections, as 
follows: (A) the British Group for the Engineering 
Applications of Automation ; (B) the British Group 
for Computation and Automatic Control ; and (C) the 
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British Group for the Sociological and Economic 
Aspects of Automation Techniques (Nature, 179, 
948; 1957). At a meeting held on December 20, 
Group B, the British Group for Computation and 
Automatic Control, was formally constituted, com- 
prising as its members twenty-three professional 
‘and learned institutes and societies with interests in 
these fields. 

The objects of the Group are to foster the develop- 
ment and applications of automatic controls, com- 
puting and data-processing equipment and pro- 
gramming techniques ; to afford a common meeting 
ground for the adhering organizations ; to maintain 
liaison with other Groups of the British Conference 
on Automation and Computation and with corres- 
ponding national committees of other countries ; and 
to encourage and co-ordinate the presentation at 
international conferences of British papers on subjects 
falling within the purview of the Group. Mr. T. E. 
Goldup (president of the Institution of Electrical 
Engineers) was elected chairman of the Group, with 
Messrs. J. F. Coales (Society of Instrument Tech- 
nology) and E. M. Renals (Institute of Cost and Works 
Accountants) as vice-chairmen. Mr. J. D. Green 
(Institute of Chartered Accountants in England and 
Wales) was elected honorary treasurer, and Mr. W. 
Bamford (Institution of Electrical Engineers) honorary 
secretary, and the offer of the Institution of Electrical 
Engineers to provide secretarial services for the Group 
was accepted. The chairman, the honorary secretary 
and one vice-chairman (Mr. E. M. Renals) were 
chosen. to act as the representatives of the Group on 
the general committee of the British Conference on 
Automation and Computation, which will also com- 
prise representatives of the two remaining Groups 
now in process of formation. The constitution of the 
Group provides for the election of additional member 
societies: those interested should communicate 
with the honorary secretary of the Group, at the 
Institution of Electrical Engineers, Savoy Place, 
London, W.C.2. 


Transparent Magnetic Oxides 

THe work going on in Prof. L. Néel’s laboratory in 
Grenoble on ferrimagnetism in rare earth iron garnets 
has recently been extended in the Bell Telephone 
Laboratories by an investigation of their optical 
resonance behaviour carried out by J. F. Dillon, jun., 
using single crystals grown by J. W. Nielsen. These 
materials are remarkable in that some of them are 
transparent. Consequently, their Faraday rotation 
can be conveniently investigated, and it is found that 
it amounts to several degrees per mil of thickness, so 
that domains within the crystals can be made clearly 
visible, enabling the domain structure to be studied 
over a wide range of temperature and field conditions. 
Yttrium iron garnet has been most completely 
studied so far. It has a Curie temperature of 545° K. 
and a spontaneous magnetization, at 0° K. and 
infinite field, of 4-96 Bohr magnetons per molecule, 
which is close to the theoretical value of 5-0. This 
magnetization results from super-exchange inter- 
actions through the O?- ions between Fe®+ ions in 
crystallographically different positions in the cubic 
lattice. The fact that yttrium iron garnet contains 
magnetic ions with but a single valence is of great 
interest, and X-ray and neutron-diffraction studies 
have shown that, unlike the ferrites, interactions 
between identical magnetic ions wholly occupying two 
different crystallographic sites are responsible for 
ferrimagnetism in the garnet structure. 
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Systematics and Biology of Ungulates 


ABOUT sixty zoologists from Belgium, Denmark, 
France, Germany, Great Britain, Holland, Italy, 
Russia, Switzerland and the United States, attended 
a three-day colloquium in Paris on the “Systematics 
and Biology of the Ungulates’’ during October 23-26. 
The colloquium was arranged by the Comité de 
Direction et d’Administration of the journal Mam- 
malia and the (Benelux) Société pour Vétude et la 
protection des, mammifères, under the presidency of 
Prof. E. Bourdelle, with Prof. Roger Heim as président 
d’honneur, and Dr. Jean Dorst as secretary-general. 
After a reception at the Parc zoologique de Vincennes 
on the evening of October 23, the following three days 
were fully occupied in the presentation and discussion 
of some thirty papers embracing many aspects of 
the subject from classification and conservation to 
blood groups, placental structure, animal behaviour, 
and the biology of particular species. The text of 
these papers, together with some others the authors 
of which were unable to be present at the colloquium, 
will be published in full in Mammalia. The members 
of the colloquium agreed, as was plain from the 
speeches at the concluding dinner where they were 
the guests of the management of Mammalia, that 
the meeting was most valuable and stimulating not 
only in its formal business but equally in the oppor- 
tunity it gave to zoologists working on the Mammalia 
for informal discussion and exchange of ideas. It is 
greatly to be hoped that organizations in other 
countries will follow the example set by their col- 
leagues of France, and will arrange similar inter- 
national meetings for the benefit of zoologists inter- 
ested in the study of the Mammalia. 


Cytological Techniques and the Apical Meristem 
Tue reactivity of the shoot apical meristem as 
ascertained by cytological and other techniques, m 
particular by French observers led by Plantefol and 
Buvat, has been discussed by Wardlaw (New Phytol., 
56, 221; 1957). The French school places great 
emphasis on the initial or meristematic ring as the 
active region of the apical meristem, particularly in 
the inception of leaf primordia and phyllotaxis. The 
conclusion reached in the paper under considera- 
tion is that the cytological investigations now being 
so vigorously pursued by the French workers and 
their adherents are to be welcomed as contributing 
new facts about the distribution of nuclear and cyto- 
plasmic proteins in different regions of the apex ; and 
it should be recognized that the theories and ideas 
which have been expounded, whether or not they are 
validated by further work, have given a new impetus 
and direction to the study of the shoot apex. The 
results that have so far accrued from this approach, 
however, tend to forfeit some of their value and 
objectivity, partly because of the æ priori complete 
acceptance and, indeed, over-emphasis, on the part 
of the protagonists and their followers, of the validity 
of the underlying theory of phyllotaxis and apical 
organization, with a consequential tendency for the 
observations to be somewhat selective in character, 
and partly because the new observations have not 
been related to the well-substantiated body of 
evidence on apical ontogeny, organization and 
reactivity that has accrued from experimental and 
other investigations. Lastly, in considering the views 
of the French workers and criticisms of these views, 
it is well to bear in mind how very little is yet known 
about the physiology and biochemistry of the apex. 


er | G Weg, es 


238 


New facts, however, can be sought and they may 
decide the controversial issues. 


Peaceful Uses of Atomic Energy 


A MAJOR symposium on the peaceful uses of atomic 
energy will be held in Sydney during June 2—6. The 
symposium is being sponsored by representatives 
of the universities, professional institutes, industrial 
firms, power authorities, Commonwealth and State 
departments and the Australian Atomic Energy 
Commission. The symposium will be a forum for 
the discussion of technical and scientific aspects of 
the peaceful uses of atomic energy. Papers will be 
presented by overseas scientists as well as many 
Australian contributors. Particular attention will be 
given to the part atomic energy can play in the 
development of Australia. There will be several 
public lectures and a special atomic energy exhibition, 
to show developments in uranium mining, research 
into nuclear power and the industrial uses of radio- 
active isotopes. Further information can be obtained 
from the Symposium General Secretary, A.A.E.C. 
Research Establishment, Private Mail Bag, Suther- 
land, New South Wales; Australia. 


University News : London 
Dr. F. G. Foster, lecturer in statistics in the 
London School of Economics and Political Science, 
has been appointed to the University readership in 
statistical computing tenable at that School. 


Manchester 


THE board of Unilever has given to the Manchester 
College of Science and Technology £21,000 under a 
seven-year deed of covenant. Out of this, £2,000 is 
to be allocated to the staff college, the balance to be 
divided equally between the Chemistry and Chemical 
Engineering Departments. 


Announcements 


A DISCUSSION on ‘Experimental Results with the 
ZETA Apparatus on Controlled Thermonuclear 
Reactions” will be opened by Sir John Cockcroft 
in the rooms of the Royal Society on February 5 
at 3 p.m. 


Mr. Joun Bunyan, Leverhulme Research Fellow, 
St. Mary’s Hospital Medical School, Paddington, has 
been elected president of the Royal Microscopical 
Society ; he will hold office for two years. 


Tue Medal of the New York Academy of Medicine 
has been awarded to Dr. Alphonse R. Dochez for his 
distinguished service in medicine. After graduation 
from the Johns Hopkins Medical School, Dr. Dochez 
was appointed to the staff of the Rockefeller Institute, 
where, with Gillespie, he established the biological 
classification of pneumococci into specific types. 
During the First World War, Dr. Dochez worked on 
the serological differentiation of hemolytic strepto- 
cocci causing respiratory diseases, and later devoted 
some years to virus studies of the common cold. 


Mr. Lewis T. WRIGHT, general secretary of 
the Amalgamated Weavers’ Association, has been 
appointed to the Council for Scientific and Industrial 
Research in succession to Mr. W. L. Heywood, who 
has been appointed a member of the Restrictive 
Practices Court. Mr. Wright is chairman of both 
the Production and Scientific Advisory Committees 
of the Trades Union Congress and is also chairman of 
the British Productivity Council. 
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Dr. M. E. Foss has been appointed head of the 
Department of Chemistry and Metallurgy, Coventry 
Technical College, in succession to Dr. H. C. Smith, 
who has been relieved of that office in order to take 
up the full-time post of vice-principal of the College, 
of which he has been deputy-principal for the past 
five years. Dr. Foss, who is vice-chairman of the 
Bristol Section of the Royal Institute of Chemistry, 
was senior lecturer in organic chemistry at Gloucester 
Technical College where he had been on the staff for 
six years. Prior to that he was lecturer in biochemis- 
try at Guy’s Hospital Medical School. 


THE sixty-third annual congress of the South- 
Eastern Union of Scientific Societies will be held in 
Reading, meeting in the University of Reading, 
during April 9-11. The president-elect is Prof. H. L. 
Hawkins. Further information can be obtained from 
the hon. local secretary, Mrs. A. Hasker, Clarence 
Lodge, 93 London Road, Reading. 


TuE Metal Physics Committee of the Institute of 
Metals is organizing a one-day symposium on “Metal- 
lurgical Aspects of Semi-Conductors”, to be held on 
February 25 at the College of Technology, Gosta 
Green, Birmingham. Further information can be 
obtained from the Secretary, Institute of Metals, 
17 Belgrave Square, London, S.W.1. 


THe annual general meeting of Aslib (Scottish 
Branch) will be held on February 7 in the Scottish 
Central Library, Lawnmarket, Edinburgh. The 
chairman will be Dr. W. M. Cumming, and there will 
be lectures on “United States Information Services 
to Industry in the United Kingdom” by Miss Mar- 
garet Haferd, and ‘Scientific Information in the 
Modern World” by Dr. J. C. Malloch. In the after- 
noon there will be a symposium on “Librarians Here - 
and There”. . 

THE second Australian Conference in Radiation 
Biology will be held at the Cancer Institute, Mel- 
bourne, Australia, during December 15-19. Papers 
on relevant subjects are invited, and titles and a 
250-word abstract should be in the hands of the 
convener by July 31. Further information can be 
obtained from Dr. J. H. Martin, Physics Department, 
Cancer Institute Board, 483 Lt. Lonsdale Street, 
Melbourne, Victoria, Australia. 


TE Ministry of Agriculture, Fisheries and Food is 
offering the following scholarships for rural workers, 
or to the sons and daughters of rural workers, of 
seventeen years of age or more: twenty senior 
scholarships tenable at universities or colleges, for 
degree or diploma courses in an agricultural subject or 
in veterinary science ; and thirty junior scholarships, 
with six extensions for existing holders, tenable at 
farm institutes for one-year courses in agriculture, 
horticulture, dairying or poultry husbandry. 

Further details and application forms (to be com- 
pleted by February 28) may be obtained from the 
Secretary, Ministry of Agriculture, Fisheries and 
Food, Great Westminster House, Horseferry Road, 
London, §.W.1, or from education offices of County 
Councils. 

Tue International Council of Scientific Unions 
Secretariat has removed to a new address at Paleis 
Noordeine, The Hague, Netherlands. 

Erratum. In the communication entitled “Anti- 
mitotic Activity of 5-Tertiary Butyl Benzimidaz- 
olone” in Nature of December 21, p. 1428, from 
paragraph 3 onwards, for “‘5-tertiary benzyl benz- 
imidazolone”’ read “‘5-tertiary butyl benzimidazolone’’. 
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NEWER PREPARATIVE METHODS IN ORGANIC CHEMISTRY 


A SYMPOSIUM was held jointly by the Chemical 
Society and the Fine Chemicals Group of the 
Society of Chemical Industry on “Newer Preparative 
Methods in Organic Chemistry” at the Chemistry 
Department, University College, London, on Novem- 
ber 7. The meeting took the form of two sessions in 
the afternoon at each of which three papers were 
read; the reading of papers was followed by a 
dinner in the evening, also at University College. 
The afternoon meetings were attended by nearly 400 
chemists and the evening dinner by 116. Papers 
were read on “Dehydrogenation with Manganese 
Dioxide” by Dr. R. M. Evans, “Amine Oxidations” 
by Prof. H. B. Henbest, “Organic Oxidations with 
Hexavalent Chromium” by Dr. R. Slack, “Mixed 
Anhydrides as Synthetical Reagents” by Prof. G. W. 
Kenner, “Some Reactions between Metal Carbonyls 
and Acetylenic Compounds” by Dr. M. C. Whiting 
and “Some Applications of Metal Carbonyls in 
Organic Chemistry’? by Dr. P. O. Lenel. 

The meeting was opened by Prof. E. L. Hirst, who 
mentioned that this was the first joint meeting 
between the Chemical Society and the Fine Chemicals 
Group and expressed his hope that it would be a 
successful one. Dr. B. A. Hems took the chair at the 
first session and Prof. E. R. H. Jones presided over 
the second. 

The purpose of the meeting was to discuss the 
applications of some reagents that have recently 
come into prominence in preparative chemistry and 
of which the scope and details of experimental 
methods may not yet be widely known. The authors 
of the papers had themselves had extensive personal 
experience of these reagents and could point to the 
theoretical and practical significance of various 
methods of using them. 

Dehydrogenation by manganese dioxide was dis- 
cussed by Dr. Evans. When this reagent is used for 
dehydrogenation the method of preparation and the 
physical form of the oxide appear to have a con- 
siderable effect on its reactivity. One form, prepared 
under strongly alkaline conditions, appears to be the 
best for dehydrogenating unsaturated primary or 
secondary alcohols to « : 8-unsaturated aldehydes or 
ketones, whereas an acidic form appears to be better 
for dehydroganating unsaturated ketones, at least in 
the sterol grotip. Dr. Evans pointed out that man- 
ganese dioxide brought about many other oxidizing 
reactions under more vigorous conditions, but that 
selectivity was then lost. The most useful applica- 
tions of this reagent lay with specially active forms 
of the oxide used in mild conditions on polyene 
or polyenyne alcohols that were difficult to oxidize 
to the corresponding aldehydes or ketones by other 


_ methods. 


The dehydrogenation of amines to give unsaturated 
compounds was discovered many years ago but has 
received very little application in general preparative 
chemistry. It is to be expected that the work that 
Prof. Henbest and his colleagues are doing on the 
subject will bring this potentially useful reaction to 
the notice of a wider audience. 

He mentioned in his paper that tertiary amines 
aré generally regarded as being chemically rather 
unreactive, but pointed out that this is not so. 
Dehydrogenation with mercuric acetate under mild 


conditions in dilute acetic acid gives enamines. Some- 
times in a heterocyclic ring system complete dehydro- 
genation to the aromatic ring will take place, but 
often partial dehydrogenation can also occur. He 
compared this with the action of manganese dioxide 
on tertiary amines, where again enamines are formed 
under mild conditions, but this is often accompanied 
or followed by oxidative cleavage of the double bond 
to give amides. Diethylaniline gives a mixture of 
ethylvinyl aniline and ethylformanilide. 

The third of the oxidizing agents discussed, 
chromic oxide, is, of course, widely used for a variety 
of purposes. It may be applied to both dehydro- 
genations and oxidations by a diversity of methods 
the theoretical and practical significance of which is 
not yet thoroughly understood. Differences un- 
doubtedly exist about the effectiveness with which 
these different techniques can be used on different 
substrates, and although it is probable that a common 
theoretical background exists, it is nevertheless true 
that much has yet to be learnt about the best method 
to be used on any particular type of substance. Dr. 
Slack pointed out that oxidations with chromic oxide 
in acetic acid were often not stoichiometric, that 
chromic oxide could still remain, even in the presence 
of unoxidized substrate, because its oxidizing action 
was inhibited by the presence of lower valency forms 
of chromium. He added that one function of the 
sulphuric acid, sometimes added to these reactions, 
is to overcome this inhibition. He compared the uses 
of chromic oxide as its pyridine complex or tertiary 
butyl ester and finally pointed to the existence of 
some other hexa- and penta-valent chromium com- 
plexes such as acetyl chromic acids or complex salts 
derived from trichloro oxo-chromium (V) that had 
not yet been investigated by organic chemists but 
might repay some attention. 

These three papers composed the first session of 
the meeting and were followed by three on con- 
densation reagents. 

Mixed anhydrides have come very much into 
prominence during the past few years for condensa- 
tions involving carboxyl groups where, because of 
the delicacy of either the starting materials or the 
final product, mild reaction conditions are required. 

Another advantage that mixed anhydrides have is 
that one of the partners is usually derived from a 
small and relatively cheap molecule, and their use 
avoids the wasteful regeneration of a molecule of the 
larger and perhaps much less accessible acid. Prof. 
Kenner pointed out that in a mixed anhydride a 
cleavage reaction could theoretically take either of 
two directions and he discussed the relative activities 
of various groups showing that the attack of a 
nucleophilic reagent was determined by the relative 
electrophilic character of the two parts of the 
anhydride. This, however, was not the only factor 
affecting reaction; the pK of the acids taking part, 
steric hindrance and the co-ordination number at the 
electrophilic centres also played a part in determining 
which of the two reaction products would pre- 
dominate. Mixed anhydrides derived from chloro- 
formic ester, phosphoric and sulphuric acids or 
their esters had shown themselves to be ex- 
tremely useful in the synthesis of peptides and 
nucleosides. 
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The last two papers were on metal carbonyls. 
Frequently to-day, new preparative methods involve 
the use of reagents that a few years ago were con- 
sidered too difficult or too dangerous to handle 
because of the risks of explosion, fire or toxicity. 
The hazards of using acetylene under pressure and 
the toxicity of carbonyls frequently cause these 
reagents to be avoided and it is hoped that these 
papers, in which safe methods of handling were dis- 
cussed by the authors, may alleviate some of these 
fears. - 

Dr. Whiting stressed the usefulness of nickel 
carbonyl in reacting with acetylenes having a terminal 
triple bond to give «-substituted acrylic acids, a type 
of compound otherwise rather inaccessible. These 
reactions are carried out in acetic acid at moderate 
temperature, with excess carbonyl which is not diffi- 
cult to handle provided that its transfer from vessel to 
vessel is carried out under conditions involving only 
a very slight degree of exposure to air, and provided 
that excess is removed from the reaction mixture by 
co-distillation with ether. The distillate is im- 
mediately disposed of and leaves a reaction mixture 
that can safely be handled in the usual way. Even so, 
both he and Dr. Lenel pointed out that although 
these substances could be handled safely they still had 
to be treated with considerable.respect. Dr. Whiting 
also went at some length into the mechanisms of 
these reactions. He was followed by Dr. Lenel, who 
dealt -mostly with the industrial applications of car- 
bonyls in reaction with acetylenes to give unsaturated. 
acids, or with olefines to give saturated acids. Cobalt 
carbonyl catalyses the important reaction of carbon 


_ _ INTERACTION IN 


HE Fardday Society held -a general discussion 

on “Interaction.in-‘Ionic Solutions” at Oxford 
during September 17-19. The meeting was held in 
the University Laboratory of Physiology, and more 
than 180 ‘members and visitors stayed in Balliol 
College, where the guest-night dinner was held. The 
president of the Society, Mr. R. P. Bell, in opening 
the discussion, reminded those present that a general 
discussion on “Electrolyte Solutions” had been held 
thirty years ago in Oxford. In fact, the president’s 
first published contribution to the subject was 
presented at that meeting in 1927 in a joint paper with 
Sir Harold Hartley. Among others present, who had 
attended and contributed to the earlier discussion, 
was Prof. H. 5. Harned (Yale), who delivered the 
Spiers Memorial Lecture on “Some Recent Experi- 
mental Studies of Diffusion in Liquid Systems’’. 
Prof. Harned gave an account of the elegant experi- 
mental techniques for the precision measurement of 
diffusion in electrolytes which have been recently 
developed at Yale, and indicated some of the many 
possible directions of further advance. The accurate 
determination of activity coefficients by diffusion 
measurements is a remarkable achievement. 

The first paper to be discussed was that by Prof. 
H. Falkenhagen and Dr. G. Kelbg (Rostock), which 
dealt with the extension of the limiting-law equations. 
Dr. M. Eigen (Göttingen) directed attention to the 
information that can be obtained about the intim- 
ate details of short-range interaction in bi-bivalent 
electrolytes by the observations of relaxation effects in 
sound-absorption spectra. Dr. S. Levine and Mr. H. E. 


NATURE 


January 25, 1958 vou. 181 


monoxide and hydrogen with olefines to give aldehydes 
which can then be reduced to alcohols by hydro- 
genation. The industrial preparation of aleohols and 
acids by these reactions is now carried out on @ very 
large scale involving many thousands of tons of pro- 
duct per annum, though the reactions necessitate 
fairly high temperatures and pressures. Several other 
carbonyls of transitional elements are Inown, though 
they have not yet achieved prominence in an indus- 
trial sense; they are of profound interest to the 
inorganic and theoretical chemist because their con- 
stitutions throw new light on electronic structures. 

This was, as Prof. Hirst pointed out, the first joint 
meeting of the Chemical Society and the Fine 
Chemicals Group of the Society of Chemical Industry, 
and it is very much to be hoped that it will be fol- 
lowed by others. The members of the Fine Chemicals 
Group are predominantly interested in the pre- 
paration of complex chemicals in a high degree of 
purity : perfumes, photographic sensitizers, drugs, 
vitamins and hormones, for example. These pro- 
cesses often involve twelve to twenty stages that, if 
they are to be carried out efficiently, demand the use 
of the most up-to-date knowledge and techniques 
available. This Group, of all the special groups in the 
Society of Chemical Industry, is the one that has the 
strongest kinship with the Chemical Society. With 
the rapidly increasing activity in industrial chemistry 
of all kinds and the rapid extension of industrial 
technical staffs, joint meetings of this kind can be a 
valuable aid to progress. A closer relationship 
between the members of the two Societies can be of 
great benefit to both. 


IONIC SOLUTIONS 


Wrigley (Manchester) reported a calculation of the 
interaction of two univalent ions at small separations, 
and considered the relevance of the macroscopic 
dielectric constant of the solvent in this situation. In 
discussion, Prof. L. Onsager (Yale) directed attention 
to some recent mathematical advances which might 
help in the electrolyte problem, while Prof. H. S. Frank 
(Pittsburgh) seized the opportunity to express 
heretical views about the Debye—Hiickel theory. A 
paper by Prof. T. F. Young, Mr. Y. C. Wu and Dr. 
A. A. Krawetz (Chicago) reported some measurements 
of the heat effects due to interactions between ions of 
like charge when pairs of univalent electrolytes with 
an anion or cation in common are mixed. 

There followed a major section devoted to the 
presentation and discussion of papers dealing with 
the incomplete-dissociation model as a way of 
handling short-range ion-ion interactions. Prof. C. W. 
Davies (Aberystwyth) surveyed the present position 
in an introductory paper. Prof. E. A. Guggenheim 
(Reading) considered the ion distribution in dilute 
aqueous solutions of single binary electrolytes, and 
concluded that although the Debye—Hiickel approx- 
imation is invalid for bi-bivalent sulphates in water, 
the model (complete ionization to rigid spherical ions) 
is satisfactory if, following N. Bjerrum, ions of 
opposite charge approaching more closely than 
10-14 A. are treated as associated. Dr. O. Redlich 
and Dr. G. C. Hood (Shell Development Co., Cali- 
fornia) presented the results of Raman and nuclear 
magnetic-resonance investigations of the dissociation 
of strong acids (including nitric, perchloric and sul- 


No. 4604 January 20, 1958 


phuric acids). The agreement between the results is 
very satisfactory. Mr. W. D. Bale, Mr. E. W. Davies, 
Mr. D. B. Morgans and Dr. C. B. Monk (Aberystwyth) 
reported on the study of various ion association equi- 
libria by spectrophotometry. Mr. W. G. Davies, Mr. 
R. J. Otter and Dr. J. E. Prue (Reading) reported pre- 
cise spectrophotometric results for copper sulphate 
solutions, and discussed the significance of the dis- 
sociation constants obtained from cryoscopic, con- 
ductimetric and spectrophotometric measurements. 
Dr. G. H. Nancollas (Glasgow) gave an account of 
attempts to obtain and interpret heat and entropy 
changes for ion association reactions. In the discussion. 
of this section there was general agreement about the 
validity and usefulness of the incomplete dissociation 
model for higher-valent electrolytes, but there was 
some dissension, particularly between Prof. Davies 
and Dr. Prue, about the relation of the numerical 
values of the dissociation constants to the choice of 
a distance of closest approach of free ions. 

A section on ion-solvent interaction was introduced 
by Prof. H. S. Frank and Dr. Wen-Yang Wen (Pitts- 
burgh), who discussed the several ways in which they 
consider ions affect the structure of water. Dr. O. T. 
Samoilov (Moscow) had submitted a paper on “A 
New Approach to the Study of Hydration of Ions”, 
but was unfortunately absent. Dr. S. R. Gupta, Dr. 
G. J. Hills (Imperial College) and Dr. D. J. G. Ives 
(Birkbeck College) considered that their recent very 
precise measurements of activity coefficients of 
aqueous hydrochloric acid solutions over a tem- 
perature-range provide evidence for changes in heat 
capacity which can be interpreted in terms of changing 
ion-solvent interactions. A theoretical paper by Dr. 
A. D. Buckingham (Oxford) led to the conclusion 
that the ion-quadrupole term is significant in the 
interaction between the ion and solvent molecule, 
and that the dielectric-saturation effect is unimpor- 
tant outside the first hydration sphere. 


REORGANIZATION OF THE 


I 1955, the Secretary of State for Air appointed a 
Committee under Lord Brabazon to review the 
organization of the Meteorological Office. This 
Committee took evidence from users, both inside and 
outside Government service, of the services provided 
by the Meteorological Office, and from members of 
the Office staff. The main features of the Committee’s 
report, which will not be published, were given to the 
House of Commons in June by the Minister for Air. 

The Committee agreed that the Air Ministry should 
continue to be responsible for the Meteorological 
Office, and expressed the opinions that the standing 
of the Office as a scientific institution is high and that 
users have considerable confidence in the services 
provided for them. Jn considering possible lines of 
advance the Committee singled out the development 
of numerical methods of forecasting as one of the most 
important, welcomed the forthcoming installation of 
an electronic computer in the Office, and suggested 
there was a possibility of achieving greater precision 
in local forecasting by a closer study of weather 
characteristics and by the use of the radar-echo 
method of observing cloud and precipitation. 

As regards internal arrangement, the Committee 
recommended that the Office should be reorganized 
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Few real advances or firm conclusions were dis- 
cernible in the ion-solvent interaction section. How- 
ever, there is considerable evidence for the existence 
of the proton as a tetrahydrate in water. It is 
entirely reasonable that a hydroxonium ion forms 
strong hydrogen bonds with three neighbouring water 
molecules and Dr. K. N. Bascombe and Mr. R. P. 
Bell (Oxford) showed that the variation of Hammett 
acidity functions with concentration in concentrated 
strong acids can be satisfactorily interpreted with 
such a model. Their general conclusion was supported 
by Dr. Th. Ackermann’s (Hamburg) study of the 
heat capacity and infra-red absorption spectra of 
aqueous acid and alkali solutions. Further support 
was provided by the X-ray diffraction studies of 
aqueous electrolyte solutions by Mr. C. L. van 
Panthaleon van Eck, Mr. H. Mendel and Mr. W. Boog 
(Royal Dutch Shell, Amsterdam). This method shows 
considerable promise as a direct way of exploring the 
solvation problem; present results suggest that 
water molecules in water and potassium and cal- 
cium ions are octahedrally surrounded by six water 
molecules. 

Dr. P. A..H. Wyatt (Sheffield) considered the 
interpretation of acidity functions in concentrated 
acids. Dr. M. Kaminsky (Marburg) discussed the 
relationship between the dependence on temperature 
of viscosity of aqueous solutions and the ion-solvent 
interaction. A paper on the dependence on concen- 
tration of the surface potentials of a number of 
electrolyte solutions by Dr. J. E. B. Randles (Bir- 
mingham) suggested that the interpretation of the 
results is too complex to lead to reliable evidence 
about ion hydration. Mr. M. Smith and Dr. M. C. R. 
Symons (Southampton) presented a study and inter- 
pretation of the effects of changes of solvent, added 
electrolyte and temperature on the first electronic 
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into three ‘prongs’ dealing, respectively, with forecast- 
ing and services, research, and administration. This 
reorganization was put into force in July 1957. 
Its recommendations also led to a regrading of the 
senior posts whereby the post of Director has been 
raised to that of Director-General, the forecasting 
and services ‘prong’ is placed under the Director of 
Services and research under the Director of Research, 
each of the two latter posts being in the grade of 
chief scientific officer. ‘The administrative ‘prong’ 
now under an assistant secretary has been enlarged to 
make the Office more self-contained in administrative 
matters. 

Several new posts in the grade of senior principal 
scientific officer have also been created, and the 
number of the highest posts available to members 
of the experimental officer class will also be increased. 
These measures will improve the career prospects, & 
matter on which the Brabazon Committee expressed 
considerable concern, for all classes of the staff. The 
need for improvement was especially evident in the 
scientific officer class, to which it had been difficult 
to attract recruits of sufficiently high ability. 

On the Services side the new posts include a senior 
principal scientific officer to control “Techniques and 
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Training’ with the special task of ensuring close 
contact between research and forecasting. 

Another new post in the same grade, responsible 
direct to the Director-General, has been established 
to co-ordinate the increasingly large volume of work 
in international meteorological relationships. 

In considering research the Brabazon Committee 
paid tribute to the work of the Meteorological Re- 
search Committee which, established in 1942, has 
had an outstanding success. The Director-General 
expressed in his article the gratitude of the Office 
to the many outside scientists who have devoted 
so much time to that Committee’s work. 

The re-organization is particularly striking on the 
research side, which for the first time in the history of 
the Office can now be said to be fully developed. The 
Director of Research, whose regrading has already 
been mentioned, will have under him a deputy- 
-director especially responsible for research in physical 
meteorology. The assistant directorates of research, 
all at the senior principal scientific level and in- 
creased in number by two, will be respectively 
responsible for controlling research in dynamical 
meteorology—primarily in numerical forecasting—in 
synoptic meteorology, special operational investiga- 
tions, climatological research, atmospheric physics, 
and instrument development. The post of head of the 
Meteorological Research Flight, one of the world’s 
primary units of upper air research, has been raised 
to senior principal scientific officer. 

The system of general supervision of the work of 
the Office by the Meteorological Committee has been 
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changed. The Brabazon Committee reported that 
the previous Meteorological Committee, which was a 
large body representative of Government depart- 
ments using the services of the Office, of the Royal 
Societies of London and Edinburgh, and the univer- 
sities, had ceased to perform any very useful function. 
The Committee recommended the formation in its 
place of an advisory committee from outside Govern- 
ment service. The Secretary of State accepted this 
advice and has established a new Meteorological 
Committee consisting of an independent chairman, 
two scientists and two laymen. One of the scientists 
is to be the chairman of the Meteorological Research 
Committee and the other is to be appointed in con- 
sultation with the President of the Royal Society. 
The Committee will keep under review the progress, 
efficiency, broad policy and scale of effort and cost 
of the Office and ensure the maintenance of adequate 
contacts between the Office and users of its services. 
The chairman is Lord Hurcomb and the members are 
Sir Austin Anderson, Sir David Brunt, Sir Charles 
Normand and Colonel Stopford Sackville. The 
Meteorological Office Advisory Council for Scotland 
remains unchanged. 

The Brabazon Committee welcomed the decision 
already taken to bring together the headquarter units 
of the Office, now situated in central London, Harrow 
and Dunstable, into a single group of new buildings at 
Bracknell. The benefits of the reorganization will 
be fully felt when the new buildings, of which the 
planning is now well advanced, come to be 
occupied. 


ROTHAMSTED EXPERIMENTAL STATION 


HE agricultural production of the British Isles, 

while high for the available area of land, is still 
capable of great expansion. Sociological considera- 
tions apart, increases in production will, to a great 
degree, depend on the work of agricultural research 
stations. Among these stations, Rothamsted is 
pre-eminent in the breadth of studies carried out. 
Its activities are, of course, not confined to the 
British Isles but are gradually reaching out to many 
parts of the world, and the Station regularly par- 
ticipates in work on agricultural problems of great 
importance to the Commonwealth. 

It is impossible in the compass of a short article to 
do justice to, or to present a really fair picture of, 
the great variety of pure and applied studies being 
made at such a station. ‘The following account 
merely mentions some lines of investigation which 
struck the writer as being of particular interest and 
which may stimulate the reader to study the report* 
itself. 

In the Physics Department studies continue on the 
microclimate in crops of wheat and potatoes. In 
particular, data have been obtained on the con- 
densation and evaporation regimes and a special 
recording anemometer has been developed for 
measuring low wind-speeds within the foliage. 
Further important fundamental studies have been 
on the surface physics of clays and the mechanism 
of soil structure-formation. The latter subject is 
reviewed in @ special article at the end of the report. 


*Report of the Rothamsted Experimental Station for 1956. Pp. 280. 
(Harpenden: Rothamsted Experimental Station, 1957.) 10s. 


The Chemistry Department reports a large and 
varied programme of work. Experiments on the 
placement of fertilizers have continued, and the 
effects of different nitrogenous fertilizers, including 
formalized casein, have been studied on a wide range 
of crops. Work on the loss of nitrate by denitrifica- 
tion has shown that such loss is insignificant if the 
moisture content of the soil is less than 60-70 per 
cent of water-holding capacity. Studies on phosphate 
uptake using fertilizers labelled with phosphorus-32 
show that the radiation effects of the active isotope 
are generally negligible. 

The Pedology Department, in close collaboration 
with the Soil Survey, has continued to investigate the 
nature of soil parent materials derived from both 
igneous and sedimentary rocks. Important informa- 
tion on the formation of aggregates and the location 
of exchangeable cations is being obtained by calori- 
metric methods. Among other projects, work is 
continuing on water-absorption and potassium fixa- 
tion by clay minerals and on the nature of the leaf 
extracts which affect constituents of soil profiles. 

Lhe Soil Microbiology Department is mainly con- 
cerned with the biological interactions in soil which 
encourage or control the growth of micro-organisms. 
Lhe micro-population of the rhizosphere is, of course, 
specially important since it may influence the avail- 
ability of nutrients and may include pathogens. A 
group of bacteria resistant to certain antibiotics has 
been found to be abundant in the root surroundings 
but rare elsewhere in the soil. Other important 
studies include the decomposition of herbicides and 
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insecticides in the soil and the processes of root-hair 
infection by nodule organisms. 

Investigations in the Botany Department have 
shown that the higher yields of improved strains of 
barley and beet are not due to higher net assimilation- 
rates or greater leaf area but to a more effective 
translocation of the products of photosynthesis. It 
appears that the efficiency of photosynthesis cannot 
be significantly increased by breeding. Ecological 
studies of weeds have cast doubt on the efficacy of 
temporary leys as a means of eradicating wild 
oats. 

The emphasis of the work of the Biochemistry 
Department is on the nature of enzyme action. The 
enzyme from bracken that destroys vitamin B has 
been prepared in a stable form, and its action has 
been studied by improved methods. Studies of 
tobacco mosaic virus have shown that the whole 
virus is not essential for infectivity, but that a low 
level of infectivity is associated with fragments of it. 
Some parts of the enzymic processes by which 
viruses lose their infectivity on storage in the 
laboratory have been examined as a preliminary to 
studying the mechanism of attack on susceptible 
hosts. ‘ 

Members of the Plant Pathology Department are 
also studying the tobacco mosaic virus and have 
shown that infectivity may reside in the nucleic acid 
fraction and antigenic specificity in the protein. 
Five viruses infecting leguminous plants were 
identified and five more in cereals and grasses. This 
raises the very interesting question as to whether the 
beneficial effects of ploughing-up and re-seeding old 
leys may be partly due to the elimination of virus- 
infected grasses and clovers, Important work con- 
tinues on sugar-beet virus and, on the mycological 
side of the Department, on potato blight. 

The Nematology Department has paid particular 
attention to bud and foliar nematodes. Work is 
continuing, in association with the Biochemistry 
Department, on the hatching factors given out by 
potato roots, and preliminary studies have been 
made of the factors affecting hatching of eggs from 
cysts of beet eelworm and on the movement and 
activity of larve in soil. 

The Insecticides Department is working on the 
persistence and fate of insecticides in the soil. The 
factors influencing the toxicity of insecticides are 
also receiving attention. Toxicity is, for example, 


ASTRONOMY AT THE 


HE Report of Her Majesty’s Astronomer at the 

Cape of Good Hope to the Secretary of the 
Admiralty for 1956* appears under seven headings. 
In the first of these, “Buildings and Grounds”, 
reference is made to the amount of maintenance 
work that has been carried out, with the result 
that the general condition of the buildings and 
grounds is now very satisfactory. A new building 
has been erected to house the Lyot heliograph, and 
the new 65-h.p. fire pump, mentioned in the report 
for 1955, was installed in January—fortunately in 
time to prevent large grass fires in February and 


* Report of Her Majesty’s Astronomer at the Cape of Good Hope 
to the Secretary of the Admiralty for the year 1956. Pp. 11. (Cape 
of Good Hope: The Observatory, 1957.) 
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influenced by temperature, and the effect of change 
of temperature on speed of action differs for the 
different insecticides. Further work has been done 
on the mode of action of the organo-phosphorus 
insecticides. It is known that they affect choline 
esterase, and a comprehensive study of this enzyme 
as it occurs in insects is being made. The effect of 
plant protection chemicals on beneficial insects have 
been further investigated and techniques devised for 
the diagnosis of poisoning in bees. 

The Entomology Department has carried out 
regular surveys of Rothamsted and Woburn farms 
for pest insects which will be of the greatest value to 
those carrying out experiments in these areas. 
Investigations have been started of the influence of 
climatic factors on insects: in the field on the effect 
of microclimate on growth, and in the laboratory on 
the relation between fat metabolism and temperature. 
Work on the wheat bulb-fly has continued, with 
special attention being paid to the reaction of the 
larve to plant exudates. 

In the Bee Department a very important advance 
has been made in the study of European foul brood. 
Streptococcus pluton, an organism suspected of causing 
the disease, has been isolated in pure culture, and it 
has been found that this organism and Bacillus 
eurydice have both to be present in a larva to cause 
the disease. Di-n-decyldimethylammonium bromide 
promises to be an effective control. Further studies 
have been made of the nature of ‘queen substance’. 
It has been found that ‘queen substance’ received in 
regurgitated food from other workers is sufficient to 
inhibit development of the ovaries in the absence of 
a queen. It has also been shown that mammalian 
hormones such as androsterone, as well as extracts 
from queen ants, inhibit ovary development. 

In the Statistics Department the electronic com- 
putor is now fully occupied, and an interesting 
application is the analysis of some of the very long- 
term experiments at Rothamsted. A useful account 
of the computor and its capabilities is given at the 
end of the report. Nation-wide surveys of fertilizer 
practice and cattle diseases are in progress. 

Progress reports are also given by the Field 
Experimental Section, the farms at Rothamsted and. 
Woburn, the Soil Survey of England and Wales and 
the advisor in tropical soils. The report closes with 
the review articles on soil structure and the electronic 
computor referred to above. R. M. S. PERRIN 


CAPE OF GOOD HOPE 


March in adjoining properties from spreading into 
the Observatory grounds. 

Under “Instruments”, accounts are given of the 
work carried out with the reversible transit circle, 
the Victoria telescope, the astrographic telescope, 
the 18-in. reflector, the photoheliograph, and the new 
d.c. amplifier (No. 6) for the astrographic photometer, 
which was started in 1955. The first visual observa- 
tions made with the 18-in. reflector showed that a 
number of minor modifications were necessary, and 
when the report was compiled it was hoped that the 
instrument would be brought into routine use during 
the first half of 1957. A third Brown recording 
potentiometer has been purchased for use with the 
instrument. 
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“Observations and Reductions” includes the routine 
work with the reversible transit circle, with which a 
total of 11,801 transits were observed during the 
period under review, and 530 observations were also 
made of the Sun, Moon, the planets and Ceres and 
Vesta. Of the other nine sections of this programme, 
reference. may be made to “Proper Motions”, for 
the determination of which 68 plates were taken with 
the astrographic refractor. Owing to the poor condi- 
tion of the axes of the telescope, which made precise 
guiding of long exposures very difficult, this pro- 
gramme was not stressed during 1956. After the 
renewal of the main bearings early in 1957 every 
effort will be made to complete this programme as 
quickly as possible. Among matiters of interest in 
“The Radcliffe Section” special mention may be made 
of the work of Dr. D. S. Evans, who obtained measur- 
able spectra of five regions, in NGC 253, using the 
Newtonian spectrograph. It was possible to identify 
the nearer edge of this extragalactic nebula and to 
trace out its spiral arm system, and the spectrograms 
show that the system is rotating with the arms 
trailing. It may also be mentioned that a start has 
been made with the production of an atlas of southern 
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extragalactic nebula: this atlas will consist* of 
enlarged prints from selected plates, each plate being 
accompanied by a short description. 

One disconcerting feature is mentioned under 
‘Personal Establishment”, which may not, however, 
be confined in its implications to the southern 
hemisphere. Only one Observatory officer of those 
recruited since the War remains on the staff, most 
of the others having resigned at one time or another 
to take up more remunerative employment. H.M. 
Astronomer, Dr. R. H. Stoy, adds the following 
comment: “This once again emphasizes the many 
representations that have been made to the Admiralty 
that the conditions and prospects at present offered 
are completely unattractive to potential recruits”. 

Under “Miscellaneous”, reference is made to the 
regular meetings of the Cape Centre of the Astronomi- 
cal Society of South Africa, and on the second and 
fourth Saturday evenings of each month members 
of the Centre have been in attendance, when the 
weather is fine, to show members of the public 
celestial objects through the 6-in. telescope. These 
meetings have been well attended and greatly 
appreciated by the public. 


LINNAEUS 


T Swedish Linnean Society this year celebrated 
its fortieth anniversary. There are twenty or so 
Linnean. Societies (that of London being the oldest) ; 
but the Svenska Linné-Salskapets differs from the 
rest in being concerned solely with Linneus, 

Tho Araskrift for 1956-57 (Vols. 39-40. Pp. 
198+24. Uppsala: Almqvist and Wiksells Boktry- 
keri AB., 1957) is admirably produced. It is surpris- 
ing how, year after year, a considerable volume is 
issued throwing further light on aspects of Linnaus’s 
life, writings, associations and period, and this, of 
necessity, with. little reference to the mass of material 
at Burlington House in London. (Incidentally, this 
material still needs a good deal of sorting by someone 
thoroughly competent in Swedish and Latin—and 
able to read Linneus’s writing—such as Dr. A. Hj. 
Uggla, secretary and editor of the Swedish Society, 
who has given such valuable service in this connexion.) 
The first paper in the present volume is “Linnæus and 
Cornwall” by Spencer Savage. Its title might lead one 
to think that Linnzus had contrived to visit the county 
during his short time in England in 1736, but it refers 
to his interest in Cornish mineralogy. W. Borlase, 
vicar of Ludgvan, well known for his “The Natural 
History of Cornwall”, was asked by his friend, John 
Andrew, then studying medicine at Leyden, to send a 
“little box” of various ores and mundics apparently 
to gratify the curiosity of Boerhaave. The minerals 
sent were shown to Linnteus who, in the opinion of 
Boerhaave, “understands the nature of all kinds of 
mettals the best of any one in the World”. Gronovius 
undertook their naming and sent a list following 
Linnzeus’s nomenclature. A further collection was 
forwarded, and, with their names, Gronovius sent a 
copy of a report he had received from Linnzeus on the 
liquefaction of copper. (A third set of minerals was 
sent, after Linneus had left Leyden, but no copy of 
this was found in Borlase’s papers at Penzance and 
Truro.) 


A. J. Boerman writes about Linnæus’s candidature 
for his medical doctorate. To save both time and 
money, many Swedish medical students book their 
degree at the University of Harderwijk previous to 
hearing Boerhaave’s lectures at Leyden. Before 
presenting and defending his thesis Linnzus had to 
show that his general medical knowledge was of the 
standing expected of a doctor. It is known that he 
had written his thesis before leaving Sweden; but the 
day after arriving at Harderwijk he had to prepare a 
manuscript for his Candidatus Medicinae. The text 
of what appears to be a fair copy of the Latin original 
(Linnean Society, London) is given and its English 
translation. There is certainly much still to be learned 
about Linneeus’s activities in Holland. 

The remaining eight principal papers are in 
Swedish. Carl-Axel Torin writes on. Linneus as 
‘rusthallare’ in the horseguards. At that time land- 
lords, as part of their tenure, had to procure and 
maintain a, number of soldiers for the standing army, 
and provide them with a small plot of land. The 
archives of the regiment show that when Linnzus 
acquired Hammarby in 1758 he was responsible for 
four dragoons and their horses. During the Seven 
Years War two of these dragoons lost their lives and 
Linnzeus had much difficulty in replacing them. 

A long contribution by Gunnel Hazelius-Berg and 
Sigurd Wallin deals with Linneus’s wardrobe at 
Hammarby, with much contemporary allusion. It 
ig amusing to find that the three-cornered hat, covered 
with pale green silk with a rose-coloured band, so 
often figured as his Dutch doctor’s hat, is simply one 
of the kind received by the successful candidates for 
the medical doctorate at Upsala. 

Nils Sylvén gives a catalogue of the plants ‘of 
Linnzeus’s native parish, collating his data with those 
given by Linnæus, and Assar M. Lindberg, recording 
the tradition that three ecclesiastical families in 
Sméland—Lindelius, Tiliander and Linnzeus—took 
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their names from a large lime tree at Jonsboda, shows 
that both Linnseus’s father, and Tiliander, the father’s 
uncle, so derived their names, but not Lindelius. The 
tree disappeared about 1823, but- its site is still 
pointed out. Olaf Svanberg writes on ‘“Pan Svecicus’’. 
Linnzus, in his Dalecarian journey in 1734, noticed 
how horses avoided certain plants. This prompted a 
study of which plants were eaten by various domestic 
animals, and twenty years later he formed a team of 
about thirty students to make observations; in 
1749 he published a list of 600 species (“Pan 
Svecicus”). Prof. Svanberg has carried out an 
investigation on similar lines, and has established that 
lymphadenosis, & disease among cattle in one district 
of Sweden, is caused by calves eating Ranunculus 
acris which is now left standing in the fields. 

Hugh Osvald discusses Linnæusg’s 
During practically the whole of the eighteenth 
century Swedish agriculturists suggested the intro- 
duction of foreign plants as a means of improving 
fodder. Linnæus stated that a Swedish plant, 
Medicago falcata, would serve this purpose; but, in 
spite of his prestige, his suggestion was not generally 
accepted. Recently this plant has been crossed 
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with other species of the same genus with the 
object of producing & fodder suitable to Swedish 
conditions. 

A. Hj. Uggla publishes a series of letters from the 
younger Linnzus to Abraham Bick, his father’s most 
intimate friend, written in 1778, the year after his 
death. They contain the son’s answers to questions 
put while Back was writing his commemorative 
address for the Academy of Science. They are of 
great value in throwing light on Linnzus’s character 
and ideas and also give an impression of the difficulties 
the son had in following his father as professor, with- 
out his standing. 

A number of smaller papers on points concerning 
Linnzeus and the Society add to the picture of lively 
interest. 

There is an English summary of the principal 
contents. A most valuable supplement is an index 
to the content of the forty volumes of the yearbook, 
which contains a wealth of information that will 
prove invaluable when a reasoned account of Linnseus 
as @ scientist, his influence on the development of 
ideas, and his personality is attempted. 

J. RAMSBOTTOM 


APPLIED PROBABILITY 


i PPLIED Probability”? is an exceedingly valu- 

able collection of papers badly mistitled*. In 
no sense could the first three contributions (by Lévy, 
Doob and Feller) be regarded as essays in applied 
mathematics. Thus, Lévy’s paper, ostensibly about 
Brownian motion, studies an abstraction of that 
phenomenon involving (2p + 1)-dimensional ‘time’, 
which would not be appropriate for the description 
of the physicists’ Brownian. motion even when p = 0. 
This comment is not intended to be uncompli- 
mentary; rather the reverse. The reviewer only 
regrets that many who would find interest and even 
inspiration in this book will leave it unopened because 
of its unfortunate title. 

To return to Lévy’s paper, a fascinating and 
apparently very difficult problem is suggested by 
the series of papers by Lévy, of which this was the 
first to be written (though not the first to appear). 
Let En be real n-dimensional Euclidean space (or 
Hilbert space, when we write n = œ), and let d(x,y) 
denote the distance between the points xv and y in 
En (lzy ||, if n = œ). Then it is known that a 
Gaussian random function f(x) can be constructed in 
such a way that 


E (fe) —fly)) =0; var (f(x) — fly)) = d(xy) 


If A is a set of points in En, and if the values of f(z) 
for x in A are given, then Lévy writes £'(... |.A) and 
var (... |A) for the corresponding conditional means 
and variances of various random quantitiés. In part- 
icular, if S; is the surface of a sphere centred at the 
origin in En and of radius ¢, and if Kz is the region 
outside St, Lévy considers the quantities 


var( f(0) | Ke) = cnt and var( f(0) | Sz) = cn’t 


* Applied Probability. (Vol. 7 of T roceciinpa of Symposia in Applied 
Mathematics of the American Mathematical Society.) Pp. v+104. 
(London: McGraw-Hill Publishing Company, Ltd., 1957.) 37s. 6d. 


which plainly depend on ¢ in the manner indicated 
and on the dimensionality n. When n increases, cy, 
and cy,’ both decrease, and it is asserted that 


lim cn = Ca = 0; lim ey’ =c,’ = 1 — 271/2 

n+ n—> N 
Now f(x), as a -random variable having a finite 
variance, can be identified modulo a suitable equi- 
valence with a point in the Hilbert space of random 
variables having & finite expected square; thus, in 
the case n = œ, we can think of f(.) as mapping one 
Hilbert space into another in such a way that 


f(z) ~ fy) l= Vv [ley ll 


The existence of such square-root mappings is well 
known and some of their surprising properties have 
been. studied’. One of the results of Lévy which has 
been noted above suggests that the following geo- 


‘metrical relation ought to hold for square-root 


mappings of the kind just described: /(0) lies in the 
closed linear variety spanned by f(Kt). If this could 
be proved directly, much insight would be gained 
into the studies Lévy has made of such many- 
parameter ‘Brownian motions’. 

The papers by Doob and Feller may both be 
regarded as contributions to generalized potential 
theory. Doob’s paper summarizes results which have 
already been reported by him in detail elsewhere* 
and which are concerned with solutions to abstract 
problems of the Dirichlet type directed by the 
following key idea : the boundary is to be approached 
in such a way that the instantaneous motion at any 
point is controlled by the harmonic measure. There 
is a slight link with Lévy’s paper in that in some 
simple concrete situations the trajectories will be 
those of one-parameter Brownian motion. Doob’s 
paper is again one of a long series; the latest has 
just appeared in the Russian probability journal 
Teoriya Veroyatnostet. Feller might be said to be 
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writing about generalized, discrete harmonie func- 
tions; specifically he studies the solutions to the 
equations 


on 
vi = L pyr (t = 1,2,...) (1) 
jul 

where the coefficients pij are non-negative and sum 
(over the suffix j) to unity for each separate 7. Such 
stochastic matrices (pij) are of immense importance in 
modern probability theory. The structure of the set 
of natural solutions to the associated equations 

’ iv 2] 

y= = pipa (J = 1,2,..-) 
+= 
(that is, the solutions such that X|ys;| < œ) is 
relatively simple and has been known for some time, 
but the structure of the set of natural (in this case, 
bounded) solutions to (1) is exceedingly intricate 
and is just now being unravelled by Blackwell® and 
Feller. Feller studies among other things the extremal 
solutions to (1) and their relation to the various 
possible ‘escape routes’ for-systems the stochastic 
motion of which is governed Markov-chainwise by 
the matrix (p;j). It has been customary in the past 
to speak of the system’s escape to ‘infinity’ if the 
(Cesiro) limits of the n-step transition probabilities 
do not total 7-wise to unity. This use of language 
should imply that the set of states (1,2, 3,...) has 
been compactified by the addition of a single ‘point 
at infinity’. The main content of Feller’s work 
shows how much more fruitful it is to adopt a more 
discriminating compactification, so that (so far as 
possible) distinct escape routes shall be provided 
with distinct destinations on the boundary. Feller’s 
boundary is constructed in terms of maximal ideals 
in the lattice of non-negative solutions to (1). Vast 
new perspectives in the theory of Markov chains and 
processes are opened up by this work, which is a 
summary of a longer paper already published else- 
where‘, 

The papers by Hopf and Batchelor at last make 
contact with the real world, the subject-matter of 
both being the statistical theory of turbulence. Hopf 
discusses this with the aid of the characteristic 
functional, a technique introduced by himself in 
turbulence theory and independently and in other 
contexts by Le Cam, Bochner and others. Batchelor’s 
object is to point out that a mathematical model of 
turbulence is inadequate if -it leads to a spectrum 
analytic near zero wave-number, the essential non- 
analyticity being associated with requirements im- 
posed by the Navier-Stokes equation. 

Miinch writes on stochastic processes in astronomy. 
Consider, for example, an infinite galaxy containing 
a uniform distribution of emissive material and 
superpose on this a Poisson distribution of absorbing 
clouds all having the transmission factor q (0 < q < 1). 
_ Then with suitable units the intensity observed in a 
particular direction will be 

U = Up + qu, + us + us +... (2) 
where the w’s are independent random variables 
having the distribution exp(—wu) du (0 < u < œ). 
Write F(V) = prob (U < V). One of the simpler 
problems discussed by Miinch is the determination 
of F(V). One simple method of procedure would be 
as follows: if s> 0 then the Laplace transform 
o(s) of the distribution of U will be 


ple) = £ {exp —s0)} = ig (1 + gts)-1 


- 


NATURE 


January 25, 1958 vo. ” 


= £ Am (1 + qits)-} 
0 


say. Now 
š (s) =9 (gs)/(1 + s) 


and on manipulating the partial fractions we easily 
find that 


Am == 
so that 


— qg” (1 — q”) Am- (m = 1, 2, 3,...) 


fea) m 
P(V) = 0 (—y ( T g0 — g")) (1 — exp(—V/g") 
m=0 n=l 
where C is a ‘normalizing constant. When a finite 
galaxy is considered, or when the transmission factor 
q is allowed to be a random variable, the problem is 
more difficult. 
In the next paper Kac surveys equilibrium prob- 
lems in statistical physics, and problems concerning 
the approach to equilibrium. In Part 1 he discusses 
the Ising model, the spherical model and the problem 
of the imperfect gas. In Part 2 he summarizes his 
“Foundations of Kinetic Theory” (ref. 5). There is 
much to interest the analyst in these apparently 
‘applied’ papers. 
Ulam’s and Koopman’s contributions are appar- 
ently less mathematical in content, being largely 
written in prose. Koopman discusses the foundations 
of probability theory in relation to quantum theory ; 
‘Ulam reports on a number of studies he has made 
with John Pasta of. mathematical ‘models’ rather 
different from those commonly discussed in physics 
but which, he thinks (and the reviewer agrees), may 
be found useful in the future. For example, consider 
the lattice of points with integer co-ordinates in n 
dimensions (1 <n <3), and assign to each lattice- 
point mass one or mass zero, with equal probability, 
the assignments to be made independently. Now rub 
out the construction lines (the lattice), think of the 
array of masses as lying in En and let them attract 
according to the law of the inverse square. It is 
stated that the resultant force can be well defined for 
all ¢> 0, and that the motion for all t>- 0 can be 
studied if collisions are handled by assuming coales- 
cence and conservation of mass and momentum. 
When n = 1, the author asserts that (i) the masses 
appearing in the course of time are unbounded, (ii) 
some particles will always remain single, (ili) the 
asymptotic density remains constant, and (iv) 
arbitrarily large ‘holes’ will appear in the system. 
The mathematics of the problem is vastly more 
difficult when n = 2 or 3, and here the author and 
his collaborator had to resort to Monte Carlo tech- 
niques. The results quoted are very instructive, and 
one looks forward to reading a more detailed account 
of this work. One is reminded of the balance between 
diffusion and accretion which is sometimes indicated 
(for example, by Jeans*) as a mechanism for stellar 
evolution. A detailed handling of this astronomical 
problem would undoubtedly raise questions of the 
kind considered here. D. G. KENDALL 
1 Blumenthal, L. M., “Theory and Applications of Distance Geo- 
metry” (Oxford, 1953). 

2 Doob, J. L., Proc. Third Berkeley Symp., 2, 49 (1956). 

° Blackwell, D., Ann. Math. Statist., 26, 654 (1955). Breiman, L., 
ibid., 28, 499 (1957). 

t Feller, W., Trans. American Math. Soc., 83, 19 (1956). 


5’ Kac, M., Proc. Third Berkeley Symp., 3, 171 (1956). 
eJ an 3 H., “Astronomy and Cosmogony”’, pp. 387-342 (Cambridge, 
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USE OF FARADAIC RECTIFICATION FOR THE STUDY OF 
RAPID ELECTRODE PROCESSES 


By Dr. G. C. BARKER, R. L. FAIRCLOTH and A. W. GARDNER 


Chemistry Division, Atomic Energy Research Establishment, Harwell 


EVERAL workers?.? have observed a small change 
in mean potential when an electrode is polarized 
by @ sinusoidal alternating current. This phenomenon, 
which has been aptly termed faradaic rectification?, 
is caused by the non-linearity of electrode processes 
as regards the variations of their rates with potential. 
Theoretical treatments have been given by Doss and 
Agarwal? and Oldham? for an electrode in contact 
_ with a solution containing a simple redox couple. 
The former workers considered only the case in which 
the concentrations and diffusion coefficients of the 
reactants are equal and found that the mean potential 
change for constant alternating component of 
potential approached a, limiting value as the frequency 
increased. This limiting value was proportional to 
l—2a, where « is the transfer coefficient of the 
forward process of the electrode reaction. Oldham, 
however, found that the potential change approached 
zero for all values of « as the frequency increased. 
Some time ago we had occasion to consider the 
same system. For the redox reaction 


Otne oR 


in the most general case (Co + Cr, Do + Dr) it was 
found that the potential change 4 is given by 


_ a NE 
Yo < RTinF) = V mye | ae 
DAIO, + Do} !?Co 
where Z = Oro DPD te 
In (1) Co and C; are the concentrations of O and R, 
respectively, in the bulk of the solution. D, and D, 
are the diffusion coefficients of the two reactants. 
V is the amplitude of the (almost) sinusoidal com- 
ponent of the interfacial potential and œ% is the angular 
frequency. The rate constant at equilibrium of the 
forward process of the reaction (the reduction of O) 
is denoted by ke. 

Equation (1) applies equally well to a liquid metal 
electrode when fi is dispersed throughout the metallic 
phase. It is only valid for values of V much smaller 
than RT /nF, and hence, in any accurate test of (1), 
is likely to be quite small. If C, = O, and Do = Dp, 
(1) reduces to an equation derived earlier by Doss 
and Agarwal‘, 

The corresponding expression for Ù in the case of 
an electrode reaction in which the concentration of 
K at the electrode surface remains constant (for 
example, Hg+ + 2e = 2Hg) is obtained from (1) 
by letting C,/C,; + 0. One then obtains 


Viv < RTE) = 


F'n F [2 a e 2x (242k? + ke!l? Dot!) ] 9 
4RT |, g 2112k -+ 2kewl D + 2 PaDo (2) 


Q2—-1 (l —«)Do8C, — «DPC, Ze + 2112Z3k,? 
(amaro, + BDC, ) (a 


For both types of reaction | tends towards the 
limiting value (2x —1) VnF /4RT as w increases, thus 
making possible a direct determination of the transfer 
coefficient if V is known. Further, by studying the 
variation of }ọ with frequency, ke can also be determ- 
ined, if the diffusion coefficients which appear in the 
appropriate equation are known. 

The validity of (1) has been tested by studying the 
variation with frequency of the amplitude of the low- 
frequency alternating current (the faradaic recti- 
fication or F—R current) which has to be supplied to 
a mercury-drop electrode to keep its mean potential 
constant, when it is polarized by an amplitude- 
modulated radio-frequency current. Square wave 
modulation (225 c./s.) has been used, and the F-—R 
current has been measured with a 225 c./s. square 
wave polarograph® using the basic circuit shown in 
Fig. 1. Frequencies between 100 ke./s. and 6-4 Me./s. 
have generally been used. 

In. all cases in which the kinetics have been such 
that the reaction at the highest frequency was almost 
entirely kinetically controlled, the amplitude of the 
F-R current for constant Co, C, and V has approached 
a limiting value, showing that ọ must also have a 
finite limiting value. As predicted by theory, this 


ame eae ee 
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Fig. 1. Basle circuit for measurement of faradaic-rectificdtion 
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Table 1. APPROXIMATE VALUES OF a AND ko 


Medium Reaction 


Ko : 
(em. sec.—}, 


R 


Temp. 
(°C.) 


0:5 M K-50, 22 Cd?+ + 28e = Cd(Hg) 
Tit +e= ƏT Ti(Hg) 


œo 


0-08 0-0 
0°68 3-1 
1 M NaClO, Pb*+ + 2e es Pb(Hg)| 0°60 3:3 
(pH 2)* 22 Cdt + 2e = Cd(Hg)| 0°07 2:3 
Ti+ + s © T(H 0°69 1:2 
1M KNO, Pb*+ + 283 Pbh(Hg)| 0:81 0:8 
(pH 2)* 22 Cd?+ + 2e Cd(Hg)| 0°15 6:3 
Ti+ + e TK 0:8 0°8 
1M KCl Pb?+ + 28 = Ph(Hg)| 0:94 0:2 
(pH 2)* 22 Cd'+ + 2e 8 F> Cd(Hg) 0°78 2°9 
r Tit + £ © TI(Hg) 0:9 0:15 
e 
eutectic Pb?t -4-28 = Pb(Hg) 0°83 1'4 
LiNO, Cd?+ + 2e = Ca(Hg)| 0:60 0°68 
NaNO, 156 
NO; 
+ 0°02 mole 
per cent KCl 





* pH adjusted by addition of perchloric acid. 


value is independent of Cp, and O; and its sign is 
governed by the sign of 1 — 2«. 

The kinetics of various rapid electrode reactions 
have been investigated by studying the dependence 
of the F-R current on œ and on the concentration 
ratio CoCr, using values of Co and Op smaller than 


2 
nE * 10-* M and values of V smaller than 5 mV. 


Some approximate values of « and of ko, the rate 
constant of the forward process of the reaction 
when the rate constants of the forward and reverse 
processes are equal, are given in Table 1. For 
the reduction. of cadmium ion in 0-5 M sulphate 
solution the values of œ and kọ are in fair agreement 
with values deduced from data given by Gerischer®. 
For the reduction of the same ion in molar potassium 
nitrate solution, kg is about ten times larger than a 
rate constant (approximately equal to kọ) reported by 
Randles and Somerton’. - In no other cases has it 
been possible to compare the present results with 
results obtained by other workers. Table 1 shows 
that in some cases « is surprisingly small (~ 0:07) 
and in others it is unusually large (~ 0:9). In such 
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instances the main rate-controlling step in the 
reduction of the ion may possibly be a chemical pro- 
cess. For example, slow dehydration of the ion prior to 
its transfer to the electrode may be responsible for 
values close to zero, while slow formation of a soluble 
intermetallic compound between the metal and 
mercury could lead to an apparent value of « close 
to unity. However, it is not easy to see why the 
latter process should tend to become the rate- 
determining process in the case of chloride solutions, 
and it seems more likely that the large values of « 
in some way are connected with the reduction of 
complex. ions. 

The faradaic rectification method appears to be a 
powerful method for the study of very rapid electrode 
processes. It is free from errors associated with the 
resistance of the solution such as occur when con- 
ventional methods? are employed. Also, if Cy and C, 
are small the interfacial impedance at radio-frequencies 
is controlled by the double-layer capacity, and, pro- 
vided that this capacity is an aperiodic quantity, 
errors connected with its low impedance do not arise. 
To avoid systematic errors, small corrections must 
be applied to allow for the effect of the slight non- 
linearity of the double-layer capacity, and for the 
effect of changes with frequency in the distribution 
of the polarizing current over the electrode surface. 
At the present time, uncertainties in the magnitude 
of the latter correction and in the value of Dọ are 
often the major sources of error in the determination 
of œ and- ko. 


1D S., and Agarwal, H. P., Proc. Indian Acad. Sci., 34, 229 
“Tesh. Hillson, P. J., Trans. Faraday Soc., 50, 385 (1954). 


? Oldham, K. B., Trans. Faraday Soc., 58, 80 (1957). 

aera ey. S., and Agarwal, H. P., Proc. Indian Acad. Sci., 34, 263 
‘ ETI S., and Agarwal, H. P., Proc. Indian Acad. Seci., 35, 45 
5 Barker, G. 0., and Jenkins, I. L., Analyst, 77, 685 (1952). 


e Gerischer, H., Z. Elektrochem., 57, 604 (1953); Z. physik. Chem. 
(N.F.), 10, 264 (1957). 


‘ 7Randles, J. E. B., and Somerton, K. W., Trans. Faraday Soc., 48, 


937 (1952). 


8 Delahay, P., “New Instrumental Methods in Electrochemistry” 
(Interscience Publishers, New York, 1954). 


CONSTITUTION OF THE FIBRILLAR AND NON-FIBRILLAR 
COMPONENTS OF THE WALLS OF VALONIA VENTRICOSA 


By Pror. R. D. PRESTON, F.R.S., and J. CRONSHAW 


Department of Botany, University of Leeds 


HE microfibrils of Valonia cellulose, first observed 
in 19481, have long been known to occur as 
flattened ribbons averaging some 200 A. in width, 
and perhaps half as thick, with the flattened faces 
lying more or less parallel to the wall surface. 
Within these microfibrils the planes of 6-1 A. spacing 
lic parallel to these flattened faces and therefore in 
turn to the surface of the wall’. It is now known 
that native celluloses in general take the same form, 
though the width and the thickness are usually less 
than those found in Valonia cellulose. 
Various lines of evidence, however, have suggested 
that the microfibrils of Valonia cellulose type are 


unique in possessing an extraordinarily high degree 
of crystallinity. Thus the X-ray diagram of the 
untreated Valonia wall, and the electron diffraction 
diagram as observed in the electron microscope, 
suggest that the crystallites of this cellulose are 
about as broad as the microfibrils themselves?4 ; the 
cellulose is soluble only with extreme difficulty in 
cuprammonium and @ positive reaction -with iodine 
and sulphuric acid or with chlorzine iodide is always 
difficult to obtain and often lacking’; the wall does 
not swell in 72 per cent sulphuric acid? and the 
microfibrils are scarcely affected by acid of that 
strength. It has, however, always appeared to be a 







(a) 


Fig, 1. X-ray powder diagrams of Valonia cellulose and cotton 

cellulose, Copper Ka radiation collimated to a beam 0-5 mm, in 

diameter. Specimen-film distance, 8 om. (a) a pellet of purified 
Veloma cellulose; (b) a pellet of purified cotton fibres 





paradox that the percentage crystallinity as determ- 
ined by the method of Hermans is no higher than 
70 per cent® and therefore of the same order as that 
in the cellulose of many fibres in which the erystal- 
linity is fairly low as judged by other methods. 
Little is known, however, concerning the chemical 
constitution either of the microfibrils or of the whole 
» wall of Valonia, and it is obviously essential to know 
something about this before the figure of 70 per cont 
can be made significant. During a recent investigation 
of the chemical constitution of celluloses from various 
sources’ we have included but not reported upon 
Valonia cellulose. In this study the wall was frac- 
tionated, and the sugars in the hydrolysis products 
detected, by the methods of Jermyn and Isherwood?. 
In addition, the chemical extraction process described 
by Roelofseu and Houwink® was also used to obtain 
a preparation of the pure cellulose component. It 
was found that the cellulose component, observed in 
the electron microscope to consist entirely of micro- 
fibrils with little or no associated amorphous material, 
represents about 75 per cent of the wall dry weight. 
This therefore would seem to harmonize the results 
obtained by Hermans’s method with the high crystal- 
linity associated with other observations. On hydro- 
__dysis, this material yields glucose only, as shown by 
paper chromatography. The other wall material 
«= extracted by boiling water and by treatment with 














-ture of galacturonic acid, galactose, glucose, arabinose 


any of these extracted sugars were extracted from. 
the microfibrils. 

. The X-ray diagram of a compacted pellet of the 
purified microfibrils is presented in Fig. la in com- 
_ parison with a similar diagram of cotton cellulose 
_ produced under the same conditions (Fig. 1b). It 
will be clear that the prominent ring of 3-9 A. spacing 
(the fourth ring from the centre) is noticeably nar- 
rower than the corresponding ring in the cotton 
diagram. It is a little difficult to pronounce upon the 
_ relative thickness of the other rings, since the relative 
intensities differ, owing presumably to some trivial 
_ cause in, for example, the packing of the microfibrils. 
This, however, indicates without any doubt that the 
--erystallites in Valonia cellulose are broader than are 
those in cotton, which itself is already 


ther highly crystalline 





















4N potassium hydroxide gave upon hydrolysis a mix- 


and xylose. It is impossible to say at this time whether 


known to be 






of the order of 600 molecular chains 
clothed, perhaps, in one or two layers 
cules the crystallinity of which is- 
incorporation of chain compound: 
glucans ; one such layer would then conte 
100 chains more randomly arranged tha 
the central core. ioe Ee oS 
Two further observations show that this central 
crystalline core does not, however, run uninter- 
ruptedly along the whole length of a microfibril, and 
that the microfibril is therefore heterogeneous along: 
its length. First, treatment of the microfibrils with 

























sulphuric acid of sufficient strength breaks down the _ 
microfibrils into shorter lengths. This supports ano 
earlier observation? that when sulphuric acid begins _ | 
to attack Valonia cellulose it does so at- local regions _ 
along the microfibril. When the microfibril becomes 
broken through at these localities, further hydrolysis _ 
ceases. Secondly, whenever Valonia microfibrils are _ 
observed in an electron microscope after treatment— — 
prolonged boiling in water is often sufficient-—the 
effect illustrated in Fig. 2 is frequently observed. It _ 
appears that, at positions irregularly distributed — 
along the length of a microfibril, pieces of the micro- 
fibril have been removed although the shadow — 
produced by metal shadowing is continuous across _ 
the gap. These pieces must therefore have been 
removed in the electron microscope, and have pro» - 
sumably been so changed even by the mild treatment 

as to become more sensitive to bombardment by 
electrons. It would appear that there are regions 
of weakness irregularly distributed along the _ 
length of the microfibrils, in which, therefore, 
presumably the thickness of this central core is — 
reduced or the crystallinity disturbed in some ot 
way. a ee ae 
On the basis of the observations which indicate. 
the presence of this solid central crystalline core, ib 
is evident that the larger Valonia microfibrils are _ 
not merely aggregates of smaller microfibrils of the 
order of those found in, for example, wood cellulose. 
On the grounds of this and other evidence concerning 
cellulose in general, which will be published olse- 
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ulose microfibril about 100 A. wide and about 50A. thick. | - : ae 
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INHIBITION OF CAROTENOID SYNTHESIS IN 
_ PHOTOSYNTHETIC BACTERIA 


: Specific Inhibition of Carotenoid Synthesis oids, but maintain a normal content of bacterio- oan 
in a Photosynthetic Bacterium and its chlorophyll. Exposed to light and air, such cels = 


Physiological Consequences display the symptoms of photosensitivity (death and. 
y g q chlorophyll destruction) previously observed in the 


7E have suggested!~* that the carotenoid pig- carotenoidloss mutant of Rhodopseudomonas spher- 

ments characteristically associated with the oides. In Rhodospirillum rubrum, carotenoid deple- 

a photosynthetic apparatus perform an essential physio- tion is readily reversible. When the diphenylamine 

=o logieal function, by protecting the cell from the is removed, rapid carotenoid synthesis at the expense 

_ deleterious effects of chlorophyll-catalysed photo- of accumulated endogenous precursors begins immedi- 
oxidations, The hypothesis was initially formulated © ately. The restoration of coloured. carotenoids is — 
BS a result of observations on the behaviour of a accompanied by a rapid diminution of the induced ©- 
! if noidless mutant of the photosynthetic bacterium _ photosensitivity. This reversible physiological induc- = 
odopseudomonas spheroides. The mutant in ques- tion of photosensitivity, correlated with changes oes 
ithesizes. almost normal o of cesta in carotenoid content, provides additional experi- i 
ay, b “mental support for our hypothesis concerning the =< 
a “function of carotenoid pigments in photosynthetic 
d organisms. K 
Effects of diphenylamine on growth and pigment. 
: s re synthesis in Rhodospirillum rubrum. The inhibition 
put alien ee ee grown ae of carotenoid synthesis by diphenylamine. has: boen- 
xposed simultaneously to light and air, they are- -observed in many fungi and bacteria, and was first 
apidly. killed and their bacteriochlorophyll is "don ne P in R. rubrum, pu Goodwin and Osman® 6, 

lestroyed.. ~The photosensitizing pigment is bacterio- Synt 
hlorophyll itself. Such photosensitivity is not. hlar sly suppressed, ca 
inifested by the wild type, or by mutants in which obser ation which we havo boen a wholly t unable ‘to 

“the: normal carotenoids have been replaced by other confirm. 

oloured. carotenoids. The correlation. Da 





































a utan of Chlorella. with. pane a of E : | 
ial carotenoid synthesist. course: of exponential photosynthetic a under 
vecific depletion of carotenoid pigments has been Bee atoto, conditions of chlorophyll and carotenoid 
aused by | gene mutation in the photosynthetic -syn ithe BIS The synthesis of coloured -carovenoids 
s so far studied. We have now found that. 
pecific depletion can be produced without a change — chi oedil ayuthesis continued, hough: at a Jower 
genotype in the photosynthetic bacterium Rhodo- rate. The parallelism of the curves for growth and 
ui m, as a result of growth in the presence: ophyll synthesis shows that. the: differentia 

e... Under these conditions, cells of: ined. essentially 
most devoid of coloured carote 
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Big. 1. Effect of diphenylamine {7 x 10 MY on growth and 

» pigment synthesis by a culture of Rhodospirillum rubrum, 
o developing exponentially in anaerobiosis and light. Pigments 
c Were measured in acetone-methanol extracts of the cells. Values. 
for chlorophyll were caleulated: from the optical density ‘of the 
> extract at 775 my. Values for the coloured carotenoids: are 
<o expressed in arbitrary terms, as the optical density of the extract 
oo @t 485 my (the absorption maximum of the mixed carotenoids), 
oie sorrected for light absorption at this wave-length by chlorophyll, 

O-O, cel mass; @--@, chlorophyll: @—(p, coloured carotenoids 


carotenoid ratio can be modified by the cultivation of 
R. rubrum in the presence of diphenylamine is evident 
from the absorption spectra of normal and treated 
cells, grown photosynthetically under otherwise 
identical conditions (Fig. 2). | 
The suppression of normal carotenoid synthesis 


Le ¿provoked by diphenylamine is accompanied by a 


Massive intracellular aceumulation of the more 


: = saturated polyenes, which. are undetectable in normal 
_ ells. The major component is phytoene, accompan- 


= ied by smaller quantities of phytofluene, {-carotene 
_ and neurosporene. Indications of this accumulation 
can be seen in the spectrum of the cells (Fig. 2). In 


than in normal cells. This is caused by the light- 





; IN VIVO SPECTRUM OF NORMAL CELLS AND 
CELLS GROWN IN PRESENCE 71075 M DPA 





950 












Wave-length (my) 


Fig. 2. The absorption spectra of two suspensions of Rhodospirillum . 
“rubrum grown anaerobically in the light and adjusted to the same 
“optical density at 680 ma before measurements were made. 
pectra were determined through opal glass to reduce the effect 
light-seattering, Dashed line: normal cells. 
the presence of 7 x 107" M diphenyl. 













| saturated polyenes in cells of R. rz 
-ofo diphenylamine, could not be confirm 
. Jo: As discovered by Goodwin and O 
1 sive and rapid synthesis of coloure car 
| occur when eells which have been gr 
| presence of diphenylamine are washec 
| pended in buffer. This endogenous synth 
|. with equal rapidity under aerobic cond 
_ dark and under anaerobic conditions in 


| It is presumably an energy-requiring 


J. phorylation in the light, or by oxidative phospho: 


-endogenous synthesis occurred at the exper 


the aeration mixture was changed to 95 per cer 
‘and 5 per cent carbon dioxide. Illuminated 
were exposed to a light intensity of a 
_ 1,000 foot-candles from incandescent lan 
-control tubes were completely shielded b 
-| of aluminium foil. Samples were remos 
for determinations of viable count anc 
= gontent. As shown in Table 1, photo-k 
tively rapid: in the presence of light 
-~ viable count fell to less than 20 per cent i 
value within 2 hr. The viable counts 


. treated cells, the bacteriochlorophyll peak at 375 my 
-is much higher relative to the infra-red posk at 880 Myu- 


absorption of saturated polyenes in the near ultra- 


_ . Table 1. PHOTO-KILLING AND CHLOROPHYLL Desravor 
“SUSPENSIONS OF CELLS, DEPLETED OF COLOURED CARO! 











lls. Solid line, cells | 
lanne oo... 
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cannot occur under anaerobic conditions 






which energy can be supplied either by pl 








tion in the dark. Sinee Goodwin, and Osman coul 
detect only traces of saturated polyenes 
treated with diphenylamine, they assumed 


















specific intracellular precursors. We have 
this question in collaboration with Mrs 
Jensen and Dr, T. Nakayama. The colou 
tenoids are in fact synthesized excluswely - n 
accumulated polyenes, through a succession of inter- 
mediates. These. findings and their bioch 
implications will be described elsewhere. ce : 

Induced photosensitization of Rhodospirillum rubrum. - 
Representative results of two experiments which | 
demonstrate the photosensitivity induced in R. 
rubrum by carotenoid depletion are given in Table 1. 
Cells harvested after growth in the” presence of — 
diphenylamine were washed and resuspended in 
chilled buffer. Aliquots of this suspension were 
added to aeration tubes, which were placed in a 
water-bath held at 30° C., and aerated with a mixture — 
of 95 per cent nitrogen and 5 per cent carbon dios 
in the dark, to prevent any occurrence of endogenc 
carotenoid synthesis. At the start of experimen 
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GROWTH IN THE PRESENCE OF DIPHENYE. 
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Per cent survivors 
_ after 2 hr, 
Per cent chlorophyll 
after 23 hr. 
Per cent survivors | 
after 1-5 br.. f 
Per cent chlorophyll: _ 
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tent aor illumine tod 


ophyll destruction in normal cells. 






re exposure to light. 





exposure: to light. 


-exposed to light and air without preceding maintenance 


- under aerobic conditions in the dark. Desensitization 


was not complete ; > but the amount of endogenous 


carotenoid synthesis which had taken place at. the 


time of light exposure was very limited. Complete 

“restoration — of- the normal coloured carotenoids 
requires many hours. 

` Photo-inhibition of endogenous carotenoid synthesis. 
In R. rubrum, the photosensitivity which accompanies 

< carotenoid depletion has one additional manifestation; 


inhibition of endogenous carotenoid synthesis. Fig. 3- 


- shows the absorption spectra of acetone~methanol 


extracts prepared at successive intervals from two — 
the chromatophores, where the saturated polyenes 


tubes of a buffered cell suspension incubated aero- 
<- bieally at 30° C. in the light and in the dark, respec- 

tively. Vigorous endogenous synthesis occurred in 
ae the suspension incubated in the dark, as evidenced 


THESYNTHESIS OF CAROTENOID PIGMENTS 
BY CELLS IN BUFFER AFTER REMOVAL 
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hie absorption spectra of acetone~methanol extracts 
red from two aliquots of a buffered suspension of cells which 
grown, ino ee presence of diphenylamine, The 





robically at 30° ©, in the light and — 





ely, and aamples were withdrawn. after the.. 


AD hy the pie ae 
ae -guspensions had poly ý 
edly after 23 hr., whereas that of the — 
owas essentially unchanged. Compar- - 
3 to air and light cause no measurable E 


able 1 also illustrates the diminution 
ity which occurs when cells are per- 
te endogenous synthesis of carotenoid 
In this experi- 
quot. of the cell suspension was kept for 
er aerobic conditions in the dark before 
. ‘The moment of light exposure was _ 
` used as the zero time for measurements of viability 
and chlorophyll content on this tube. It can be seen 
< that both death and chlorophyll destruction were: 
much less rapid than in the suspension which was 


to light and air is inversely related to the amount 
0 synthesis which has already taken place at the time 
of exposure. 


“carotenoid synthesis is intelligible in terms of cell — 
- structure. 





j Department of Bacteriology, 


destroyed. A total phot. inhibition. of ndagenot 
id synthesis can be obtained only if the cells 
n very thoroughly depleted of el 

carotenoids by preceding diphenylamine. trea en 
nco such depleted cells have initiated endogenous 
3, tho process, can. no. longer. be wholly 
təd by light and air, although its rate may fall. 
xtent to which the rate is diminished by exposure 


































‘The remarkable photosensitivity. of ET 2 


The normal photosynthetic pigment © 
system of the purple bacteria is localized in macros o 
molecular structures, variously termed ‘chromato- 


. phores’ or ‘grana’, which can be separated. from other 
cellular components in extracts of the bacteria byo < 
< differential centrifugation’. 


These bodies are thè: __ 
functional equivalents of plant chloroplasts, although = 
they are much smaller and appear to be much simpler. 


By the fractionation of bacterial extracts, we have 


found. that the polyenes which accumulate as a = 
result of the diphenylamine treatment. are almost __ 
exclusively associated with the chromatophores. This 
implies that the terminal steps of carotenoid synthe- — 
sis, which take place at the expense of the saturated — 
polyenes when. diphenylamine is removed, occur in 


presumably fill the sites occupied by coloured caro- 
tenoids in normal cells. ‘The substrates (and possibly ` 
also the enzymes) for endogenous carotenoid synthesis 
are therefore situated in the cell very close to the =- : 
bacteriochlorophyll, and as a result are highly 
exposed to chlorophyll-catalysed photo-oxidation. aa 
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phores of the photosynthetic sulphur bacterium, 
Ohromatium?. The photochemically active particles 
of these obligate anaerobes produce adenosine 
triphosphate in the presence of light. 

The function of carotenoids in photosynthesis has 
been an open question for many years. Evidence has 
been offered in some organisms for the direct partici- 
pation of carotenoids in the capture and transfer of 
Recent work has indicated that 
carotenoids are essential for the functioning of the 
‘Hill reaction’? by isolated chloroplasts of higher 
plants’. Stanier® and co-workers have demonstrated 
in the non-sulphur purple photosynthetic bacteria 
that carotenoids protect the cell from photo-oxide- 
tions by bacteriochlorophyll. We have investigated 
the relationship of coloured carotenoids to photo- 
phosphorylation in Chromatium, by the study of sup- 
pression of carotenoid synthesis with diphenylamine. 

Diphenylamine has been used for inhibiting the 
synthesis of coloured carotenoids in fungi, alge and 
photosynthetic bacteria by Goodwin and his co- 
workers’. Chromatium, cultured and subcultured in 
the presence of diphenylamine, becomes &® bright 
blue-green in colour and lacks any visible red caro- 
tenoids. The organisms grew readily in the presence 
of light with carbon dioxide as the only source of 
carbon, and there was no apparent effect on the total 
amount of bacteriochlorophyll produced. ‘Caro- 
tenoidless’ cells regain their coloured carotenoids 
in the absence of diphenylamine. Red ‘Cellophane’ 
filters were used between’ the light source and the 
cultures to reduce the destruction of diphenylamine 
by the shorter wave-lengths of light, and under these 
conditions the cells remained green during the 
growth period (3-4 days). 

Chromatophores were isolated and concentrated 
as previously desoribed® from both the normal and 
the diphenylamine-treated (‘carotenoidless’) bacteria, 
and the particles sedimenting at 144,000 g were 
washed with water before use in the following experi- 
ments. The absorption spectra of the chromatophores 
from both types of cells are shown in Fig. 1. As can 
be seen, the major coloured carotenoid peaks between 
450 and 550 mu have almost completely disappeared 
and there is at least one new peak at 420 my which 
probably represents a polyene precursor of the 
coloured carotenoids. It can be seen that the major 
near infra-red peak of bacteriochlorophy]l is unaffected 
but there is a striking shift in the position of the 
various minor peaks. The norrnal chromatophores 
of our strain of Chromatium give an indication of 
absorption at 807, 825, 840 and 895 my. (see Fig. 2). 
In the absence of coloured carotenoids (green chroma- 
tophores) the 807 peak remains unchanged and there 
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Fig. 1. Absorption spectra of chromatophores of norma] and 


diphenylamine-grown Chromatium 
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FINE STRUCTURE OF BACTERIOCHLOROPHYLL 


OPTICAL DENSITY 
Oo 
D 
© 





800 820 840 9860 BBO 900 %0 
WAVE LENGTH my f 


Fig. 2. Fine structure of bacteriochlorophyl absorption band for 
normal and diphenylamine-bleached chromatophores 


is a peak at 830 and a shoulder at 885 mp. Stanier 
shows. a shift of the near infra-red peaks in his blue- 
groon mutant of Rhodopseudomonas spheroides to æ 
symmetrical band of the F. rubrum type. Duysens? 
has suggested that the various shapes of the multiple 
peaks of the bacteriochlorophyll absorption spectrum 
in different species may be due to a difference in the 
relationship of bacteriochlorophyll to various ‘bearer 
molecules’. Stanier proposes that for his mutant of 
R. spheroides the shift is due to the substitution of the 
polyene precursors for the coloured carotenoids in the 
structural composition of the chromatophores. This 
hypothesis is extremely attractive for the diphenyl- 
amine-altered chromatophores of Chromatium, since 
similar shifts in the red spectrum are observed and the 
presence of precursors is indicated. - l 

Photosensitization of photophosphorylation. As pre- 
viously reported, the chromatophores of Chromatium 
will mako adenosine triphosphate in the presence of 
light and in the absence of oxygen at a rate up to 70 
micromoles of phosphate esterified per mgm. bacterio- 
chlorophyll per hour (ref. 3). Catalytic amounts 


Table 1. PHOTOSENSITIVITY OF PHOTOPHOSPHORYLATION 





















Pre-treatment of chromatophores* Type of chromatophore 
| ‘Carotenoid- 
Gas phase less’ Normal 


Illumination 
(min.) 
Per cent activityT 









10 (light Air - 0 63 
10 (light Nitrogen ° 72 100 
Air 100 100 
Air 0 42 
Nitrogen F 82 88 
Air 100 100 
Nitrogen 100 100 


è Pre-treatment of chromatophores and photophosphorylation 
measurements were carried out.in an illuminated Warburg apparatus 
with 3,000 and 1,000 ft.-candles of light, respectively, at 20° C. The 
reaction mixtures of 3 ml. volume contained 0-1 M glucose, 0:02 M 
tris buffer at pH 7-8, 7:5 umoles adenosine diphosphate at pH 7'8, 
10 szmoles magnesium chloride, 25 moles orthophosphate, 0:3 ml. 
of supernatant from ruptured cells, 4 mgm. crude hexokinase (Sigma 
Chemical Co.), normal or ‘carotenoidless’ chromatophores containing 
0-25 and 0-32 mgm. of bacteriochlorophyll, respectively. Chromous 
chloride was present in the centre well of the anaerobic flasks. After 
the various pre-treatments, the vessels were flushed with nitrogen in 
the dark, the vents were closed, adenosine diphosphate was tipped in, 
and photophosphorylation was initiated by turning on the lights. 
Disappearance of orthophosphate was determined (ref. 9) and used 
ag a measure of photophosphorylation. 

t Normaland ‘carotenoidless’ chromatophores esterified respectively, 
60 and 61 wzmoles of phosphate per mgm. of bacteriochlorophyll per . 
hour. This was used as the ‘100 per cent activity’ figure. 
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of a reducing agent and a protein factor from the 
cellular supernatant are stimulatory but not required 
by the system. The effect of the absence of caroten- 
oids on this type of system was tested as described in 
Table 1. 

The observed diminution of coloured carotenoids 
has little or no effect on the ability of isolated chroma- 
tophores to carry out the light-dependent formation 
of adenosine triphosphate. However, activity is 
completely destroyed in the presence of both light 
and oxygen. This extends to an isolated system, the 
observation of Stanier that whole cells of a ‘caro- 
tenoidless’ mutant of R. spheroides are killed by light 
in the presence of oxygen. 

According to French and Bishop‘, carotenoids are 
essential for the photochemical reduction of a dye by 
isolated chloroplasts, that is, for the ‘Hill reaction’. 
However, coloured carotenoids do not appear to play 
' any part in the production of high-energy phosphate 
| by light as shown by adenosine triphosphate forma- 
tion with green chromatophores. Therefore it is 
probable that the production of high-energy phosphate 
by the chromatophores precedes or is independent 
of the photochemically induced reduction of a dye. 
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This research was carried out at Brookhaven 
National Laboratory under the auspices of the U.S. 
Atomic Energy Commission. 

R. ©. FULLER 
I. C. ANDERSON 


Biology Department, 
Brookhaven, National Laboratory, 
Upton, Long Island, N.Y. 
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NATURAL OCCURRENCE OF THYMINE AND THREE 
METHYLATED ADENINE BASES IN SEVERAL 
RIBONUCLEIC ACIDS 


By Dr. J. W. LITTLEFIELD* and Dr. D. B. DUNN 


Agricultural Research Counci! Virus Research Unit, Molteno Institute, Cambridge 


LTHOUGH three naturally occurring bases in 
addition to adenine, guanine, cytosine and 
thymine have been isolated. from deoxyribonucleic 
acidt?, the compound studied by Cohn, Davis and 
Allen? seems the only example so far of any additional 
bases naturally present in ribonucleic acid. During 
studies on the incorporation of unnatural bases, digests 
of ribonucleic acid from Bacterium colt were found to 
contain in small amount a compound with spectral 
and chromatographic characteristics which suggested 
that it was the riboside of thymine (ref. 4, and Smith, 
J. D., personal communication). We now have 
considerable evidence for the natural occurrence of 
thymine in ribonucleic acid prepared from two strains 
of B. colt and from Aerobacter aerogenes and in com- 
mercial yeast ribonucleic acid. From these sources 
we have isolated also three methylated derivatives 
of adenine: 2-methyladenine, 6-methylaminopurine 
and 6-dimethylaminopurine. We have found the last 
two compounds in the ribonucleic acid of rat liver 
microsomes. None of these compounds appears to 
be that described previously, which we believe we 
have noted in addition in ribonucleic acid from several 
sources. The natural occurrence of all four bases as 
nucleosides or nucleotides has been described prev- 
iously, since thymine and 6-methylaminopurine occur 
in deoxyribonucleic acid?.5, 2-methyladenine in the 
vitamin B-like Factor A‘®, and 6-dimethylamino- 
purine in puromycin’. 
* Scholar in Cancer Research of the American Cancer Society; on 
leave from the John Collins Warren Laboratories of the Huntington 


Memorial Hospital of Harvard University at the Massachusetts General 
Hospital, Boston, Massachusetts, 


- The ribonucleic acid of B. cols has been our main 
source of these four bases and their derivatives. 
About ten grams of growing bacteria? was collected 
by centrifugation, washed with saline, and extracted 
overnight with 60 per cent (v/v) ethanol — water at 
pH 4 and 26°. Tho residue was washed twice with 
60 per cent ethanol — water, and once each with 90 per 
cent ethanol—water, ethanol, and acetone. After 
drying, it was extracted with 0-1 M sodium citrate 
for 1-2 hr. at pH 7-2 and 100°*. The sediment 
from high-speed centrifugation was discarded and 
the soluble nucleic acids precipitated three times 
from 60 per cent ethanol—water at pH 4. Two 
nucleic acid preparations were treated in addition by 
the Sevag procedure’ to remove proteins. The final 
precipitate was hydrolysed overnight at 30° with 1 NV 
potassium hydroxide to release the ribonucleoside 
2’- and 3’-phosphates. After precipitation of the 
deoxyribonucleic acid by the addition of two volumes 
of ethanol plus perchloric and/or acetic acid to pH 4, 
the digest was centrifuged and the soluble nucleotides 
purified by paper chromatography using zsopropanol— 
water (70: 30, v/v) with ammonia vapour!. 

Early in this work the purified nucleotides were 
treated with prostatic phosphomonoesterase!?, and. 
the four compounds discovered and studied as. 
nucleosides. In paper chromatography using tso- 
propanol/water with ammonia vapour, n-butanol/ 
water (86:14, v/v) with ammonia vapour, and 
n-butanol/water/formic acid .(77:13:10, v/v/v)23, 
each of the four nucleosides showed the same 
mobility as the - corresponding known riboside, 
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which we synthesized by the incubation of the 
known base with inosine and a nucleoside phos- 
phorylase prepared from B. coli#4. On paper electro- 
phoresis?! using 0-05 M borate buffer at pH 9-2, each 
nucleoside migrated with the known riboside ; in the 
presence of borate each showed a greatly reduced 
mobility in n-butanol/water/ammonia. The wave- 
lengths of the ultra-violet absorption maxima of these 
ribosides are given in Table 1. The possibility that 
we were dealing with deoxyribosides rather than 
ribosides seems unlikely, since the method of pre- 
paration of these compounds involved alkaline hydro- 
lysis of the nucleic acid, and since they formed 
complexes with borate and moved with the same 
Rp as the synthetic ribosides in the chromatographic 
systems mentioned. The deoxyribosides of thymine 
and 6-methylaminopurine were available and showed 
greater mobility in the butanol solvents. Further- 
more, unlike purine deoxyribosides, the purine ribo- 
sides were stable in 0-1 N hydrochloric acid at 20°, 
while they were hydrolysed in 1 N hydrochloric 
acid for 1 hr. at 100°%% The nucleoside of 
thymine was unchanged by this treatment but 
was hydrolysed in 72 per cent (w/w) aqueous 
perchloric acid in 2 hr. at 100°*, or, unlike 
thymidine, by treatment with sodium periodate 
followed by alkali’. 


Table 1. WAVE-LENGTHS (my) OF ULTRA-VIOLET ABSORPTION MAXIMA 
OF METHYLATED BASES AND THEIR RIBOSIDES 


Riboside 
pH 13 


pH 1 
Thymine 
2-Methyladenine 
6-Methylaminopurine 
6-Dimethylamino- 
purine 





The four bases released by hydrolysis of the ribos- 
ides had identical ultra-violet absorption spectra 
(Table 1) and also identical chromatographic behav- 
iour in four solvents to known samples of thymine, 
2-methyladenine, 6-methylaminopurine or  6-di- 
methylaminopurine. 

More recently we have isolated what we presume 
to be the 2’- and 3’-phosphate derivatives of the four 
ribosides. From the initial ¢sopropanol/water/ 
ammonia chromatogram of the soluble nucleotides 
we eluted the entire area between guanylic acid and 
the small amount of nucleosides present, and re- 
chromatographed this material for 48 hr. with the 
same solvent. By this time, two or three faint bands 
had separated ahead of uridylic acid; these were 
eluted together and run on paper electrophoresis in 
0-08 M ammonium formate buffer at pH 3:5. In 
this system the mobilities of the ribonucleotides of 
thymine, 6-methylaminopurine, 6-dimethylamino- 
purine and 2-methyladenine were 0:90, 0-46, 0-42 and 
0-19 of that of a uridine 2’,3’-phosphate marker. 
Thus, thymine ribonucleotide was separated from the 
mixture of the nucleotides of 6-methylaminopurine 
and 6-dimethylaminopurine, which were then dis- 
tinguished by chromatography in zsopropanol/water/ 
ammonia. The ribonucleotide of 2-methyladenine 
was sometimes present on this electrophoretic separa- 
tion, but was usually found by similar electrophoresis 
of the uridylic acid band. In the latter instance, it 
could be separated from any cytidylic acid present 
by chromatography in ésopropanol/water/ammonia. 
These four ribonucleotides were dephosphorylated by 
prostatic phosphomonoesterase but not by the 
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Table 2. MOLAR PROPORTIONS OF METHYLATED BASES IN SEVERAL 
RIBONUCLEIC ACIDS 





Moles per 100 moles of uracil 


Source of 
ribonucleic acid 6-Methyl- | 6-Dimethy]- 
. Thymine | 2-Methyl- | amino- amino- 
adenine purine purine 
B. colt Bir 0-3 0:5 0'4 0°3 
B, coli 15T- 0:9 0:25 + * 
Aerobacter 
aerogenes 1:0 0:25 0-25 0'1 
Yeast 0'6 0-15 0:25 0:05 
Liver micro- 
somes — — 0-15 


* Not examined 


5’-nucleotidase present in rattlesnake venom. ‘The 
ribosides so produced, as well as the bases released 
by subsequent acid hydrolysis, were identical to those 
described above. ` 

In addition to alkaline hydrolysis, we have treated 
the nucleic acid preparation with rattlesnake venom 
containing diesterase and 5’-nucleotidase, and have 
isolated from this digest also the ribosides of thymine 
(Smith, J. D., personal communication), 2-methyl- 
adenine and 6-methylaminopurine, and a small 
amount of material with the chromatographic 
behaviour of the riboside of 6-dimethylaminopurine. 
The preparation of the four ribosides by these two 
methods strongly suggests that they existed in 
3’,5’-phosphodiester linkage, most likely in the poly- 
nucleotide chain. This evidence and the thorough 
washing of the nucleic acid preparation before 
hydrolysis make it improbable that we are dealing 
with contaminating free nucleotides. Indeed, it 
would be unusual for free nucleotides to exist in the 
9’. or 3’-phosphate form, and we have searched for 
and failed to find the ribonucleotide of thymine or 
2-methyladenine in the acid ethanol-soluble fraction 
of the bacteria. 

The approximate molar proportion of each base in 
the five ribonucleic acids we have studied is expressed 
in Table 2 relative to the amount of uracil. Values 
were actually determined from the isolated ribosides. 
Whether the widespread occurrence in ribonucleic 
acid of small amounts of these four bases is a chance 
phenomenon or of metabolic importance is not yet 
apparent. 

We are grateful to Dr. D. J. Brown, Dr. D. M. 
Brown and the American Cyanamid Company for 
gifts of chemicals, and to Dr. J: D. Smith for much 
helpful advice. One of us (J. W. L.) wishes to thank 
the Wellcome Trustees for a travel grant. 
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lodine-131 in Sheep before and after a 
Nuclear Reactor Accident 


Ir may be useful to compare the amount of 
iodine-131 in thyroids of unselected sheep slaughtered. 
in London before and after the release of iodine from 
the reactor at Windseale in Cumberland on October 
10, 1957 +. i 
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to iodine-131 fall-out than those west of the test site. 
Therefore, directly east of Windscale, sheep may 
have contained more iodine-131 than those reported 
here. Ib is further suggested that valuable informa- 
tion can be obtained by continuous monitoring of 
thyroids from slaughtered sheep and cattle. A good 
index is thus obtained regarding the biological 
concentration of air-borne radioactive fall-out. 

This investigation was supported by grants from 
the U.S. Atomic Energy Commission and the U.S. 
Public Health Service. 

Thyroid glands were sent to us by Mr. E. F. 
McCleary, of the Metropolitan Cattle Market, London ; 


Table 1. IQDINE-131 IN SHEEP THYROID GLANDS (MVO JGM. THYROID) 4 


London 
No. | Iodine-1381 in thyroids 
Max./min. 

0-99 1-9/0-54 

0 2 -3/0-76 
Windscale releage 

15 59/5 -9 
6°8/0-74 
0-19/0-12 


Date 
slaughtered 


Date 
slaughtered 
(day/month) 


of |———- 
(day/month)| sheep} Average 


2°3 


0-14 


Iodine-131 in thyroids 





Nashville 
Jodine-131 in thyroids 
Max./min. 
145/13 
24/5-3 


Date No. 
slaughtered of 


Max./min. | (day/month) | sheep} Average 


0°70/0 -07 
0 68/0 -20 
0-2/0 -05 


* Maximum for the period September—December. 


For three years our laboratory has frequently 
measured the iodine-131 in thyroids of sheep and 
cattle slaughtered in certain cities of the United 
States, London, Japan and Germany (Munich). 

During the summer of 1957, the sheep thyroids 
received once each month from London contamed 
1-10 per cent of the amount present in thyroids from 
Nashville, Tennessee. This radioactivity was con- 
sidered to originate west of Tennessee. Similar results 
were published in 1956 °. The reduced amount in 
the English and Munich animals was possibly due 
to the three to four additional half-lives of time 
necessary for the isotope to appear in the sheep of 
the more distant areas. 

Table 1 shows that in August and September of 
1957 the concentrations of iodine-131 in thyroids 
of sheep slaughtered in London averaged 1 mpc./gm. 
This was less than one-tenth of the concentrations 
found during the same period in specimens from 
Tennessee. In October the greatest concentrations 
in thyroids of Tennessee sheep averaged 55 muc./ 
gm., on October 9, the day before the Windscale 
incident. Most of this iodine-131 is believed to have 
originated from nuclear weapons tests, 1,500 miles 
west of Tennessee. Ten days after the Windscale 
release, our specimens of British and American sheep 
thyroids both averaged 14-15 muc./gm. 

Sheep slaughtered in Munich in early November 
contained 1-10 per cent as much iodine-131 as the 
average of Tennessee sheep. This suggests that most 
of the iodine-131 in the German animals could have 
originated west of Tennessee. The concentrations 
of iodine-131 in German sheep have decayed more 
slowly than those in Tennessee sheep. This slow decay 
is interesting but not unexplained. 

In general, these resulis suggest that sheep 
slaughtered in London have received less iodine-131 
from the Windscale incident than sheep slaughtered 
in Tennessee have received from distant nuclear 
weapons tests. 

In the United States, animals grazing east of the 
Nevada proving ground are more sensitive indicators 


Herr Schurry, of Max Muhlpointner and Co., Munich, 
Germany; and the Neuhoff Packing Company 
(Division of Swift and Co.), Nashville, ‘Tennessee. 
L. Van MipDLESWORTH 
Department of Physiology, 
University of Tennessee, 
Memphis, Tennessee. 


1 Accident at Windscale No. 1 Pile on 10th October 1957. Cmmd. 302. 
(H.M. Stationery Office, London, 1957.) 


2Van Middlesworth, L., Science, 123, 982 (1956). 


Symmetry of Snow Crystals 


Tue frequently portrayed beautiful six-ray star- 
shaped crystals of snow have long been quoted as 
outstanding examples of well-developed crystal 
forms. Despite .an infinite variety in the patterns 
which appear, there does often exist a remarkable 
symmetry in the six rays, the complex tree-like 
pattern repeating closely in each arm, indeed, sur- 
prisingly so. Since each of the six arms of the crystal 
would appear to be growing independently, this 
symmetry poses a problem in crystal growth, for it 
almost seems as if each arm of the six-ray star 
‘knows’ what the other five are doing and follows 
suit. In fact I believe that each arm does ‘know’ 
what the others are doing and I offer the following 
explanation. 

I conjecture that the crystal is vibrating mechanic- 
ally as a flat plate, in fact as a Chladni plate, with 
of course a hexagonal symmetry. Such a mechanic- 
ally vibrating system will have a complex, yet 
fundamentally hexagonal, distribution of nodes and 
anti-nodes. A growing crystal is in a dynamic state, 
being bombarded by water-vapour molecules, some 
of which can and do adhere locally to promote local 
growth. When the molecules adhere to achieve 
growth at any particular region on one arm, this 
immediately introduces a localized damping action 
on the vibrations. One can certainly anticipate that 
in a delicate equilibrium water molecules are less 
likely to adhere in regions in violent motion, and 




















tarts it has a ten to continue. 
But this very damping is at once 
alt simultaneously at the correspond- 
ing positions on the other five arms. 
Thus molecules arrive and adhere 
easily at the other five arms in 
precisely the same situations as on 
the first arm; in other words, what 
> happens on amy one arm tends to be 
— repeated on the others; henee the 
symmetrical growth, despite the ap- 
parent independence of each arm. _ 
‘The final symmetry is then explic- 
able purely in terms of localized > 
- damping of mechanical vibrations, | 
provided of course that the crystal 
-qs growing in conditions of delicate 
equilibrium, which is doubtless the 
ase with the very perfect examples — 
often found. ape 
Of course, it is possible to produce 
alternative explanations; but they 
appear far-fetched. For example, to 
assume that some identical disloca- 
tion factor appears throughout the whole complex 
pattern and therefore simultaneously influences each 
arm seems most unreasonable and untenable. To 
postulate that ambient variations (temperature con- 
centration, ete.) could identically affect each arm. at 
every point simultancously seems also unrealistic. 
Tf the conjecture as to mechanical vibration, 
offered here, is correct, there would. appear to be 
several implications. Thus: (1) The freely failing 
snowflake, being unconstrained to vibrate, might be 
expected in general to be more symmetrical than one 
grown. on a solid surface. 
 wibration of the crystal might conceivably be detect- 
able as an ultra-sonic sound vibration, The dimen- 
sions of typical snowflakes indicate that these would 
be of very high frequency indeed, would have a 
--eomplex spectrum, and doubtless would have very 
small amplitude. Indeed the detection of any such 
< c yadiation would offer a most formidable problem. 
(8) On the other hand, if growing vibrating snow- 
flakes are subjected to the right kind of ultra-sonic 
_ frequency, it might well be expected that the growth 
“symmmotry would be markedly affected. 
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A Photographic Observation of the Satellite 
1957 Beta leaving the Earth’s Shadow — 
9 Ow December 15 a photograph of the satellite 
1957 Beta was taken at the Warner and Swasey 

Observatory of the Case Institute of Technology, 













out of the Earth's shadow (Fig. 1). This observation 
m be used for deriving the distance of the satellite 
from the Earth's surface. It was concluded from 

gual observations made the previous morning that 
the satellite should leave the Earth’s shadow in the 

matellation Urea Major. An exposure, therefore, was 
arted at 5h. 10m. 00s. BST. | 











te owas not 


Fig ly Photograph of the satellite 1957 
Trae Maioris on December 1b. 


(2) The mechanical 


of the eccentricity is e = 0-0927. With these va 


Cleveland, Ohio, which shows the satellite coming. 


< whereas a heig ht of 1,000 km. gives a rate of 


























































Reta coming ont of the Earth's shadow near ; 
Exposure time: 5h. 10m, 00s. to Sho 10m. 538. E3 
Kodak “Tri-X film) Sen: 


(Si-m, camera, 7/28 + 
vet visible. The satellite was first observed visu 
between 5h. 10m. 20s. and Sh. 10m. 30s. Tt is est 
ated that it came out of the shadow not earlier t 
5h. 10m. 10s. The position where the track is | 
recorded on the photograph is a= Hh. 53m, _ 
§ = + §4-8°. It is possible that the satellite at this _ 
position had already left the shadow, but was. nob 
recorded earlier because it was at minimum bright: 
ness. Nevertheless, since the poriod of light varia. | 
tion was about 40 sec., the real position should be | 
between the value already given and « = Ith. 37n 
Š = +61°. From these two positions, height 
above the surface of 770 and 800 km. respoctivels 
were derived, assuming a spherical Earth a 
cylindrical shadow with a radius equal to the 
the Earth. If refraction is teken into account, smaller. 
values of the height result. Assuming a deflexio 
of the light rays from the Sun of 1°, the corresponding — 
heights are 713 and 739 km. It would appoar then 
that the derived value of 785 + 15 km. is a maximum 
one. From predictions of the Smithsonian Institution 
a height of about 1,000 km. was expected. According _ 
to our observations this is too large by at least - 
200 Jem. ee eer Soe 

From observations on December 14 and lj a. 
period of 101-7 min. and, therefore, a value of — 
7,310 km. for the semi-major axis have been derived. _ 
Assuming the distance at perigee of 6,543 km. com- _ 
puted frorn the elements given in Harvard Announce- 
ment Card 1384 has not changed, the computed value. 
the true anomaly can be derived for a given height. _ 
With the value of the inclination (62-5°) also g 
in Harvard Announcement Card 1384, the argume 
of perigee can be derived, While a height of 1,000 
gives for the true anomaly and argument of per 
109° and 22-5°, respectively, the correspondin 
of 90-5° and 41° follow from these observ: 
argument of perigeo at November 4 
according to Harvard Announcement Car 
follows that the value of regression of th 
only ~—60-07°/day according to our obse 
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‘close to the value of —0-6°/day g 
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““poundary 
Orbit 





` Fig. 2. The error in height as computed from the error in position. 
o dere (22d/360) da; dr æ tauo ds. With omax. = 27°3° and 
ee aoe d = 800 km., dr/da = 7-2 km./deg. 


da 


R= radius of 
y the earth 







- Shadow 
boundary 


~ Orbit 









Fig. 3. . The error in height as computed from the error in time, 


3 moved by the amount ds = 27/360 R cos o da = 27/360 


of Cleveland. r 


Observations of a shadow-egress give very accurate 


urface. At a height of 800 km. the 


largest angle 


© — possible between the orbit and the boundary of the | 
shadow is 27-3°. From Figs. 2 and 3 it follows that an 
| error in the observed position of egress of one degree 


_ results in a maximum error of 7-2 km. in the distance. 


An error of one minute in time results in an error of 
10-8 km. in. distance. Therefore, even approximate. 
observations. give rather accurate values for the 
> height of a satellite, at least within -+ 30 km. The 
height of 1,000 km. which was expected. would 


- | require that the satellite had already left the shadow 


aame ee 
eet 


z(a, -180°) | 


aw as 





F, observer; P, pee of the Earth; G, point opposite 
sun; H, point with the observed egress ‘position in. the. 
lite leaving the shadow; 9, observer's latitude: 
nion and declination of the observed poaltio 


aon nd. declination 








bie, the latitude of 


_ Warner and Swasey Observatory, 


_ Precision Determination of the Velocity _ 
B the time df (in min.) a point on the Earth's surface at latita qo : fi 
/ re coe ear o bane _ Waves im vacuo has been measured by means of a 
es --niillimetre-wave interferometer operating at a fre- 


i 9 : be. quency of 72 Ge./s., corresponding to a wave-length | 
‘alues for the height of a satellite above the Earth’s | RE 


= eorrected. value of the earlier. determination? is pi 













. erivation of the height of a satellite above. the Earth's 


















shadow gives the r 
for the satellite dow ance: 
from the Earth's centre is then r = (X,?-+ Y, FZPPA 





East Cleveland 12, = 70000000 








~ Of Electromagnetic Waves 
_ Tum free-space phase velocity of electromagnetic 


of about + mm. The result is: | 

| “Co = 299 792-50 + 0-10 kmjs. 

The variation represents the standard deviation of 
& single observation in statistical combination with: 
estimated systematic uncertainties, the- greatest of | 
these being in the measurement of the standards of. 
length used (derived by optical interferometry), and 
in the measurement of the refractive index of the air 
surrounding the microwave interferometer (obtained 
by means of a microwave refractometer), 

The. 24-Ge./s. prototype instrument has already © 
been described!, the 72-Ge./s.. interferometer being 
basically identical, but considerably improved in 
performance. A full report of the present determ- 


“ination will be published in due course, but it should : 


_ be noted here that the value previously assigned to 
= the one-metre length-standard used. with the proto- 
_ type interferometer was too great, and this has - 
_ caused the published value of e, obtained from that — 
_. instrument to be high by -0-2 km/s.. Thus the 











his work has been carried out as part of the 

‘esearch programme of the National Physical Labora 
ory and is published by permission of the Directo 
he: Laboratory. 9 0 S AE 
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_ Fungsten Carbide — 
-most metallographic investigations of steel 
mented carbides the fine details of the carbid 
iot studied. We have just completed an ete 














etching 











































Fig. 1. Siriw in carburized iron (‘Puron’) carbide. Carapella’s 
reagent. (x 1,000) 


2 ml. concentrated hydrochloric acid and 99 ml. 
methyl aleohol) etching for 20-60 min, revealed 
-cracking as the principal deformation mechanism and 
twinning as the secondary agency. The cracking 
behaviour has been described previously, but the 
_ twinning appears to be a new observation’. In two 
eases only, out of hundreds of samples studied, the 
cracks found were aligned along the twinning planes 
in the carbides. These observations were made upon 
coa carburized plain carbon steel, upon a carburized 
‘Westinghouse Puron’ iron (spectrographically pure) 
and upon a pure, massive, polycrystalline, iron- 
manganese carbide kindly supplied by Dr. L. 8. 
<o Darken of U.S. Steel Research from his recent 
ternary system studies. In the two carburized 
samples there was no possibility of mechanical work 
-having caused cracking of the carbide. Fused caustic, 
60 per cent nitric acid and 50 per cent hydrochloric 
acid were also successful etching reagents. 
= The tungsten carbide erystals etched nicely in 
fused sodium hydroxide held just above its melting 
point in a nickel crucible heated electrically by a knife- 
blade type heater insulated with glass wool and con- 
“trolled by a ‘Variac’. This reagent and technique 
-also etched pure tantalum carbide crystals. Only the 
fused caustic served as an etching reagent for the 
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Fig. 2. Etch-pit array (dislocation line?) in iron-manganese 
carbide. Dark solid line in lower left is a grain boundary. 
te oo Carapella’s reagent, {x 625) aa ae 







< For those who ar rbides 
= cemented carbides, or the production of carbide die 
patterns, this fused caustic etching technique ma 


tungsten carbide crystals. After this caustic etching, 
the sample surfaces were cleaned im an acid solution, 


_ in the ternary system iron/boron/phosphorus - 


Table 1. ais 
CO TION) COMPARED WITH DATA FOR FE,C GIVEN BY LIPSON 

























ape 


either ‘Nital’ or Carap 
y co 


aS? 
ncerr 


reagent being satisfactory. 
wd with hard carbides, 





prove useful. ye 

We believe that the twins in the iron carbides: 
an index of the carbide orientation and morp 
Most of the large iron carbides present in the st 
are single crystals of irregular shape. The. crack 
and the presence of twins indicate high inter 
atresses. no ae 
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Development and Research Department, 
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1 Hopkins, B. E., West of Scotland Iron and Steel Dist. Ja d 

80, 340 (1953). 











Two Borides with the Cementite Structu 
AN investigation by X-ray powder methods of thi 
nickel-boron and the cobalt-boron systems has 
revealed the existence of two isomorphous. borides 
Ni,B and Co,B. A nickel boride with a boron conte i 
about 25 atom per cent has previously been reported 
by Andersson and Kiessling’, but no reports on Co,B 
seem to have been published. HOSS 
Alloys were prepared by heating mixtures of 
amorphous boron (99-1 per cent) with nickel powder 
(99-8 per cent) or cobalt powder (99-2. per cont, 
containing 0:45 per cent nickel) in an argon-are 
furnace or in evacuated and sealed silica tubes. —_ 
X-ray diffraction patterns were recorded in chromium | 
Ka and copper Ka radiation with Guinier-type 
focusing cameras. D RSE SS 
The orthorhombic unit cell of Ni,B has the dimen- 
sions a = 4:389 A.; b = 6-211 A; c = 6-619 A 
The lattice dimensions of this phase showed n: 
significant variations in alloys of different composition 
The unit cell of Co,B was found to vary between 
a= 4-408 Av; b= 56-223 A; ¢ = 6-629 AL 
a = 44) AL; s 



































retaining the cementite structure’. No bina: 
Fe,B seems to exist, but it may be menti 








INTENSITY OBSERVATION FoR Co,B (CHROMIT: 
(REF. 2) cos 
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pw., very weak; w., weak; m., moderate, af trái 


















| | wave i is always loss th no qua: 
ariation lying between 10 and 25 per cent. I 
also noticed that the difference between. the 

mplitudes, albeit small, varies with th nature 
th liquid used. It is likely that this variation 

ied to some property of the liquid or of the qua 
ystal,. although it may be ane, to ha space 
mitations. 
urther investigations are in progress, and fu 
qd letails will be published elsewhere. : 3 




















mea r of this. B together with a 
ure determination of Ni B from a 
will soon be published in Acta Chemica Sea 
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Amplitude of a Quartz Plate vibrating in 


Liquids 
2 ME attempts have been made to measure the Surface Hardness of Explosive 
amy tude of a vibrating quartz crystal, but noco. - Materials by Micro-indentation 


K ethod at present exists by which its absolute value | i 
o mna liquid: can be determined experimentally, < ae influence of seu oane ae ib Pin ial impae a 
although the amplitude can be calculated Peormiealy _ and friction sensitivity of a T at EP osives has E 
— from the relati on given by Vigoureux! : -ıı been shown to be considerable!. It is generally agreed 
ae that grit. sensitizers act through modification. of 
eee = Vd conditions necessary to produce frictional hot-spots, 
a fe: TC 1P¢ and that this process is influenced to a large extent 
anae 6 C1, is the elastic modulus governing the thick. . by the hardness of the grits. Although detailed : 
ness vibration of X -cut plate; d the change in thick- hardness data are now available for many of the 
o: ness of the plate per volt (2uum.); V the voltage common grits’, little or none exists for the explosives : 
applied: ; €, the velocity of sound in quartz and p} themselves. a 
he radiation resistance of the transmission medium. — The following technique, designed to follow the ; 
The development of a thermosonie method in this. modifying effect of X-rays and light on the hardness i 
tory has now enabled us to determine the of œ-lead azide, makes such detailed information a 
tude of vibration. The principle of the method readily available in many instances. The apparatus os 
valuating the amplitude of the plane sound- Used is the Cooke, Troughton and Simms micro 
the source of the ultrasonic beam from the > indentation hardness tester fitted to a Vickers projec: 
r of the sound from the formula? _ tion microscope*. = With this instrument, material 
OOP = Ont pg Es N’ “9 | : may be indented at known load with a diamond 
X re Pe g | _ pyramidal indenter and the indentation. Jneasured. 
he. frequency ; g the amplitude and a The Vickers hardness number is obtained from t 
surce of sound, . The mean power of the -ratio of load to indentation surface. 
obtained from the relation?: I = JH, “The crystals to be tested are readily mounted 
ves the } pensieg ulead) of apat produced b table presentation by the following technique, 
etric method. : 'orspex’ plug, } in. deep and machined from a 
plitude ofa quartz, plate as. ‘determined: ioin diameter, | is softened on one face bya: 
OUreux’g formula a and the. amplitude _ of. immersion in chloroform. = This face 
sted. from power easurements | of the lowed to become tacky. in a current of warm 
ve aes carried. out i thi ue Lal nd is then pressed squarely. down on to the cryst 
iple ¢ arried on a a Pees The splagi is s withdra 
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l ion, a, 
| Pig. 1 ; 


o, ET allowed to set en In this way, 


al faces are oriented. away from the plug and 
able for indentation... Lesser faces may be 
ught into orientation. while the. ‘Perspex’ is still 
itic by careful probing under a microscope. 
he plug is now inserted in the chuck of the 
ro-indenter and indented in standard fashion. 
mall fragments of- ‘annealed ‘from the melt’ 
i is of sodium chloride and lithium fluoride were 
selected as controls and mounted and indented by 
the above method. These two salts have hardness 


values of an order similar to those of the initiators i 


mercury fulminate and «-lead azide. Vickers hard- 
ness numbers of the 1,0,0 forms of sodium chloride 
and lithium fluoride for an indentation diagonal of 
30u were found to be 19-5 and 103 respectively in 
good agreement with published values*. No surface 
hardening was observed, the apparent Meyer coeffi- 
- cients being widely constant over the loading range 
at 2-04 and 2-13 respectively. 

2i Crystals of the two important initigidrs, mercury 


-  fabhninate and «-lead azide, were selected for exam- 
imation. Crystals of the pure material, larger than 
normal, were grown by crystallization from solution 

in aqueous ammonium 


r chloride. and ammonium 
acetate respectively. The faces examined were those 
_ principally defined in material used for Service 
_ purposes, and were distributed as. shown in Fig. I. 


 Anumber of crystals of each initiator were mounted . 


and indented at various loads, results from several 


crystals and by two operators being incorporated in | 
he Tosulte. The result fora 10- gm. load on the 0,1,3 — 


tially unexposed to light. > 
lished work) 
„severely modified by exposure to soft 
-pelated questions such as the effect. o: 
ultra-violet light are re-heing 


ve | Mereury 


3 4 5678 10 2000 a 
Indentation diagonal (#} oe 
against a riat 
Tog pot. of indentation diagonal ns ree dus 


Cis for 9,1,1/0,1,3 oror N 
able): A, for 1 12,0 form. 


Fig. 8. rea 
load for ead azide, 
i curves | 


form of «-lead azide is a particularly wollsestab : 
value, being the result of seventy-five determinations. 
Figs. 2 and 3 show the plot of the logarithms of load 
against indentation diameter for the appropriate 
erystal forms. : 
- "Where the gradient of this line is uniform: and 
equal to 2, the Vickers hardness number is constant. 
for all loads : otherwise, it is variable and. must be 
quoted against experimental conditions. In the 
present context, it is convenient to present the 
hardness figures against standard load end this no 
been done in Table I. - : 


Tabie 1 : 


“Vickers haranese number : 


Initiator At gm. At Sam. At 10-gm. | A 
l tond load. 


0,1 0. 
_fulminate 4 ree 


These hardness. ‘values: relate: to sostet 
We have. sho 
that the hardness of a-l 


: investigated 3 
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: A Fasicrs » and Weale, A 


s a Mott, B. Woe 
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Establishment, 
Fort Halstead. Nov. 4 


Trans. Porad., 
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gaa). Bowden, F. P. and fe nO Au; Nature, 
p Miero-indentation 1 Hardness Testi 








hab of pane ae water. 










i eur ring in the high- -vacuum 
a ereas ced to mey the glass stopcocks and joints 
= The water vapour was isolated from the liquid phase 
and analysed by the butane method of Glascock?, 
At any one tomporature the ratio of the activity in 
the vapour to that in the liquid was constant, showing 
that the system obeyed Henry’s law. It may. be 
shown that this ratio equals the ratio of the saturation 
< vapour pressure of tritiated to that of ordinary water. 
ce : The results are given in Table 1 
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Pp HTO H } 

vr HAO (ref. $) Yo. BTO 2 

0-77 24°76 19-07 

0-81 23-05 Be 
084 55-27 ee eee ee 
0:88 (5) 118-04 FOEI O 

0°89 (5) 296-3 2652 = 


out that the superposition of two. Gaussian functions, 


| potential, 


investigated. 


fact: ‘that the average potential energy, oO, of an 

| assembly of particles interacting. according to 2 
|. and for which the probability density in configu 
Ta space i 
and. their derivatives, can be evaluated in. closed 
_ form. < Probability densities of this type may be 
5 “reasonably realistic models for the i Aan po 
Costato. z 


with normally distributed se a a : a Ta 


l a e I donota, the position vector of. the ee 
im Peer front, the lattice | site $j; = è ‘the | 





















0: 9 ee bof eiia to s a meme value of 10-3 ke 
i A. B. “Paice 


of ordinary water. 
“Atomic Weapons Research Establishment, 
a Aldermaston, —— 
Berks. 
Nov. 8. 







Teinin W. F., and Cornog, R., Phys. Rev., 60, 171 (1941). 
i * Glaseock, R. F., 


“Isotopic Gas Analysis”, Chapter 8 (Academic. 
Press, Me, New York). eet 


: Hm Grit. Tables, 8, p. 212, 


Use of Gaussian Functions for 
Intermolecular. Potentials | 


THE purpose of this communication is to poii 


C, exp(—eyrt) (1) 


with suitably chosen constants 7 wy Cis Coy Cg > 0) 
provides a good approximation to the Lennard-J Ones 


o(r)@ = —C, exp(—ey") + 


orld = ars + br (2) 


which is approximately valid for the interaction — 
between spherically symmetrical molecules; and — 
that the use of (1) leads to comparatively simple _ 
expressions in certain types of theoretical work, 

Fig: 1 shows that the agreement between (1) and _ 
(2) is close except at large values of r where | 9 (r) |. 
has become small; the fact that (1) remains finite as — 
r -> 0 does not prevent a sufficiently rapid increase 


“with decreasing r in the practically important range. — 


The question whether the larger number of adjustable > 
constants in (1) offers any advantage in the directo 
correlation of experimental data has not been ae 






A mathematical advantage of. (1) arises from. tlie 



















is expressible in terms of. Gaussian. functic 











[nee ‘potential € energy for ‘the o following shetati 
models: i eee 
(a) A ‘Jattics distorted by wins displacement wav 













T - j = =i Psx; — 8j = “Balke exp(2ih at. 






eee, -1/2 as (aka) "/ otka} : 
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and a Pe a ch 
ins for the mean. poten 12. 





5-0 
r(A} 


Big 1. , Comparison ra gia mer LRU for argon: e m QE J e 
gona DA x 1G (ee ref. 1); 

gh as O12 x "ou x page ae 01 10074) + 2:40 x 107) x 
oS expl 0-783 r°) @ in ergs in cach ease, rin Ångström unite 


| öy = —~ Orgle) x expf— |s — e|? Je) /glead} T 
: Cs g(ca) ®t x oxp{—ly — ayl*leadig(ea)} (4) 


~ : where f and g are polynomials of second and third 
_ degree respectively in the o*(k,«)’s and in ¢, or Cy 


‘The coefficients in these polynomials are determined 
by the lattice-type and by the lattice vector (sj — sj). 

(6) A lattice in which the displacements of particles 
are mutually correlated and normally dembulen 


platje) = Qnyemrygyae O | 
exp{ — yazEx oor = HG faye Ligh yO ) 


ie which depends: on ot be a oi y of the 


A | is the: B ‘determinant. 


The distributions (3), (5) and (7) are of 
models for the liquid or solid state becaus 
lead to simple or manageable expressio 
configurational entropy, Se = —kf. .fẹ In pe 
and hence to expressions for the free energ 
can be minimized (numerically) with respect 


parameters which determine the probability 
{that is to say, the o(k,«)’s, the Qjj2"s 


Preliminary computations for argon on th 
(3) have yielded fairly encouraging results 
of the method and results of numerical we 
on (3), (5) and (7) will be reported elsewhe 
K. 
Department of Chemistr Ys es 
Royal Holloway College, — 
Englefield Green, 
Surrey. 
Sept. 5. 
i Domb and Zucker, Nature, 178, 484 (1950). 


Improved Resolution of X-Ray Diffractio 
Patterns of Protein Crystals at Low 
Temperature 


POSSIBILITIES for X-ray crystal structure ane 
of proteins are limited by the minimum spacings: 
observed in diffraction. For many proteins, the. 
minimum spacing is about 2-5 A..—a limit which does 
not permit the resolution of individual atoms in 
Fourier maps prepared from the data, even if thes 


are accurately measured, and the problem of th 


determination of the phases of the X-ray diffraction 
spectra can be solved successfully. This l 
resolution puts a severe restriction on the 


Fourier methods for structure determina 


proteins. For a few proteins, such as bo 
creatic ribonuclease, data with s minimum 
of 1-5 A. are available, s0. that resolutio | 
is possible in principle. Thus the study 
structure is highly dependent on. fo 


obtaining crystals perii tung atomic. re 
their diffraction effects: 


An investigation of the causes, of the lim 


_ minimum spacing should be of value in 


shales) Halea) Y 

papate bes 

0 Cy | -erystals. 

spacing is a measure of the average of the de 
of atoms from their mean. positions in t 
these deviations are due to types of di 


sot Bhal to attics ity in anid. which PS o 
might be either statie or dynamic. 


o when any two particles are too close to » each | 


ior. or too far apart : 


th) = const. Lif; — xj Pear — “Bix; 
sae j ee 


is feuds to: 


$= nin ~~ J) v(t 
Sos 2 ibys, ony \ 


ae sje] 3 g 


possible ways of improving the aituation 


in providing information about the natu 


In general, the value of thi 


Stati 
may appear as a result of heterogeneity 
tional or chemical) of the protein, or as 
packing faults. Dynamic disorder is likel 
complex phenomenon in protein crystals; 
restricted Brownian movement of the prote 
cules about their mean positions, coupled 
surge of molecules of the solvent from one 
to the next, in addition to the normal 


_ vibration existing wian, each protein“ mok r 









DE bE C & protein. crystal, t 
solution of the diffraction should improve with 


ase of temperature, with a limit on improve- 
ient, however, imposed by the tendency for ‘freezing: — 
of disorder at low temperatures, and the fact that — 


umber of solvent molecules. 
Low-temperature diffraction studies of crystals of 





ease IL were made by Dr. Vittorio Luzzati 
-Centre de Recherches sur les Macromole- _ 

Jes, 6 rue Boussingault, Strasbourg, France) at the. 
1 Structure Project; these crystals had been — 

no He found — 
that each crystal showed an abrupt increase in mosaic - 
character at a temperature approximately equal to 


grown from various aqueous alcohols’. 


othe: freezing point of the pure solvent. This phen- 
omenon is probably caused by disruption of the 


- protein -erystal as crystallites of the solvent are / 


produced within the interstices, and precludes, of 
<< oo course, any improvement of resolution on further 
decrease of temperature. 
The range from room temperature to the freezing 
point of the solvent is usually quite limited. The 
-. only recourse appeared then to be to replace the 
solvent within the interstices with another solution 
.. which does not freeze at the desired temperature of 
study. The investigation of low-temperature diffrac- 
tion effects of protein crystals was resumed with the 
study of crystals of ribonuclease IT which had been 
-crystallized from 55 vol. per cent 2-methyl-2,4- 
- pentanediol, and had then been soaked for one week 
in 90 vol. per cent 2-methyl-2,4-pentanediol. The 
latter composition was chosen as containing the 
minimum amount of water necessary for maintaining 
<- the ribonuclease crystals without visual or X-ray 
indications of damage. This solvent does not freeze, 
but: becomes highly viscous at dry-ice temperature, 
and glassy at lower temperatures. 

Two crystals were soaked as indicated, mounted in 
-random orientations, and 5° oscillation photographs 
were taken at room temperature and at — 27°C. 
Of these, the larger crystal showed an improvement 
at the lower temperature of the minimum observed 
cing from 1-69 to 1:41 A., while the smaller 



































rage, then, the minimum spacing decreased by. 
ut I 





covered in reciprocal space. 





spacing observed is often 0-6-0-7 A. Hence, the 
room for improvement in resolution in diffraction 
sults from ribonuclease is small. The technique of 








wever, it will be necessary to have within the 





| ‘ettbontin’ beta peratures might be applicable. 
< Bregman and their co-workers for the use of low- 
e interstices will not, in general, hold an integral suggestions. Appreciation is expressed to the various — 
_Roekefeller Foundation, the Damon Runyon Fund, 
New York Foundation, Inc., the Polytechnic Institute — 
_of Brooklyn, the International Business Machines: 
— Corporation) the continued support of which makes. 
the work of the Protein Structure Project possible. ` 


‘conditions. 
wed a change from 1-81 to 1:66 A. On the. 


15 per cent. This corresponds to an increase 
maximum observed length of reciprocal lattice | 
xctor of 15 per cent, or to 50 per cent greater volume — A} 


This degree of improvement of resolution, while — 
not great enough to give a crucial advantage in. 
erystal-structure determination, nevertheless indi- <. 
tos that the limitation on resolution is due at least > 
part to thermal disorder. It should be noted that- 
muclease crystals give much better resolution. 
than do most protein crystals, and compare well even 
with simple organic structures, for which the minimum ` 


low-temperature diffraction studies will probably be — 
of more practical benefit in the study of other protem _ 
crystals which do not give such good results at room | 
mperature, and may in some cases make possible 
resolution of atoms in structures for which the room- cat 
temperature results do not permit this. In each case, b 


res. 






be denatured by organic solvent: 
Its or salt mixtures having. very lov 
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temperature equipment and for invaluable aid and- 





institutions (the Dean Langmuir Foundation, the © 
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Separation of the Lower Fatty Acids 
(Cı to Cio) by High-Voltage Paper 
Electrophoresis 


SEVERAL paper-chromatographic procedures for: 
the separation of the lower fatty acids as. their. 
ammonium or ethylamine salts have been described}. 
They suffer, however, from two disadvantages :— 
formic acid cannot be separated from acetic acid — 
and the time required is about 20 hr- By running 
the chromatograms at 50~60° CŒ, the time required | 
for the separation of the acids C, to C, could be- 
reduced to 1-2 hr., according to a recent report’. 

During a study of the migration-rates of inorganic 
cations under high-voltage conditions’, it was found. 
that under identical conditions many inorganic 
anions* and the lower fatty acids were separable 
within 10-45 min. The separation of the isomers of 
C, and C, however, was not feasible, owing to the: 


very small differences in mobilities. Fig. 1 shows thè- 


positions of the acids ©, to C,, under the chosen. 


Ci 






























eparated within. 20 min. at 100 V.j/em. Ay ‘els reat 
equire 45 min. for complete separation (B). The 
lectrograms were dried at 80° C. for about 10 min. 
nd then sprayed with the bromophenol blue reagent, 
roducing blue spots on yellow background stable 
inc i ory conditions for at least 
veral hours and of a sensitivity of 2-5 ugm. accord- 
gto the acid. A more sensitive reagent was found 
n a solution of 0-05 per cent bromocresol purple in 
10 per cent ethanol, with a sensitivity of 0-5-1 -0 ugm. 
< most of the acids but producing rapidly fading 
olours. The reagent, however, proved useful in the 
letection of the presence of the faster migrating 
inorganic anions, for example, chloride and sulphate, 
in mixtures of fatty acids. 
_ ‘The complete separation of the mixture allowed a 
convenient quantitative determination of the indiv- 
idual components based on the roughly linear rela- 
tionship between spot area and concentration over a 
range of 5-25 ugm. An interesting feature of the 
paper: electrophoretic behaviour of the lower fatty 
acids is that the mobilities are inversely proportional 
to the molecular weights, causing a sequence of 
migration similar to that in vapour-phase chromato- 
graphy? but the reverse of that in paper chromato- 
graphy. This effect can be utilized for checking doubt- 
< o ful separations by a two-dimensional combination of 
paper electrophoresis and paper chromatography. 
There is apparently little correlation between the 
dissociation constants of the acids and their mobilities, 
-except for the pair formic and acetic acids. 
> Thanks are due to Mr. H. C. 8. de Whalley, director 
oe “ot. research, for his interest, Mr. Re W. Butters for 
technical assistance, and the directors of Tate and 
: Lyle, Ltd., for permission to publish this communica- 

















ie D. Gross 

 Ressarch Laboratory, 
Tate and Lyle, Ltd., 
Keston, Kent. 

Ost. 29, 

rown; F., and Hall, L. P., Nature, 168, 66 (1950). Hisco ox, P R., 

and Berridge, N. d., Nature, 166, p29 2 (1950). Reid, R | am 

Lederer, M., ‘Biochem. J., BO, 600 (1952). 

oberta, H. R., and Bucek, W., yon Chem. a, 1447 (1957). 

TORS, D., Nature, 186, 596 (1957). 

ross, D., Chem, and Indust., 1597 (1957). 

amies, A. T., and Martin, A. J. P., Biochem. 














J., #0, 679 (1952). 







= The Basicities of N-Alkyl Anilines 

Tas order of the basicities of the N-alkyl anilines, 
for which no satisfactory explanation has hitherto 
been proposed, can be accounted for by a considera- 
n of the intramolecular overcrowding that occurs 
he corresponding anilmium ions. 


The observed order of basicities', 
, 25° C. is: 









measured in water 











: pKa pKa 
. Aniline 4-62 Dimethylaniline 5°08 
- Methylaniline 4°85 Diethylaniline 6°56 
_ Ethylaniline 5-06 Di-n-propylaniline 6-59 
_ wPropylaniline 5:93 Di-n-butylaniline 6-7 


the: order of basicities is usually explained on the 


inhibiti on, ofa esonance?.§, 






but: this ak 
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H+ or = 
O---N---O ww» O---N--- 
g i 

R R 

(I) (11) 








In the free base (I), the configuration o: 
molecule is a compromise between the steric r 
ments of the alkyl groups (FR) and the copi: 
demanded by conjugation between the amino 
and the benzene ring. The bulkier the alkyl ; 
the greater the steric inhibition of resonanc 
therefore the greater the basicity. On thi 
sideration, pA, should increase with increase: in 
of R. In the anilinium ion (IT), however, conjugation 
is eliminated, and the configurational requirements 
of the ion forces one of the alkyl groups towards an 
ortho position. The larger the alkyl group, the greater 
the resulting instability of the anilinium ion:. thus 
the basicity will be reduced. 

When È is a methyl or ethyl group, intramaleculae : 
overcrowding in the anilinium ion is small, and the 
increasing effect of steric inhibition of resonance in 
the free base gives an increased basicity on passing 
from R = methyl to R = ethyl. For the larger 
n-propyl and n-butyl groups, however, instability of 
the anilinium ion causes a fall in basicity, since no 
further increase in steric inhibition of resonance can < 
occur. ees 
A similar explanation has been given by Brown‘, 
using the terms ‘B-strain’ and ‘F-strain’, to account 
for the reduced basicity of dimethyl- m-2- xylidine 
over dimethyl-o-toluidine. In using these concepts. 
to account for the reduced basicity of trimethylamine 
over dimethylamine, however, Brown’ is on mor 
difficult ground, since it is not valid! to make £ 
direct comparison of the dissociation constants a) 
primary, secondary and tertiary amines. 7 
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infra-red Absorption Spectra of Casei 
and Lactose 


A COMMUNICATION by Goulden', stating tha 
interaction between protein and sugar is demor 
by the infra-red absorption spectra of mixtures. 
the two, prompted us to study this system in 
hope that a similar approach might yield info 
about antibody-antigen reactions. 

The spectrum of a dry intimate mixture of Casel 
and lactose shows sharp bands between T0- 
11-0u, whereas the spectrum of a freeze-dried solut 
of the same mixture shows broad diffuse absorpt 



































ction. 








the spectrum of a sugar upon the physical state of 
‘the specimen has been reported by several workers®-5, 


between casein and lactose is due to the lactose 
=- changing from the crystalline to the glassy (amor- 
phous) state. This possibility is confirmed by two 
simple experiments. (1) The spectrum of a freeze- 
dried solution containing both casein and lactose can 
be reproduced by casting a film of lactose in the 
glassy state on one side of a silver chloride support 
and a film of casein on the other. (2) The change 

observed by Goulden can be reversed by exposing & 

— film of casein and amorphous lactose to a humid 

atmosphere (relative humidity 75 per cent); under 
















to the a-monohydrate. It may still be that there is 
some residual change in spectrum due to an inter- 


_ action, but its magnitude is much less than that due- 


ae 40 the change in the lactose. f 
The infra-red absorption spectra of pressed alkali 
halide disks containing sugar are liable to change 
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glasses formed by evaporating aqueous. 
of these sugars showed that the glasses 3 : 
spectra with broad, poorly resolved bands, .@ solution of lactose depends upon the conditions of 
ereas samples of the same sugars examined as- drying, the presence of materials other than lactose _ 
ely ground powders in mineral oil or in potassium in the solution and their | 3 ae 
romide or chloride disks gave sharper and better monohydrate of «-lactose crystallizes easily from. 
esolved absorption bands (Fig. 1). This dependence | 
the st anhydrous sugar can be 
monohydrate at 120-130° ©. 
It seems likely, therefore, that a large part of the 
-o difference in spectrum attributed to an interaction ~ 


these conditions the amorphous lactose recrystallizes = 


: * Barker, 8. A., Bourne, E. J., Weigel, H., and Whiffen, D. H., Chem; 25 


: Absorption Spectra of Lactose and Dried. 


_ IN an earlier communication}, it was shown tha 
the infra-red absorption spectra of lactose—casei 
< mixtures showed very marked. changes after freeze 
drying from aqueous solution. This was interpreted 
_ ag indicating the presence of an interaction betweo: 
_ the lactose and the casein. During the course o 
attempts to elucidate further the nature of thi 
-. ¢. interaction, it has now been shown that these chan 
“7 are due largely to the state 





ctra of mixtures of casein and lactose, it soon 

bvious that there was little evidence for — | 
An examination of the spectra of atmosphere (relative humidity 60 per cent), the 
monohydrate, anhydrous «-lactose, B-lactose > change to a-lactose monohydrate takes place in less — 
l -than three hours. | = 






The physical state of lactose obtained by drying — 


concentrations. The 
solution at temperatures below 95°C., and the 
prepared by heating the | 
The importance of the conditions of drying is — 


indicated by the published spectra? of heat- dried 
full-cream milk and freeze-dried separated milk, _ 


which show bands typical of «-lactose monohydrate a 
“and the glass form respectively. oe 


We wish to thank Mr. 8. J. Lovett for making the o : 
sample of B-lactose ; this had (apie? = 34°, us 
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Effects of Crystallinity on the Infra-red 











Milk 
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Fi _1. Infra-red spectra of (a) crystalline lactose, (b) amorphous 
< lactose, (¢) ‘soluble’ dried separated milk, (7) dried separated milk 
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- form, if the initial freezing stage was carried out too 


slowly. The effects of this can be seen in the spectrum 
IA of ref. 1. 

These results are of particular interest in the 
__. interpretation of the infra-red spectra of dried-milk 
_ samples, since the spectra of samples of dried 
separated milk made ‘soluble’ by the ‘Instant’ process? 
show that the lactose has been converted into the 
 — erystalline form (Fig. le). 


5 The spectra of samples 
_ which have been dried in the normal way show that 
_ the lactose exists in the amorphous form (Fig. 1d). 
- Further confirmation of this change in the state of 
-the lactose is afforded by freeze-drying solutions of 


S 


‘soluble’ milk powder, when the. spectra are similar 


to Fig. ld, showing that the lactose has reverted to. 


the amorphous form. ce 
The conversion of dry amorphous lactose to the 


rystalline «-monohydrate on exposure to atmospheric > 


rater vapour can be shown by the infra-red spectra, 
nd similar changes can also be seen in the spectra 
dried-milk samples under similar conditions. 


The spectra were obtained with a double-beam > 


rubb Parsons S34 spectrometer fitted with a roek- 
alt prism, and the samples were examined. using the 
ssium bromide pressed-disk technique. Similar 


ts were obtained when the samples were examined 


he ‘N ujol’ mull technique. 
oS J. D. S. GOULDEN 
Physics Department, 
onal Institute for Research 
~ in Dairying, 
‘University of Reading. 
= JONATHAN W. Warrr, JUN. 
Eastern Utilization Agricultural 
Research Service, 
gyearch and Development Division, 
<o United States Department 


-C hemoglobin moves 
slowly. Th 


and in sheep’, hemog 


which seem to be inherited 


pH. In forty-five samples tho hemoglobin 
into two fractions moving at different speec 
remaining three only the faster-moving comp 
was seen. We have examined hemoglobi 
sixty-five horses and found two fractions in sixt 
and only one, the fast-moving component, i 
Thus of 113 samples, 109 (96-5 per cent) w 
posed of two components, and four (3-5 pe 
showed only one, which was the fast-moving 
ponent in each. a 

If, as in cattle and sheep, the two hemoglob 
were allelomorphs, this result would represent 
remarkable example of hybrid vigour. We decid 
therefore, to re-investigate the one horse in whic 
wo had found only one hemoglobin. By the u 
starch or agar zone electrophoresis, in which lar 
quantities of protein can be used, it was found t 
this specimen also consisted of two hamoglobi 
fractions. But, whereas usually the quantity of slo 
to fast is 0-67:1, in this particular horse it 
0-25:1. By using thicker paper and more heme 
globin, the slow fraction could be demonstrated also 
by paper electrophoresis. Ce 

We were thus satisfied that in our series of sixty 
five specimens two fractions were present in all, and 
that this distribution strongly indicated the presence 
of ‘multiple’ hemoglobins in the horse rather than 
that of two allelomorphs. AS 

We have another indication 


that the two horse 
hemoglobins are not allelomorphs, as it seems that 
mules and jennets do not inherit one. but k 
these hemoglobins. Cabannes and Serain‘ had sh 
that donkeys possess one hemoglobin and that mul 


may possess two. Of four mules, two showed 
hemoglobin pattern not unlike that of the ho 

in two, paper electrophoresis demonstrated only on 
the slow-moving fraction... In fourteen S 
from donkeys, we have found only one 


which moved slightly faster than the sl 
fraction. On examining blood from ninets 
and three jennets, each one was found by 


resolved into two fractions, of which 


amounted to about 38 per cent; neithe 


moved exactly in coincidence with those of 
hemoglobin (Fig. 1). 


When donkey he 


Line of 
origin 


Horse Mule - 4 ‘Do | 


- hemoglobin Changing strip’ technique, ref, 4). Cc 
the two fractions of the horse, the ‘slow’ componen 
noves a little faster, and the ‘fast’ compon 
and seen. in the do key ao gh 


Fig. 1. Paper electrophoresis at pH $6 of horse, mule an 









of the eastern Canadian Arctic; like the first 156, 





l Horse Mule Horse + Donkey 
2... Comparison by paper electrophoresis at pE 8-6 of the 
noglobin of horse and mule, and of a mixture from horse and 
onkey (‘hanging strip’ technique, ref. 4). The mixture of horse 
and. donkey hamoglobins resemble mule hæmoglobin in Its 
electrophoretic behaviour. The ‘fast’ component of the horse 
pigment movesin this mixture like the ‘fast’ componentin the mule 







ig 
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was added to horse hemoglobin so that the proportion 
of the ‘fast’ horse component was 38 per cent of the 
total, then the mixture showed an electrophoretic 
pattern identical with that of mule or jennet hemo- 
globin (Fig. 2). When the fast-moving fraction of 
mule hæmoglobin or of the donkey/horse mixture 
~ Was eluted and added to an eluted solution of ‘slow’ 
-~ horse hemoglobin, this mixture produced a pattern 
identical with that found in horse. Although we have 
_ not achieved a resolution of mule and jennet hamo- 
glob into three fractions (one donkey and two horse 
hemoglobins), it seems to us that there is circum- 
_ stantial evidence that three hemoglobins are in fact 
present. 
We wish to acknowledge the help of the following 
in obtaining samples of blood: Dr. R. K. Archer, 
_ Equine Research Station, Nowmarket ; Capt. H. W. 
_ Bishop, R.A.V.C., Hong Kong; Dr. 8. L. Hignett 
and Mr. J. Scarnell, Wellcome Veterinary Research 
_ Station, Frant; Prof. J. A. Nicholsen, Veterinary 
College of Ireland, Dublin; and Mr. D. Russel, 
Tipperary. 
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The Diego Blood Group System 

IN previous communications we reported the 
ence of the blood group antigen Dis in Chippewa 
ians in North America and in Japanese’, and ita 
nce in 156 Eskimos of the eastern Canadian 
otic’, Since then Layrisse and Arends? and 
nqueira and Wishart‘ have reported the absence 
it in 107 and in 150 pure blood Negroes, while 
ons® has reported its absence in 80 eastern 








4 natives of New Britain. 


distributed as follows: east central Baffinland 49, 


mesians, 162 Australian aborigines, 23 Papuans 










these were all Di(a—). Dr. Hildes’s specimens were 













south Baffinland 11, south shore of Davis Strait 8. 
The Blood Indians were not selected to rule out — 
close relatives whereas the Eskimos were. a: 

Layrisse and Arends* found 5 of 100 Chinese (5 per 
cent) and 8 of 65 Japanese (12-3 per cent) to be- 
Di{a-+-); we? found 10 out of 145 Japanese (6-9 per 
cent) to be Di(a+-), while Dr. Mitsuo Yokayama of - 
the Blood Typing Laboratory, University of Tokyo, in- 
forms us that he has found the percentage in Japanese __ 
to be 5-7. It seems probable that Die is about as. 
common both in large Asiatic and large American 
Indian populations as Kell is in Whites; no high. 





frequency area for Kell has been reported which | i 


compares with the high frequencies found in certain 
South America Indian tribes by Layrisse and Arends 
and by Junqueira et al.°. The apparent absence of- 
Dis in Eskimos of the eastern Canadian Arctic’ 
continues to intrigue us. 
Our studies have been supported by the National 
Museum of Canada. 
Bruce Cuown 
Marion Lewis 
Hiroko Karra 
Blood Group Reference and 
Research Laboratory, 
735 Notre Dame Ave., 
Winnipeg 3, Manitoba. 
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Separation of Carotenoid Synthesis from | 
Fat Synthesis in Rhodotorula gracilis by 
Diphenylamine 

In the fat-synthesizing red yeast Rhodotorula 
gracilis Rennerfelt fat synthesis occurs simultaneously 
with carotenoid synthesis. Since Turian! and Good- 
win? found that carotenogenesis in Mycobacterium phlei. 
and in Phycomyces blakesleeanus can be inhibited by. 
diphenylamine, we thought it of interest to 800- 
whether carotenoid and fat synthesis in R. gracilis 
might be separated by the action of diphenylamine 
The cells of R. gracilis were grown aerobically at 
25° C. for three days in a synthetic medium? con 
taining various amounts of diphenylamine. Thi 
concentrations of diphenylamine tested and the fina 
dry-weight determinations of the cells are given. 
Table 1. The results show that with up to 45 mgr 
of diphenylamine in 1,000 ml. of the cultiv: 
medium there is no inhibition of growth 
gracilis to. be noted, although it could: be o 
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2, Far CONTENT OF CELLS OF Rhodotorula gracilis, GROWN 
IN THE PRESENCE OF DIPHENYLAMINE 
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carotenoids. In these conditions, however, the fat 
synthesis is not impaired, as shown by fat content 
determinations (cf. Table 2). Even with the highest 
concentration of diphenylamine, namely, 45 mgm. in 
1,000 ml., the fat content of the cells is only insignifi- 
cantly decreased. 
In agreement with Goodwin*, we found the inhibi- 
tory action of diphenylamine towards caroteno- 
-genesis to be irreversible in a certain sense. When 
the cells of R. gracilis are grown in a medium con- 
taining diphenylamine and then, after centrifugation 
and washing, are transferred into a medium which 
contains neither diphenylamine nor a nitrogen 
source, where under normal conditions carotenoid 
synthesis can take place, the cells remain colourless. 
If, however, the cells treated with diphenylamine are 
transferred into a medium containing a nitrogen 
- source and thus are allowed to proliferate, they 
gradually recover their capacity of carotenoid 
synthesis. 
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Preparation of Transparent Starch Gels 
z after Electrophoresis 

N the method of electrophoresis on starch gel 
commended by Smithiest, the gels obtained after 
-electrophoresis and staining of proteins are 
paque, difficult to preserve and not suitable for 
notometric evaluation. For this reason we have 
sed a technique for preparing starch gels which 
‘in transparent after staining. 

ince a protein dye in alcoholic solution, for 
wnple, a saturated solution of amidosechwarz in 
per cent acetic acid in methanol, results in a 



























rmanently opaque gel, we prefer to use the dye in 


queous solution; 1 per cent amidoschwarz m a 
um acetate/acetic acid buffer (sodium acetate 













of the serum (Fig. 1). 


-1.M, 450 mL, acetic acid M, 450 mal., amidoschwarz, 
being used for staining in agar electrophore- _ 









After fixing for one night in 5 per cent ¢ 
acetic acid the bands are stained for 10 min 
decolorized by successive washings in 5 pe! 
aqueous acetic acid. This washing should bi 
longed (nearly 48 hr.). tee 
A completely transparent starch gel can be obta 
in the following way. A l-mm. transverse sect 
stained starch gel is placed on a plate of photograph: 
glass which has been covered with a film of 
agar and then dried in an oven. The glass plate is 
placed in a rectangular basin and a 1-50 per cent 
solution of melted agar is poured over it. After the 
agar has solidified the glass plate carrying the starch 
electrophoresis included in agar is withdrawn and a 
sheet of paper (Arches 302 or Whatman No. 1) 
applied to the surface so as to regularize the evapor 
tion and to absorb the non-volatile mineral salts. 
is left to evaporate in an oven at 37° C. After 48 hr. 
a transparent film is obtained permitting the photo- 
metric evaluation of the different protem fractions 
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Reversal of Thymine Xyloside Inhibition | 
in Escherichia coli by Glutathione | 
AN unexpected competitive relationship betweer 
thymine xyloside and glutathione has been. found 
Thymine xyloside inhibits the growth of Escherichia 
coli in a synthetic medium. This inhibition 
competitively reversed by glutathione. sae 















heart infusion broth for 6 hr. at 37° C., then di 
to 1/50,000 in a synthetic medium of the fol 
composition: sodium phosphate 0-6 per ce 
sodium phosphate 0-3 per cent, ammonium ¢ 
0-1 per cent, sodium chloride 0-1 per cent, mag 
sulphate 0-01 per cent, potassium chloride 4 
cent, glucose (autoclaved separately) 0-4 p 
The size of the inoculum in these conditions 
about 5 x 101 cells per ml. The inoculated med 
was pipetted into sterile 13 mm. x 100 mm. tes 
and the thymine xyloside or reversing agent 
in seeded synthetic medium. The tubes we 
bated overnight at 37° C., and the presence or b 
of growth was determined by visual inspectic 
minimum concentration of inhibitor to: 
growth completely was recorded. ae 
The minimum inhibitory concentration of t 
xyloside varied with the preparation used.’ 
preparation gave an end-point of 1 pgm. jml. 
conditions. However, the reversal experiments ‘ 
carried out with a preparation of inhibitor w 


A wild-type E. coli (ATCC 26) was grown in 
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s reversal was competitive (Table 1). 





ucal casamino-acids (‘Difco’). 
acids revealed no single one which was as active as 
the casamino-acids. No agent was found which was 
as effective as glutathione in reversing the inhibition. 
_ This competitive relationship between thymine 


there is no apparent simple biochemical explanation 
for it. Beltz and Vieser' have commented that 
-  S-substituted deoxyribosyl-pyrimidines are the only 

substituted nucleosides which inhibit the growth of 
micro-organisms not requiring purines and pyrimidines 
‘or growth. Since thymine xyloside is a 5-substituted 
nucleoside with an unnatural sugar, it may be 
inhibiting in an analogous manner. It might be 
possible to use thymine xyloside to induce glutathione 
deficiencies so that glutathione metabolism and 

function can be more readily studied. 

- The thymine xyloside used in these studies was 
prepared by the method of Fox et al.? and was kindly 
‘supplied by Dr. J. H. Hunter of these Laboratories. 
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, Aerobic Inhibition of Glycolysis 






ing in the enzymic digests!.. 








sic and anaerobic conditions. | 
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a earch, for a possible reversing agent, gluta: 
was tried. This proved extremely effective — 
0-1 mole of Table 2 
ione reversed 1 mole of thymine xyloside 1 


real studies with purine and pyrimidine bases 7 
d nucleosides revealed no significant effects of these — 
compounds. Fair reversal was obtained with tech- |. 
A survey of amino- i- 


- accumulated in nitrogen. This accumulation EE 


of explanations have been proposedt-®, 


-inhibits glycolysis by inactivating one or more of 
Oio s of Biology, Western Reserve 2 : 


| si investigated hero (which is not seis toner by the 


I. Amer. Chem. Bo only source of adenosine triphosphate or energy-ric 
- phosphate bond. It seems probable that the rate o 
hexose utilization is decreased under aerobic condi 
- tions because of a decreased production of adenosin 
RING investigations on the synthesis of sucrose _cpiphesbhate ànd this may in part be due to a partis] 
glucose-1-phospha te and fructose by pea seed: oo of one of the gly colytic enzymes. 

acts it was observed that a glycolytic system, was ` oe a 
2 ‘The pea extract 
een partially purified by precipitation. with. 
ammonium sulphate (80 per cent. saturation) and os 
against phosphate buffer at pH 7-0. It was. 
that there were differences in. glycolytic activity 
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to be largely duo to increases in fructose-1,6-dipħhos: 


a. _xyloside and glutathione is quite interesting, and © phate, hexose monophosphates and a substance a 


running in a position similar to adenosine triphos: __ 
phate. Incubation of the enzymic digests în vacuo _ 
gave similar results to those obtained in nitrogen, = 

Anaerobic conditions also accelerated the decrease __ 
in fructose in the enzymic digests (Table 2). Fructose _ 
had disappeared after 20 hr. under anaerobic con- 
ditions, whereas in air a considerable quantity of this __ 
sugar remained. ee 

When the gas exchange of the enzymic digests was __ 
examined, it was found that in air there was a barely —__ 
significant oxygen uptake suggesting that oxidative —__ 
processes were not proceeding to. an appreciable 
extent. There was a considerable carbon dioxide | 
output in air, and this was increased markedly in an: __ 
atmosphere of nitrogen. oe 

The effect of oxygen on the enzymic digests may 
be analogous to the Pasteur effect, for which a number 
If so, the 
results obtained in the present investigation may _ 
support the hypothesis of Lipmann’ that oxygen __ 








the glycolytic enzymes. In the simple system 
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Formation of Histamine-containing 
Dinucleotides by Enzymatic Interaction of 
Histamine and Coenzyme | 


DreHOSPHOPYRIDINE nucleotide (coenzyme I) reacts, 
in the presence of a soluble purified preparation of 
diphosphopyridine nucleotidase!, with 4-amino-5- 
carboxamido-imidazole yielding the pyrophosphate 
of adenosine-5’-phosphate and of the 4-amino-d- 
carboxamido-imidazole ribotide®*. The latter may 
serve as @ precursor in the biosynthesis of inosinic 
acid‘, 

It was of interest to study the influence of various 
side-chains attached to carbons number 4 and/or 5 
upon the ability of the imidazole to participate in 
such diphosphopyridine nucleotidase catalysed reac- 
tions. Histamine was selected as a first example. 

In a@ typical experiment (Table 1) histamine 
(252 umol.), diphosphopyridine nucleotide and diphos- 
phopyridine nucleotidase (21 units!) were incubated 
in & volume of 0-25 ml. at 38° C. at an initial pH about 
8-0 for 4 hr. The pH was maintained relatively 
constant by means of the proper ratio of histamine 
(free base, 157 pmol.) to histamine dihydrochloride 
(95 pmol.). This ratio was calculated from the pK 
values of the histamine mono- and di-hydrochlorides 
(9-7 and 6-0 respectively). Sample number 3 (Table 1) 
was buffered with tris-hydroxy-methyl-amino-meth- 
ane to pH 8:0. 

Normally, two molecules of d-ribose and two 
molecules of organically bound phosphate correspond 
to every coenzyme I molecule, measured by means 
of the alcohol dehydrogenase® and the cyanide? 
techniques. It was found that the amount of d-ribose, 
as measured by conversion to furfural in the presence 
of orcinol*, diminished as the incubation proceeded, 
and tended to reach one-half of its original value 
(Table 1). However, periodate oxidation used for 
quantitative determination of vicinal czs-hydroxyls 
(czs-glycols)*, represented by the 2,3-alcoholic 
hydroxyls of the d-ribose, indicated that their 
number per mol. of coenzyme I remained constant 
during incubation and was the same as the 
number of organically bound phosphate groups 
(Table 1). 

In order to separate the products of this reaction, 
coenzyme I (340 umol.) and diphosphopyridine 
nucleotidase (280 units) were incubated with carbon- 
14 2-(ring)-labelled histamine (500 uc., 2,000 umol, 
of the described mixture of the free base and its 
dihydrochloride). The initial pH was approximately 
8-0 and the total volume was 4 ml. Upon consump- 
tion of all the coenzyme I present (16 hr., 38° C.), the 
mixture was passed through a ‘Dowex’ 1 x 10, 
chloride form, column. 

The main product of the reaction, a dinucleotide 
(dinucleotide I), was eluted with 0:00025 N hydro- 
chioric acid, pH 3-6. A second dinucleotide (dinucleo- 
tide II) was eluted from the column with 0-004 N 
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hydrochloric acid, pH 2-4, in much smaller quantities 
(approximately a quarter of dinucleotide I). 

Both dinucleotides I and II corresponded to the 
formula : Histamine~(ribose)—-phosphate—phosphate— 
ribose-adenine. For as yet unknown reasons, the 
ribose moiety placed in the formula in parenthesis 
was not reactive in the orcinol test®. Both dinucleo- 
tides I and IT were radioactive (about 0-24 uc. per 
umol.), gave positive ninhydrin tests (primary 
amines), and crystallized as picrates. They coupled 
with diazotized sulphanilic acid (yellow at pH 10, 
maxima at 402 mp and 438 my respectively), and 
had characteristic absorption spectra in the ultra- 
violet. For example, at pH 2-0, dinucleotide I 
showed two maxima, at 257 my and 208 mp, and a 
minimum at 234 mu. Dinucleotide IÍ at the same 
pH, besides the maximum at 257 mu, had a shoulder 
at about 208 mu. Organic pyrophosphatase! split 
both dinucleotides I and II into adenosine-5’-phos- 
phate? and a histamine—(ribose)—phosphate moiety 
(mononucleotides I and II). Ascending Ry values 
in the system alcohol/0-1 M acetic acid (1: 1)* 
were 0:53 and 0-68 for dinucleotides I and II re- 
spectively ; 0-69 and 0-76 for mononucleotides I and 
II respectively. 

Electrophoretic studies? were conducted in ammon- 
ium formate, pH 3-6 and érzs-hydroxy-methyl-amino- 
methane, pH 7-6, at concentrations that showed 
specific resistance of 210 ohms at 4° C. and potential 
differences of 10 volts per cm. At pH 7-6 dinucleotide 
I and mononucleotide I moved towards the positive 
electrode and covered the same distance as coenzyme 
I, while dinucleotide IL and mononucleotide II 
covered about twice the distance in the same direc- 
tion. The mobility of the latter compounds was 
similar to that of adenosine-5’-phosphate at the 
same pH. At pH 3-6, dinucleotide I had zero 
mobility, while mononucleotide I moved towards the 
negative electrode. Dinucleotide IT moved towards 
the positive electrode and mononucleotide II had 
zero mobility. 

From the analytical results and the action of organic 
pyrophosphatase, it was concluded that dinucleotides 
I and II, like coenzyme I, possessed two negative 
charges at both pH 3-6 and 7-6, and mononucleotides 
I and IIJ, like adenosine-5’-phosphate, possessed two 
negative groups at pH 7-6, and one at pH 3-6. There- 
fore, the above-mentioned mobilities might indicate 
that dinucleotide I had a pentavalent nitrogen 
structure which retained its positive charge at both 
pH 3-6 and 7-6 while dinucleotide IT lacked such a 
structure. Both dinucleotides I and IL had an 
additional positive group fully ionized at pH 3:6 
(probably the aliphatic amine). The presence of a 
pentavalent nitrogen structure in dinucleotide I and 
of a trivalent nitrogen structure in dinucleotide IT 
indicated a combination of either the basic or the 
pseudo-acidic forms of the imidazole! with (ribose). 
This may have resulted from changes in the pH 


Table 1 


Coenzyme I kw: 7 


Sample Alcohol dehydrogenase Cyanide 
Zero time 4 hr. Zero time 
1 Complete system 4:90 0:00 5-20 
2 Coenzyme Í omitted 0-02 0°00 0:08 
8 Histamine omitted 4°30 0:00 4 -50 
4 Enzyme omitted 4°60 4°22 5:00 


All figures in moles. 













Organic phosphate Periodate consumed d-Bibose 


Zero time Zero time 
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reaction. Such pH changes can be tolerated by the 
enzyme?.2%, 

Under our conditions the enzymatic reaction 
appeared to proceed completely towards the forma- 
tion of the new dinucleotides. Nicotinamide inhibited 
this reaction. 

Since histamine may be released in tissues!? and 
in view of the wide distribution of diphosphopyridine 
nucleotidases of the glycosidase type similar to the 
one used in these experiments, it is possible that the 
reaction described may be involved in the mechanism 
of anaphylactic shock. Experiments are under way 
to test this possibility. 

I am indebted tò Dr. Israel Davidsohn, director of 
research, and Dr. Kurt Stern, associate director of 
Mount Sinai Medical Research Foundation, Chicago, 
for their interest in this work. 

SPYRIDON G. A. ALIVISATOS 

The Mount Sinai Medical 

Research Foundation, 

Chicago, Illinois. July 27. 
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Accumulation of «-Alanine and of Pyruvate 
in Diphtherial Culture Filtrate and its 
Relation to Iron Deficiency of Medium 


Ir was shown by Linggood and Woiwod! that 
marked changes, particularly an increase in the 
quantity of «-alanine, occurred in the chromatograms 
of a casein hydrolysate medium before and after the 
growth of a strain of O. diphtheriae under conditions 
favourable for toxin production. While studying the 
effect of iron on the amino-acid metabolism of a 
strain of C. diphtheriae in a simplified, chemically 
defined medium developed in our laboratory**, we 
have also found that several amino-acids, especially 
«-alanine, appear and accumulate in the culture 
filtrate when the medium is deficient in iron. In 
further experiments, it has also been demonstrated 
that an accumulation of pyruvate takes place under 
the same conditions, and that the amounts of 
a-alanine and pyruvate appearing in the filtrates, 
decrease with the increasing iron content of the 
medium. 

Small inocula of the four-day-old pericle of a 
variant (SM-1) of Park Williams No. 8 strain 
were grown on AMC media? containing vary- 
ing amounts of iron. After four days of still 
incubation, the whole cultures were harvested 
and centrifuged at 4,000 r.p.m. for 30 mm. The 
precipitated cells were washed three times with 
saline before measuring the bacterial nitrogen by a 
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Fig. 1. One-dimensional paper chromatogram of supernatants 


harvested from diphtherial cultures grown with varying amounts 
oriron. 1, Aspartic acid and lysine group; 2, glutamic acid and 
cystine group; 3, asparagine, glycine and serine group; 4, a- 
alanine; 5, valine; 6, methionine, leucine and isoleucine group. 
pom. ofiron added per litre of medium: A, none; B, 66; 0,200; 
D. 830: E, 1,000. Solvent used: phenol/water (4:1 v/v) 


modified micro-Kjeldahl method, while the clear 
supernatants were used as materials for paper chrom- 
atography and also for the estimation of toxin by 
flocculation reactions, and of the pyruvate by the 
method of Friedmann and Haugen’. For the quan- 
titative determination of «-alanine, the following 
method was used: Téyé filter paper No. 50 was 
spotted with an aliquot of the supernatant, which 
had been boiled at pH 4:6, and then developed with 
phenol/water (4 : 1 v/v) and butanol/acetic acid/water 
(4:1:1 v/v/v) by the ascending technique. The 
part of the paper corresponding to the location of 
«-alanine on the two-dimensional chromatogram was 
cut to pieces and placed in a test tube. After com- 
plete colour development according to Fowden‘, the 
disrupted papers were removed by centrifugation at 
3,000 r.p.m. for 2 min. and the colour intensity of 
the clear supernatant was then measured at 570 my 
with a Coleman-type spectrophotometer. 

From the accompanying photograph, showing a 
typical one-dimensional paper chromatogram of the 
culture filtrates, no major differences can be seen in 
the amino-acids present in each filtrate ; however, the 
quantity of each amino-acid, particularly of «-alanine, 
varies with the amount of iron added to the medium. 
Quantitative results, showing the effect of iron on 
both «-alanine and pyruvate accumulations, are given 
in Table 1. Although the medium used in this 
experiment was not completely free of iron, added 
iron had a remarkable effect on the formation of 
«-alanine and of pyruvate by the diphtheria bacillus. 
It can be seen in Table 1 that the amounts of both 
-alanine and pyruvate detected in culture filtrates 
at the end of incubation markedly decrease with the 
increase of iron added. Thus, for example, the 
quantity of pyruvate produced by the organism in 
the presence of 330-660 ugm./l. of added iron is 
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Table 1, EFFEOT O¥ IRON ON THE FORMATION OF a-ALANINE AND 
PYRUVATE BY A STRAIN OF Corynebacterium diphtheriae, FOUR-DAY 
STILL-INCUBATION AT 82-83° C. 





Bacterial Pyruvate Alanine 
Iron added growth Toxin formed formed 
(ugm./l.) |(xgm. N/ml.)| (Lf./ml.) | (ugm.j/ml.) | (#gm./ml.) 

0 543 60 220 617 
16°5 592 55 196 547 
33 561 52 172 553 
66 634 44 95 873 
100 627 47 120 813 
133 561 23 57 307 
330 546 3 11 127 
660 563 0 11 97 





almost one-twentieth of the quantity formed in the 
absence of iron. A similar variation will be seen 
in the amounts of toxin and «-alanine formed. 

Although the primary metabolic sequence affected 
by iron deficiency still remains uncertain, these 
results clearly indicate that traces of iron exert a 
distinct influence not only on the liberation of toxin 
but also on the pyruvate metabolism of the organism. 
Our previous work® has shown that significant 
quantities of glutamate—pyruvate transaminase were 
present in the cell-free extracts of SM-—1 culture. 
Consequently, the accumulation of pyruvate due to 
iron deficiency may result in the appearance of large 
amounts of «-alanine in the filtrates. Further work 
is now in progress, and the details will be published 
elsewhere. 

MASAHIKO YONEDA 
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Thyroxine Metabolism by Extracts of 
Rat Liver 


THE wm vitro de-iodination of thyroxine has been 
reported in a variety of biological systems, including 
slices, homogenates, and extracts of mammalian 
organs!-*, In particular, a system present in rat 
liver has been fairly extensively investigated and ao 
technique evolved whereby quantitative measure- 
ments of de-iodination can be readily obtained’. At 
the outset of the present work, this technique was 
employed to re-investigate the properties of the 
de-iodinating system of rat liver. The heat stability 
of the homogenate? and the heat lability of the 
extract were confirmed, and the system shown to be 
inhibited by potassium cyanide. The rate of de- 
iodination was fastest at the beginning of the incuba- 
tion period and fell off with time, levelling off after 
1-2 hr. when 50-70 per cent de-iodination had 
occurred. Substrate specificity was not absolute, 
tri-iodothyronine being metabolized to a_ lesser 
extent. In all these respects the system used 
resembles that previously described by other workers’. 
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All these preliminary experiments employed: thyr- 
oxine labelled with iodine-131 in the 3’: 5’ positions 
and chromatography of the incubation mixture failed 
to reveal any radioactive metabolites apart from 
iodide and a varying amount of excess thyroxine. 
Such. chromatograms were frequently run together 
with a marker of stable tri-iodothyronine, but no 
trace of this compound could be identified among the 
labelled reaction products. It seems likely, therefore, 
that the two iodine atoms in the 3’: 5’ positions are 
removed simultaneously, or very nearly so. It was 
thereupon decided to synthesize radioactive thyr- 
oxine labelled with iodine-131 in the 3: 5 positions, 
and to trace the metabolic fate of these atoms in the 
same system. It was immediately apparent from the 
first trials that de-iodination from these positions 
was slight; 80-95 per cent of the radioactive label 
remained adhering to the protein of the extract, and 
was thus presumably still in organic combination, 
iodide passing through the filter. An experiment was 
also carried out in which the samples of thyroxine 
contained the label in varying proportions on the 
two rings. The results show a proportionality 
between the extent of de-iodination and the percen- 
tage of the label present in the 3’: 5’ positions. 


Percentage of label in 8’ : 5’ positions De-lodination (per cont) 


0 8-0 
20 19°5 
40 29-9 
60 35-0 
80 43 -6 

100 53-9 


Thyroxine is thus apparently metabolized to a 
compound (or compounds) which contains the 3:5 
iodine atoms but from which the 3’: 5’ iodine atoms 
are absent. Work which is still in progress indicates 
that this unknown compound can be separated from 
excess thyroxine by butanol extraction. Its chemical 
structure is apparently such that the alanine side- 
chain and proximal ring are preserved intact, because, 
on treatment by hydrolytic procedures, a labelled 
degradation product is obtained having the chromato- 
graphic properties of 3 : 5 di-iodotyrosine. 

This work was undertaken during tenure of a 
grant from the Rockefeller Trust of the Medical 
School, and with facilities granted by the Medical 
Research Council. 

LAWRENOE G. PLASKETT 
Department of Clinical Research, 
University College Hospital 
Medical School, 
London, W.C.1. 
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The Biuret Complex of Gelatin and the 
Mechanism of Gelation 


THE gelation of gelatin results from a thermally 
reversible cross-linking process involving hitherto 
unknown functional groups. In studies of gelation— 
molecular weight correlations of chemically modified 
gelatins (amino-acetylated, carboxyl-esterified, hyd- 
roxyl-acetylated, guanidino-nitrated) and of hypo- 
bromite-treated gelatin we have found that the polar 
and charged side-chain groups are of little importance 
in gelation’. Further, by study of the effects of 
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various electrolytes on the melting points of gels of 
golatin and of chemically modified gelatins, we have 
found that binding of ions at the polar and charged 
side-chain groups is not the mechanism by which 
electrolytes affect gelation’. These results have 
directed our attention to the role of the peptide group. 

By the use of the well-known biuret reaction, we 
now show that the peptide group plays an important 
part in gelation. Formation of the biuret complex 
of gelatin with as little as 0-03 M copper (ID) or 
cobalt (II) chloride in 5 per cent gelatin (peptide 
group to metal ratio 17) at pH 10-12 caused reversible 
suppression of gelation. Such solutions did not gel 
at 0°. However, they did gel, almost instantane- 
ously, at 0° on destruction of the complex and the 
characteristic violet-red colour (Amax. 550) by acetic 
acid, sodium cyanide or ion-exchango resin. ‘The 
melting point of the decomplexed gel was 27°, while 
those of ordinary gels of the same concentration at 
pH 3-12 are 28-30°. Inhibition of gelation by alka- 
line copper is, therefore, caused by complex formation 
and not by the high pH or by hydrolysis. The 
gelation on destruction of the complex is a property 
of the gelatin, and is not caused by copper or cobalt 
ions, as was shown by independent experiments in 
which the metals were removed by ion-exchange or 
dialysis. Copper and cobalt in alkaline solution are 
the most effective melting-point reducers found so 
far. By comparison, sodium thiocyanate and lithium 
diiodosalicylate? in 0-03 M solution lower the melting 
point of the gel by 0-5° and 4°, respectively. 

Copper complexes of gelatins having amino- or 
hydroxyl-groups quantitatively acetylated’, carboxyl 
groups 85 per cent methylated? or guanidino-groups 
70 per cent nitrated! also did not gel at 0°, but did 
gel after destruction of the complex by acidification. 
These results show that the inhibition of gelation is 
due to the copper—peptide complex and not to side- 
chain complexes. 

There are several ways in which formation of the 
copper—peptide complex may prevent gelation. One 
is by blocking peptide groups that normally engage 
in cross-linking through hydrogen bonds. A second 
is by inhibiting a required configuration either by 
blocking the peptide groups which maintain the 
configuration through hydrogen bonding or by form- 
ing ‘knots’ that disrupt the configuration. The 
‘knots’ may also prevent gelation by steric interference 
with intermolecular association. A combination of 
these causes may be operative. 

Although inhibition of gelation of gelatin requires 
only one copper or cobalt ion per seventeen. peptide 
groups, actually a larger portion of the peptide 
groups is complexed, since in biuret type complexes 
of Amax. 550 three or four peptide groups are linked 
to one metal atom. For example, the lowest poly- 
glycine to give the complex is triglycylglycine, while 
dialanylalanine gives only a weak reaction®. Also, 
two copper atoms combine with the octapeptide 
leucylhexaglycylglycine*, and one copper atom com- 
bines with two molecules of biuret’. Thus, the 
complexation of 4—4 of the peptide groups appears 
adequate to prevent gelation, particularly as gelation 
of gelatin appears to involve not the random asso- 
ciation of pairs of functional groups but of a number 
of groups in ordered segments or crystallites®.®. The 
maxımum copper binding by gelatin has been reported 
as one to about six peptide groups, which we have 
confirmed. The ratio of four cannot be realized 
because of the proline and hydroxyproline residues 
which contain no replaceable peptide hydrogen. The 
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fluid, rather than cross-linked, nature of the complex 
shows that the binding is intramolecular. 

J. BELLO* 

J. R. VINOGRAD 


Gatos and Crellin Laboratories of Chemistry, 
California Institute of Technology, 
Pasadena, California. 

Oct. 31. 
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Autoradiographic Visualization of Synthesis 
of Deoxyribonucleic Acid in Tissue 
Culture with Tritium-labelled 
Thymidine 

THYMIDINE is & specific precursor of deoxyribo- 
nucleic acid!. The very low energy of tritium electrons 
permits precise localization on autoradiographs 
(within less than one micron on average) of the atom 
that disintegrates. This is not possible with other 
radioisotopes’ such as phosphorus-32 or even carbon- 
14 or sulphur-35. 

Tritium-labelled thymidine was prepared by hydro- 
gen exchange between ordinary thymidine (California 
Foundation for Biochemical Research) and tritiated 
water in the presence of freshly reduced Adams’s 
catalyst at 100° C. for 24 hr. After the catalyst 
had been filtered off and the tritium water removed 
by distillation, the residue was heated in 0-2 N 
sodium hydroxide so that only firmly bound tritium 
was retained ; the solution was then neutralized with 
sulphuric acid and evaporated to dryness. The 
labelled thymidine was extracted with hot butanol, 
and, after treatment with charcoal, crystallized twice 
from butanol. White needles melting at 185°-186° C. 
(corr.) were obtained which gave the ultra-violet 
spectrum of pure thymidine. The radioactivity 
determined in an ionization chamber after combustion 
of the compound and reduction of the water to 
hydrogen was 14-9 mc. per millimole ; it was exclu- 
sively localized in the pyrimidine moiety, as it was 
found entirely in the thymine isolated after hydrolysis 
of the labelled thymidine. A complete description 
of this preparation has been published elsewhere’. 

To hanging-drop cultures of chick fibroblasts 
prepared on a specially thinned medium, tritium- 
labelled thymidine (2 x 10-° M) in tyrode solution 
was added, either from the time of explantation or 
later, for various periods. After excision of the 
original explants (leaving only the growth zone on 
the coverslip) and careful washings in Tyrode solution 
to remove the tritium-labelled thymidine present 
outside the cells, the cultures were fixed in 80 por 
cent ethanol. The coverslips were then mounted 
upside down on slides and stripping-film auto- 
radiographs were made. 

Development of these autoradiographs showed 
very low background and the cytoplasms were never 























“Fig. 1. Equatorial plate in a fibroblast. The chromosomes are grey. 
' The sharp black dots are silver grains developed in the over- 
lying autoradiographic film. x 2,160 









tritium appear only over resting cell nuclei and on 
shromosomes in dividing cells (Fig. 1). 
-=> of nucleoli often contains more grains than other 
areas of similar size in the nuclei. 
structures can be identified within less than ly, as 
already shown by Taylor, Woods and Hughes on 
another materialt, The grains can be considered as 
Indicative of the presence of tritium-labelled thymi- 
. -dine in an insoluble form, mainly incorporated. into 
-deoxyribonucleic acid. 

- When the culture medium has contained thymidine 
for 2 hr., a few nuclei, but no mitotic figures, are 
notably labelled. This number increases with time 
and, after long contact, all mitotic figures and most 
intercinetic nuclei are seen to contain tritium- 
labelled thymidine. But a variable number of nuclei 

-< {up to 30 per cent), mainly in the inner part of the 
growth zone, are free of silver grains even after three 
days of cultivation in the presence of the nucleoside. 
As they are intermingled with labelled cells, the 
possibility that they are too far from the film for 
-» the tritium electrons to reach it can be ruled out. 





= “It can thus be assumed that up to that number of: 


= 





cells do not participate in the mitotie eyele and that 





“eells, 
flattened nuclei than over small round ones. 
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mitosis in the same material by 7-8 hr. on a 


relative amount of thymidine present in struc 


labelled. Silver granules denoting the presence of 


_ process such as radioactivity. This is in accordance 
The periphery. 


All labelled» 


— structure. 
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* Taylor, 
“no turnover of deoxyribonucleic acid occurs in such ` 
Auto-absorption, however, is an important 
factor, because there are more silver grains over large a 
The 
ratio between nuclear area and number of grains can 
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‘South African plums to the United Kingdom. I 





eleventh hours before onset of mitosis in, 
fibroblasts in vitro at 37° C, Independent evide 
based on quantitative Feulgen determinations s 
that synthesis of deoxyribonucleic acid preced 












age® ; thus, there is near coincidence between fi 
of this nucleoside and polymerization to deox 
nucleic seid. `. 

Counting the grains gives a fair estimate © 







of comparable thicknesses, such as the two el 
some groups of anaphases and telophases. ‘The ty 
always contain about the same number of- gra 
Deviation from equality in the two groups 1 
exceeds what one would expect in a purely randon 


















with the theory of equal division of deoxyribonuclei 
acid between the two daughter cells at mitosis, bu 
not with the recent contrary findings of Plaut an 
Mazia® working on plant cells and using thymidine 
labelled with carbon-14 and consequently obtaining 
less accurate localization of the electron-cmitting 


From these observations and others, to be published. 
in detail elsewhere’, it appears that tritium-labelled 
thymidine is a very useful tool for the cytological oe 
study of many aspects of the synthesis of qeoxyribo ee 


-yrueleic acid. 
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Reduction of E P e ry 






pple fruit aes largely been directed to she | pra 
objective of improving storage technique. Obs 
tions have generally been made on fruit kept 
constant environment. There is, however, no ink 
reason why an environment favourable at one 
of post-harvest life should be equally favourable 
applied at another stage. A. J. M. Smith? repe 
experiments that led to the adoption of a. 
temperature’ method in the refrigerated carriag 











already reported that with Victoria plums a_ 
of temperature to 18° C. for two days on the 
teenth day after the commencement of storag 
0° ©. resulted in a considerable delay in. th 
quent appearance of the low-temperature ‘inj 
described as ‘internal browning’®. | 
A similar result has now been obtained with i 
apple fruit (variety, Bramley’s Seedling), althougl 






























measured as ‘the ‘pathiniated percentage ‘sur 
-oloured brown in 50 apples cut in half transversel 
the stem-calyx axis, is plotted against a time-s 

presenting the period elapsing between the com- 
encement of storage and the application of a warm- 
treatment. 
















ure of 0° È. 


ae was followed by a regular increase. 
=o mjüry when. no warming treatment was given was 


Ee _ comparable: to that in samples which were warmed | 


atthe end of the experiment, five days before 
examination. The minimum injury occurred where 
warming was applied in the period 6-8 weeks after 
- commencement of storage. 
‘This picture was changed in a striking way when 
_ during the warming treatment the fruit was exposed 
cor bo @ current of carbon dioxide and air (Fig. 2). The 
amount of injury found after 18 weeks of storage was 
| greatly reduced, the degree of reduction being greater 
when the concentration of carbon dioxide during 
Warming was 20 per cent than when it was 10 per cent. 
ID have already suggested that the hypothesis put 
-forward by Plank? that low-temperature injury may 
be due to the toxic effect of accumulating volatile 
metabolites is consistent with the effect of warming 
ee observed with plums‘. 
Fidler? has shown that when carbon dioxide was 
i ‘allowed to accumulate to a concentration of 8 per 
-~ eent during storage at 3° C. the output of total 
volatile substances from the apple was reduced. It 
nee would be interesting to see if temporary warming in 
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Temperature raised at week No, 


Effect on occurrence of low-temperature, br eakdown, of 

aising the temperature of apples (var. Bramley’s Seedling), to 

Be Cy or five days at progressive intervals during storage at 0' C, 
Whi rand + leer jatohing Severe) oblique hati hing, 
rode 









The treatment consisted of raising- 
e temperature of the fruit to 15° C. for 5 days after aoe 
which it was returned to its original storage tempera- 
| All the apples were cut at the same — 
8 weeks after the commencement of storage. 
be seen that as the date of the treatment was 
ced there was at first a progressive reduction 
the extent and intensity of injury but that this 
The amount of 


Cut surface with breakdown (per cent) $ 
wr E 
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-. .* Plank, R., Planta, 32, 364 (1941), 
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n i oe ~ investigations ‘were prompted by reports on the a 
_ of 2,3,5-triphenyl tetrazolium chloride to det 
f yews: in piant and on : the use. of the. same mb 
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Temperature raised at week No, 


Fig. 2. Effect on occurrences of low-temt erature breakdown ofin- > 

creasing the carbon dioxide content of the air in. whieh apples à 

(var. Bramley's Seedling) were kept for five days at 15°C 

(White, sound; vertical hatching, slight; oblique hatching 
moderate ; black, severe) 


an atmosphere containing carbon dioxide as described 
here can be shown to have an effect upon the produc- 
tion of total volatile substances. Work to this end. 
is now proceeding. 

This paper was prepared as part of the programme 
of the Food Investigation Organization of the Depart- 
ment of Scientific and Industrial Research. 


W. Hues SMITH 
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Department of Scientific and 
‘Industrial Research, 
Larkfield, Maidstone. 
t Smith, A. J. M., J. Hort. Sei., 25, 132 (1950). 
» 74 (1940). 
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_A Staining Technique for detecting 
- Ratoon Stunting Disease in Sugar Cane . 


RATOON stunting, a virus: disease of sugar cans, is 


| difficult to diagnose since the macroscopic symp- 
N < boms are ill defined. -Bevor al tests deseribed for 
_. diagnosing virus diseases in plants, including one for 

_ sugar canet, were tried but gave inconsistent resu 
emp. _ Attempts were therefore made to- develop a cok 






- reaction for: detecting. the presence of the virus. ‘The. 
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Fig. 1. Optical density of acetone extract, Full line, healthy ; 
broken line, diseased 












‘The test is based on the reduction of the soluble, 
colourless tetrazolium salt into the insoluble red 
- -formazan in the presence of viable tissues. It should 
be pointed out that little is known about the reducing 
_ mechanisms in the tetrazolium reaction. Further- 
‘more, attention has been directed**® to the photo- 
_ chemical properties of tetrazolium, 4 factor which 
demands carefully controlled conditions in experi- 
— — mentation. 
= = The experimental procedure was as follows. 
_ Samples of cane tissue were taken from nodes of 
 sugar-cane stalks by means of a cork borer cutting 
a plug 1 cm. in diameter. After sectioning the stalk 
-at the level of the leaf sear, the plug was removed by 
boring vertically down into the lower internode, just 
< inside the rind and opposite the bud. Slices, 0-5 mm. 
thick, were prepared by means of a hand microtome 
and the six sections immediately above. the level of 
the leaf-trace bundles were selected. These were 


ee placed in 0-5 per cent solution of 2,3,5-triphenyl! | 


tetrazolium chloride and kept in an incubator, in 
darkness, at 35° C. The insoluble: red formazan 
was extracted twice from the sections using each 
time 5 ml. of hot acetone. The optical density 
of the solution was determined by means of a 








“water. | 
=. The change in colour was found to be more rapid 
with virus-infected than with corresponding virus- 
free tissue. The basal nodes of mature sugar cane 
talks gave the best difference in colour intensity 
between healthy and diseased cane. Maximum 
difference was obtained when the four consecutive 
nodes above ground-level were sampled. When 

ung canes were tested they reacted in the same 
iy ag young portions of mature cane, that is, 
lour development proceeded almost at the same 
speed in healthy and diseased tissue. Leaf punches 
aken from the mid-ribs also proved unsuitable 
for the test. Colour development being more rapid 


























ferentiation is better when the test is performed 
‘darkness. 

Cane tissue, when sampled in the internode, gave 
a minimum to no reaction. When sections were 
taken at the level of the leaf-trace bundles, reaction 















was too rapid in both infected and healthy tissue, and 






the development of a good colour pattern. The best 
zone for sampling was found to be just above the leaf- 





thy and. diseased: tissu: 












~~ reaction was allowed to proceed for different. 
ef time and the extraction carried out at. in 


to eighteen hours. It has been observed t 


‘Lumetron colorimeter, standardized with distilled 


hen the reaction is carried out in light, colour 


the large number of vascular bundles interfered with | 


trace bundles, where the intermediate reaction gave _ 
, maximum difference in change in colour between — 



























following sampling pr wa 
. Bix slices were obta ve tl 
y leaf-trace bundles of the second an 
nodes above ground-level. The twelve — 


obtained were tested together for each stalk 








The results are expressed graphically im 
Although a difference in colour can be obser 
2 hr. when the reaction takes place in darkn 
best difference is obtained after, approximate! 
and is still very marked after 20 hr. It will b 
that there is a drop in both curves after se 









red colour fades and eventually disappears 
slices when left in the reagent, as well as 
acetone extract. It is therefore important to 
out the test under carefully controlled conditior 
More than 1,000 nodes were sampled from presumec 
healthy and diseased M.134/32 and D.109 canes 
growing in ratoon stunting field trials. -Dise 
assessment by means of the colour test and macro 
scopic nodal symptoms’ were in close agreement. _ 
The method has its limitations in that it is applic 
able only to mature cane, and several varieties alo o 
have to be tested. The results obtained can be of 
only preliminary nature, and a more exhaustive 
study is being conducted. ee 
Other tetrazolium salts, namely 3,3-dianisole-bes- 
4,4-(3,5-diphenyl)-tetrazolium chloride and 2-(p-iodo- 
phenyl)-3-(p-nitrophenyl)-5-pheny! tetrazolium chlor- 
ide, were tested but did not show promise as colour  — 
indicators. ee 
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Occurrence of a Blue-Green Alga in the 


Durie a cytochemical study of nodule: cell 
Egyptian clover, Trifolium alexandrinum, i 
observed that in addition to the rhizobial b 
a blue-green alga, identified as Nostoc puncti 
occurred inside the nodules. So far as we are 
blue-green algae have not been reported to | 
ciated with nodule formation in legumes. < 

The alga, at first, occupies the intercellular 
in the nodules (Fig. 1, 2) and gradually inva 
cellular region, forming globose to subglobos 
(Fig. 1, 1). The trichomes are few-celled, thoug 
occur as individual cells. The characterist 
green pigment, double-walled akinetes, ‘int 
heterocysts and yellowish-brown coloratio 
iodine help to distinguish the alga from the- 
bacteria (Fig. 1, 3). The alga could be suc 
cultured in sterilized Erdschreiber soil solution 































the other parts of the plant showing no such orga 
Nodules of both al c 
oF 















alexandrinum co 








“Fig. 1. (1) Colony of Nostoc punetiforme inside the root nodule. 
(2) Individual cells of the alga in the intercellular space inside 
the nodule. (8) Nostoc punctiforme, from culture, showing 

akinetes and heterocyst 


pratense, T. hybridum, Lupinus alba and Melilotus 
alba, which were growing in the same fields as T. 
-alexandrinum or in adjoining areas. 
In some lower plants, blue-green algae, particu- 
larly. those belonging to the genera Nostoc and 
Anabaena, have been reported to oceur endophytic- 
aly'. The occurrence of N. punctiforme in root 
modules alone suggests that the relationship may not 
— “bea simple case of endophytism. Many blue-green 
a algae are known to fix atmospheric nitrogen®4, and 
< it is possible that N. punctiforme plays some such 
- part. The reasons for the specific affinity of the alga 
to T. alexandrinum are also not clear. This legume 
is widely cultivated as a winter fodder in north 
{India under irrigated conditions, and we are now 
studying the precise relationship between the alga 
-and the leguminous nodule as well as the nitrogen- 
fixing ability of the alga. 
We are indebted to Dr. M. §. Randhawa, Dr. B. P. 
Pal and Dr. 8. M. Sikka for their interest in the study 
and encouragement. We are also grateful to Dr. 
M.S. Swaminathan for advice. 
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Agar Double Diffusion i Prscipitation 
Reaction applied to the Study of | 
Asterococcus mycoides 


Tue agar double diffusion precipitation reaction 
has been found of value in this laboratory in research 
on the organism of contagious bovine pleuropneu- 
monia, Asterococcus mycoides. Two techniques are 
used, a modification of Ouchterlony’s! method 
described by Mansi? and a method described by 
Jennings and Malone®. The reactions observed, and 
the interpretation of the results obtained, with the 
bovine pleuropneumonia organism have been essen- 
tially similar to those described by these authors. 
Jennings and Malone’s method has the advantage 
that a positive reaction can be seen in 2 hr., and that 
more distinct separation of lines of precipitation 
occurs as diffusion proceeds; but larger quantities 
of serum and antigen are required than for the method 
of Mansi. 

Immune sera are produced in rabbits by intra- 
venous injections of increasing doses of washed 
organisms grown in a culture medium containing no 
bovine antigens*. No reaction is produced between 
normal rabbit serum and infected bovine tissues or 
extracts of the organism, or between immune rabbit 
serum and normal bovine tissues. When immune 
serum is tested against material from infected tissues, 
such as pleural exudate or a saline extract of a lung 
lesion, a strong reaction is seen. Usually three lines 
of precipitation are apparent, demonstrating that the 
organism contains at least three soluble antigens. 
Cultures and extracts of the organism also give the 
same result. All strains of the organism studied here 
have produced the three lines, indicating no qualita- 
tive difference in the antigenic structure of different 
strains. 

Most areas in tropical Africa where contagious 
bovine pleuropneumonia is enzootic are relatively 
isolated, and communications with laboratories are 
therefore often slow and unsatisfactory. In these 
circumstances a laboratory diagnosis on specimens 
obtained post-mortem is usually difficult or impos- 
sible through lack of suitable fresh material from the 
field, and reliance must be placed on serological tests 
of other animals in the affected herd. Consequently 
a technique which enables a suspected diagnosis of 
pleuropneumonia to be confirmed at the laboratory 
by the examination of preserved, or of partially 
decomposed and contaminated, material would be 
most useful. In order to investigate the value of the 
precipitation reaction in these conditions, two 
samples of unpreserved contaminated material from 
bovine lung lesions were kept at room temperature 
and tested at intervals. The reaction remained 
positive for up to 13 days, by which time the speei- 
mens were completely putrified. Cultural examina- 
tion of the two samples in a suitable medium, con- 
taining thallium acetate and penicillin to suppress 
other bacteria, failed on and after the second and 
third days respectively, due to gross contamination. 
It has been found that 5 per cent formalin 
and 50 per cent glycerin do not destroy the 
antigen, and the test can be satisfactorily carried 
out on infected tissues preserved with these re- 
agents. 

The sera of cattle dying of infection with Astero- 
COCCUS mycoides, when tested against immune rabbit 
sera, often give one or two lines of precipitation, 
demonstrating the presence of circulating antigens, 
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ces incompatibility in Theobroma cacao 
Knight and Rogers' postulated the existence of 
_ five incompatibility alleles, at a single locus, in the 
three self-incompatible but cross-compatible cacao 
_ genotypes studied by them. The five alleles differed 
_ in dominance, but two were equal; the same domin- 
` ance sequence, S, > S, = Sa > 84> Syp was. exhib- 
ited in both male and female parts of the flower. 
_ Their criterion of compatibility and ineompat- 
ibility was the retention or fall, respectively, 
of hand-pollinated flowers guarded from insect 
 MISIts, 
ui T have used a different approach to the problem. 
-= Microtomed sections of pollinated ovaries have been 
= microscopically examined. In all cases of self- and 
S eross-incompatibility, a proportion of fertilized ovules 
_ shows non-fusion between the egg nucleus and first 
male gamete and between the polar nuclei and second 
-= male gamete; the remaining ovules show normal 
fusion. Three main types of self-incompatible tree 
are now recognized wherein the proportion of ‘non- 
_ fusion’ ovules is: (1) 25 per cent; (2) 50 per cent ; 
(3) close to or actually 100 per cent. Compatible 
pollinations, on the other hand, give all normal ovules. 
Theobroma cacao L. provides, for the first time, an 
example of an incompatibility mechanism in the 
flowering plants which has non-fusion of gametes as 
3 fundamental manifestation, the ratios of ovules 
herein non-fusion and fusion of gametes take place 
bearing simple genetic ratios one to the other (1 : 3, 
1, 1:0). | 
‘On a visit to the West African Cacao Research 
stitute in 1956, I was privileged to use some of the 
ees Investigated by Knight and Rogers. Pollinated 
aries from guarded flowers were fixed, sectioned 
d examined. 
All genotypes representing a combination of an 
lele and another recessive to it (for example, S,.», 
67 a4) gave, on self-pollination, counts wherein 
proportion of non-fusion ovules was 25 per cent. 
le Saa genotype, a combination of alleles of equal 


+ 


iominance, gave 50 per cent non-fusion ovules on 
self-pollination. The S,., genotype did not, however, 
ive on selfing the expected 100 per cent non-fusion 
ontent ; instead, it gave good 25 per cent counts, 
uggesting that, in fact, it is not homozygous, but 
s a combination of S, with a second allele recessive 
to it (say, S,). The consequences of this assumption 
io not in any way invalidate the findings of Knight 
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Cross-pollinations between genotypes carryi 
same dominant allele (for example, Ses x Sa, 
gave 25 per cent non-fusion ovules in the ov: 
The cross, Saa X Sy.4, found by Knight and R 
to be incompatible, likewise gave 25 per cen 
fusion ovules. | ae 

All combinations that do not involve the sg 
dominant allele (for example, Sis X Sry Sr XS 
and those that do not involve a duplication of allek 
of equal dominance in the presence of the other (for 
example, Sas X 53.4) were found to give only normal 
ovules in the pollinated ovaries, Knight and Rogers 
found these combinations to be compatible. 07 aoe 

The results are summarized in Table 1, which 
shows the percentage proportion of non-fusion ovules 
counted. The principal conclusions to be drawn _ 
from the results are: (1) that gametes carrying | 
the same dominant allele are those that do not fuse _ : 
in the embryo-sac ; (2) that the fusion or non-fasion —— 
behaviour of gametes is determined by the S allele 
they carry interacting with the diploid tissues (for o 
example, S, gametes fuse in S,.. tissues, but not in 
Sag tissues), so that incompatibility or compatibility 
is ultimately determined by the diploid genotype —__ 
and hence is sporophytically controlled; (3) thè  — 
similarity of reciprocal pollinations. ENS 

From my observations on the incidence of com- oe 
patibility and incompatibility in progenies arising  ă 
from crosses between self-compatible and self- 
incompatible parents, the hypothesis put forward by | 
Knight and Rogers, based on the operation of an 
allelic series at a single locus, appears inadequate. 
It seems necessary to postulate the existence of two 
independent loci, one (P,p) concerned with the 








































another (5), which imparts specificity to the precursor 
The P,p locus shows simple dominance and reces 
sivity, and acts before meiosis; the S locus sho 
allelomorphism and acts after meiosis. If eithe 
locus is inactive (pp and Syf, where the f indica 
the presence of an amorph), full self-compatib 
results. There will therefore be three main type 
self-compatible tree : (1) pp Sab (self-compatibl 
virtue of the non-production of the precu 
(2) PP Szy (self-compatible by virtue of amorpl 
at the S locus); (3) pp Syy (both loci inoperat: 
A cross between the first, believed to be represents 
of the Central-American self-compatible tree. 
the second, thought to represent the Trinidad 
compatible, will produce offspring with botl 
active, and hence all will be self-incompatible.. 
result has been obtained. E 
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Fig. 1. 


I. would like to indicate the possibilities of a 
less-elaborate technique to attain similar or more 
defined results. The method, comparable in principle 
-to that of La Cour and Drew', is essentially to press 
the sap juices of the plant in question directly on to 
the chromatogram; instead of preparing water or 
- aleohol extracts, concentrating and placing these on 
the chromatogram. 
The plant studied in the initial experiments was a 
_ |4:days old seedling of the French bean Phaseolus 
vulgaris, var. Improved Canadian Wonder. This 
plant provided large amounts of sap, but other 
experiments with more woody plants also gave 
satisfactory results. 
‘The beans were germinated for 14 days and then 
-used immediately or stored at — 20° C. until required. 


Room temperature, 18 and 20 hr. 
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(Stored beans were allowed to rogain room tempera- 
ture slowly before use.) The testa of the bean was- 
removed and the plant divided into sections as — 
shown in Fig. 1. D 
Each section was then placed at a marked position 
on the starting line of a paper chromatogram (What-. - 
man No. 4, 22 in. x 18 in.), and its sap expressed by: 
hand pressure exerted on a glass plate (4in. x 6in.) oni- 
top of the section. Underneath the chromatogram 
was another glass plate to prevent liquid loss and — 
damage to the paper. When the sap had been: 
absorbed by the paper and had spread to the — 
desired spot size (4 in. diam.), it was rapidly dried — 
in a stream of hot air (30 sec.—l1 min.). The process 
was repeated until most of the sap was removed 
from the section leaving only the skeleton of the 
section, which was discarded. on 
Descending chromatography was. 
then carried out using conven- . 
tional techniques for the com- 
pounds under investigation. 
By use of the appropriate serie: 
of sections, the sap components 
of a whole bean could be assembled 
on the paper in such a way as 
to indicate their distribution in: 
the bean (Fig. 2). No detailed 
report on the findings will be: 
attempted here; but, in sumes 
mary, the results of the initial 
experiments showed that: (a) the- 
method was applicable to such- 
compounds as saccharides, includ- 
ing fructose and fructosans (Figs. i 
2 and 3), amino-acids and ultra- 
violet-absorbing substances; (6) - 
there was an unequal distribu- 
tion of these simple compounds: 
between the cotyledons and the- 
tap root. For example, fructose - 
was found in the tap root but- 
little was found in the cotyledons 
(Fig. 3). Proline was found H 
the cotyledons but not in the ta 
root, where a ninhydrin-reactin, 
compound appeared to run to th 
same position; (c) the hypocoty! 
‘ontained the smallest number of- 
compounds. = 
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This method may thus be of use in studying the 
distribution of simple compounds in the sap of whole 
or portioned plants during germination, and its 
application may also provide some information on 
translocation and other allied problems. 

An objection to this method could be that the 
enzymes released by crushing are active in the time 
it takes to dry the sap and at the elevated tempera- 
tures of drying: this would complicate the picture 
observed. However, the sap is dried in a very short 
time, especially if an efficient hot-air dryer is used 
(30 sec.: for the root section and 1-14 min. for the 
cotyledon sections), thus minimizing enzyme action. 
In, later experiments- the area on which the sap was 
to be placed was impregnated with 5 ul. of a 0-01 M 
mercuric chloride solution? as an enzyme inhibitor 
and results were similar to those with spots submitted 
solely to heat treatment. It seems evident that 
enzyme action is so slight as to be negligible. 


R. N. GREENSHIELDS 


Department of Applied Biochemistry, 
University of Birmingham. 
Edgbaston, 15. 


1 La Cour, L. F., and Drew, R., Nature, 159, 307 (1947). 
2 Bealing, F. J., and Bacon, J. S. D., Biochem. J., 58, 277 (1953). 


Fluorescent Substances produced by 
Dermatophytes 


Taz fluorescent substances formed by Microsporum 
species and Trichophyton schoenleint when attacking 
hair in vivo have not been identified ; recently Wolf}, 
on the basis of in vitro studies of the growth of M. 
canis and M. gypseum on hair, has produced evidence 
indicating that one of the substances is a pteridine. 
It is felt that this conclusion should be accepted with 
reserve for the following reasons. 

(1) Wolf has produced no evidence to eliminate 
the possibility that the fluorescent products obtained 
could not also have been prepared from uninfected 
hair; Chattaway and Barlow? have shown that 
fluorescent materials can be extracted by water from 
normal hair, but that these have different chromato- 
graphic and electrophoretic properties from those 
formed during fungal attack in vivo. 

(2) No comparison was made with fluorescent 
materials extracted from naturally infected hair. It 
is well known (for example, Vanbreuseghem’) that 
the mode of attack of hair in vitro by these fungi 
differs markedly from that seen in vivo. The meta- 
bolism of the organism is likely, therefore, also to 
differ, and any fluorescent products obtained during 
in vitro growth cannot be assumed to be identical 
with those formed in vivo unless direct comparison 
of properties is made. 

(3) Chattaway and Barlow showed that aqueous 
extraction of hair damaged by fungi removed a com- 
plex mixture of substances, and treatment of such an 
extract with charcoal and methanol as described by 
Wolf would almost certainly not effect any great 
purification of the fluorescent material. Since the 
evidence for the material being a pteridine rests on 
absorption spectra data, any correlation of such data 
with fluorescent substances is at least very uncertain 
without further purification of the materials. 

(4) Chemical examination by Davidson and 
Gregory* of aqueous extracts from naturally infected 
hair showed the presence of nitrogen, an alde- 
hyde group and a phenolic ring; while Robinson, 
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Figge and Bereston® concluded from infra-red analyses 
that the fluorescent material was a peptide. Chatt- 
away and Barlow confirmed the findings of Davidson 
and Gregory but showed that the phenolic substance 
could be separated from the fluorescent substances by 
chromatography and that the fluorescence was 
quenched by bromine water. It is difficult to interpret 
these findings as supporting the presence of a 
peuene, F. W. CHatraway 
Department of Biochemistry, 
University of Leeds. l 
A. J. E. BARLOW 
Department of Dermatology, 
The Royal Infirmary, 
Huddersfield, Yorks. 
1 Wolf, F. T., Nature, 180, 860 (1957). 
2 Chabtaway, F. W., and Barlow, A. J. E., J. Gen. Microbiol., 11, 506 


` Vanbreuseghem, R., Ann. parasitol., 24, 559 (1949). 
* Davidson, A. M., and Gregory, P. H., Canad. J. Res., 7, 378 (1932). 


č Robinson, jun., H. M., Figge, F. H. J ., and Bereston, E. S., Amer., 
Med. Assoc. Arch. Dermatol. Syph., 68, 129 (1953). 


Streptomycin and Bacterial Respiration 


THERE are many reports in the literaturo of effects 
of streptomycin on bacterial respiration!. Most of 
these involved the addition of streptomycin to 
non-growing suspensions of bacteria; but it seems 
likely that changes occurring during growth in the 
presence of streptomycin might ultimately prove of 
greater significance. 

In the experiments described here, the effects on 
respiration of Staphylococcus aureus produced by 
exposure to dihydrostreptomycin during growth have 
been investigated. 

Each experiment was performed as follows. Meat 
digest broth (50 ml. in a 250-ml. Erlenmeyer flask) 
was inoculated with Staph. aureus from an 18-hr. 
shaken culture in the same medium, to give a just- 
visible opacity, and the moculated medium was 
incubated with continuous shaking for 2 hr. The 
density was then estimated absorptiometrically, and 
the culture was divided into two 25-ml. portions in 
250-ml. flasks. The cultures at this stage contained 
staphylococci equivalent to about 1 mgm. dry wt. per 
ml. To one of these, dihydrostreptomycin in the 
required concentration was added (3 ugm.—50 ugm./ 
ml.), and incubation of the flasks was continued, with 
shaking, for a further 2 hr. The cells were then 
harvested and washed. three times with distilled water, 
by centrifugation. Suspensions were made in 0:1 M 
phosphate buffer, pH 7-3, and oxygen uptake with 
and without added substrate was measured for 30 min. 
by the conventional Warburg technique, no further 
dihydrostreptomycin being added at this stage. The 
dry weight of cells in the manometric experiments 
was 5 mgm./flask. 

With succinate as substrate, the rate of oxygen 
uptake by cells which had been exposed to dihydro- 
streptomycin during growth was strikingly lower 
than that of the control cells. The decrease of oxygen 
uptake with glucose was, however, less marked and 
did not vary much with alteration of concentration 
of dihydrostreptomycin during growth. All figures 
are corrected for endogenous oxygen uptake of the 
respective cells, and are given to nearest 5 per cent. 

Further experiments have shown that, under 
similar conditions, rate of uptake of oxygen with 
pyruvate is less affected than rate with succinate. 
For example, after exposure to 25 ugm. dihydro- 
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Table 1 


Di-hydro- 
strepto- | Total growth 
mycin of dihydro- 
concen- | streptomycin- 
tration exposed cul- 
during tures on dry- 
growth. weight basis 
(ugm./m].})| (Control =100) 


Oxygen up- 
take, dihydro- 
streptomycin- 

exposed cells 
with glucose 
(Control =100) 


Oxygen up- 
take, dihydro- 
streptomycin- 
exposed cells 
with succinate 


(Control=100) 





streptomycin/ml. during growth, rate of oxygen 
uptake with succinate was decreased by 85 per cent 
whereas with pyruvate the decrease was 20 per cent. 

The effects described have not been called ‘inhib- 
ition’ of oxygen uptake, since it is possible that the 
underlying mechanism might be an altered balance 
of enzymes in the cells, due to differential effects of 
streptomycin on enzyme synthesis, and not a direct 
interference with oxidative enzymes already present. 
If the organisms are harvested less than 2 hr. after 
addition of dihydrostreptomycin, lesser degrees of 
reduction of oxygen uptake are found. With 25 ugm. 
dihydrostreptomycin/ml. present during growth, for 
example, the growth-curves of the dihydrostrepto- 
mycin and control cultures differ only slightly in the 
first 4 hr. of incubation, but thereafter diverge 
rapidly. The effects on oxygen uptake with succinate 
follow roughly the same pattern. 

It is interesting to note that the streptomycin 
antagonist (2-heptyl-4-hydroxyquinoline - N - oxide) 
investigated by Lightbown and Jackson’? strongly 
inhibits the oxidation of succinate if added to non- 
growing suspensions of Staph. aureus, whereas 
dihydrostreptomycin itself produces no measurable 
inhibition with this organism under these conditions. 

Thanks are due to Mr. R. W. Warner for technical 
assistance. 

F. L. JACKSON 
(Cowburn Research Fellow) 
King’s College Hospital Medical School, 
Denmark Hill, 
London, 8.E.5. 


1 Oginsky, E. L., Bact. Rev., 17, 17 (1953). 
2 Lightbown, J. W., and Jackson, F. L., Biochem. J., 63, 130 (1956). 


Inhibition of Blood Digestion in Mosquitoes 
by Cations, and Cation-Antibiotic Mixtures 


Durnine the course of some studies originally 
designed to evaluate the role of certain cations and 
anions in influencing the susceptibility of Aedes 
aegypti to infection with Plasmodium gallinaceum, it 
became apparent that the calcium fed to these 
mosquitoes was also consistently inhibiting digestion 
of the ingested blood meal in a fairly constant propor- 
tion of the mosquitoes. This report extends this 
observation somewhat, and deals with some prelim- 
inary experiments on the inhibitory effects of the 
cations calcium and magnesium, alone and in com- 
bination with the antibiotic oxytetracycline, on the 
process of blood digestion in the mosquito A. aegypti. 

In these experiments, the salts, antibiotic, and salt 
and antibiotic mixtures were added in the appropriate 
concentrations to a 4 per cent sugar nutrient solution 
which is generally used in this laboratory as the 
maintenance diet for mosquitoes. The solutions 
were made available to the adult mosquitoes imme- 
diately after pupal emergence was completed, and 
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Table 1. THE EFFECT OF FREDING CATIONS, AND CATION AND ANTI- 
BIOTIC MIXTURES, ON BLOOD DIGESTION IN Aedes aeyypit 


Mosquitoes 
containing 
blood 
residues 


Mosquitoes 
containing 
residues 
(per cent) 


Total 


Regimen mosquitoes 


Sugar 0 
0:002 M oxytetracycline 0 
0-1 M calcium chloride 52 
0:1 M calcium chloride + 

0-002 M oxytetracycline 117 
0-1 M magnesium 

chloride 2 
0:1 M magnesium chlor- 

ide + 0'002 M oxy- 

tetracycline 64 





the mosquitoes were then maintained on these 
solutions for the following 72 hr. At the end of this 
period the mosquitoes were allowed to gorge on 
normal chicks. Following the blood meal, the mos- 
quitoes were allowed to continue to feed on the drug 
solutions until the experiments were terminated. 
Normally, in mosquitoes maintained at a constant 
laboratory temperature of 26-5° C. and a constant 
relative humidity of 75 per cent, as in this case, a 
blood meal will have been completely digested within 
72 hr. At the end of this period the stomach wil 
be entirely empty and contain no microscopically 
discernible trace of the blood meal. In these experi- 
ments, in order to emphasize the extent of inhibition 
of blood digestion, dissection of the mosquito and 
examination of the stomach was delayed until the 
fourth day following the blood meal. In those 
mosquitoes in which digestion has been inhibited the 
blood remains as a kind of darkened, amorphous 
mass, about one-third the size of the clot resulting 
from the original blood meal. Microscopically, intact 
red cells are no longer evident although the residue 
still retains the characteristic orange-reddish colour 
of hemoglobin. Chemically, the residue gives a 
positive test for hem by the benzidine reaction. 

It is evident from the data presented in Table 1, 
which summarizes the results of several experiments, 
that calcium markedly inhibited digestion, since 31-3 
per cent of the blood-fed mosquitoes still contained 
an undigested residue 96 hr. after the original feeding. 
At the same time, oxytetracycline alone had no 
apparent inhibitory effect, since none of the mos- 
quitoes fed on that compound contained any dis- 
cernible blood residues even when they were examined 
as early as 72 hr. after the blood meal. When it was 
fed to the mosquitoes in combination with calcium, 
however, oxytetracycline markedly increased the 
inhibitory effects of calcium and as a result the pro- 
portion of mosquitoes still containing considerable 
blood residues rose to 71-3 per cent of the total 
animals in the group. This potentiating effect of 
oxytetracycline was even more evident when it was 
fed in combination with magnesium. ‘Thus, as 
shown in Table 1, magnesium alone had almost no 
inhibitory effect, but when it was fed together with 
oxytetracycline, 38:7 per cent of the mosquitoes 
contained undigested residues 96 hr. after the blood 
meal. It may be noted here that chloride, fed to the 
mosquitoes in 0:02 M concentrations of hydrochloric 
acid, either alone or: with oxytetracycline, had no 
discernible effect. 

It is of interest to note that when 0-058 M concen- 
trations of the trisodium salt of ethylenediamine 
tetraacetic acid are added to the solutions of calcium 
and magnesium alone, or to the solutions of calcium 
and magnesium combined with oxytetracycline, so 
that these ions are in effect removed by the resulting 
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chelation, their inhibitory effects are simultaneously 
eliminated and blood digestion proceeds normally. 
Thus, this fact lends further support to the assump- 
tion that these inhibitory effects are produced 
primarily by the cations, and that the antibiotic acts 
rather by potentiating and activating either the 
cations or the reaction between the cation and the 
particular enzyme system involved, in a manner not 
yet understood, but differing from the usual reaction 
between cation and antibiotic! in which the activity 
of the one or the other is either eliminated or inhibited. 
It has been observed, too, that those mosquitoes 
containing large, undigested residues nevertheless 
produce eggs in great numbers. Even though egg- 
laying is apparently delayed in such mosquitoes, as 
evidenced by the fact that unlike normal eggs these 
eggs become heavily pigmented while still in the body, 
the fact that eggs are produced in quantity indicates 
that there has been no interference with digestion or 
assimilation of the plasma fraction of the ingested 
blood meal, since it is well known that it is this 
fraction which the mosquito requires for egg laying. 
In view of this, and other data presented above, it 
appears reasonable to assume that only digestion of 
the hemoglobin fraction, of all the fractions contained 
in the original blood meal, is affected by the cations, 
or cation and antibiotic mixtures. 


Levon A. TERZIAN 


Naval Medical Résearch Institute, 
National Naval Medical Center, 
Bethesda, Maryland. 
1 Weinberg, E. D., Bact. Rev., 21, 46 (1957). 


Response of the Adrenal Medulla of the Sheep 
Foetus to Asphyxia 


Occtusron or ligation of the umbilical cord of 
the foetal lamb is followed by a rise in arterial blood 
pressure and changes in heart-rate!-*°. ‘These reac- 
tions, which have been attributed to asphyxia, can 
be first elicited after 80-90 days of pregnancy and 
become more pronounced in the mature foetus. The 
magnitude of the reactions has been related to the 
development and maturation of the autonomic 
nervous system>. 

In the present experiments the output of adrenaline 
and noradrenaline from the adrenal gland has been 
studied in foetal lambs of different ages from 80 days 
of pregnancy until about term (150 + days). The 
foetus was removed from the uterus under pento- 
barbitone sodium anesthesia, but the umbilical cord 
and the placental circulation were retained until the 
induction of asphyxia. Venous effluent blood was 
collected from the left adrenal gland after heparin 
(1,000 1.0./kgm.) had been injected into both the 
maternal and foetal circulations. The left splanchnic 
nerve was cut and, when necessary, the peripheral 
end stimulated from an induction coil. Asphyxia 
was induced by ligation of the umbilical cord; a 
mask placed over the mouth of the foetus prevented 
distension of the lungs or respiratory.exchange. The 
adrenaline and noradrenaline content of the blood 
and of the adrenal glands was estimated by the 
method of Vogt’. 

The resting level of adrenaline and noradrenaline 
secretion from the denervated adrenal medulla is 
normally very low*; this was confirmed for the 
foetallamb. After ligation of the umbilical cord, large 
amounts of the sympathomimetic amines appeared 
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Fig. 1. Adrenaline and noradrenaline output and content of fœtal - 

adrenal glands in the shep: The percentage of adrenaline is given 

above each histogram. Black, noradrenaline; white, adrenaline, 

* One experiment: other figures ate means of two or more experi- 
ments 
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in the foetal adrenal effluent blood. Both adrenaline 
and noradrenaline were released, but noradrenaline 
was invariably predominant, irrespective of the age 
of the fetus (Fig. 1, a). This discharge from the 
foetal adrenal medulla continued until the foetal 
heart stopped which, in the majority of experiments, 
was about 10-15 min. after ligation of the umbilical 
cord. 

The characteristically high concentration of nor- 
adrenaline in the foetal adrenal blood during asphyxia 
is in marked contrast to the response obtained during 
stimulation of the left splanchnic nerve. With this 
stimulus the ratio of adrenaline to noradrenaline in 
the adrenal effluent blood corresponded to that in 
the gland. Thus when, in the last part of pregnancy, 
adrenaline became the major sympathomimetic 
amine in the adrenal gland of the foetal lamb, it also 
became the dominant amine in the adrenal effluent 
blood during stimulation of the splanchnic nerve 
(Fig. 1, b, c). 

The left splanchnic nerves were cut in the present 
experiments, and thus the response of the fetal 
adrenal to asphyxia cannot be attributed to a reflex 
discharge similar to that-reported in the adult? 
Only a trace of sympathomimetic amines was detected 
in arterial blood samples taken after umbilical cord 
occlusion. It is therefore improbable that the right 
adrenal of the foetus, which retained its splanchnic 
innervation, contributed to the high concentration 
of these amines in the effluent blood from the left 
gland. This sensitivity of the footal adrenal medulla 
to asphyxia may be particularly important in those 
species, such as the cat and dog®:?° and the rabdbit?!, 
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in which the reflexes mediated by the autonomic 
nervous system are not as well developed at birth 
as those of the lamb. 
R. 8. COMLINE 
MABIAN SILVER 
Physiological Laboratory, 
Cambridge. 


Baa aN J., “Researches in Prenatal Life’ (Blackwell, Oxford, 
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Effect of Two Extreme Temperatures 
on Growth and Tail-length of Mice 


Eacw of six mouse litters (taken from mice 
that had spent their pregnancy period in the cold 
environment of 50° + 5° F.) was divided into two 
nearly equal groups A and B at weaning time. 
Group A was kept in the original cold environment 
and the other group, B,-was transferred to the hot 
environment of 92° + 1° F. 

At the age of 7 weeks, that is, after four weeks in 
the hot room, all mice were weighed and the length 
of tail was measured between the tip of the tail and 
the point where the hair on the body ends, that is, 
the naked more or less hairless tail which was com- 
pletely exposed to the environmental conditions. 

Table 1 shows the mean body-weights of mice at 
weaning time and at 49 days old. 


Table 1 


Sex 


Males (19 
Females (21) 


Males (8) 
Females (11) 
Males (10) 
Females (8) 


Mice T 
At 21 days 


Mean weight (gm.) 


7°38 + 1°60 
7°47 + 1-40 


Group A*] [ 
Group Bt 





* After seven weeks in the cold environment. 
f Three weeks in the cold environment, followed by four weeks in 
the hot environment. 


At 49 days, the mean lengths of tail were: Group 
A-(20 mice), 6:75 + 0:65 cm.; Group B (18 mice), 
7:92 + 0-55 cm. 

The results obtained showed that mice when raised 
in & cold environment grew normally, but when the 
‘ environment was changed from the cold to a hot 
one, this growth was retarded. With regard to the 
effect on length of tail, it is obvious that the high 
temperature caused an increase in the length of tail 
as compared with the cold environment although both 
groups of mice were brothers and sisters from the same 
litters. This appears to be a reaction for increasing or 
decreasing the body surface area to facilitate either 
heat loss or heat conservation respectively. 

M. A. EL-R. ASHOUB 


Veterinary Hygiene Department, 
Faculty of Veterinary Medicine, i 
University of Cairo, 
Giza. Oct..29. 
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An Acid-fast Bacillus isolated from the 
' Lungs of the Cape Hyrax, Procavia 
capensis (Pallas) 


In August 1954 a large epitheloid granuloma 
containing acid-fast bacilli was observed in a lung 
from Cape hyrax (locally known as ‘dassie’). This 
particular animal had been received from New 
Bethesda, a small village in the north-eastern region 
of the Cape Province. 

A further 86 ‘dassies’ from the New Bethesda 
district were examined, and granulomatous lesions 
were found in the lungs of four animals. The infected 
animals all came from the same farm. Material 
from these lungs was injected intraperitoneally and 
subcutaneously into further ‘dassies’. One of these ~ 
animals developed a caseous inguinal lymph gland 
containing numerous acid-fast bacilli. This caseous 
material was planted on various culture media, and 
after four months one of us (G. B.) succeeded in 
isolating an acid-fast organism in pure culture on 
Dorset’s egg medium. 

Morphology and cultural characteristics. The iso- 
lated organism is a Gram-positive, acid-fast, non- 
motile, slender, straight or slightly curved rod, 
measuring approximately 1-5-2. x 0-3-0-5y. Much’s 
granules are often observed. It is usually pos- 
sible to differentiate microscopically the ‘dassie 
bacillus’ from the vole bacillus, particularly in arti- 
ficial culture. 

The organism grows slowly on ordinary myco- 
bacterium media, although Dorset’s egg medium is 
superior. The addition of 5 per cent glycerin does 
not benefit the organism. It grows better at 37° C. 
than at 26° C. Visible growth in primary culture 
usually occurs after 3-4 weeks incubation, whereas 
in subculture it may develop in approximately a week. 

The colonies are of two types ; one is small, round, 
raised, matt, regular, almost white; the other type 
is considerably larger, flat, irregular and with a 
raised centre. The differentiation is particularly 
marked after 2-3 months of incubation. 

It survives without subculturing for at least a 
year. It is sensitive to streptomycin, rimifon and 
p-amino-salicylic acid. 

Biological features. Saline suspensions of the cul- 
ture were inoculated into ‘dassies’, rabbits, guinea 
pigs, white rats, white mice, and several varieties of 
veldt rodents. The lesions produced in these animals 
were very similar to those produced by the vole 
bacillus! (Mycobacterium muris, Wells, 1937). In 
view of this*, series of Mysiromys albicandatus, 
guinea, pigs and white mice were inoculated with 
comparable doses of vole bacillus and ‘dassie bacillus’ 
respectively. The lesions, after intramuscular inocu- 
lation into Mystromys and guinea pigs, were of two 
types: local abscess formation and generalization. 
The lesions produced by the vole bacillus were far 
more severe than those produced by the ‘dassie ' 
bacillus’, but the animals invariably recovered. In 
white mice, however, the vole bacillus on intravenous 
inoculation produced a progressive fatal pneumonia. 
In contrast, those inoculated with ‘dassie bacillus’ 
developed an early generalized miliary infection 
which regressed. The animals still appeared healthy 
five months later. 

In conclusion, the ‘dassie’ bacillus shares mor- 
phological, cultural and biological characteristics with 
the vole bacillus. Further studies are being under- 
taken to determine whether the ‘dassie’ bacillus 
should be classified as an almost non-virulent variant 
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of the vole bacillus, or if it should be considered a 
new species. 
J. C. WAGNER 
G. BUCHANAN 
V. BOKKENHEUSER 
SHIRLEY. LEVISEUR 


South African Institute for Medical Research, 
Hospital Street, Johannesburg. 
Oct. 16. 


! Wells, A. Q., Med. Res. Council Spec. Rep. Ser. No. 259 (1946). 


* Grasset, E., Murray, J. F., and Davis, D. H. S., Amer. Rev. Tuberc., 
53, 427 (1947). 


Microbial Growth Stimulants in Spleen 


PREVIOUS studies have revealed that rabbit spleen 
contains unidentified,’ water-soluble substances that 
are growth stimulatory for Escherichia coli}, and also 
that beef spleen yields heat-resistant, water-soluble 
extractives stimulatory for species of pathogenic 
fungi?. A blood agar medium incorporating aqueous 
spleen infusion was formulated for the isolation of 
pathogenic fungi at 37° C.?. The stimulatory effects 
of spleen extracts on the growth of micro-organisms 
in chemically defined culture media has been in- 
vestigated by us. 

We have found that bovine spleen contains an 
active growth-factor which is highly stimulatory for 
the growth of a variety of micro-organisms when 
tested in several chemically defined culture media. 
Some of the species include the yeasts, Candida 
albicans, Cryptococcus neoformans and Saccharomyces 
cerevisiae ; the protozoa, Ochromonas malhamensis 
and Tetrahymena pyriformis; and the bacterium, 
Lactobacillus casei. A preliminary purification proce- 
dure of the spleen factor was accomplished by 
following photometrically the turbidimetric growth 
response of a vitamin-depleted strain of C. albicans 
in a chemically defined liquid culture medium. 

One kgm. of fresh, de-encapsulated and de-fatted 
beef spleen was thoroughly ground and mixed with 
2 1. of distilled water. The resulting mixture was 
infused at 50° C. for 1 hr, occasionally agitated, and 
then rapidly heated to 80° C. for 5 min. in order to 
coagulate heat-precipitable proteins. The hot mix- 
ture was filtered through a layer each of towolling, 
gauze and cotton. The filtrate was cooled to 10° C. 
to congeal any remaining fat, which was removed 
by filtration through paper. The latter filtrate was 
autoclaved at 121° C. (15 lb.) for 15 min. in order 
to produce additional protein coagulation. Auto- 
claving did not reduce the growth-stimulatory effect 
of the spleen infusion for C. albicans. One litre of 
aqueous crude spleen extract, which had a pH of 6-8, 
was lyophilized and 23-5 gm. of a tan amorphous 
powder was obtained. This powder was extracted 
with one litre of anhydrous methanol at 20° C. for 
15 min. The methanol-insoluble residue was micro- 
biologically inactive for C. albicans and therefore was 
discarded. ‘The amber-coloured, methanol filtrate 
which contained the active principle was mixed in a 
separatory funnel with an equal volume of pentane 
(Eastman technical) at 20° C. and shaken gently and 
intermittently for 10 min. An inactive, white floc- 
culent precipitate which formed in the lower methanol 
layer was discarded together with the inactive 
pentane layer. The methanol fraction was reduced 
in volume in an all-glass distillation apparatus in 
vacuo at 60° C. and then dried over a steam bath 
until dark brown solids weighing 9:36 gm. were 
obtained. ‘These were dissolved in double-distilled 
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water and dialysed for 2, 8, 12 and 36 hr. at 5° C. 
through transparent, seamless, cellulose dialyser 
tubing (Thomas 4465 A,) in a stationary water bath 
of double-distilled water. The four separate dialysates 
were combined, then concentrated in vacuo at 60° O. 
and lyophilized, yielding 6-66 gm. of light brown, 
hygroscopic solids. When these solids were assayed 
in a cheinically defined liquid medium with a vitamin- 
depleted strain of C. albicans, they produced charac- 
teristic dose response growth-curves which showed 
an average half-maximal value of 35 ugm./ml. 

The active growth-factor is soluble in water, 
methanol, ethanol and other alcohols, but is insoluble 
in diethyl ether, chloroform and pentane. In aqueous 


_ 80lution, the factor is unaffected by boiling, freezing 


or by autoclaving at 121° C., the latter in the presence 
or absence of dilute hydrochloric acid. Dry solids 
are stable for at least one year when maintained in a 
desiccator at 5° C. The spleen factor is also stable in 
methanol solutions. Studies embracing the further 
purification and characterization of the stimulatory 
substance, as well as its relationship to known water- 


soluble vitamins, are in progress. These will be Y 

described in later publications. = Qip 
M. L. LITTMAN 3 = § 

Department of Microbiology, = 

Mount Sinai Hospital, OP 

New York 29. Cà 

MIcHAEL A. Prsanos “© 

Department of Biology, S T 
St. John’s University, o 
Brooklyn 6, New York. s 

1 Stapleton, G. B., Sbarra, A. J., and Hollaender, A., J. Bact., 707 76° 


2 Littman, M. L., Amer. J. Clin. Path., 25, 1148 (1955). 


Amino-acid Composition of Sclero-protein 
of the Sponge Hippospongia equina 

WE have applied the method of paper partition 
chromatography to ascertain qualitatively the detailed 
amino-acid constitution of spongin, using the com- 
mercial unbleached honeycomb sponge, gathered in 
the eastern Mediterranean Sea. Our results differ in 
important respects from those of Low!, who used 
this method to investigate the amino-acid constitution 
of the barium hydroxide hydrolysate of the sponge, 
Spongia officinalis obliqua, collected in the Gulf of 
Mexico. 

We have examined both acid and alkaline hydroly- 
sates of the sponge, previously washed with water 
and air dried. The acid hydrolysate was preparéd by 
heating the sponge under reflux for 8 hr. with equal 
parts hydrochloric acid (6 N) and formic acid (85 per 
cent), while the alkaline hydrolysate was obtained 
by heating under reflux for 8 hr. with saturated 
barium hydroxide solution. The solvents and various 
location agents were all prepared according to 
Smith?, while this author’s dipping technique was 
also used. Yor final confirmation all the spots were 
extracted and run as one-way chromatograms 
against known standards. l 

The amino-acids identified in the acid and Hy 

© 
relative intensity of the amino-acid spots is indicated 
by representing strong as + + +-+ and weak as +. 

Tryptophan was confirmed with the Ehrlich 
reagent; tyrosine and histidine with the diazo 
reagent ; iodinated tyrosines with ceric sulphate- 
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Table 1 
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Serine 
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Tryptophan 
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arsenious acid?. Two very faint spots which could 
not be identified appeared in the chromatograms of 
the acid hydrolysate after dipping in ninhydrin. 
Spot A was characterized by an Rp of 0-23 in butanol/ 
acetic acid and 0-63 in phenol/ammonia: spot B 
gave values of 0-25 and 0-82 in the corresponding 
solvents. Spot B (see above) together with two other 
very faint spots C and D were also observed in 
chromatograms of the alkaline hydrolysate. Spot C 
had Ep values of 0-16 and 0-62 and spot D 0-35 
and 0:73 respectively in butanol/acetic acid and 
phenol/ammonia. 

All the amino-acids identified by earlier workers 
were confirmed except «-aminobutyrice acid, dibro- 
motyrosine and methionine found by Low’. No 
signs of these compounds could be detected, while 
oxidation of the valine spot with hydrogen peroxide 
failed to reveal any methionine. Contrary to Low’s 
findings 3-iodotyrosine could not be detected in the 
alkaline hydrolysate, although it was identified in the 
acid hydrolysate. Considered ‘together with the 
absence of 3 : 5-diiodotyrosine in the acid hydrolysate 
it is probable that the monoiodo-compound was 
present as an artefact. 

We thank Mr. L. Nidditch, chairman, for laboratory 
facilities and the Brewing Industry Research Founda- 
tion for supplying quantities of ornithine and 
Y-aminobutyric acid. 

J. SAPER 
W. E. WHITE 
The Laboratory, 
The Ely Brewery Co. Ltd., 
Cardiff. 
Oct. 29. 
1 Low, E. M., J. Mar. Res., 10, 239 (1951). 
2 Smith, I., Ph.D. thesis, University of London (1955). 
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: Fluorescence of the Crystalline Lens and 
Electroretinographic Sensitivity 
Determinations 


Ir is generally assumed that the human lens acts 
like a colour filter in front of the retina, reducing the 
sensitivity in the short wave-length region of the 
spectrum. In isolated lenses, absorption depends 
both on wave-length and on the age of the subject. 
Comparison of sensory spectral sensitivities of normal 
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Fig. 1. Average spectral sensitivity of two aphakic eyes (filled 
circles), one normal eye, age 26 (open circles), and one normal 
eye, age 61 (crossed circles) as determined by measurement of 
energies producing scotopic b-waves of constant size (200 uV.). 
Spectrum of equal quantum intensity ; values in terms of 497 myu 
at 100 per cent. The curves represent spectral sensitivity of rod 
vision in an area 8° above the foveain the normal (lower part) and 
aphakic (upper part) eye as ceria tei psychophysically by Wald 
ref, a 


and aphakic (lensless) eyes has yielded information 
on the absorption of the lens în vivol. We have 
obtained comparable information, using the electro- 
retinogram as an index when untrained subjects are 
tested. 

In order to lower the spectral limit from 400 to 
341 mu, a xenon high-pressure lamp and double- 
interference filters were used for stimulation. The 
filters were caréfully selected to ensure both sufficient 
intensity and monochromasy (for details see ref. 2). 
A series of experiments was carried out on aphakic 
eyes of two subjects, 26 and 37 years old respectively, 
and on the normal eyes of two other subjects, 26 and 
81 years old respectively. Tho average relative 
spectral sensitivities were calculated from the relative 
number of quanta eliciting b-waves of equal size, and 
their logarithms were plotted against wave-length ; 
497 mu. was chosen as reference standard. The results 
were compared with the curves for rod vision given 
by Wald? (Fig. 1). 

As regards the visible part of the spectrum, there 
has been some discussion about the reason why 
sensitivity curves derived from measurements of 
scotopic b-waves are shifted towards the blue part 
of the spectrum’. Altogether, our electroretino- 
graphic determinations in the visible part of the 
spectrum from both normal and aphakic eyes, 
show rather close correspondence to Wald’s curve. 
Peak spectral sensitivities were achieved at filter 
497 muy. 

For the ultra-violet wave-length region, the values 
obtained from aphakic eyes fit the corresponding 
psychophysical curve fairly well. No differences 
were seen between the 26- and the 37-years-old subject 
respectively. However, for the young normal subject 
the ultra-violet sensitivity lies above Wald’s curve. 
The corresponding values for the old normal eye 
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are even higher. Since the absorption of the lens 
for short wave-lengths is known to increase with age!s4, 
lower sensitivities would be expected in the older 
eye. When one observes a normal eye illuminated 
with ultra-violet light strong enough to cause a 
medium electroretinogram response, the lens appears 
as a whitish patch in a dark surround, that is, it 
fluoresces. The upper limit of the spectral region 
where fluorescence occurs lies at short wave-lengths 
in children and moves to longer wave-lengths with 
age’. It is tempting to relate these facts to the 
observed increase of spectral sensitivities, which also 
depends on age. Thus, fluorescence might account 
for the discrepancy between electroretinogram and 
sensory spectral sensitivity curves respectively. 

This view is supported by further measurements 
relating response amplitude to stimulus intensity. 
The slopes of the curves for normal eyes are steeper 
in the ultra-violet than in the visible spectrum, thus 
showing why Wald’s relative ultra-violet sensitivities 
for intact eyes are lower than those reported here. 
His values were obtained by absolute threshold 
determinations, whereas electroretinogram measure- 
ments require intensities much above the absolute 
threshold. 

This work was supported by grants from the 
Deutsche Forschungsgemeinschaft towards the cost 
of apparatus. The support of this investigation by 
the Department of Ophthalmology, University of 
Heidelberg, which referred patients with lensless eyes 
to us, is gratefully acknowledged. 


E. Dopr 
J. B. WALTHER 
William G. Kerckhoff- 
Herzforschungsinstitut 
der Max Planck—Gesellschaft, 
Bad Nauheim. 
Wad S» Docum. Ophthal., 3, 94 (1949); Amer. J. Ophthal., 40, 18 
? Dodt, E., Elektroretinographie, Hamburger Symposium 1956, 
Bibl. Ophthal., 48, 32 (1956). 
2 Weale, R. A., Brit. J. Ophthal., 40, 392 (1956). 


* Schanz, F., Pfliigers Arch., 161, 384 (1915). 
s Fronde stan W., “Der Gesichtssinn” (Berlin, Springer Verlag, 
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Effect of a Raised Peripheral Temperature 
upon the Rate of Regeneration in a 
Mammalian Peripheral Nerve 


Ir has recently been reported! that an environ- 
mental temperature close to freezing point inhibited 
nerve regeneration in the rat’s caudal nerve after 
crush injury. In these experiments only the peri- 
pheral part of the nerve was cooled, the temperature 
of the cell body being unaltered (for details, see 
Gamble and Jha’). 

Similar experiments have now been made upon 
ten rats kept at room temperature (21—22° C.) and 
upon six kept in heated cages (35° C.). In these 
conditions the body temperatures are the same, but 
the subcutaneous temperatures in the tail differ. In 
the animals kept at 21-22° C. the subcutaneous 
temperature in the tail at a level close to the nerve 
injury was found to lie between 27° C. and 30° C. 
In the animals kept at 35° C., subcutaneous tem- 
peratures in the tail ranged between 32° C. and 36° C. 
It is likely, however, that during much of their 
sojourn in the heated cages subcutaneous temperatures 
of these animals lay between 35° C. and body tem- 
perature (36—-39° C.). 
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Where the caudal temperature lay between 27° 
and 30° C. only equivocal evidence of remyelination 
was found when survival lasted 15-19 days after 
nerve crush (five animals). Many fibres showed 
double, wavy osmophilic lines, suggestive of cylinders 
of rather variable calibre, separated longitudinally 
by gaps of variable extent. It seemed reasonable to 
suppose that these cylinders represented very early 
stages in the process of remyelination. It was not 
until after 21 days survival, however, that unequivo- 
cal evidence of remyelination was obtained (three 
specimens). Nodes of Ranvier were distributed 
evenly along the majority of the fibres, the internodal 
lengths being short and uniform in all fibres. This 
condition was found after only 12 days (one specimen) 
and 14 days (three specimens) where the sub- 
cutaneous temperature lay close to 35° C.; evenly 
spaced nodes of Ranvier at short intervals again 
provided unequivocal evidence of remyelination in 
the majority of the fibres. After less than 12 days 
in the heated cages, only equivocal evidence of 
remyelination was found. 

It is concluded that raising the temperature of the 
tissues through which regenerating axons pass by 
some -10° C. (from 27-30° ©. to 35-87° C.) 
considerably speeds the earlier stages in the remye- 
lination of those fibres. Other work in progress in 
this Department suggests that this effect is continued 
into later maturation stages. 

The lower temperatures involved in these experi- 
ments lie well within the range found both sub- 
cutaneously and more deeply in the distal parts of 
the limbs of man. A proximodistal temperature 
gradient in the limbs might be related to Sunderland’s® 
findings that, in the longer human nerves, regenera- 
tion after inJury is more rapid in the proximal than 
in the distal parts. It seems possible, at least, that 
human nerve injuries might respond to heat treatment 
of a very simple kind by acceleration of the growth 
and maturation of regenerating fibres. 

H. J. GAMBLE 
Dept. of Anatomy, 
St. Mary’s Hospital Medical School, 
(University of London), 
Paddington, London, W.2. 
Nov. 1. 
‘Gamble, H. J., Nature, 180, 146 (1957). ’ 
* Gamble, H. J., and Jha, B. D., J. Anat., (in the press). 
? Sunderland, S., J. Neurol. Psychiat., 66, 133 (1946). 


A Method for studying separately the 
Properties of the Innervated and Non- 
innervated Membrane of an isolated 
Single Electroplax of the Skate 


Tsx cellular unit of the electric organ of the skate 
(Raja eglanteria) is morphologically similar to that of 
Hlectrophorus electricus: both have rather large 
dimensions, although the electroplax of the skate is 
smaller arid more irregular in shape; both have an 
innervated and a non-innervated membrane, the 
latter characterized by prominent digitations. There 
are, however, some differences of functional proper- 
ties. The discharge of the organ in the intact animal 
has been studied by Albe-Fessard! and that of the 
individual electroplax by Brock et al.?. 

In view of the morphological similarity of the 
electroplax of the two species, it seemed worth while 
to try to adapt a new method recently developed for 


the single isolated electro of Hlectrophorus to th 
e single iso exe Colleg p. 8 
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Fig. 1. Discharge of a single isolated electroplax from the skate 
(Raja eglanteria) before and after sa een of 0-1 wmole/ml. of 
d-tubocurarine chloride to the solution bathing the innervated 
membrane. From upper left to lower right : control; 1 and 4 min. 
after application of curare. Calibration: 5 msec., 100 mv. 


corresponding unit of the skate?-§. This method 
consists in keeping a single isolated electroplax 


between a nylon sheet containing a window adaptable. 


to the size and shape of the cell and a grid formed by 
nylon threads. The electroplax separates two pools 
of fluid, one of them bathing the innervated, the 
other the non-innervated face. Ion movements 
across the two types of membranes may be studied 
separately, and the electrical activity may be recorded 
with either extra- or intra-cellular electrodes. By- 
passing of ions has been excluded. Electrical activity 
remains unchanged for 6-8 hr. This method has 
now been adapted with minor modifications to the 
isolated single electroplax of the skate. 

Fig. 1 shows the electrical activity recorded with 
extracellular electrodes and the effect of d-tubo- 
curarine chloride (0-1 pmole/ml.) in the solution 
bathing the innervated site. The cell discharges in 
response to an electric stimulus with a latency period 
of about 3 msec. The amplitude of the response is 
about 30 mV. with a duration of 15-20 msec. Curare 
completely abolishes the response within 4 min. 

The characteristics of the response are virtually 
the same as described by Brock et al., thus confirming 
their finding. The advantage of the new preparation 
is the possibility to test the properties of the inner- 
vated membrane independently from those of the 
non-innervated membrane. Since it has been shown5.§ 
that the two types of membranes of the electroplax 
of Electrophorus have different properties as to 
electric responsiveness, resting potential, ion move- 
ments and passive permeability, a study of the 
functionally different innervated membrane of the 
skate, now shown to be possible with the new method, 
is of obvious interest. 

This work was supported in part by the Division of 
Research Grants and Fellowships of the National 
Institutes of Health, Grant No. B—400, United States 
Public Health Service, and by the Atomic Energy 
Commission, Contract No. A7(30-1)—1503. 
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Effect of Periodic Acid on Histochemical 
Aldehyde Blockades 


Somz histochemical investigations still in progress 
required the use of an aldehyde blockade that would 
resist treatment with periodic acid and Schiff’s 
reagent. Aldehyde groups were developed in sections 
of mouse tissues by oxidation with periodic acid 
reagent’, by the Feulgen hydrolysis, or by carrying 
out these reactions successively on the same sections. 
Then, after blockading with hydroxylamine reagent?, 
aniline hydrochloride*, phenylhydrazine reagent‘, or 
0-4 per cent w/v 1-dimethylcyclohexane-3 : 5 dione, 
the preparations were treated for 5 min. with the 
periodic acid reagent, which was followed by Schiff’s 
reagent (E. Gurr, Ltd.) for 15 min. 

Hydroxylamine blockade failed to resist treatment 
with periodic acid,-and the sections stained with 
Schiff’s reagent in the same manner as controls. By 
varying the time of initial treatment with periodic 


. acid it was found that the staining of blockaded 


preparations could not be due to generation of addi- 
tional aldehyde at sites where the initial oxidation 
might have been incomplete ; hence, it seemed that 
periodic acid must be liberating aldehydes from 
aldoximes at the sites blockaded. Since there was 
no staining when 0-1 N hydrochloric acid was 
substituted for periodic acid after blockade, aldehyde 
liberation evidently was not due to acid hydrolysis 
alone. In some experiments with aldehydes developed 
by Feulgen hydrolysis, by treating sections with 
hydroxylamine and periodic acid alternately in series, 
the blockade could be broken down and reformed 
repeatedly. 

Blockades with aniline and phenylhydrazine were 
resistant to periodic acid, except in the case of 
elastic membranes of blood vessels, which were 
stained strongly with Schiff’s reagent. When 0-1 N 
hydrochloric acid was substituted for periodic acid 
after blockade, these membranes were stained just 
perceptibly. In all cases, this staining of elastica could 
be prevented by interposing a hydroxylamine block- 
ade before Schiff’s reagent. 

1-Dimethyleyclohexane-3 : 5-dione did not block 
the reaction of aldehydes with Schiff’s reagent at all 
sites ; but where blockade was effective it was also 
resistant to periodic acid. 

These results may be compared with those of 
Lillie’, who found that 1 per cent periodic acid could 
liberate aldehydes at sites previously blocked with 
cyanide. However, his observation that blockades 
with aniline and phenylhydrazine were completely 
resistant to periodic acid apparently needs some 
qualification. Furthermore, it seems that when 
interpreting results of the periodic acid—Schiff reaction 
one must now envisage that some part of the staining 
may arise from the action of periodic acid on com- 
pounds having reactive groups analagous with the 
aldehyde condensation compounds that can be 
attacked by this reagent. 

P. H. STAPLE* 

Department of Physiology, 

Medical School, 
Birmingham, 15. 

* Present address: Medical Research Laboratories, Charing Cross 
Hospital, London, W.C.2. ' 

* Hotchkiss, R. D., Arch. Biochem., 16, 131 (1948). 


? Pearse, A. G. E., “Histochemistry, Theoretical and Applied” (Chur- 
chill, London, 1953). 


1 Lillie, R. D., “Histopathologic Technic and Practical Histochem- 
istry” (Blakiston, New York, 1954). 


t Lessler, M. A., J. Histochem. Cytochem., 4, 36 (1956). 
* Lillie, R. D., J. Histochem. Cytochem., 4, 479 (1956). 
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A. Quantitative Study of Stasigenesis 
in Fissipede Carnivores 


In the course of quantitative evolutionary studies 
on the dentition of fissipede carnivores we? have 
recently published a paper utilizing two angular 
measurements, x measuring the relation.of protoconid 
height and talonid length in lower M, and B the 
relation between total length and protocone height 
in upper P,. Graphic representation on Cartesian 
co-ordinates of the two values thus obtained for a 
number of species shows that the relative position of 
the values of « and B has an important biological 
significance, since it reveals the general phylogenetic 
tendencies of the group and its con- 
stituent sub-groups, and is in close 
agreement with the qualitative find- 
ings of taxonomy. 

We are now continuing the work 
utilizing linear measurements. In 
the lower jaw of the Fissipedia we 
distinguish three regions of different 
functional significance. P includes 
the premolar series up to the para- 
conid of M,; OC measures the 
small sector from here to the 
protoconid of the same tooth ; and 
T includes the remainder of the 
molar series. The different types 
of specialization found in fissipede 
carnivores are reflected in the very 
diverse magnitudes of these three 
regions, and when plotted reveal a 
pattern of points representing the 
species concerned. ‘These are dis- 
tributed around a central zone with 
a regularity capable of calculation. 
The parameters of the three regions, 
expressed in percentages, have been 
plotted with triangular co-ordinates 
in Fig. 1. 

This graph reveals some striking 
similarities with that obtained from 
the values of œ and 8, and, at the 
same time, some notable differences. 
The variations in the values of P, C 
and T show that the amplitude is 
smaller for P. The radiation of 
fissipede carnivores from the time 
of its inception involved variations 
in the regions C and T. Only two 
families, the Ursidae and Hyaen- 


idae, show specialization involving a 
variation in the value of P. 
Paleontological’ research has 


shown that these two families are of 
comparatively recent origin, and 
that they were not differentiated in 
the initial phase of carnivore evolu- 
tion from a basal form such as 
Cynodictis, which is considered as 
an ideal ancestor of the group 
(synthetotype) because of its gen- 
eralized condition and its central 





position in the graph. 
Progressive differentiation in ac- CREODONTA 
cordance with the idea of cosmolysis Fig. 2 


propounded by Blanc? results in the 
belated appearance of types capable 
of filling new ecological niches. 
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(‘Cosmolysis’ is a term proposed by A. C. Blanc to 
denote the process of demixture and segregation” of 
characters in an originally homogeneous population 
leading to the production of progressive heterogeneity 
and distinct groups, with particular reference to the 
origin of the different races of man (‘anthropolysis’), 
on the analogy of magmatic differentiation in the 
inorganic world.) This is where variations in the 
value of P became possible. This new formation of 
families started in the Pliocene, the period that repre- 
sented the climax of fissipede evolution, after which it 
started on its stable phase of ‘stasigenesis’®. 

This process is revealed quantitatively for the first 
time in our studies of the linear values of P, C and T. 





Fig. 1. Areas obtained by plotting on triangular co-ordinates of the measurements (ex- 

pressed in percentages) of the lengths, P, premolar series to the paraconid of M, ; C, from 

the paraconid to the protoconid of M,; snd T, the remainder of the premolar series, in 

133 species of living and fossil fissipede carnivores. The dotted lines represent the upper 

limits of the areas occupied by the different species. The broken lines are the co-ordinates 

of the synthetotype, Cynodictts. E-O, Eocene-Oligocene; A-B, Aquitanian-Burdigalian ; 
Y, Vindobonian; P-P, Pontian—Pliocene; Q, Quaternary 


STASIGENETIC 
PHASE 





A-8& 


Graph expressing the same data as Fig. 1, plotted on Cartesian co-ordinates. 
As ordinates, the amplitude of the variations expressing the increase in size of the areas 
of Fig. 1; as absciss#, time expressed in absolute units. 
separation of the basal families from those of the Ursidae and Hyaenidae, the additive 


The broken line indicates the 


character of which is clearly shown 
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The rate of increase in the area shown on the graph, 
representing fissipede evolution, changes in the 
Vindobonian, and the values obtained when repre- 
sented as co-ordinates plotted against time provide a 
graphic expression of this phenomenon (Fig. 2). 


M. CRUSAFONT-PAIRÓ 
J. TRUYOLS-SANTONJA. 


Instituto Lucas Mallada, 
Sabadell, Spain. 


echt M., and Truyols-Santonja, J., Evolution, 10, 314 
1956). ; 


® Blanc, A. C., Riv. Antrop., Rome, 84, 179 (1943). 
* Huxley, J. S., Nature, 180, 454 (1957). 


Induction of Triploidy in the South Africen 
Clawed Frog, Xenopus laevis (Daudin) 


WHEN amphibian eggs are exposed to a temperature 
shock a few minutes after fertilization, the second 
maturation division may be suppressed, and, by 
fusion of the haploid sperm with the diploid egg 
nucleus, triploid embryos may result4?. In the 
earliest experiments of this type prolonged treatment 
with low temperatures (0° to +3° C.) was employed 
on eggs of Triturus viridescens®, but exposure of 
freshly laid eggs to a hot shock varying from 35- 
37° C. for from five to fifty minutes was found to be 
equally effective in this species‘. These techniques 
have since been employed successfully on sevoral 
species of Urodela and Anura. To the list of triploids 
produced experimentally, Xenopus laevis has now 
been added. This Anuran species is particularly 
suitable for this research, since reproduction can be 
induced throughout the year under laboratory 
conditions, and the young are easily reared, reaching 
maturity in less than one year. l 

Mating and ovulation were induced by injection 
of chorionic gonadotrophin (‘Ciba’ Op. 776). The 
newly fertilized eggs, collected at 16-18° C., were 
submitted to a temperature shock in the range of 
34-39-5°C. This treatment, lasting 5 min., was 
applied 1-10, 10-20 or 20-30 min. after oviposition. 

The mortality attributable to the heat treatment 
increased with increased temperature. 

After about two days at 20-22° ©. the larve 
hatched and were swimming freely 2-3 days later. 
On the eighth to tenth day after hatching the tail- 
tips were amputated and made into permanent whole 
preparations according to Baltzer’s tail-tip technique'. 

To find the degree of ploidy, I counted the number 
of nucleoli per nucleus in 100 epidermal cells of each 
tail-tip, and, where possible, also determined the 
chromosome number. In this way, I was able to 
show that in this species, as in the frog and the 
axolotl’, the maximum number of nucleoli per 
nucleus corresponds to the number of chromosome 
sets. 

Triploid Xenopus laevis are best obtained from 
eggs treated within 10 min. of oviposition with a 
temperature of 36-1-36-5° C., when about 54 per 
cent of the analysable larve are triploid. Altogether 
339 triploids have been produced. Other hetero- 
ploids and chromosome number mosaics also devel- 
oped from eggs exposed to temperature shock. 

LTriploids have been reared to maturity, but final 
results concerning their growth and physiology are 
not as yet available. A triploid male, approximately 
24 years old when mated to a, diploid female, showed 
greatly reduced fertility, while two other triploids of 
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the same age, showing female characters, did not 
spawn after injections of large doses of hormone. 
Gallien’, and Chang and Witschi®, showed that the 
female is heterogametic in this species. It appears, 
therefore, that the triploid homogametic males can 
be fertile, while the heterogametic triploid females 
have failed so far to produce eggs. 

I wish to thank Prof. R. Meier (Chemical Industry, 
Basle) for the chorionic gonadotrophin used in this 
experiment. I am very grateful to Dr. M. Fischberg 
for his advice and interest in this work. 


SHEILA SMITH 


Department of Zoology and 
Comparative Anatomy, 
University Museum, 
Oxford. 
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* Fankhauser, G., and Griffiths, R. B., Proc. U.S. Nat. Acad. Sei., 
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29, 344 (1943). 

? Gallien, L., Bull. Biol., 40, 168 (1956). 
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Epimorphic Regeneration during 
Hibernation 


Ir has always been considered that certain factors 
must be present for normal epimorphic regeneration, 
and increase in temperature and certain metabolic 
activities are primary conditions which accompany 
regeneration. 

An adult female tortoise of that species most. 
commonly imported into Great Britain from north- 
west Africa and south-east Spain, Testudo graeca 
graeca L., was noted in the summer of 1954 to have 
& necrotic condition of the mental and first infralabial 
cephalic scales, this condition increasing to destruc- 
tion of the larger part of the two dentary bones which 
constitute the distal part of the lower jaw. The tor- 
toise lived through a spasmodic hibernation and was 
seriously handicapped the following summer, being 
prevented from normal mastication. The oral cavity 
was thus open to the exterior by this wound as the 
distal part of the lower jaw was now destroyed. 

At the commencement of the second hibernation 
in 1956 the extent of the wound was some 4 mm. in 
length. While still in hibernation it was noticed 
that there had been closure of the ends of the wound. 
By the completion of hibernation two months later 
there was complete regeneration of the formerly 
affected parts of the lower jaw. 

This example of epimorphic regeneration is of 
interest in that it occurred during hibernation and 
thus the temperature, oxygen and food levels were 
lower than those necessary for activity and voluntary 
response, the latter being associated with hibernation 
in poikilothermic animals. The total period occupied 
some twenty-three weeks, and of this time the 
pre-tissue regeneration stage took three quarters. 
This is approximately the time ratio for amphibian 
epimorphic regeneration. 

Timotsay J. Hunt 


c/o Zoological Society of London, 
Regent’s Park, . 
London, N.W.1. 
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FORTHCOMING EVENTS 


Monday, January 27 


INSTITUTION OF ELECTRICAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SEOTION (at Savoy Place, London, W.C.2), at 5.80 p.m.— 
Informal Evening on “An Enquiry into the Specification of Tran- 
sistors”. Talk by Mr. F. F. Roberts. 


Tuesday, January 28 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
8.W.1), at 5.80 A at aes W. Fillingham Brown . J. C. Wylie, Mr. 
G. E. G. y and Mr. J. Longwell: Formal Discussion on 
“The Disposal of Towns’ Wastes”. 


INSTITUTION OF ELECTRICAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.80 p.m. 
—Symposium on “Long-Distance Propagation above 30 Mo.js.”. 


WOMEN’S ENGINEERING SOOIETY, LONDON BRANOH (at the Central 
Electricity Authority Headquarters, Winsley Street, London, W.1), 
at 6.45 p.m.—Mr. C. G. Barlow: “Food Instrumentation”. 


Wednesday, January 29 


ROYAL SOOTY oF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.80 p.m.—Prof. A. R. Ubbelohde, F.R.S, : “The Marriage 
of Art and Science”, 


INSTITUTION OF ELECTRICAL ENGINEERS, SUPPLY SECTION (at 
ahs Place, London, W.C.2), at 5.30 p.m.—Mr. J. L. Douglas and 
Mr. A. W. Stannett: “Laboratory and Field Tests on 182 kV. Con- 
denser Bushings”. 


INSTITUTION OF MEOHANIOAL ENGINEERS, EDUCATION GROUP (at 
1? Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Dis- 
cussion on “To What Extent Should Students be Penalized for Bad 
English in Natlonal Certificate Examination Papers ?” 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygtene and Tropical Medicine, Keppel Street, Gower Street 
London, W.C.1), at 6.30 p.m.—Mr. I. Maddock: “Ultra-High-Speed 
Oscillography’’. 


Thursday, January 30 


ROYAL SoorsTy (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Mr. L. H. Finlayson and Prof. O. Lowenstein, F.R.S. : 
“The Structure and Function of Abdominal Stretch Receptors in 
Insects”; Mr. E. J. Denton and Miss Mary Ann Walker: “The 
Visual Pigment of the Conger Eel”. - 


LINNEAN SooretTy oF LONDON (jointly with the SYSTEMATIOS 
ASSOCIATION, at Burlington House, Piccadilly, London, W.1), at 
5 p.m.—Meeting on “The Higher Taxonomic Group”, opened by 
Mr. E. J. H. Corner, F.R.S., and Dr. A. J. Cain. 


Friday, January 31 


ROYAL ASTRONOMICAL SOOTY (at Burlington House, Piccadilly 
London, W.1), at 4.15 p.m.—Geophysical Discussion on “Geochemical 
and Radiometric Methods of Surveying”. Chalrman: Sir William 
Pugh. Speakers: Mr. 8. H. U. Bowle, Dr. W. Bullerwell, Dr. J. E. T. 
Horne and Mr. J. 8. Webb. 


INSTITUTION OF MECHANICAL ENGINEERS (General Meeting in con“ 
junction with the INTERNAL COMBUSTION ENGINE GROUP, at 1 Bird- 
cage Walk, Westminster, London, S.W.1), at 6 p.m.—Dr. W. Rizk: 
‘Some Experimental Studies of the ng Processes and Flow 
Configuration in 2-Cycle Engine Scavenging”. 


INSTITUTION OF CHEMIOAL ENGINEERS, GRADUATES AND STUDENTS 
SECTION (at Caxton Hall, Westminster, London, S.W.1), at 8.30 p.m, 
—Mr. P. W. Mason: “Instrumentation in the Chemical Industry”. 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with Brighton Technical Oe Chemical Society, at Brighton Tech- 
nical College), at 7 p.m.—Mr. F. A. Paine: “Some Chemical Aspects 
of Packaging”. 


BRITISH GLACIOLOGICAL SoorktTy (joint meeting with the CAM- 
BRIDGE UNIVERSITY METEOROLOGICAL Soolety, in the Geography 
Department, Downing Place, Cambridge), at 8.80 p.m,—Mr. G. 
Manley and Mr. C. D. Ovey: “Some Aspects of Climatic Change”, 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Sir Lawrence Bragg, F.R.S.: “Gemstones”. 


Saturday, February | 


BRITISH INTERPLANETARY SOCIETY (in the Tudor Room, Caxton 
Hall, Caxton Street, London, 8.W.1), at 6 p.m.—Dr. N. H. Langton: 
‘“Moteoric Hazards to Space Flight”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

DEMONSTRATOR IN Puysics—The Registrar, The Manchester 
College of Science and Technology, Manchester 1 (January 31). 

ASSISTANT PHYSICIST (with a good honours degree in physics) IN 
THR PHYSICS DEPARTMENT of the Sheffield National Centre for Radio- 
therapy—The Secretary, Sheffeld Regional Hospital Board, “Broom 
Cross”, Tree Root Walk, Sheffield 10 (February 1). 

HEAD OF THER CHEMISTRY DEPARTMENT—The Registrar, College 
of Technology, Suffolk Street, Birmingham 1 (February 7). 
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MATHEMATIOIAN paper a Experimental” Officer grade), to work 
in the Agricultural Research Council statistical group dealing with a 
wide range of agricultural subjects—The Secretary, School of Agri- 
culture, The University, Downing Street, Cambridge (February 7). 
ASSISTANT LECTURER or LECTURER IN PURE MatHEMATICS—The 
strar, The University, Nottingham (February 8). 
SISTANT LECTURER or LECTURER IN StaTistios—tThe Secretary, 
The University, Exeter (February 8). 

DEMONSTRATOR (with a a eb in agriculture) IN AGRICULTURE, 
for duties on the University Farms—The Registrar, The University, 
Leeds 2 (February 10). 

ANALYST (B.Sc., B.Se.(Agr.), or equivalent, with emphasis on 
chemistry) AT YANCO EXPERIMENTAL Farm, Department of Agri- 
culture, New South Wales, for duties which include research and routine 
chemica. work associated with iar aide problemi TaS Agent- 
cen for New South Wales, 56 Strand, London, W.C.2 (febru- 
ary 12). 

SENIOR TECHNICIAN (A.I.M.L.T. or equivalent qualification, and 
preferably with experience in museum and histological techniques) 
IN THE DEPARTMENT OF ANATOMY, University College, Ibadan, Nigeria 
—tThe Secretary, Inter-University Council for Higher Education Over- 
seas, 29 Woburn Square, London, W.C.1 (February 12). 

ASSISTANT LECTURER (with an honours degree in psychology and 
additional training or experience in clinical psychology) IN CLINICAL 
on Regis , The University, Manchester 13 (Febru- 

ECTURER IN PSYCHOLOGY at the University of Sydney, Australia 
—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, February 15). 

RESEARCH ASSISTANT or JUNIOR FELLOW IN AERONAUTIOAL 
ENGINRERING—The Registrar and Secretary, The University, Bristol 
(February 15). 

RESHARCH BIOCHEAIST (with a university honours degree in science, 
with biochemistry as a major subject, plus a knowledge of micro- 
biology and some postgraduate research experience) at the Regional 
Pastoral Laboratory, Division of Animal Health and Production 
(C.S.I.R.0.), Armidale, N.S.W., Australia, to join a team of scientists 
investigating the chemical, biochemical, agronomic and nutritional 
aspects of a general programme concerned with the utilization and 
management of pastures—Chief Scientific Liaison Officer, Australian 
Scientific Liaison Office, Africa House, Kingsway, London, W.C.2, 
quoting Appointment No. 208/104 (reorua 15). 

SCIENTIFIO OFFICER (with a first- or second-class honours degree 
in physics, chemistry or chemical engineering) AT THE WATER POLLU- 
TION RESEAROH LABORATORY (D.S.I.R.), Stevenage, Herts, to under- 
take (a) laboratory studies and theoretical consideration of settlement 
of flocculating and trite are sf solid particles in quiescent and 
flowing aqueous media, and (b) laboratory and pilot plant studies 
of influence of design of sedimentation tanks on flow of liquid through 
such tanks and on settlement of suspended particles—The Ministry 
of Labour and National Service, Technical and Scientific Register (K), 
26 King Street, London, 8.W.1, quoting F.3/8A (February 15). 

U.S. RUBBER COMPANY POSTGRADUATE RESEARCH STUDENT (with 
a good honours degree including chemistry) to read for a higher 
degree, working on cationic polymerization under the direction of 
Dr. P. H. Plesch—The Registrar, University College of North Stafford- 
shire, Keele, Staffs (February 22). 

LECTURER IN STATISTIOS—The Secretary, The University, Aber- 
deen (February 24). : ah 

ASSISTANT LECTURER or LECTURER (with special qualifications in 
mathematical statistics and some interest in industrial and engineer- 
ing applications) IN THE MATHEMATICS DEPARTMENT—Head of the 
Mathematics Department, Imperial College of Science and Technology, 
London, S.W.7 (February 28). 

CHAIR OF GEOGRAPHY tenable at the London School of Economics 
and Political Science—The Academic Registrar, University of London, 
Senate House, London, W.C.1 (February 28). 

DIRECTOR OF THE ZOOLOGICAL PARK, Auckland, New Zealand— 
New Zealand House, 415 Strand, London, W.C.2, or The Town Clerk, 
Town Hall, Auckland, New Zealand (February 28). 

LECTURER or ASSISTANT LECTURER IN PsyoHOLOGY—The Registrar, 
The University, Hull (February 28). | 

RESEARCH SPECTROSCOPISTS (2) (with a university degree of M.Sc. 
or Ph.D. in chemistry or physics, andfpreferably with some research 
experience in the general field of spectroscopy) IN THR DIVISION OF 
INDUSTRIAL CHEMISTRY (0.S.1.R.0.), Fisherman’s Bend, Melbourne, 
Australia, to work on the following research topics: (a) developmen 
of the field of atomic absorption spectroscopy and its application to 
theoretical and applied problems, and (b) experimental and theoretical 
studies of electronic and vibrational spectra of co-ordination compounds 
in relation to structure—Chief Scientific Liaison Officer, Australian 
Scientific {Liatson Office, Africa House, Kingsway, London, W.C.2, 
quoting Appointment No. 590/658 (February 28). 

WELLCOME RESEAROH FELLOW IN ZooLoay at the University 
College of Rhodesia and Nyasaland, to collaborate in work on the 
physiology of tsetse flles—The, Secretary, Inter-University. Council 
for Higher Education} Overseas, 29 Woburn Square, London, W.C.1 
(February 28). 

LECTURER IN THE DEPARTMENT OF BoTANY—tThe Secretary, The 
University, Edinb (March 1). 

GEORGE KELLEY READER IN METALLURGY—The Registrar, Univer- 
sity Registry, Oxford (March 20). 

ASSISTANT LECTURER (Grade “B”) TO TEACH ORGANIC AND GENERAL 
CHEMISTRY—The Clerk to the Governors, Northern Polytechnic, 
Holloway, London, N.7. 

LECTURER (preferably with qualifications or experience in chemical 
engineering and practical experience in radiochemical work) IN THB 
NUOGLHAR TECHNOLOGY SECTION of the Department of Chemical 
Engineering—Prof. P. V. Danckwerts, Imperial College of Science 
and Technology, London, 8.W.7. 

METALLURGIST, CHEMIST or PHYSICIST (with an appropriate degree) 
for work in the Information Department dealing with every aspect of 
the recording and transmission of information on the extraction, 
manufacture and uses of non-ferrous metals and their alloys—The 
Secretary, British Non-Ferrous Metals Research} Association, Euston 
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__ MESHAROH CHEMISTS (organic chemists with physical chemist 

interests, especially kinetics, or similar), for work on oxidation an 

ozonolytic raactlons—The Director of Research, The British Rubber 

onar Research Association, 48-56 Tewin Road, Welwyn Garden 
Y, HOrLS, 


SENIOR LABORATORY TEOHNIOIAN (male, with previous experience: 


as technician or steward in biology}—The Department of Zoology and 
Comparative Physiology, The University, Edgbaston, Birmingham 15. 

SENIOR LECTURER IN PHYSICS: a SENIOR LECTURER IN HIGH 
POLYMER SCIENCE; and a LECTURER IN CHEMICAL TECHNOLOGY 
and/or CHEMICAL ENGINEERING—The Clerk to the Governing Body, 
Borough Polytechnic, Borough Road, London, 8.E.1. 

SENIOR SCIENTIFIO OFFICER (with a first- or second-class honours 
degree in physics, and postgraduate applied research experience) 
to join a team of chemists and chemical engineers making fundamental 
and applied research studies in the inorganic chemical field—The 
Senior Recruitment Officer, Atomic weapons Research Establishment, 
Aldermaston, Berks, quoting Ref. 1668/84. 

UNIVERSITY LECTURER AND UNIVERSITY DEMONSTRATORS IN 
Puysios—Dr. F. B. Kipping, University Chemical Laboratory, 
Lensfield Road, Cambridge. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Current Medical Research. (A reprint of articles in the Report of 
the Medical Research Council for the year 1955-56.) Pp. iii+56. 
(London: H.M. Stationery Office, 1957.) 28. 6d. net. [2510 

»Bishop’s Stortford College Natural History odie. Annual Report. 
{Odturniz 1956-57, June 1957.) Pp. 40. (Bishop's Stortford : Bishop’s 
-Stortford College Natural History Soctety, 1957.) [2510 

Transactions of the Royal Society of Edinburgh. Vol. 63, Part 2 


fi (No. 15}: On Protopitys (QGöppert); with a Description of a Fertile 


Specimen Protopitys scotica sp. nov. from the Calciferous Sandstone 
Series of Dunbartonshire. By John Walton. Pp. 833-340 +3 plates. 
635" Vol. 68, Part 2 (No. 16): Cytological Studies of Melanlidae 
(Mollusca) with Special Reference to Parthenogenesis and Polyploidy. 
1: Odgenesis of the Parthenogenetic Species of Melanoides (Proso- 
branchia-Gastropoda). By Dr. Joseph Jacob. Pp. 341-352 +4 plates. 
6s. (Edinburgh and London: Oliver and Boyd, Ltd., 1957.) | [2510 
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BROADCASTING SERVICES AND EDUCATIONAL 
ACHIEVEMENTS 


OME three years ago, in March 1954, a Conference 
on Universities, Radio, Films and Television was 
sponsored by the Drama Department of the Univer- 
sity of Bristol. In one of the papers contributed at 
this Conference, which were published for the 
University in 1956 (Butterworths Scientific Publica- 
tions), Mr. E. Livesey, of the British Broadcasting 
Corporation, gave his definition of education: he 
suggested that it embraced the enlargement of 
horizons, the widening of experience and knowledge, 
both of the world outside the self and the nature of 
individual men, the awareness of the complexities of 
the world and of the human spirit, and through 
awareness the gradual acceptance of standards and 
ideals which have seemed to inspire the outstanding 
cultures and individuals both in the past and in the 
present. In short, it was in its effect on the un- 
educated section of the population that broadcasting 
had its greatest responsibilities and could make its 
greatest contributions. He also emphasized the great 
value in mass communication of the ability to inter- 
est a secondary audience as well as the primary one. 
Mr. Livesey’s remarks on the Third Programme 
audience, which he characterized as seekers and 
inquirers, as people with a certain attitude of mind 
or attitude to life rather than with a particular level 
of educational attainment, disposed of any idea of 
the Third Programme being a ‘University on the 
Air’, except perhaps in the sense in which the coffee- 
houses of the seventeenth and eighteenth centuries 
could be described as ‘the penny universities’, but 
he argued convincingly that the universities should 
take radio seriously. It was Dr. M. M. Lewis, director 
of the Institute of Education, University of Notting- 
ham, who more specifically indicated the oppor- 
tunities for the university, not simply in using mass 
media in its own internal teaching and in dis- 
seminating accurate knowledge about mass media 
and its relevance, but also in research. He stressed 
the importance of research on the conditions in which 
radio, cinema or television could become an effective 
medium, whether for the arts, as a means of com- 
municating knowledge, or as an influence upon the 
attitudes of its audiences. He stressed also that it is 
important to ascertain if possible the relations 
between the components of each medium—the word 
as heard and the image as seen—and to understand 
the extent to which they reinforce or conflict with 
each other. Besides this almost entirely open field, 
there are the problems of the relations between these 
mass media and the written word, the effects of radio, 
film and television upon their audiences in the 
amount, quality and power of their reading. 
It is even more apparent to-day than in 1954 that 
all this bears very closely, not simply upon education 


but also upon the whole fabrie of public and social 
life. It may well provide, for example, the key to 
the social effects of equal opportunity to which Mr. 
W. James directed attention in a discussion at the 
Manchester Literary and Philosophical Society in 
March 1957. It bears equally on the problems of 
what may be described as cultural erosion, discussed 
by Mr. R. Hoggart in his book, “The Uses of 
Literacy”, which have since found disturbing mami- 
festations in other ways. 

Perhaps the most disappointing feature of both 
the latest annual report of the British Broadcasting 
Corporation and of its Handbook for 1958* is that 
such problems are virtually ignored. The seriousness 
of such neglect is unmistakable to any thoughtful 
reader of Mr. Hoggart’s book, as even his sub-title— 
“Aspects of Working-class Life with Special Reference 
to Publications and Entertainment’’—might indicate. 
Writing with deep feeling and imaginative insight, 
Mr. Hoggart seeks to show that the under-educated 
in Britain—the three-quarters of the population 
whose schooling now ends at fifteen and whose dis- 
tingwishing characteristic is rather lack of education 
than of money—are changing their traditional ways, 
and not for the better. Their freedom from poverty 
has exposed them to new and very deleterious 
influences, and while the gross prejudices and 
appetites are deliberately and even scientifically 
stimulated, the needs of the more serious-minded 
among them are neglected. 

Mr. Hoggart achieves his purpose, and while he 
fails to offer much in the way of constructive sug- 
gestions and does not attempt to analyse the reasons 
why a minority resists this cultural erosion or to 
draw the distinction between this minority and the 
majority, both in its detail and in its comments his 
book displays the dangers in the present trends. It 
affords powerful support to Mr. Livesey’s view that 
it is in the lesser educated section of the population 
that broadcasting has its greatest opportunities and 
responsibilities, and inevitably it arouses fresh doubts 
about commercial broadcasting. Once again the 
vital issue of the linking of power and responsibility 
is raised, and the reader may well reflect on the far- 
reaching consequences of the disappearance of 
independent newspapers and weeklies which con- 
tributed so much to sustain the creative minority 
on whom Mr. Hoggart relies to discharge a new and 
more difficult task, namely, that of waking the many 
from the hypnosis of immature emotional satisfaction. 

Mr. Hoggart’s study indicates sufficiently how 
much the responsible and constructive use of tele- 
vision and sound broadcasting could do to avert the 


* BBO Handbook, 1958. Pp. 288. (London: British Broadcasting 
Corporation, 1957.) 5s. 
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dangers to which abuse of the mass-media—including 
the popular Press—expose us. He indicates, too, how 
this under-educated section of the community is 
losing its leaders and those best able to resist these 
blandishments. The implications and dangers of that 
process are set forth more fully, however, by Mr. 
James in his paper in Manchester Memoirs (98, 51; 
1956-57) entitled “Social Effects of Equal Oppor- 
tunity”. Pointing out that although opportunity is 
still not equal and that serious-minded parents 
supply to their children incentives which are denied 
by those whose relaxations are the ‘pools’ and 
television, Mr. James emphasizes that one of the 
principal purposes of an educational system is to 
discover ability and encourage it. Men have always 
risen easily through the ranks of society in Britain ; 
but to-day the selective process, abetted by the 
eagerness of industry to attract recruits of brains 
and character, is separating talent more efficiently 
than ever and leaving the great mass of the people, 
the base of the social pyramid, bereft of their natura] 
leaders as never before. 

Mr. James suggests that the thinking of society is 
done in groups, some functional and artificial like a 
trade union or a clique of a social club, some natural 
and spontaneous like the company which meets in a 
particular bar parlour or golf course. These groups 
are not isolated but knit together through individuals, 
and opinion may flow easily from one to another. 
Just as Mr. Hoggart stresses the needs for individuals 
and groups to assert their individuality and to think 
and feel for themselves and not in the mass, s0 Mr. 
James suggests that for this system of many inter- 
related groups to function healthily, each group 
should be in its own way self-sufficient, throwing up 
leaders of a quality sufficient for the level of the 
group. A healthy group should be able of itself to 
supply. all the human material necessary for a happy 
administration of the leisure time of its younger 
members. 

An inescapable result of a selective system of 
education is a drawing ‘off of all men and women 
with the intelligence that goes with natural leader- 
ship from the groups.at the base of the social pyramid 
and their transfer to groups higher in the social scale. 
Accordingly, the more this draining-off of talent 
ministers to the competitive capacities of the nation 
as a whole by ensuring the widest reserves of man- 
agerial and technical skill for manufacturing industry, 
commerce and administration, the more important it 
becomes to deal with the social consequences in- 
volved. Mr. James mentions, for example, the 
starving of the trade unions of leadership of high 
quality, and the probability, now that most of those 
who do not climb out of their class lack the talent 
to do so, that the future trade union leader will be 
less able than his predecessor. Power will still remain 
with the elected man who has risen from the shop 
floor, and in consequence there may be difficult 
problems of authority, as always occurs when 
leadership and power are divorced from trained 
intelligence. Mr. James makes his point provo- 
catively by suggesting that on the political side we 
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might easily slip into a State-managed trade union 
system, and that on the social side a great extension 
of welfare work will be required. Be that as it may, 
it is obviously important that the fullest and wisest 
use should be made of such media as broadcasting 
and television to stimulate leadership and sound 
thinking. 

For this to be done there must be clear ideas as to 
the functions and limits of broadcasting. It is here 
that the report of the Royal Commission on (Canadian) 
Broadcasting, which Sir George Barnes has well 
described as “ʻa classic statement on broadcasting’, 
more deeply thought out, better argued and more 
clearly expressed than any British or American 
document on the subject that he had read, is so 
valuable. The Commission assumes that the content 
of & country’s broadcast programmes is important to 
it because they have entered into the lives of the 
people and changed them in ways that are often 
unobtrusive and unnoticed. Their influence will grow 
rather than diminish and we must adapt them to 
our use, accommodate them to our purpose and 
weave them into the fabric of our lives, so that on 
balance they are agencies for good and not for evil. 

If radio and television are not to dull sensibilities 
by endless repetition of the commonplace and tawdry, 
or become dehumanizing forces, making all men and 
women conform in thought, action and aspiration 
to the lowest common denominator of their kind, 
the Commission is clear that there must be regulation 
not only of technical matters but also of programme 
content and station performance. It believes that 
there must be some externally enforced standards of 
public interest to strengthen the instincts of public 
service that many private broadcasters feel. While 
advertising has a value and place in the broadcasting 
system, it is a legitimate exercise of public control to 
see that a limit is placed on the results of commercial 
pressures. . 

The Commission, after a cogent analysis of the 
effects of mass advertising on broadcasting pro- 
grammes, points out that if audience-rating rules 
supreme, broadcasters will allow programme-planning 
to sink to the most boringly uniform and low level, 
and the responsibility of the broadcaster to lead his 
audience by making available fresh entertainment 
and experiences will be lost. While recommending 
the retention of private broadcasting, it concludes 
that free enterprise has failed to do as much as it 
could do in original programme production and the 
development of Canadian talent, not because of a 
lack of freedom but because of a lack of boldness. 
Accordingly, the Canadian Broadcasting Corporation 
should remain; but it should have its task more 
clearly defined, should know the limits beyond which 
it is not expected to go and should have the means 
and the power to discharge that task within those 
limits. 

Neither in Canada nor in Britain is there room for 
the confusion and hesitancy which seem to charac- 
terize the last annual report of the British Broad- 
casting Corporation. It is true that the report 
claims that the B.B.C.’s policy is based on the 
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conviction that sound radio has a vital part to play 
in an age of television broadcasting, and it is true 
also that if sound radio is to remain vigorous and 
useful, reappraisals are necessary from time to time 
to determine the proper shape and scope of the pro- 
grammes. Nevertheless, in spite of the affirmation 
that the B.B.C. intends to remain firm in its purpose 
and mission to serve the cause of education and the 
arts, and also to serve the-community as a whole, 
including the majorities and minorities which con- 
stitute the community, there are indications that 
audience-rating may affect unduly the balance and 
even the content of the programmes. 

The report shows that in the current year the 
number of combined licences for receiving sound 
radio and television will for the first time equal the 
number of licences for sound alone; but it does not 
discuss the relation between existing expenditures on 
sound and television broadcasting, the cost of which 
(excluding the external services) in 1956-57 was 
£11-6 million and £9-1 million, respectively. The 
report observes that, apart from the effect of any 
continued rise in costs, it is doubtful whether the 
income in view is sufficient to maintain the present 
services and to introduce essential progress in tele- 
vision to meet competition—which is seen as a 
burden rather than a challenge. The present estimates 
include nothing for major new developments, and 
neither the report nor the handbook refers to the 
challenge presented by these new opportunities. 

It is in this respect that the report and handbook 
must be criticized. No attempt is made to present 
the Corporation’s financial needs as an investment 
which could yield rich dividends to the nation both 
in education and in public policy. It should be clear 
to even a casual reader of the Fowler Report on 
Canadian Broadcasting that the comparatively small 
sums required to enable the British Broadcasting 
Corporation to embark on the developments both in 
television and in broadcasting required to enable it 
to maintain its high standards and to use to the full 
its present opportunities could do much to offset the 
dangers of which Mr. James and Mr. Hoggart have 
warned us so clearly. It is even possible that a useful 
contribution could be made to technical education at 
trifling cost. As it stands at present, however, there 
appears to be real danger of declining standards as 
well as of missed opportunities. Clearly the British 
Broadcasting Corporation needs all the support as 
well as the stimulus which informed and percipient 
opinion can bring, if ‘the very real dangers which 
attend the mass media of communication in the 
world of to-day are to: be avoided. It is idle to think 
that Britain can achieve the standards in technical 
education, for example, which are so highly desirable, 
under the domination of an under-educated society. 
The greatly increased expenditure on technical and 
technological education will not be forthcoming or 
wisely applied without the guidance of a creative 
minority which can stimulate the changes in 
broadcasting and television and in other spheres 
of communication that could minimize or largely 
avert the danger. 
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FRANKLIN, THE NEWTONIAN 


Franklin and Newton 

An Enquiry into Speculative Newtonian Experimental 
Science and Franklin’s Work in Electricity as an 
Example Thereof. By Prof. I. Bernard Cohen. 
(Memoirs of the American Philosophical Society, 
Vol. 43.) Pp. xxvi+657. (Philadelphia: American 
Philosophical Society, 1956.) 6 dollars. 


HERE must be many to whom the title of this 

book will seem paradoxical. How can Franklin, 
who is usually remembered in science to-day as the 
inventor of the lightning rod, stand comparison with 
Newton ? 

In fact, of course, no simple comparison is intended, 
although the author takes the opportunity of con- 
trasting the comparative neglect with which he feels 
Franklin’s scientific work is treated by scientists 
to-day with the prestige which it enjoyed among his 
contemporaries and successors. Franklin was “the 
first person out of the nation”? to be awarded the 
Copley Medal by the Royal Society, and on his 
election to the Society he was given special privileges 
in the matter of fees ; in Parliament he was compared 
to “our Boyle” and “our Newton”. 

Franklin, a man without’ mathematical training, 
was in no position to master the forbiddingly mathe- 
matical “Principia. Newton’s “Opticks”, on the 
other hand, was more accessible, for its proofs are 
based on experiments. More significantly, it is 
not a well-rounded work like the ‘Principia” ; 
Newton appended a list of ‘Queries’, to which he added 
as edition succeeded edition, and these ‘Queries’ 
showed the eighteenth century the directions in 
which the master’s thoughts had been travelling and 
were at once an invitation to further research and 
indications of profitable lines of attack. 

Prof. I. B. Cohen feels that modern students of 
Newton have tended to neglect the “Opticks” in 
favour of the “Principia”, and that the immense 
influence of the former work has therefore been 
obscured. To do this is to take a one-sided view of 
Newtonian science, a side to which Franklin could not 
contribute. ‘“‘It is, in fact, the purpose of this mono- 
graph to show that Franklin was a Newtonian scientist 
by displaying the many-sided character of Newtonian 
science in Franklin’s day and by analyzing Franklin’s 
own contributions to science in Newtonian terms” 
(p. 83). So, for example, “Franklin’s outstanding 
contribution to the theory of electrical action lay 
precisely in his clear grasp of the value of Newton’s 
speculative ideas and in his understanding of the 
importance of following the spirit rather than the 
letter of what Newton said” (p. 107). 

The work is divided into four parts. In the first, 
the author comments on the history of science in 
general and introduces his two main characters with 
a discussion of their personalities and reputations. 
Part 2 deals with Newton’s two principle works, and 
it includes a detailed discussion, which is further 
elaborated in an appendix, of his use of hypothesis. 
Tt is amusing to reflect on the importance which has 
been attached to Newton’s dictum, hypotheses non 
fingo, in spite of the passages in the “Principia” 
clearly marked ‘‘hypothesis’” and in spite of the 
many speculative hypotheses in the “Opticks’’. 

Part 3 contains first a carefully documented account 
of various works of the early eighteenth century which 
were inspired by Newton’s experimental philosophy 
and which Franklin is likely to have studied, and 
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then a general discussion of Franklin’s own place in 
the current of Newtonian science. In the last and 
longest part we are given a detailed account of the 
investigations into electricity in the eighteenth 
century, in which Franklin played a central part, and 
the book ends with a bibliography of nearly fifty 
pages and an index. 

In spite of the excellence of the individual sections 
of the work, which are written with the authority 
of one who already has many contributions in the 
field to his credit, it is doubtful whether the somewhat 
disjointed thesis is adequate for so massive a work. 
The author himself recognizes that individual readers 
may wish to study only parts of the book, and he 
provides a detailed table of contents expressly for 
their convenience. But in spite of this defect in the 
work as a whole, the full and careful treatment which 
the individual topics receive will earn for Prof. Cohen 
the gratitude of all whose interests lie in this field. 

M. A. HOSKIN 


BRUNONIAN DOCTRINE 
IN MEXICO 


El Brownismo en México 

Un estudio critico, seguido de la primera edición 
de la version castellana que hizo en México hacia 
1800, el Doctor Don Luis José Montaña, de los 
“Elementos de Medicina”? del Dr. Juan Brown. 
(Cultura Mexicana, No. 14.) Pp. ii+311. (México: 
Imprenta Universitaria, 1956.) n.p. 


R. J. J. IZQUIERDO, who is professor of 
physiology in the University of Mexico and a 
well-known historian of medicine, has edited the 
Spanish translation of John Brown’s “Elementa 
Medicinae” (1780) from a manuscript written about 
1800 by Luis José Montafia (1755-1820), one of the 
most distinguished pioneers of medical teaching in 
‘ Mexico. Asa preface to the translation, Dr. Izquierdo 
contributes an interesting essay entitled “El Brown- 
ismo en México”, which is also the title of the book. 
It is a little difficult to understand why the author, 
who has already performed such useful service by 
editing Montafia’s commentary on the Hippocratic 
works under the title “El Hipocratismo en México” 
(1955), should now regard Brown’s treatise as worthy 
of similar attention. The “Elementa Medicinae” 
is by no means a medical classic. It was never taken 
seriously: in Great Britain, and almost every medical 
historian, whether in Britain or abroad, regards 
Brown as a figure for derision and not for praise. 
Nevertheless, although in his own day he was a 
mere charlatan in the eyes of most of his colleagues, 
Brown was highly esteemed by many of his students 
and patients, and was well known on the Continent, 
especially in Germany, where, at the University of 
Gottingen, a riot between the rival factions concern- 
ing his doctrine was quelled only by military 
force. 

John Brown, a schoolmaster of Duns, Berwickshire, 
who turned his attention to medicine and was a 
graduate of St. Andrews and a student at Leyden, 
became a pupil and secretary in the house of the 
famous William Cullen of Edinburgh, and at a later 
stage the bitter opponent and rival of the patron to 
whom he owed so much. Brown has been fitly called 
the Paracelsus of Scotland, since he was regarded by 
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some as & genius and by others as a complete charla- 
tan. The ‘system’, to which he laid claim as his own 
although it dated from the time of Asclepiades, was 
ridiculous in its simplicity. In his view health, and 
even life itself, was a response to continuous stimula- 
tion by warmth, food, fresh air, etc. When the stimuli 
were withdrawn, death resulted. Disease was caused 
either by excess or by diminution of stimulation. 
Consequently there were only two kinds of diseases, 
the sthenic, caused by too much stimulation, and the 
asthenic, caused by two little, or by depressive 
factors. Treatment consisted of the use of sedatives 
(usually opium) for the former, and of stimulants 
(preferably alcohol) for the latter. Such a simple 
and easy scheme of medical practice could not fail to 
attract the attention of physicians of that time, many 
of whom were perplexed and bewildered by the com- 
plexities of iatro-physics and iatro-chemistry, the 
twin theories which viewed the human body as a 
machine or a test-tube, and which had been intro- 
duced in place of the age-long theory of the ‘humours’. 
‘Brownism’, demanding little study or thought, 
appealed strongly’ also to students who welcomed 
relief from the burden of examinations. But there 
was a redeeming feature of the new system. Perhaps 
Brown, in spite of all his failings and fallacies, did 
actually perform a useful service in directing attention 
to the importance of the biological, as opposed to the 
physico-chemical, aspect of medicine. His doctrine 
may have formed a bridge, however frail and slender, 
between the scholastic age and the age of medical 
science. : 

Accordingly, we need not be surprised to learn that 
Brownism exercised some beneficial influence upon | 
medical education in Mexico, a progressive country 
which could lay claim to the first hospital (1523) and 
the first organized medical teaching (1580) in the 
American continent, as well as to the first medical 
journal of the western world (Mercurio Volante, 
1772). It does seem strange that Brown’s “Elementa 
Medicinae” was translated into Spanish only twenty 
years after it was written, while Harvey’s “De Motu 
Cordis” appeared in a Spanish version only after a 
lapse of more than three hundred years (1936). The 
reason was that Brown’s work, at the time’ of its 
appearance, seemed to offer an easy solution to nearly 
every problem in medical practice, whereas Harvey’s 
treatise, though infinitely more significant, remained 
misunderstood and devoid of practical outcome for 
many years. It was, in fact, born far ahead of its 
time, whereas Brown’s answer to @ pressing need was 
eagerly grasped and widely applied as soon as it 
appeared. | 

Dr. Izquierdo has therefore been fully justified in 
adding this curious chapter to his former studies of 
the early progress of medical education in Mexico. 
We are too apt to forget that the early history of 
medicine in Latin America had important repercus- 
sions throughout the civilized world and that it is a 
subject well worthy of our attention. The present 
volume is a fitting sequel to the author’s splendid work 
on “‘Montaiia y los origines del movimiento social y 
cientifico de México’, and a fine tribute to the 
ancient medical school. It also serves to remind us 
that the phenomenon of the ‘Brunonian System’, or 
as the writer calls it, “Brownism’, despite its absurd 
simplicity, helped to divert medical thought, in 
Mexico and elsewhere, away from the traditional and 
often sterile theories, and towards the beginnings of the 
scientific basis which lies at the root of all real progress 
in modern madicine. Dovaeias GUTHRIE 
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REPRODUCTION IN 


FUNGI 


The Physiology of Reproduction in Fungi 

By Dr. Lilian E. Hawker. (Cambridge Monographs 
on Experimental Biology, No. 6.) Pp. vi+ 
128. (Cambridge: At the University Press, 1957.) 
lds. net. 


ETHODS of reproduction in fungi have both a 
general and a special interest—general, inas- 
much as reproduction is fundamentally important to 
all organisms, and special, for the following reasons. 
As a group, the Fungi exhibit a remarkable variety 
of reproductive mechanisms, the overall effects of 
which are to ensure the dispersal of the species to fresh 
habitats and its survival over periods when growth 
is not possible. The factors which control repro- 
duction are thus of considerable practical interest 
in the case of the many fungi which bring about 
disease in higher plants. They are also of special 
interest to the fungal systematist, because reproduct- 
ive mechanisms form the main basis for fungal classi- 
fication. Furthermore, a large proportion of fungi 
can be grown under standardized cultural conditions 
and, as compared with most other plants, they offer 
great conveniences in ease of handling, in inexpensive- 
ness of apparatus required and in the speed with 
which, the life-cycle of many of them can be com- 
pleted. It is not surprising, therefore, that much 
physiological work, dealing with reproduction and 
other activities, has been carried out with fungi, and 
it is a safe guess that, in the future, many of the 
more fundamental studies of growth and repro- 
duction in plants will be based upon the same 
material. 

Dr. Hawker’s compact monograph gives an up-to- 
date and critical digest of the literature bearing on 
the subject. After a short introduction, in which the 
main reproductive types are briefly described, there 
follows an account of the growth of spores and spore- 
bearing structures. This chapter is important, as it 
is only when the succession of developmental stages 
is worked out with some precision that one can pose 
the physiological questions that are involved. This 
comes out very clearly with the more complicated 
fruit bodies, for example, of Basidiomycetes—as in 
Corner’s detailed studies—but it is equally certain 
that there is an elaborate succession, nn & more 
microscopic scale, of stages in the development of 
the simplest kind of reproductive structure, such as 
an oidiospore. The pbysiological work proper is 
discussed in four main chapters, the last of which 
deals with the intricate and still controversial 
problem of sex in fungi. A short final chapter con- 
siders the sporing behaviour cf a number of fungi in 
the field, as interpreted in the light of experimental 
work in the laboratory. A list of some 350 selected 
references closes the monograph. 

As the author ruefully remarks more than once, 
the physiological study of fungal reproduction has as 
yət barely progressed beyond the empirical stage. It 
deals almost entirely with the effects of environment 
‘temperature, light, pH, quantity and quality of 
food supply, etc.—on sporulation. There is much 
diversity, as between one fungus and another, in the 
precise effects produced by any one environmenial 
factor and very few generalizations have as yet 
emerged. This is not surprising, for it is the con- 
ditions inside the mycelium, as produced by the 
external environment, that control the onset, the 
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amount and the kind of sporulation. The story, as 
it is unravelled, will undoubtedly be a biochemical 
one, with sequences of enzymatically and hormonally 
controlled reactions. There is already good evidence 
of the functioning of sex hormones in some of the 
lower fungi. 

Sexual reproduction “in fungi differs, in one very 
important respect, from that in higher plants. In 
the latter the key problem is: Why do diploid 
nuclei, after an indefinitely long series of mitotic 
divisions, suddenly undergo a reduction division, 
thereby giving rise to the reproductive cells ? With 
fungi, the problem is the converse: Why do haploid 
nuclei, after a like series of mitotic divisions, suddenly 
become associated in pairs which, sooner or later, 
fuse to form a diploid nucleus, which in turn im- 
mediately reduces to the haploid condition ? Clearly, 
any progress in either of these fields will have reper- 
cussions in the other. 

The great merit of this book is that, though short, 
it covers the ground and, in particular, indicates 
where the many gaps in our knowledge lie. Its value 
to the research worker in mycology is obvious, for 
there are research problems, of a more general or a 
more special kind, to be picked from almost every 
page. W. Brown 


SOIL SCIENCE 


The World of the Soil 

By Sir E. John Russell. (The New Naturalist: a 
Survey of British Natural History.) Pp. xiv+237+ 
26 plates. (London: William Collins (Sons) and 
Co., Ltd., 1957.) 25s. net. 


HE “New Naturalist” has nearly fifty volumes 

to its credit in the ten years of its history. The 
excellent contributions made by these volumes in 
the various fields of science already constitute a 
tradition. The editors’ choice of author for a book on 
soil science could scarcely have been more auspicious, 
for Sir John Russell is internationally known to . 
agriculturalists and soil scientists as director of 
Rothamsted Experimental Station for thirty years 
and as author of “Soil Conditions and Plant Growth”. 
This present volume will introduce him to a wider 
audience for whom study of the soil is an absorbing 
hobby. 

The arrangement of the subject-matter recalls the 
separate departments of any soil research institute. 
Soil geology, soil physics and soil organic matter are 
briefly but adeptly handled in the opening chapters 
and are followed by a more lengthy treatment of soil 
microbiology and zoology. Chapters on soil fertility 
and soil survey complete the book. The whole is 
written so admirably that the impression gained is 
never of a vast catalogue of research but rather of a 
living story simply told. One-third of the book is 
devoted to the micro-flora and fauna, and here Sir 
John excels: A fascinating array of bacteria, fungi, 
mites, arthropods, nematodes as well as earthworms, 
slugs and snails are discussed. Since Darwin’s study 
of the earthworm, published some seventy-five years 
ago, has recently been reprinted, the relevant pages 
of the book under review are particularly apposite, for 


- we are treated to an authoritative appraisal of Dar- 


Win’s experiments—one could almost wish for more. 
The mole, the pad-mark of which graces the dust 
cover, receives but short shrift from the author ; yet 
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there are hill pastures which will never see the plough 
where the mole is an active soil-former. 

To the gardener in search of do’s and don’ts, the 
chapters on soil fertility are probably the most 
interesting. The development of the modern fertilizer 
industry saw the birth of Rothamsted. The progress 
towards modern balanced fertilizers tailored to specific 
crops is a tale which cannot be told too often. Organic 
cranks are summarily dealt with: compost returns 
to the soil only what it has taken from it—should 
any element be lacking, composting will only per- 
petuate the trouble. 

The final chapters deal with soil classification and 
soil survey ; the soil is discussed in relation to the 
landscape and consideration is given to the uses to 
which the land can be put. This has been successfully 
done for southern Britain, but little is said of that 
large part of northern Britain once heather moor 
and now, due to the herculean labours of the crofters 
who reclaimed it, fertile and pleasant agricultural 
land. Such is Auchallater Farm in Glen Cluny 
(Plate XXII, which has both these places mis- 
spelt). 

pee are few printer’s errors. On p. 144 the refer- 

ence p. 000 is not helpful; Table 7, p. 94, has some 
curious arithmetic. The photographic illustrations 
are excellent as is also the drawing of the nematode 
(facing p. 114), but that of the crustaceans (p. 124) 
is lamentable, and Figure 9 (p. 136) cannot be regarded 
as useful. Very occasionally, too, the author nods : 
neutrality is stated to bo pH 7-2; the meaning of the 
paragraph at the bottom of p. 145 is obscure; on 
p- 209, bilberry is said to be associated with wetter 
bogs, whereas it is an indicator of drier conditions. 
Crowberry could be substituted. 

Altogether this book is one of “New Naturalist’s”’ 
best. As a record of achievement for those who 
share Sir John’s calling, it is heartening reading. The 
book, however, is intended for the lay reader. Apart 
from occasional OH’s, NH,’s and COOH’s, all terms 


are defined in the text. There is no glossary and none . 


is needed. The words of a former proposer of a vote 
of thanks to Sir John can be quoted here: “The 
lecturer ’as been hintelligent, but not too hintelligent 
for us”. P. C. DeEKocx 


RED SEA FISHES | 


Fishes of the Red Sea and Southern Arabia 

By Henry W. Fowler. Vol. 1: Branchiostomidae to 
Polynemida. Pp. v+240. (Jerusalem: The Weiz- 
mann Science Press of Israel, 1956.) n.p. 


HIS book and the two volumes expected to 

follow it will constitute the only compendious 
account of the fishes of the Red Sea since Klunzinger’s 
of 1879. It is compiled, not by a man who has had 
special opportunities to study Red Sea fishes, but by 
@ courteous, now very senior gentleman, who sits in 
a small upper room in the Academy of Sciences of 
Philadelphia, armed with a great facility im line 
drawing, a long experience and a very fine index to 
fish literature. The work is offered, not as a con- 
tribution to knowledge, but as a tool for those able 
to study the fauna. 

As such we must be grateful for it, and ordinary 
standards of criticism should perhaps not be applied. 
Those who will approach the Red Sea fauna for the 
first time with this as their key should be warned, 
however, to use it very critically, and only for pre- 
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liminary determinations. Many of the species extend 
over the whole Indo-Pacific area, and if Mr. Fowler 
had no Red Sea specimens at hand, nor a description 
of such to copy, he drew up a description from a 
specimen from perhaps Honolulu or the Philippines. 
He explicitly disclaims, therefore, any ability to con- 
tribute to the question of geographical variation or 
subspeciation. 

The telegraphic style of the descriptions will prob- 
ably be understood by readers whose first language 
is not English, but more care for punctuation would 
have helped here. 

On nomenclature Mr. Fowler is pitiless. It seems 
regrettable that decisions made in such a careful 
work as that of Bigelow and Schroeder on the sharks 
and rays of the western North Atlantic should not 
have been taken as standard. They have carefully 
considered the arguments for and against the use of 
Carcharhinus for a large genus, the type of a family, 
of sharks. In the end, the decision had to be arbitrary, 
and .in the interests of stability they gave it for 
Carcharhinus. So far as Mr. Fowler is concerned, this 
work was in vain. He uses Galeolamna. 

It is significant that the work is published in 
Israel, largely in answer to the needs of the young 
scientists at work there. No doubt Mr. Fowler would 
join us in the hope that among them are some who 
will eventually put it out of date. 

; E. TREWAVAS 


ADVANCES IN JUNGIAN 
PSYCHOLOGY 


New Developments in Analytical Psychology 
By Michael Fordham. Pp. xiv+214. 
don: Routledge and Kegan Paul, Ltd., 
25s. net. 


HIS book is by one of Jung’s disciples and deals 

with the philosophy of his school. The author 
was a founder member of the Society of Analytical 
Psychology and is a Fellow in child psychiatry at the 
London Child Guidance Clinic. 

No doubt enthusiastic Jungians will enjoy reading 
it but others will feel exasperated and frustrated by 
the loose thinking. For example, on p. 23 the 
author states, “Jung points out that the concept of 
conservation of energy is based on age-old archetypical 
forms and Pauli shows how Kepler’s scientific 
discoveries are linked with symbolic doctrines of 
great antiquity’. It is, of course, easy to do this 
sort of thing, and one can always find a myth to fill 
the bill, but there is not one iota of evidence to prove 
it. Again on p. 107 he states, “It is well known that 
children love fairy and folk tales and will concentrate 
on them for hours, demanding repetition of particular 
stories over and over again. This phenomenon can 
only be understood in terms of activity of archetypes 
within the psyche of the child”. But this is untrue. 
It can be understood’ otherwise if we are willing to 
try. A child wants to hear a story re-told again and 
again either because it gives it pleasure or dispels 
anxiety, or both at once. We do not need to drag in 
hypothetical archetypes to explain it. 

The author is best with his description of children’s 
neuroses, as one might expect from his training, 
and in this field his work is more acceptable. 

CLIFFORD ALLEN 


(Lon- 
1957.) 


no. 4605 February 1, 1958 


The Organization of British Central Government, 
1914-1956 

A Survey by a Study Group of the Royal Institute of 

Public Administration. Edited by D. N. Chester. 

Written by F. M. G. Willson. Pp. 458. (London: 

George Allen and Unwin, Ltd., 1957.) 32s. net. 


HIS corporate work provides a detailed account ° 


of the structure of British Government and the 
changes which have occurred since the beginning of 
the First World War. After reviewing the general 
pattern, each of the major fields of Government is 
surveyed in turn: finance, trade and industry ; 
law, justice and public order; social services ; 
external affairs; defence; common services; and 
scientific research. For that last chapter alone the 
book is of great interest to the scientist. It brings 
together scattered information not easily available, 
some of it new or unfamiliar to most scientists, and 
provides a more penetrating survey of government 
scientific organization in the civilian field than is 
‘contained in the pamphlet issued under that title in 
1951. It lifts the veil slightly on the work of the 
Committee of Civil Research and shows how much 
Lord Balfour did to establish the position of science in 
Government. The concluding chapters in the central 
co-ordination of Government and the handling of 
administrative change, besides providing a factual 
account of the present arrangements, including the 
way in which the Lord President of the Council 
came to assume major responsibility for the country’s 
scientific effort, gives some first information about 
the Cabinet Machinery of Government Committee 
appointed in 1942. 

The great value of these two chapters lies in the 
clear exposition of the various factors to be taken into 
account in determining the structure of Government, 
for example, in deciding on the number of ministries 
or the grouping of functions, and in doing so they 
indicate precisely what is involved in proposals to 
centralize or decentralize scientific activities, including 
research, among others. Essentially a work of refer- 
ence, the book is provided with notes and a biblio- 
graphy which will facilitate further inquiry in 
directions likely to throw more light on aspects of 
the organization of science in Government now being 
debated. The book is thoroughly up to date, re- 
cording, for example, the changes last April in 
responsibility for nuclear energy. 


Organic Chemistry 

Electronic Theory and Reaction Mechanism. By 
Rowland I. Reed and Dr. S. Horwood Tucker. Pp. 
viii+108. (London: Macmillan and Co., Ltd.; 
New York: St. Martin’s Press, Inc., 1956.) 15s. 


HE ‘organic chemistry’ of the title is restricted 

to those aspects of theory covered by the sub- 
title; there is no description of preparations and 
properties. The contents consist of nine chapters on 
the electronic theory and its application to organic 
reactions, and two on reaction mechanism. The 
chapters deal with: the atom, the origin of 
valence, acids and bases, atomic and molecular 
orbitals, intermolecular influence of atoms and groups 
on valency electrons, physical methods of measure- 
ment, physical evidence for conjugative electron 
shifts, interatomic distances, the hydrogen bond, 
reaction mechanism, and substitution reactions. The 
_ terminology and the theoretical contributions of 
Ingold and his school receive considerable notice. 
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Mesomerism (resonance), hydrogen bonding and the 
other new theoretical developments which have 
extended and revolutionized our ideas on molecular 
structure are very clearly explained. The new know- 
ledge leads to the formulation of helpful general- 
izations, affords a deeper understanding of reaction 
mechanism, and indicates a more logical classification 
of descriptive matter. To older chemists and univer- 
sity freshmen desirous of studying the application of 
the electronic theory to organic chemistry, this book 
is recommended. G. Fow1iEs 


Statistical Tables for Biological, Agricultural and 
Medical Research 

By Prof. Sir Ronald A. Fisher and Dr. Frank Yates. 

Fifth edition, revised and enlarged. Pp. x+138. 

(Edinburgh and London: Oliver and Boyd, Ltd., 

1957.) 24s. net. 


-~ 


TATISTICIANS are well served in the matter of 

tables. The two standard sets, of which this is 
one (Biometrika Tables being the other), are beauti- 
fully printed and, by current standards, remarkably 
cheap. They run to new editions sufficiently 
frequently for continual additions and improvements 
to be possible. 

This fifth edition of Fisher and Yates follows its 
predecessor of 1958 in general design, but incor- 
porates several new tables and some extensions of 
former ones. Most of the material concerns variate- 
transformations, new tables being provided for ‘logit’ 
and complementary ‘loglog’ transformations, and the 
table of angular transformations is enlarged. A 
new table for the application of the product-ratio 
method in linkage investigations in genetics is also 
supplied. 


Science and Human Life 

Successes and Limitations. By Prof. J. A. V. Butler. 
Pp. viiit+163. (London and New York: Pergamon. 
Press, Ltd., 1957.) 15s. net. 


HERE are quite a number of books of a popular, 

or semi-popular, type dealing with the urgent 
problems of the day thrown up by the advance of 
science and the tensions inseparable from human 
life. Prof. Butler has produced a handy little volume, 
in line with the general run of such works: it is 
interesting enough, but one may ask for whom. 
exactly is it intended. The two sections, “Science 
and the Individual” and “Science and Human 
Society”, cover adequately the fields suggested by 
their titles. But they contain very little beyond 
what can be garnered from ordinary contemporary 
reading. This result is not the author’s fault; 
science gua science in everyday affairs is not what 
many people are worrying about. The difficulty is 
‘why’ rather than ‘how’; and having regard to Prof. 
Butler’s point—maenifestly correct—that intrinsic 
intelligence, apart from training and opportunities, 
has not increased greatly through the ages, the main 
need is for deeper philosophical insight at the point 
at which science ends, and faith or revelation may 
be said to begin. 

The list of suggested books for further study con- 
tains several of a decidedly advanced character. On 
balance, they will conduct the reader into regions of 
thought not specifically scientific in the narrow 
sense (under Chapter 7 there is a misprint: ‘Kaffka’ 
should be ‘Koffka’). But this may be all to the good, 
and Prof. Butler will have provided a sound intro- 
duction. F. I. G. RAWLINS 
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A NEW DEAL FOR AUSTRALIAN UNIVERSITIES 


By Sia ERIC ASHBY 


President and Vice-Chancellor, The Queen’s University, Belfast ; 
formerly Chairman of the Professorial Board, University of Sydney 


INTRODUCTION 


N November 28, 1957, the Prime Minister of 
Australia, Mr. Menzies, announced in the House 
of Representatives in Canberra that the Common- 
wealth Government proposed, subject to co-operation 
from the States,.to raise Commonwealth expenditure 
on the State universities from about £6,000,000 in 
the triennium. 1955-57 to £22,000,000 in the triennium 
1958-60. This is support on a scale beyond the 
dreams of Australian academic men a few years ago. 
It represents an act of statesmanship on the part of 
the Commonwealth Government. More than this, it 
provides at long last an opportunity for Australia’s 
intellectual development to keep pace with her 
dramatic political and economic development. 

The circumstances which led up to this historic 
announcement are as follows. In Australia, education 
is a responsibility of the States, not the Common- 
wealth. After the War, the cost of higher education 
increased steeply in Australia, just as it did in 
Britain. The States increased their grants to the 
universities by 123 per cent (although their revenue 
increased by only 77 per cent); nevertheless, these 
increases were insufficient to‘ meet the universities’ 
needs. The Commonwealth had come to the financial 
help of the State: universities during and after the 
War to enable them to give higher education to 
large numbers of ex-servicomen; and in 1950 
Commonwealth help was stabilized in a formula 
whereby the Commonwealth gives to each State, for 
its universities, £1 for every £3 of revenue the 
universities receive from State grants and fees. The 
Commonwealth commitment is limited to a ceiling of 
grant in any one year. Capital grants for buildings 
and equipment have not normally been provided by 
the Commonwealth Government. 

There have been signs for some time that this 
machinery would soon become quite inadequate to 
finance the universities of Australia. The urgent 
demand for graduates, the unprecedented pressure of 
young people wanting higher education, the frus- 
tration among academic men in many university 
departments, have together precipitated a situation 
which could be resolved only by a drastic review of 
the whole of Australian higher education. This 
review has now been published*. In December 1956 
Mr. Menzies asked a Committee of five, under the 
leadership of the chairman of the University Grants 
Committee in Britain (Sir Keith Murray), to inquire 
into such matters as “the role of the university in 
the Australian community; the extension and co- 
ordination of university facilities; technological 
education at university level; and the financial 


* Report of the Committee on Australian Universities. (Common- 
wealth Government Printer, Canberra, Australia, 1957.) 


needs of universities and appropriate means of pro- 
viding for these needs’. The other members of the 
Committee were Sir Ian Clunies Ross, formerly a 
professor in Sydney and now chairman of the 
Commonwealth Scientific and Industrial Research 
Organization (C.S.I.R.O.) ; Sir Charles Morris, vice- 
chancellor of the University of Leeds and sometime 
chairman of the Committee of Vice-Chancellors and 
Principals; Mr. A. J. Reid, chancellor of the 
University of Western Australia and formerly head 
of the State Treasury; and Mr. J. C. Richards, 
assistant general manager of the Broken Hill Pro- 
prietary Co. (B.H.P.). The Committee worked for 
three months, and -has produced what Mr. Menzies 
described in his speech as a “‘brilliant and provocative 
report”. 


SUMMARY OF THE REPORT 


The Background 


The report begins with a lucid and restrained 
chapter on the role of universities in the community. 
It then goes on to describe the economic and educa- 
tional setting of Australian universities : a@ population 
of 10 million increasing at a rate of 24 per cent per 
annum and likely to reach 12 million by 1967; 
capital investment at the level of some £1,500 million 
in @ year; primary industries with an output of 
more than £1,000 million ; and international respons- 
ibilities under the Colombo Plan, the South-East 
Asia Treaty Organization, and the South Pacific 
Commission. All these activities need to have behind 
them healthy and adequately financed universities. 
The need for teachers is so desperate that in one 
State bursaries are offered to children ‘‘at the tender 
age of eleven plus if their parents express en 
inclination for them to become school teachers”. 
The shortage of graduates is not confined to 
scientists and technologists: there is an unsatisfied 
demand also for graduates in arts, law and 
medicine. 

There is no lack of recruits for these occupations. 
The school population increased from 1-1 million in 
1946 to 1:8 million in 1956; but there is a severe 
wastage of talent at secondary school level through 
early leaving. In 1954, only 9-4 per cent of seventeen- 
year-old children were receiving any sort of full-time 
education. Nevertheless, some of the universities are, 
on British standards, large. A list of them, with their 
1957 enrolments, is given in Table 1. 

In 1956 the total recurrent income of all the | 
universities was about £11:78 million, of which 
79:5 per cent was provided by State and Com- 
ei grants and 15-6 per cent came from 
ees. 
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Table 1 
University and foundation date Enrolment, 1957* 
Sydney (1850) 7,407 
Melbourne (18538) 6,341 
Adelaide (1874) 3,331 
Tasmania (1890) 750 
Queensland (1909) 3,519 
Western Australia (1911) 1,661 
Australian National University (1946) 67 
N.S.W. University of Technology (1949) 4,288 
New England (1954) 591 
Canberra University College (19380) 216 


Newcastle University College (1951)T — 


* The enrolments are full-course equivalents, calculated as follows : 
full-course student = 1, part-course student = 4, external student = }. 
Some full courses at the N.S.W. Untversity of Technology are designed 
for part-time students. The gross enrolment for 1957 was 36,465. 


t Enrolments included under New South Wales University of 
Technology, of which it is a branch. 


Present State of the Universities 


Some departments in the larger universities are in 
a state of chronic congestion. First-year classes of 
more than 1,000 are not uncommon, and failure-rates 
are alarmingly high. For example, 30 per cent of 
holders of Commonwealth scholarships (of which 
11,536 were awarded in 1955) fail to graduate. It is 
commonly believed that students come to the 
universities inadequately prepared and not sufficiently 
mature to benefit from university teaching; and of 


course the size of elementary classes makes any ` 


tutorial tuition in the first year very difficult. It has 
been an Australian tradition to admit all qualified 
applicants to universities and not to exercise any 
machinery of selection. The Committee realized the 
great practical difficulties in the way of limiting entry 
or raising matriculation standards, and it recom- 
mends that Australian universities should equip 
themselves to deal with the increasing flood of 
students coming to them, rather than protect them- 
selves against the flood by putting up barriers to 
entry. 

The Committee commented adversely not only on 
the high failure rate (which it describes as a “national 
extravagance which can ill be afforded”) but also on 
the very low ratio of honours to pass degrees and 
the very meagre development of postgraduate work. 
The pattern of a large undergraduate department is 
illustrated by the Department of History in the 
University of Sydney in 1956. History i had an 
enrolment of 768; History ii, 332 ; History iii, 119 ; 
and History iv (the honours year), 11; and for this 
total enrolment of more than 1,200 students there is 
& full-time academic staff of ten. Accommodation in 
many departments is “‘bursting at the seams”. Halls 
of residence (most of which in Australian universities 


take the form of ‘colleges’ under church endowments,- 


but which do not impose religious tests on their 
residents) are quite inadequate. This is particularly 
serious because of the considerable Asian student- 
population now to be found in Australian universities 
and because about half the population of Australia 
lives away from the big metropolitan contres. 
Academic staffs were reported by the Committee to 
be disheartened not only by enormous elementary 
classes and small honours schools, but also by other 
difficulties. Their salary scales were low by com- 
parison with thosé of other professional men (the 
Prime Minister alleviated this difficulty by including 
in his announcement a substantial lift in salary- 
scales). The superannuation system does not allow 
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of easy migration of staff between universities and 
C.S.I.R.O., or even between all universities. In most 
universities the staff have no adequate common room 
or meeting place. For years there has not been 
enough money for libraries, equipment and technical 
assistance ; and the high cost of travel is an obstacle 
to the sort of inter-university conferences and 
meetings which would be a great stimulus to academic 
men. i 


Problems Ahead 


To these old difficulties, which many academics have 
endured heroically and successfully overcome, formid- 
able new difficulties will shortly be added. Numbers 
in the 15-19 year age-group actually fell between 
1947 and 1952. They rose by 16:4 per cent during 
1952-57. Between 1957 and 1962 they are expected 
to rise by 36-4 per cent. Enrolments in universities 
are expected to increase from 36,465 in 1957 to 
70,785 in 1965. A first-year chemistry class, which 
to-day has an enrolment of 1,400, may in ten years 
time have to deal with an enrolment of 3,000. 
Sydney expects by 1965 to have a student population 
of 27,000 (17,000 in the University of Sydney and 
10,000 in the New South Wales University of 
Technology). 


The Committee’s Proposals 


The Committee deals calmly and firmly with these 
alarming expectations. The main need is for money. 
Following the Committee’s recommendations, the 
Commonwealth Government has offered to contribute 
over the triennium 1958-60 more than £9 million 
toward a proposed capital programme of £15 million ; 
emergency grants totalling £44 million to enable 
universities to dispose of their most severe embarrass- 
ments before 1961; a contribution towards a sub- 
stantial increase in salaries; and £600,000 towards 
the extension of residential accommodation in 
colleges. In addition, the Committee recommends, 
and the Government accepts, that the Common- 
wealth contribution for running expenses should be 
raised by 10 per cent per annum for the triennium 
1958-60. ‘ 

But the Committee has not confined its comments 
to finance. It suggests that consideration should 
be given to some sort of close link between the 
Australian National University, which is a purely 
postgraduate institution, and Canberra University 
College, which prepares undergraduates for Mel- 
bourne degrees. It is in favour of @ second Victorian 
university in Melbourne and it foresees the need for 
the expansion of the New South Wales University of 
Technology to include a second medical school in 
Sydney, and indeed to become a second full-range 
university, which might appropriately be called the 
University of New South Wales. 

Of particular interest are the Commitiee’s very 
frank comments on policy-making in Australian 
universities. The governing bodies of the State 
universities are comprised (as they are in the Scottish 
and modern English universities) predominantly of 
laymen, with some representation from the teaching 
staff. The body of professors (commonly called the 
Professorial Board) is charged, as it is elsewhere, 
with a good deal of responsibility over academic 
matters. But by an accident of history, the vice- 
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chancellor in most universities is not chairman of the 
body of professors, nor is he their spokesman and 
protagonist before the governing body. These 
responsibilities fall to a chairman of the Professorial 
Board who is elected by the professors. Accordingly, 
the vice-chancellor finds himself immobilized in the 
performance of what should be one of his chief 
functions : to maintain the delicate balance between 
the lay governing body and the academic staff, and 
to prevent any suspicion of an employer—employee 
relationship arising between them. It may well be 
that the chairman of the Professorial Board performs 
this function adequately, but (as the Committee 
says) “this position tends almost automatically ... 
to place the vice-chancellor in some other camp” 
(that is, other than the academic camp). ‘There 
comes to arise . . . not a natural unity of governing 
body and academic, but a natural disunity”. 

One consequence of this anomalous position of 
vice-chancellors is that outside their universities, 
too, they find it difficult to formulate nation-wide 
policy on academic matters. Consequently, there is 
a lack of cohesion between universities. This, and 
the absence of a common initiative, are criticized by 
the Committee as weaknesses which must be over- 
come if Australian universities are to. discharge their 
present and future responsibilities. 


An Australian University Grants 
Committee 


Lhe Committee’s chief long-term recommendation 
is that an Australian University Grants Committee 
should be set up, with a full-time chairman, two lay 
members and five academic members. The Com- 
mittee emphasizes that the members should not be 
representatives of Commonwealth, States or univer- 
sities, but should serve solely in their personal 
capacities. It should be set up informally, not by 
statute, and attached to the Prime Minister’s Depart- 
ment. Its business should be to advise the Prime 
Minister on the contributions which the Common- 
wealth should make to States toward the support of 
universities, and directly toward the support of the 
two “university institutions under Commonwealth 
control. The Committee hopes that the States would 
be willing to seek advice from the proposed University 
Grants Committee in respect of their local university 
problems. The proposed Committee would work 
very much as its prototype does in Britain, by 
visiting universities and preparing a recommendation 
for the Commonwealth Government, The Committee 
believes that financial grants should be made at 
three-yearly intervals, not five-yearly intervals as in 
Britain. 

Finally, the report reminds its readers that the 
provision of money and the setting up of a University 
Grants Committee will not of themselves solve Aus- 
tralia’s problems of higher education. The Committee, 
if it is set up, will have to rely on the Australian 
universities, through their Vice-Chancellors’ Com- 
mittee, to formulate a national policy for the 
development of higher education and to take the 
initiative in putting their views before the proposed 
University Grants Committee. The Committee would 
(as in Britain) deal directly with each university over 
its Own programme of development.’ But it would 
also have to be in frequent consultation with the 
Australian Vice-Chancellors’ Committee on matters 
of national policy. 
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COMMENTARY 


To anyone familiar with Australian universities, 
this report is a masterpiece of discernment, and the 
Prime Minister’s quick response to it is very grati- 
fying. The older Australian universities have a great 
tradition of scholarship. The intellectual capacities 
of Australian youth are as high as those of young 
people anywhere in the Commonwealth. Already in 
her brief history Australia has made very distinguished 
contributions to science, scholarship and world affairs. 
But in recent years her universities have been. taxed 
hopelessly beyond their capacities. The trouble is 
due partly to the peculiarly Australian conception of 
democracy which regards the right to attend a 
university as something in the same category as the 
right to drive a vehicle on the public highway. But 
public enthusiasm for enjoying the benefits of higher 
education has not been matched by public enthusiasm 
for paying for them. So the universities have had to 
open their doors to students inadequately prepared 
to enter and in numbers for which no proper pro- 
vision had been made; the outcome has been a 
decade of mass-education, lectures in duplicate, 
practical classes without enough demonstrators, 
shortages of equipment, heavy examination failures, 
and no energy left over for research. 

Mr. Menzies’s announcement, and his promise that 
a body having the functions of a University Grants 


` Committee will be set up, disperses most of the clouds 


in the academic sky. But not all. It still remains to 
be shown whether a university organized on the 
Scottish pattern can carry a student population of 
14,000-17,000 (as Sydney contemplates) without 
@ breakdown in the machinery of administration. 
You cannot double the size even of a football team 
without changing the rules of the game. It is a 
matter of judgment, of course; but one cannot 


.observe these large Australian universities without 


wondering whether they should not either re-organize 
their administration on the American model (with 
permanent deans and much more decentralization 
of business into faculty offices), or limit numbers 
to (say) 8,000 and encourage the foundation of 
new institutions. È 

In the long view (not as a way to meet the present 
emergency) there is something to be said for dis- 
persing the enormous and amorphous elementary 
classes into colleges somewhat resembling the 
American junior college. In a country without a 
strong sixth-form tradition in its schools and with 
such a widely dispersed population, the educational 
climate might prove congenial to colleges in the 
country and in the suburbs of big cities, where young 
students under personal supervision could cover the 
intermediate year in basic arts and sciences. Such an 
arrangement as this would reduce the numbers in 
the universities ; it would provide them with more 
mature students; and it would enable them to 
preserve their Scottish pattern of organization. __ 

However, the Committee was wise not to make 
any revolutionary or unfamiliar proposals in this 
report. For there is no time to be lost, and the only 
way Australian universities can prepare for the 
macro-bulge which is coming is by @ vigorous pro- 
gramme of development on conventional lines which 
the vast majority of academic people will approve. 
The Murray Committee has made a decisive con- 
tribution to Australian higher education; in doing 
so it has put not only Australians, but also all other 


academic men in the Commonwealth, in its debt. 
; 
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Arthur Guinness, Son and Co., Ltd., Chemist’s Laboratory, St. James’s Gate, Dublin 


Wo classical methods have been applied 
with some success to the synthesis of small 
polynucleotide derivatives such as dithymidine 
dinucleotide: and adenosine-2’-uridine-5’-phosphate? 
such methods give low yields and require protected 
nucleoside and nucleotide derivatives. The fully 
esterified mixed anhydride 

method has proved suc- 

cessful for di(nucleoside- B 

5’)-phosphates’, but when Ae 


applied to the synthesis of 
a naturally occurring type 


of internucleotide linkage 6 = 


tension of this method to 
the use of nucleoside phos- 
phite anhydrides has been | 
described? ; but again, 
yields are low and the ; 
method offers little hope D 

for the synthesis of higher — 
oligonucleotides. 
liminary publication by 
Khorana? describes the 


use of carbodiimide and g 


is unsatisfactory. An ex- | te eal 


toluene-p-sulphonyl 
chloride in the syn- O 
thesis of deoxydinucleo- 

tides from thymidine-6’- | 
phosphate. 

In view of the dif- N 
culties attending the use 
and removal of pro- 
tecting groups in the 
ribonucleotide series, the 
possibility of polymeriza- 
tion of the readily avail- U 
able 2’(3’)-monoribonucleo- 


It has been found that 
these nucleotides are easily 
converted to the nucleo- 
side - 2’ - 3’ - cyclic phos- 
phates’, which are then 
polymerized quantita- 
tively, by the action of i NII | 
tetraphenylpyrophosphate P—OC 
at room temperature. A ye 

number of such polymers 
have been prepared, in- 
cluding polyadenylic acid, 
polyuridylic acid and poly- 
mers containing adenylic 
and uridylic acids in var- 
ious proportions. By using 
uridine-2’ : 3’-cyclic phos- 
phate-5’-phosphate in the 
presence of excess adeno- 
sine - 2’: 3’ - cyclic phos- 
phate, polymers of adenylic 
acid terminating with uri- 
dine - 5’ -phosphate at the 
head and adenosine-2’ : 3’- 


tides has been examined. p: 





A pre- B 








cyclic phosphate at the tail (V) have been synthesized. 
In addition, by reaction of a mixture of four mono- 
nucleotides—adenosine-2’(3’)-phosphate, guanosine- 
2’(3’)-phosphate, uridine-2’(3’)-phosphate and cyti- 
dine-2’(3’)-phosphate—a synthetic ‘ribonucleic acid’ 
has been prepared. 
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In practice, a solution of the mono tri-n-octyl- 
ammonium or mono tri-n-decylammonium nucleotide 
(I) is treated with tetraphenyl pyrophosphate® or 
diphenyl phosphorochloridate? and tri-n-butylamine 
to give the cyclic phosphate (IL) quantitatively, which 
is then made to react in situ with a further mole of 
tetraphenylpyrophosphate (added directly or formed 
in the reaction medium by addition of diphenyl 
phosphorochloridate). Rapid polymerization, with 
the evolution of heat, then occurs, presumably 
through an unstable pyrophosphate (III), which then 
reacts, either directly or via the dinucleoside pyro- 
phosphate (VI), with the primary hydroxyl] groups to 
give ultimately a mixture of polymers (IV) with 
2’(3’): 5’-phosphate linkages and a tail 2’: 3’-cyclic 
phosphate. Precipitation from the reaction mixture 
gives the crude product, which can be fractionated 
roughly into oligonucleotides of various molecular 
weights by acid precipitation, or better, by dialysis 
against water, 0:5 M ammonium chloride and 
2 M sodium chloride solutions. Representative 
dialysis results are given in Table 1. 

Table 1 


Dialysis of crude polymers 
against 
2M 

sodium 

chloride 


Water Dialysis 
residue 


(per cent) 


Commercial ribonucleic acid 


(from yeast) 
‘Synthetic ribonucleic acid’ 
Polyuridylie acid 
Polyadenylic acid 
Polyadenylicnridylic acid 





The properties of these polymers are consonant 
with the general structure ascribed to natural 
oligonucleotides® with the exception that, as expected, 
only some 650-60 per cent of the internucleotide 
linkages are 3’-5’, the remainder being 2’-5’. (While 
this is perhaps unfortunate from a purely sxsthetic 
view, the possible chemotherapeutic value of such 
compounds may be significant.) Thus mild acid 
treatment opens the terminal cyclic phosphate to 
give oligonucleotides with tail units containing a 
2’(3’)-phosphate. More vigorous acid degradation 
gives either purines and/or pyrimidine-2’(3’)-phos- 
phates, depending on the polymer. The polymers are 
completely degraded by 0-1 N sodium hydroxide at 
37° for 24 hr. to the respective 2’(3’)-mononucleotides 
(and to uridine-2’(3’) : 5’-diphosphate in the case of 
PS’UP5’AP5’AP—abbreviations as in ref. 1) only. 
Treatment with rattlesnake venom gives the expected 
nucleosides, and, after prolonged treatment, the 
nucleoside-2/(3’) : 5’-diphosphate (that is, the tail 
nucleotide) in small amount’. Estimation of the 
relative amounts of nucleoside and nucleoside-2’(3’) : 
5’-diphosphate gave an estimate of the average 
molecular size. Thus the unfractionated initial 
products gave results varying from 4-2 to 7-8 nucleo- 
tides as the average chain-length. Preliminary work 
indicates that under the conditions employed the 
molecular species vary from 2 to approximately 10 
nucleotides in length. While the reaction can un- 
doubtedly be improved it does not seem likely that 
extremely large polymers with molecular weights 
of the order 50,000-10° will be synthesized in this 
manner unless an anhydride which is effective in 
aqueous solutions is used. 

While the polyadenylic acid was resistant to-the 
action of ribonuclease, some 50-60 per cent of the 
internucleotide linkages of polyuridylic acid were 
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cleaved. This figure is aproximate as only a propor- 
tion of the material appears ‘as uridine-3’-phosphate, 
the remainder appearing as di-, tri- and possibly 
tetra-nucleotides (paper chromatography) containing 
2’.5’-internucleotide linkages exclusively. Consider- 
able variation has been observed, and it is likely that 
under suitable conditions a higher proportion of 3’-5’- 
linkages would be formed?%11, > 

It is clear from the extensive work of Sir Alexander 
Todd and his collaborators? that, under the condi- 
tions employed, the nucleoside-2’ : 3’-cyclic phos- 
phates would be polymerized by the action of any 
acid anhydride where the weaker acid of the anhydride 
is stronger than the cyclic phosphate. It was there-: 
fore of interest to examine the action of an anhydride 
such as that derived from diphenyl phosphoric acid 
and benzyl phosphorous acid!®*. When adenosine-2’ : 
3’-cyclic phosphate was treated with diphenyl 
phosphoric—benzyl phosphorous anhydride’, approx- 
imately 50 per cent of the adenylic acid was converted 
to polymers containing a 5’-benzyl phosphite group 
at the head and a cyclic 2’ : 3’-phosphate at the tail. 
The remaining 50 per cent was isolated as adenosine- 
2’ : 3’-cyclic phosphate-5’-benzyl phosphite, identified 
by its conversion to adenosine-2’(3’) : 5’-diphosphate 
via adenosine-2’ : 3’-cyclie phosphate-5’-benzyl 
phosphate and adenosine-2’ : 3’-cyclic phosphate- 
5’-phosphate. 

By using dilute solutions of the nucleoside-2’ : 3’- 
cyclic phosphates and allowing the reaction to pro- 
ceed.for a limited time, products containing relatively 
large amounts of smaller oligonucleotides were 
obtained. Dr. L. A. Heppel of the National Institutes 
of Health, Bethesda, Maryland, has examined such 
products from adenosine-2’: 3’-cyclic phosphate: 
and ‘has tentatively identified AP5’A2’: 3’P, 
AP5’AP5‘A2’: 3’P and AP5’AP5’AP5’A2’:3’P by 
comparison with authentic specimens. Treatment 
of AP5’A2’: 3’P with dilute acid gave AP5’AP from 


- which the -terminal 2’(3’)-phosphate was removed 


by the action of prostate monoesterase to give a 
mixture of A2’P5’A and A3’P5’A. Spleen phos- 
phodiesterase split approximately 50 per cent of the 
AP5’AP to AP, the remaining A2’P5’AP being 
resistant to enzymatic cleavage. 

It is hoped to extend the work to the synthesis of 
dinucleoside phosphates and the alkyl esters of the 
2’- and 3’-nucleotides. 

Thanks are due to Dr. L. A. Heppel for the results 
mentioned, to Dr. A. K. Mills for interest and 
encouragement and to the Directors of Arthur 
Guinness Son and Co. (Dublin), Ltd., for permission to 
publish this work. 
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BIOCHEMICAL FUNCTIONING OF VITAMIN B} 


By Dr. E. LESTER SMITH, F.R.S. 
Glaxo Laboratories Limited, Greenford, Middlesex 


HE chemical structure is now known not only of 

vitamin B,, itself but also of many netural and 
biosynthetic analogues and products of its chemical 
modification. It is therefore possible to begin to 
consider such problems as the linkage between the 
vitamin and peptides or proteins (the intrinsic factor, 
for example) and the nature of the molecular group- 
ings that may be involved in its biochemical function- 
ing. The ‘nucleotide’ has two points of attachment 
to the porphyrin-like ‘planar group’. One is through 
a chain of seven atoms between ring D and the 
phosphorus: the other is by a co-ordinate link 
between the cobalt and N3 of the benziminazole. 
It is this second link that is broken in the formation 
of the purple dicyanocobalamin with alkaline cyanide, 
leaving the nucleotide part hanging loose, as it were, 
from its long chain with considerable freedom of 
movement; this, incidentally, may well be what 
prevents the dicyano compound from crystallizing. 
It appears that this link can also be broken by 
thiocyanate’, and there is some evidence that linkage 
with B,,-binding proteins also extrudes the nucleotide 
in this fashion. Thus the two complexes, between 
vitamin B,, and intrinsic: factor and the sow’s whey 
factor, respectively, have both been shown to retain 
the —CN group, and they both fail to react with 
alkaline cyanide to add a second —CN : this suggests 
that the position is already occupied, by @ group not 
readily displaced by cyanide*.’. 

Most of the vitamin B,, present in animal or 
bacterial cells appears to be ‘bound’, presumably to 
proteins, so that one probably should consider such a 
complex, rather than the free vitamin, as the biologi- 
cally functional unit. It is already becoming clear, 
however, that any one of various slight modifications 
to the vitamin structure can interfere with its linkage 
- to a highly specific binding factor. This suggests 
multipoint attachment, such as has been envisaged 
between enzymes and their substrates’, involving 
both the nucleotide and the planar group. The 
cobalt might well be joined to @ nitrogen atom 
of a histidine residue’, and one can envisage the 
nucleotide, on’ the end of its flexible chain, being free 
to wrap itself around part of the protein molecule so 
that, for example, oppositely charged and suitably 
situated sites on the two molecules are in juxtaposition. 
It would not then be surprising if the absence of one 
or both of the methyl groups from the dimethyl 
benziminazole, or their replacement by other rela- 
tively non-polar groups (even by chlorine), made 
little difference to the biological activity, as indeed it 
does’. This part of the molecule probably represents, 
as it were, just the end of a line of hooks, by which 
the vitamin attaches itself to its appropriate biological 
environment. For the same reason, perhaps, in 
microbiological systems synthesizing cobalamins, 
this part of the molecule is freely replaceable by 
almost any substituted benziminazole one cares to 
add to the medium or (with a more limited range of 
organisms) by one of several purines’. Reverting 
to the biological activity of analogues, one may note 
that even a hydroxyl group on the benzene ring is 
enough to depress activity considerably, and that 
exchange of benzene for the more basic pyrimidine 
ring (to give a purine type analogue) almost entirely 


destroys activity except for the less specific assay 
organisms’. It is justifiable to conclude that the low 
activity of the purine analogues is due to their in- 
ability to link effectively with specific proteins, be- 
cause the adenine-containing pseudo-vitamin. B,, does 
not interfere (even when it is present in large excess) 
with the binding of vitamin B,, by intrinsic factor or 
with the uptake of the vitamin from the gut®.®, 

It seems likely that the highly activated 8-position 
on ring B must also be involved in binding to specific 
proteins. It is this position that is attacked when the 
vitamin is subjected to mild oxidation by halogens or 
by oxygen and alkali. The adjacent acetamide chain 
is then modified and cyclized to yield a lactam or 
lactone ring fused to ring B ; these compounds are 
also biologically inert’. 

Having thus dismissed a good deal of the molecule 
to accommodate the protein, one is left wondering 
which parts are left to function in promoting enzyme 
reactions. A likely answer seems to be the labile 
amide groups. There are three of these, one much 
more labile than the others, and they are almost 
certainly those on the three propionamide chains : 
it is perhaps significant that these chains protrude 
from the planar group on the side opposite to the 
—CN group, that is, on the side where the binding 
protein is probably located. Thus at least one would 
be in @ position to interact with a substrate molecule 
anchored in turn to the protein. — 

These amide groups can be successively hydrolysed 
with dilute acid or alkali, and the resulting mono-, 
di- and tri-carboxylic acids are not merely inert 
towards the B,,-requiring mutant of Escherichia colt, 
but they show some anti-vitamin activity. This 
appears to be enhanced when the acids are converted 
into substituted amides by reaction with methyl- 
amine, aniline, etc. (conveniently with dicyclohexyl 
carbodiimide as condensing agent)’. One may 
deduce that these substituted amides can compete 
successfully with the vitamin for binding sites on the 
specific protein (which some other analogues cannot 
do) but that they are unable then to fulfil its bio- 
chemical functions*®, 

The precise nature of these functions is still some- 
thing of a mystery. So many, indeed, have been 
attributed to` vitamin B,, that most or all of them 
must be indirect, and the problem is to discover what 
reaction or reactions are directly B,,-dependent and so 
fundamental that they could have an over-riding 
effect upon the others. Most investigators have, 
wisely perhaps, kept to their own corners of the field, 
and few have attempted much by way of integration. 
One can, however, discern four totally different 
hypotheses that have been tentatively proposed. 

Dubnoff in early in vitro experiments detected an 
effect of a vitamin B,, concentrate upon the reduction 
of —S—S— linkages to sulphydryl groups. This was 
taken up by Bacon Chow, who pointed to the low 
serum glutathione-levels in Bı, deficiency states, 
quickly raised to normal by the vitamin, and linked 
this with a possible effect in maintaining —SH 
enzymes in the reduced, active state. Since important 
glycolytic enzymes are in this group, the connexion 


_ between vitamin B,, and carbohydrate metabolism 


could thus be explained. The established function 
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of the vitamin in promoting the de novo synthesis of 
the methyl group of methionine from one-carbon 
precursors in a higher oxidation state must involve at 
least two steps. Since a folic acid derivative is 
probably responsible for the actual transfer to homo- 
cysteine of a one-carbon unit, ib seemed reasonable 
to postulate that vitamin B,, reduces this to —CH, 
and perhaps also homocystine to homocysteine’, 
The trivalent cobalt in the vitamin can indeed be 
reduced reversibly to the divalent state, in which it 
could serve as a reducing agent, and although the 
redox potential seems well outside the physiological 
range, linkage to protein might change it in the 
required direction. However, there are difficulties ; 
for one thing vitamin B,, sheds its cyanide group on 
reduction and probably also the ability to link with 
protein. Also, recent experiments appear to disprove 
any effect on the reduction of homocystine“. 

Tn lactobacilli, vitamin B,, can be replaced by 
thymidine or other deoxyribosides. ‘The assumption 
that their synthesis is controlled by the vitamin has 
recently been confirmed. Further, tracer experiments 
suggest that the synthesis of deoxyribose is the B,,- 
dependent step. Although these phenomena could 
not be demonstrated with other species of micro- 
organisms, it was widely assumed that vitamin By, 
was concerned in the synthesis of deoxyribonucleic 
acids, and possibly of ribonucleic acids also, in 
animals and humans. This was supported by the 
dramatic increase in red cells and growth of epithelium 
(relief of sore tongue) on treatment of pernicious 
anemia cases. By analogy with the methylation of 
homocysteine, vitamin B,, was supposed to bring 
about methylation of uracil to thymine (possibly at 
the nucleoside-level) and so to make available this 
constituent of deoxyribonucleic acid required for cell 
division!®. This hypothesis has also run into difficul- 
ties. Doubt has been thrown upon some evidence cited 
in its support. More directly, recent tracer experiments 
by Connor Johnson and his colleagues have failed to 
show any effect of vitamin B,, upon the rate of syn- 
thesis of either deoxyribonucleic or ribonucleic acid 
from any of several likely precursors by pigs or chicks*§. 

A number of observations have indicated that 
cyanocobalamin is involved in protein metabolism. 
Other experiments did not support this as a major 
role, and until recently there was & tendency to 
regard any such effects as secondary. Several inde- 
pendent studies have, however, given indications of 
diminished concentrations of different enzymes (trans- 
methylase, ribonuclease and dehydrogenases'*-?8) 
in the tissues of B,.-deficient animals. Wagle and 
Connor Johnson have recently reported that the 
incorporation of carbon-14 labelled serine or glucose 
into liver protein of pigs or rats is markedly diminished 
when the animals are deprived of the vitamin”. 
They have also demonstrated large in vitro effects 
in experiments with liver and spleen microsome 
fractions from normal and deficient animals. The 
incorporation of lebelled amino-acids was about four 
times as great in the ‘+B,,’ preparations ; moreover, 
the ‘—B,,’ ones could be brought up to nearly the 
normal level by addition of the vitamin”. This is the 
most dramatic effect yet demonstrated in an isolated 
enzyme system. However, other workers have criticized 
the experimental conditions and are not yet ready to 
concede proof of a direct effect upon protein synthesis. 

A complication in advanced pernicious anemia is 
degeneration of the spinal cord, and this condition 
can be arrested only by vitamin Bis whereas folic 
acid can bring about hematological remission, at least 
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temporarily. Niewig and his colleagues were forced 
to the conclusion that this implied a control of protein 
synthesis by vitamin B,., because the protein turn- 
over rate is high in the nerve axons involved in these 
degenerative changes’. Being wedded to the 
nucleic acid hypothesis, they explained this as an 
indirect effect, whereby ribonucleic acid functions as 
a template for protein synthesis, the synthesis of the 
necessary ribonucleic acid being the B-dependent 
stop. However, it would be more logical to cite this 


‘evidence in support of a direct effect of the vitamin 


upon protein synthesis. This hypothesis can explain 
better than most the over-riding effect of cyano- 
cobalamin upon a number of metabolic processes, 
if it functions by controlling synthesis of the protein 
moieties of enzymes. 

Wokes and Picard®*, noting increased thiocyanate 
excretion in dietary vitamin B,, deficiency, dimin- 
ished by administration of the vitamin, have put 
forward a hypothesis based on the supposed lability 
of the cyanide group and competition of hydroxo- 
cobalamin and the enzyme rhodanese for cyanide. 

One may now inquire which of these hypotheses 
accords best with the picture of a vitamin B,,-protein 
complex with its labile amides poised for action. 
Although no precise mechanism can be envisaged as 
yet, the likely answer seems to be the protein-synthesis 
hypothesis, as indeed its latest exponent, Dr. Connor 
Johnson, has suggested?*. Ib is perhaps relevant that 
an enzyme, recently detected in liver, catalyses the ex- 
change of ammonia from protein amide groups for ali- 
phatic amines, including the s amine group of lysine™. 

The end of the story is not yet in sight, but there 
are reasonable hopes that we may soon know more 
about the mode of action of vitamin B,, than we do 
about some other vitamins discovered much earlier. 
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MANAGEMENT AND RESEARCH 


HE theme of the annual conference of the 

British Institute of Management, which was 
attended by 620 top managers during November 6-8 
at Bournemouth, was set in the opening address by the 
Right Hon. Viscount Monckton of Brenchley. Intro- 
ducing research as a signpost to better management, 
Lord Monckton showed that as a nation we are’ 
devoting roughly two per cent of our national income 
to research of all kinds. This appears to be a similar 
proportion to that for the United States, but our 
research effort seems to be more dominated by 
defence requirements, particularly in the fields of 
aircraft, electronics and atomic energy, than is that 
of the United States. Partly, if not wholly for this 
reason, a larger share of the financial burden in 
Great Britain is carried on the shoulders of the 
Government. The expenditure of the United King- 
dom Government on research and development in the 
year 1955-66 amounted to more than £200 million, 
of which only about one-sixth was accounted for by 
expenditure on civil research. Lord Monckton paid 
tribute to the important contribution to industrial 
efficiency which is made by- the research activities of 
business undertakings within their own organizations 
—activities entailing expenditure many times greater 
than that of the Government on industrial research-—— 
and also raised the basic question of whether, in 
principle, the consumer of the current products of 
industry should be called upon to cover the cost of 
research designed to produce better and cheaper 
articles for his successors, or whether such ventures 
should be properly financed by the shareholder by 
` way of lower dividends or by the direct provision of 
new capital. 

Giving pointers for future research, Lord Monckton 
suggested that “it might be worth while for some 
internal research to be done on the actual effects upon 
particular branches of business of changes in rates of 
purchase tax”. Research of this kind might yield 
results of value in shaping the processes of national 
economic policy in such a way that full regard is paid 
to its more remote and long-distance consequences as 
well as its immediate and direct effects. Another 
field would be research into “the true causes of 
breakdowns in employer—workers relations”. 

The remainder of the Conference was a model of how 
large national conferences should be organized to 
give all participants opportunities of obtaining inform- 
ation and discussing matters in which they are 
particularly concerned or interested. In twenty-five 
sectional meetings topics ranged from electronic data 
processing to market research; from operational 
research to case-studies of successful new companies ; 
from economic research to means of evaluating 
performance in the sales force; from the use made 
by industry of research organizations to budgetary 
control. 

One of the liveliest of these sectional meetings 
was concerned with psychological factors in group 
relations. The speaker was Dr. A. T. M. Wilson, of the 


. Tavistock Institute of Human Relations, who indi- 


cated the main types of investigations which have been 
made into group relations. By the use of experi- 
mental discussion groups, two styles of group leader- 
ship were contrasted: the highly directed and the 
‘actively integrative’. The investigator concluded 


that the integrative style leads to a more appropriate 
group atmosphere, to greater group satisfaction 
with the performance of members, and to greater 
member satisfaction with group solutions of 
problems. 

Another type of research into group relations has 
been the descriptive analysis of group relations 
exemplified by the studies of Woodward and her 
colleagues with Manchester dock workers, and Scott 
and his colleagues at the University of Liverpool on 
the effects of changing methods of steel manufacture 
on the social structure and group relations in a mull. 
Similar work has been done by Trent and Bamforth, 
who, in a study of the longwall system of mining, 
have presented one of the most detailed analyses yet 
available of group relations in a production system ; 
Burns has recently examined cliques and cabals in 
industrial firms, while Mackenzie has discussed the 
relationship between production and inspection 
groups. 

Studies of the kinds described are adding to our 
knowledge of group relations in actual working 
situations beyond the superficial level at which they 
have ofteh been described and considered in the past. 
More important, they illustrate how knowledge can 
be deepened by the use of a systematic framework 
derived from the social sciences. The full value of 
such studies will not be easy to assess until it is 
possible to see their results in the new generations of 
managers whose training has in part been based on 
discussion of such research and its implications. 

A different kind of study has-been made with the 
experimental reorganization of working groups in 
actual industrial situations. One of the best-known 
is that of Rice, who, in an Indian textile factory, had 
an opportunity to initiate an experiment in complete 
reorganization of a working team, first in an auto- 
matic and later in an ordinary weaving shed. With 
the agreement of management and trade unions, and 
with the collaboration of the workers concerned, he 
was able to reconsider the whole basis of dividing up 
the activities needed to service the working looms. 
In the automatic weaving shed he reduced the twelve 
categories of job to three and completely altered the 
supervisory pattern. The results were to increase 
efficiency by about fifteen per cent. A completely 
reorganized managerial system emerged. 

One extremely important finding of this work can 
be expressed as follows: the technological character 
of a particular production system does not completely 
determine the structure of the working team by which 
any such system is operated. The studies which Rice 
has published demonstrate the possibility that there 
may be much to be gained from & consideration, 
first, of the objectives of a particular production team 
and, secondly, various possible forms of team 
structure. 

Studies of communication in small working groups 
have also been made and clearly showed that com- 
munications are particularly vulnerable to the creation 
of informal procedures, and the creation of “by-pass 
channels’, and that the existence of informal pro- 
cedures can serve as a signal to the investigator to 
look for discontent originating in circumstances 
perhaps quite unrelated to communications 


themselves. College oF 
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There have been many experimental training 
conferences in group relations, and these have varied 
patterns of component activities. Wilson also 
described the use of groups ; theory sessions: role- 
playing ; and short projects to illustrate -the project 
method of teaching. 

In the ensuing discussion it was made clear by 
management representatives that useful research 
findings in group relations would continue to be 
unused until their interpreters were able to free 
` themselves from unnatural jargon and obscurantism. 

Confusions about productivity and profits were 
analysed by R. J. Brech (Unilever Ltd.), who showed 
that productivity is of little value in assessing the 
current operations of a firm. 

Productivity is simply an arithmetic ratio expres- 
sing æ technical concept. It describes the relative 
change in output from a given change in input. If 
output goes up or down more than proportionately 
with the increase or decline in input, then productivity 
increases or declines. As a technical concept it has 
its value, since once it is known, changes in output 
can be predicted for given changes in input. But 
from a management point of view, such a concept has 
little significance. A manager, if he is to run his 
business intelligently, has to use economic concepts 
rather than technical ones. The difference between 
an economic and technical concept is still not fully 
appreciated by the business community. The 
essence of business is the ability and willingness to take 
. & risk, and profits are the legitimate return for risk- 
taking.. Profits are based on relative prices and. costs 
—on economic considerations and not technical 
ones. 

How far does the concept of productivity help the 
manager to maximize his profits ? Productivity ratios 
can be (and perhaps should be) worked out for all 
significant factors of production used in any particular 
process—labour, materials, machinery, floor space 
and so on. But the ratios themselves are of little 
value, since they cannot be compared against a 
standard. A more significant feature is the change 
and the rate of change in the ratios over time. But 
when all these ratios and changes in ratios have 
been worked out, how do they help the manager to 
maximize his profits ? If the manager can legitimately 
assume that relative prices are unchanged, then an 
increase in productivity of any factor of production 
will mean a decline in cost per unit of output. Pro- 
ductivity as a concept is only helpful as a step in 
calculating changes in costs; and even then it can be 
misleading since it turns attention away from the 
real problem confronting management—namely, the 
provision and use of proper information. 

The basic information necessary for taking manage- 


ment decisions is thé normal accounting and statisti- - 


cal data, and these should be designed in such a way 
that they can be used for most, if not all, manage- 
ment decisions. Unfortunately, most accounting 
data are usually presented in such a form and go late 
as to be of little value to the manager in taking current 
decisions or in looking to the future. Accountants 
have had to concentrate much more on form and 
presentation of data rather than on the content and 
on the concepts on which the data are based. A 
manager, however, is an ‘operational economist’ : 
all his decisions are basically those connected with 
economic problems in the sense that they are con- 
cerned with relative prices. Any accounting informa- 
tion intended to help management to take the right 
decisions must be based on economic principles. 
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A. sectional meeting which attracted considerable 
interest was one concerned with a woman’s approach 
to management. The speaker was Elizabeth Barling 
(John Lewis Partnership), who suggested that in some 
civilizations men enjoy much more freedom than 
women. In Western countries, however, men enjoy 
considerably less freedom and are inured to con- 
siderably more discipline. 

Most men have wives and families to support and 
think about. Most career women either have 
husbands who have jobs or are unmarried and, 
economically, have only themselves to think about. 
Men, have to play safer, so far as their jobs are con- 
cerned, than women. Women will not stay in jobs 
they do not enjoy. Men mostly will—if security and 
perhaps pensions depend on their doing so. Creativity 
is essentially a product of freedom. Staying in a 
job that is disliked or playing safe in a job that is 
disliked are not the conditions in which creativity 
flourishes. If women are less inured to discipline— 
and if industry wants their ideas—then industry must 
recognize that their creativity may depend on con- 
ditions of freedom and do what it can to foster those 
conditions. 

It is incompetence in dealings with people that 
holds British industry back. How to get people to 
work effectively together ? Where to find an incentive 
that really lasts? How to remove the traditional 
suspicions and fears that prevent workers from going 
all out to increase national productivity and their 
own standard of living ? How to turn not just virtues 
but the weaknesses in human nature to good account 
in the interest of the firm and of the country ? These 
are the real problems of to-day and women have a 
part to play in their solution. 

The implications of budgetary control for financial 
research were considered by A. E. Tunley (Harris 
Lebus Litd.). The kind of research into the completed 
budget would raise such questions as : 

(1) Is the estimated profit up or down compared 
with previous years, and is this in keeping with the 


‘trend in industry generally and in the particular 


industry in which the organization operates ? Does 
the profit appear in general to reflect a comparable 
achievement to that of its chief competitors ? 

(2) Does the estimated profit in relation to the 
estimated capital employed show an improvement 
or @ deterioration over previous periods, and do 
these variations reflect a general trend in the industry 
or are they peculiar to the organization ? If not, 
are they temporary and a part of a deliberate policy of 
long-term improvement ? 

(3) Of equal importance in testing the efficiency of 
an organization is to see that the rate of profit earned 
on profits retained in the business is at least equal to 
the profitability of the original capital—the true 
test of the growth of a company. 

A. change in the profitability of capital employed 
can arise from several causes, and it is desirable to 
Investigate which of these operated. It may be 
that costs as budgeted have increased, and it is not 
thought possible to pass this on to customers. It is 
important to consider why costs have increased and 
whether the increase is avoidable. Various ratios 
and indices of measurement will lead to further 
investigations, such as : 

(i) the elements of manufacturing, distribution 
and selling costs expressed in terms of a suitable unit 
which eliminates the price element (that is, a pro- 
ductivity unit or a selling unit) to indicate trends by 
comparisons with previous years. 
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(ii). comparisons of labour efficiency as projected 
in the budget compared with past records. 

A fall in profitability of capital employed could be 
due to a slowing down in turnover in capital. A 
breakdown of the elements of capital employed in 
relation to volumes of sales should give a lead as to 
_ where the slow-down is occurring. Tho fall in profit 
in total and in relation to capital employed may be 
due to a fall in turnover. If, however, the problem 
has remained intractable, and the shrinkage in turn- 
over seems to be progressive over a long term, it 
must mean that there is either a developing shrinkage 
in the market for the company’s products or that the 
company itself is becoming progressively uncompeti- 
tive. 

If the problem is the former one, then the company 
must consider some more profitable use of capital. 

If the problem seems to be one of competition, the 
company must discover whether the reason is price— 
which may be due to: inefficiency in direct cost ; 
too high an overhead burden ; an attempt to obtain 
too high a margin. 

All these tests—and others—applied to the trend 
of an organization’s figures in the final budget 
will indicate how a business is progressing in relation 
to its own standards. The question still remains 
whether it is improving its position in relation to its 
competitors and in relation to industry generally ; 
whether it is better or less than average ; whether it 
is showing sound incipient strengths that could well 
be exploited. It is difficult to establish these facts 
unless there is some established method of comparison 
between firms. These take the form of detailed ex- 
change of cost information on @ common. costing 
method or financial ratios. 

The part the universities could play in management 
research was discussed by Prof. N. C. Hunt (Univer- 
sity of Edinburgh), who suggested that many apparent 
personality problems in industry are, in fact, organiza- 
tional problems. Given that organization, people 
would react similarly however well trained and well 
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chosen they might be. They create situations in 
which workers who have been educated. to be active, 
independent adults with real abilities are required to 
behave more and more like infants—dependent, 
subordinate and passive—even though they may be 
well paid for it and well treated. This must tend to 
frustrations which in turn lead to an increase of 
aggression and a reduction of efficiency. In this 
situation managers are asked to do the impossible. 
Whether they are autocratic or democratic, optimum 
results are persistently elusive. 

Much could be gained by researchers going into 
businesses without a detailed frame of reference 
to investigate a particular problem. Free to follow 
their own devices they might well stumble upon 
important discoveries which might have been missed 
had a definite course been set. University researchers 
must keep themselves free to tackle problenis in their 
own way, however ‘practical’ these problems may be. 
The business world would do well to make it possible 
for them to investigate problems which are not 
obviously practical and which may, seem irrelevant. 

Research in management must be a co-operative 
venture between the universities and the business 
community. It cannot be undertaken on any scale 
by business men immersed in the day-to-day problems 
of management. Neither can it be done by academics 
confined to laboratories and libraries. 

Besides the sectional meetings, twenty-six discus- 
sion groups were arranged concerned with subjects 
varying from management ratios in the small firm to 
research in labour turnover; from research into ` 
industrial markets to ways in which management 
can be kept informed of scientific development and 
research findings. The groups led to extensive shap- 
ing of experience which should prove to be of con- 
siderable value to British industry. 

The Conference was also addressed by Dr. A. King, 
deputy director of the European Productivity Agency, 
who illustrated the value of research as an investment. 

T. H. HAWKINS 


OBITUARIES 


Sir Ernest Kennaway, F.R.S. 


THROUGH the death of Sir Ernest Kennaway, which 
took place on January l (peacefully in his sleep, at 
St. Bartholomew’s Hospital), cancer research in 
Britain has lost its doyen, and experimental pathology 
one of its greatest figures. 

Ernest, Laurence Kennaway was born on May 23, 
1881, the son of Laurence James Kennaway, of 
Exeter. ‘As a scholar of New College, Oxford, he 
took a first-class in the final honours school of natural 
science in 1903. Proceeding to the Middlesex 
Hospital with a university scholarship, he graduated 
B.M., B.Ch., in 1907, and D.M. in 1911. After 
working for short periods at the Lister Institute and 
at University College, London, he then successively 
became demonstrator of physiology at St. Thomas's 
Hospital (1908), Hulme research student at Brasenose 
College, Oxford (1909), and demonstrator of physio- 
logy at Guy’s Hospital (1909-14). In 1911, he was 
awarded a Radcliffe travelling fellowship by the 
University of Oxford, and studied at Heidelberg and 


at Munich. In 1915, he obtained the D.Sc. of the 
University of London. 

He joined the staff of the Cancer Hospital in London 
as physiological chemist in 1921, and in due course 
became director of its Research Institute (now the 
Chester Beatty Research Institute), in succession to 
Dr. Archibald Leitch ; and was also elected professor 
of experimental pathology in the University of 
London. He retired from the staff of the Royal 
Cancer Hospital in 1946, becoming professor emeritus, 
and continued his researches at St. Bartholomew's 
Hospital. In a long life he accumulated many 
honours—the William Julius Mickle fellowship of the 
University of London, the first award of the Anna 
Fuller Memorial Prize (jointly), the Garton Prize 
of the British Empire Cancer Campaign, the Walker 
Prize of the Royal College of Surgeons of England, 
the Baly Medal of the Royal College of Physicians of 
London, the Osler Memorial Medal of the University 
of Oxford, and an honorary fellowship of New College 
——among others. He was elected Fellow of the Royal 
Society in 1934 (and a Royal Medallist in 1941), 
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and of the Royal College of Physicians in 1937, and 
received the honour of knighthood in 1947. 

In the period from about 1910 to 1920, Kennaway 
was the author of a whole series of papers, on & great 
diversity of topics, which unmistekably revealed the 
breadth of his knowledge and interests in chemistry, 
physiology and pathology, and gave a taste of things 
to come. Coertainly, however, it is upon his massive 
achievements in the sphere of malignant disease that 
his name- and fame are based and will endure. In 
the early ‘twenties, great efforts were under way to 
elucidate the nature of the cancer-producing agent in 
tar and pitch, following the successful induction of 
cancer through application of coal-tar to the rabbit 
skin by Yamagiwa and Ichikawa, (1915), and in the 
mouse by Tsutsui (1918). Between 1921 and 1926, 
Bloch in Zurich had found that the active substance 
was concentrated in the higher boiling fractions as a 
neutral compound probably belonging to the class of 
cyclic hydrocarbons. In 1924-25, Kennaway suc- 
ceeded in producing carcinogenic tars by the pyrolysis 
of many organic materials, and by leading acetylene 
and isoprene with hydrogen through heated tubes. 
The tars obtained at successively higher temperatures 
showed an ascending potency, and the results could 
be explained by assuming that acetylene was & com- 
mon. decomposition product, and that the carcinogenic 
material was built up from it. In all this work, 
Kennaway ever acknowledged the value of Berthelot’s 
classical paper of 1866, describing for the first time 
the production from acetylene of these very kinds of 
molecule. 

We are fortunate, indeed, that he left his own 
characteristic account of these and later developments 
(Brit. Med. J., 2, 749; 1955), setting forth their 
history, and making clear the essential part played by 
others at thè: Cancer Hospital—W. V. Mayneord’s 


examination of the fluorescence spectra of the car- - 


cinogenic tars, and the discovery of their special 
qualities: (1927); the development of this clue by 
I. Hieger ;..the discovery that 1: 2-benzanthracene 


_ gave a spectrum similar to that of the carcinogenic 


mixtures; and J. W. Cook’s studies of the benzan- 
thracene homologues. About this time, Clar had just 
published methods for tho synthesis of certain benzan- 
thracene hydrocarbons. These compounds were 
tested by Kennaway and Hieger (1929-30), who soon. 
observed positive results with 1:2: 5: 6-dibenzan- 


_ thracene : this was the first pure compound manifest- 


mg pronounced carcinogenic properties, and one 
cannot forget the satisfaction and modest pride which 
Kennaway obtained from the fact. The fluorescence 
spectrum-—in Kennaway’s words ‘“‘the single thread 
that led all through this labyrinth”—was also used 
in the concentration of the agent from coal-tar pitch, 
culminating in the isolation of a hydrocarbon which 
showed the characteristic spectrum and which proved 
to be highly carcinogenic. Its properties suggested 
one of the two benzpyrenes, and these were synthe- 
sized by J. W. Cook and Č.. L. Hewett, who were then 
able to prove the identity of one of the compounds 
(3: 4-benzpyrene), and the substance from pitch. 
All these, and many other results which Kennaway 
alone inspired, are embodied in numerous papers 
(many of them classics) in the scientifie literature at 
home and abroad, and, most notably, in a celebrated 
series which appeared in the Proceedings of the Royal 
Society during 1932-42. What undoubtedly emerged 
from almost thirty years of brilliant work was 4 
satisfying and indeed beautiful correlation between 
chemical constitution and biological action, whereby 
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the carcinogenic sub-classes*of polynuclear hydro- 
carbons could clearly be related to the parent sub- 
stance phenanthrene, in & system suggesting depen- 
dence upon certain optimal features of molecular size, 
shape, substitution and reactivity. But we must 
not minimize another result—namely, the profound 
practical influence which was exerted upon the whole 
of cancer research, and indeed biology at large, from 
the mere availability.of these potent carcinogens, so 
rendering possible, and catalysing, numerous other 
Investigations, and additions to knowledge, which 
could not have been attained without them. 

No imagination is needed to see how this career 
demanded a patient sense of purpose over so many 
years. In certain ways Kennaway possessed 2 
unique combination of qualities—in his intellectual 
aptitudes, his chemical sympathy and knowledge, and 
in his unrivalled skill in applying them to physiology 
and pathology. Apart from his modern scientific bent, 
he was also a true naturalist, believing greatly in field 
work and epidemiology. His standards of scientific 
evidence were rigorous and severe, to the point of 
austerity. His experimental methods were simple, 
practical and decisive, and a delight to watch in 
execution. He was much less interested in hypo- 
theses and explanations, and although his own work 
had lain almost entirely in the chemistry of carcino- 
genesis, he remained completely open and free to 
accept any other mechanism or interpretation—pro- 
vided only. that the facts were ascertained, and not 
én instant before. Added to all these gifts, he was a 
master of scientific expression, and of English 
construction. 

We have lost a great discoverer and scientific 
worthy. Among his personal attributes two things 
prevailed. First, his profound agnosticism. Secondly, 
@ superb fortitude, which enabled him to triumph 
over disability, illness and accident, and to continue 
his researches long after his official retirement and 
almost to the day of his death. Of course, he had 
many other interests, and many human concerns 
which he did not parade and which, contrariwise, he 
often tried to conceal. It is idle to pretend that 
Kennaway was easy, or that he could readily apply to 
ordinary judgments the quality of detachment he 
brought to his special field. But for how many can. 
anything of the kind be claimed ? Although he could 
be subjective and quixotic even more than most of us, 
these foibles were mere additions—often endearing — 
to the fascination of an already complex human 
character, and had no real bearing on the solid worth. 
of his permanent achievement. 

No appreciation could be complete which failed to 
refer to a factor at all times apparent to those who 
worked with him—the part played by Lady Kenna- 
way in every aspect of his life and contribution. Not 
in any small measure due to his helpmeet, he wrote 
& vast chapter in cancer research and chemical 
pathology, which nothing can diminish, or take away- 

A. Happow 


Dr. A. J. Ewins, F.R.S. 


Dr. ARTHUR JAMES EwIns died after a long illness 
on December 24, aged seventy-five. He will long be 
remembered for his discovery of several important 
chemotherapeutic remedies. 

Ewins was born in 1882 at Norwood, the son of 
Joseph Ewins, who was a signalman on the London 
and South-Eastern Railway. A scholarship took him 
to Alleyn’s School, Dulwich. Leaving at the age of 
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seventeen, he obtained @ position as technician at 
the Wellcome Laboratories, Herne Hill, working under 
Dr. (later Prof.) G. Barger. By evening studies at 
Chelsea Polytechnic, he graduated with honours in 
1906, and was promoted to the staff of the Wellcome 
Laboratories. Soon he began to co-operate with Dr. 
(later Sir) Henry Dale in work on acetylcholine, 
other choline esters, and the ergot alkaloids, and this 
formed the basis of a long and valued friendship 
between them. When Dale entered the service of the 
Medical Research Committee (later Council) in 1914, 
Ewins did the same, and worked with him in the 
production of ‘Salvarsan’ and other drugs formerly 
made in Germany and by then no longer available. 
Early in 1917 he was offered an attractive 
appointment with May and Baker, Ltd., which he 
accepted ; and he continued with this firm for the 
rest of his scientific life, becoming the head of 
its chemical research department and director of 
research. 

Hwins’s main interest was in chemotherapy. After 
much work on the organic arsenicals, he turned his 
attention to other fields. In the middle 1930’s Dr. 
E. M. Lourie and Prof. Warrington Yorke, of Liver- 
pool, had discovered that synthalin was very active 
in killing trypanosomes in vitro. Following develop- 
ment work by the late Dr. Harold King at. the 
National Institute for Medical Research, Ewins took 
up this lead and synthesized a long series of diamidine 
compounds, of which the most active, pentamidine, 
has proved of great value in combating sleeping 
sickness in Africa. One intramuscular injection is 
enough to protect a man against this infection for 
six months, and this procedure has been applied to 
millions of people in tropical Africa to safeguard 
them .against this dangerous disease. Another 


NEWS and VIEWS 


The United Kingdom Atomic Energy Authority 


Mr. W. R. J. Coox, deputy director of the Atomic 
Weapons Research Establishment, Aldermaston, has 
been made a full-time member of the Atomic Energy 
Authority. This new appointment makes it possible 
to progress towards certain alterations in the structure 
of the Authority. Three full-time members of the 
Authority have hitherto each had three types of 
responsibility. First, they have had executive 
control of one or more of the Authority’s establish- 
ments. Second, they have been responsible for 
formulating policy on, and for broad oversight of, the 
subjects constituting their own special fields (research, 
production and engineering, and weapons). Third, 
they have had to join with their colleagues in con- 
sidering and deciding jointly on the general policies 
to be pursued by the Authority. The purpose of 
the alterations which are being made is to free these 
members from their executive duties, and thus enable 
them to devote more time to their other respon- 
sibilities. -Sir John Cockcroft, who has since the 
setting up of the Authority held the posts of member 
for scientific research and director of the Atomic 
Energy Research Establishment, Harwell, will be 
succeeded in the latter post by Dr. B. F. J. Schonland 
(the present deputy director). 

Mr. Cook will be responsible at Board-level for 
policy questions concerning the Authority’s produc- 
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member of the same series—phenamidine—is widely 
used for curing babesiasis (redwater) of cattle and 
dogs. These drugs are also active against kala-azar. 

Lhe work for which Ewins is best known was his 
discovery of the famous ‘M & B 693’, or sulpha- 
pyridine as it was later named. After prontosil had 
been prepared by Domagk and Mietsch in 1933 as a 
cure for streptococcal infections, the French workers, 
Trefouel and Bovet, showed that the antibacterial 
activity resided in the simple structure—p-amino- 
benzene sulphonamide, or sulphanilamide. The early 
attempts to obtain greater and wider activity by 
modification of this structure were not very successful 
until in 1937 Ewins and Phillips inserted a pyridine 
group in the sulphonamide radical. This compound 
was tested by Sir Lionel Whitby and found to be 
very active in curing mice experimentally infected 
with pneumococci. The new compound was quickly 
applied to human infections and proved to be bril- 
liantly successful, and for the first time in medical 
history lobar pneumonia could be cured by a simple 
drug. Later, sulphapyridine was supplanted by other 
more active and less toxic compounds (including 
sulphathiazole synthesized by Ewins and Newbery), 
but the inspiration of its discovery will long be 
remembered. In 1943, Ewins was elected to the 
Royal Society. He continued to direct the research 
organization which he had built up until his retire- 
ment in March 1952. 

Ewins was a simple and modest man, but he knew 
his own mind, and once he had made a decision he 
persevered with determination. He was well liked 
and well respected. Besides his scientific work, his 
chief pleasures were working in his garden, reading 
and motoring. He leaves a Son aie a daughter. 

Babe i WKING 
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tion factories and the engineəring aspects of the 
Authority’s work. Since Sir Leonard Owen was 
appointed managing director of the Industrial Group 
in September 1957, he has had executive charge of the 
establishments in that Group. Sir William Penney 
will continue to be member for weapons research and 
development and, pending the appointment of a new 
director of the Atomic Weapons Research Establish- 
ment, he will continue to hold that post also. The 
duties of Sir Donald Perrott, member for finance and 
administration, and of Mr. W. Strath, member for 
external relations and commercial policy, are 
unchanged. Mr. Cook and Dr. Schonland will take 
up their new appointments on February 17. 


National Research Council of Canada: 
Dr. J. B. Collip, C.B.E., F.R.S. 


THE retirement is announced of Dr. J. B. Collip 
from the directorship of the Division of Medical 
Research of the National Research Council of 
Canada. He has held this appointment since 1947 
when the new Division of Medical Research super- 
seded the old Advisory Committee on Medical 
Rosearch, of which Dr. Collip had also been chairman 
since 1941. Dr. Collip, of course, is best known 
for his work in purifying the early preparations of 
insulin and thus playing a leading part in making 
this hormone available for general clinical use. Dr. 
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Collip, however, has many other claims to the respect 
and admiration of the scientific world. His work 
with extracts of pancreas seemed to whet his appetite 
for hormones, and he next attacked the para- 
thyroid gland which at that time was something of 
& mystery as an endocrine organ, and he succeeded 
where others had failed in obtaining a reproducibly 
active preparation. Next he worked on the newly 
recognized hormones of the anterior pituitary lobe, 
gonadotrophin, thyrotrophin and _  adrenocortico- 
trophic hormone, with a brief but productive excur- 
sion to the placenta. From the latter organ he 
prepared both cestrogenic and gonadotrophic extracts 
upon which he worked for some time in 1930 at the 
National Institute for Medical Research in London. 
Since the beginning of the Second World War his 
time has been taken up very largely by organizational 
work, partly in connexion with his appointment to 
the National Research Council but also as dean of 
medicine at the University of Western Ontario, a 
position which he still holds. No one meeting Dr. 
Collip could fail to be aware of his active and forceful 
mind or of the keen intelligence with which he dissects 
the various parts of a problem, and it is fitting at 
this moment to pay tribute to his services to medical 
science generally and to the National Research 
Council of Canada in particular. 


Prof. R. F. Farquharson, M.B.E. 


THE recent appointment of Prof. Ray Fletcher 
Farquharson as vice-president (medical) of the 
National Research Council of Canada, in succession 
to Dr. J. B. Collip, is one which is regarded with 
much pleasure and satisfaction by physicians and 
scientists alike throughout Canada. Born in Claude, 
Ontario, Dr. Farquharson graduated from the Univer- 
sity of Toronto Medical School in 1922, and after 
six additional years of postgraduate training in 
internal medicine in Toronto and in Boston he was 
appointed to the staff of the University of Toronto 
as demonstrator in medicine and began to practise 
as a medical consultant. In both his university and 
professional work he was eminently successful and 
he rose rapidly in academic rank. In 1935 he was 
appointed assistant professor of medicine in charge 
of therapeutics and in 1947 he succeeded Prof. 
Duncan Graham as the Sir John and Lady Eaton 
professor of medicine and head of the Department 
of Medicine in. the University of Toronto and as 
physician-in-chief to the Toronto General Hospital— 
posts which he still holds. During the Second World 
War he was on active service with the Canadian 
Armed Forces, serving with the rank of wing- 
commander as consultant in medicine to the Royal 
Canadian Air Force, and from 1948 until 1951 he was 
a member of the Defence Research Board of Canada. 
He is a Charter Fellow of the Royal College of 
Physicians and Surgeons of Canada and, in addition 
to serving on its Council for many years, was president 
of the College during 1945-47. He has been associated 
with the National Research Council of Canada since 
1945, first as a member of the Division of Medical 
Research and then as a full member of Council. With 
his recent appointment as vice-president (medical) 
he will be in charge of all the medical activities of the 
Council. In spite of his many other activities, he 
has found time to carry out and publish an impressive 
amount of clinical research; his work on calcium 
metabolism, pernicious anzmia, Simmonds’ disease 
and anorexia nervosa is particularly well known. 
Widely recognized throughout Great Britain and the 
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United States as well as in his own country as an 
outstanding physician, a first-rate investigator, an 
enthusiastic teacher and an able administrator, and 
held in the highest esteem and affection by his 
colleagues and patients, he brings to his new post a 
fund of ability and experience which augurs well for 


medical research in Canada. 


Applied Mathematics in Durham : 
| Prof. K. Stewartson 


Dr. Kerry Srewarrson, reader in applied mathe- 
matics in the University of Bristol, has been elected 
to the newly created chair of applied mathematics in 
the University of Durham. Dr. Stewartson was a 
Wrangler in Part 2 of the Mathematical Tripos in 
Cambridge in 1944 and then had his, studies inter- 
rupted by two years national service in the Ministry 
of Supply. He returned to Cambridge in 1946 to 
read for Part 3 of the Mathematical Tripos, in which 
he gained a mark of distinction in the following year 
and the Mayhew Prize. He then took up research in 
fluid mechanics and was awarded the Rayleigh Prize 
in 1949 for an essay on supersonic flow. He took his 
Ph.D. in 1949 and was at the same time appointed 
lecturer in the University of Bristol. He became 
reader in 1954 on his return from a year’s leave of 
absence spent as a research fellow at the California 
Institute of Technology. 

Dr. Stewartson’s contributions to fluid mechanics 
heve come under the headings of supersonic flow, 
magneto-hydrodynamics, boundary layer theory and 
rotating fluids, and of these perhaps the last two are 
the more important. In earlier work on boundary 
layers he showed (as did Illingworth simultaneously) 
that under certain special, but not unrepresentative, 
conditions it is possible to correlate the flow in com- 
pressible boundary layers, and he has also concerned 
himself with the phenomenon of separation, both 
shock-induced and in incompressible flow. His work 
on the mechanics of rotating fluids has comprised 
contributions to inviscid theory in such problems as 
the motion of a sphere along the axis of a rotating 
fluid, and to viscous theory in such problems as the 
flow between two rotating coaxial disks and‘ the 
discussion of almost solid rotations. i 


University of Durham Computing Laboratory 


THE Computing Laboratory of the University of 
Durham was officially opened on January 21 by 
Sir George Thomson, who spoke of the wide field of 
application of electronic computers, not only as an 
aid in scientific calculation, but also in the study of 
the humanities by the analysis of literary style. ‚The 
Laboratory has recently installed the Ferranti 
‘Pegasus’ computer ‘Ferdinand’ (FERranti DIgital 
Numerical Analyser Newcastle and Durham). The 
cost of the machine has been met by a grant from the 
University Grants Committee and by contributions 
from firms in the north-east of England. ‘Ferdinand’ 
was demonstrated to representatives of many firms 
after the official opening and naming ceremonies. 
The machine will be used for research work by 
university departments and will also be available for 
hire by industrial and commercial concerns. 


Royal Photographic Society Award 


Tue Royal Photographic Society of Great Britain 
has awarded its Silver Progress Medal for 1957, the 
Society’s highest award, to Dr. Edwin H. Land, 
president of the Polaroid Corporation, Cambridge, 
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Massachusetts, for his outstanding contributions 
towards the development of synthetic polarizers for 
light (for example, ‘Polaroid’) ; of stereoscopic photo- 
graphy using polarized light one-step photography 
(‘Land’ camera); of the ultra-violet colour-transla- 
tion microscope; and of the use of plastics and 
colloids in optics. Honorary Fellowship of the Royal 
Photographic Society has been conferred upon 
Dr. John I. Crabtree (Research Laboratories, Eastman 
Kodak Co.), who has been responsible for major 
developments in the practice of processing black-and- 
white still- and motion-pictures; and also upon 
Dr.. E. H. Land. 


Pooling Scientific Resources in the Western World 


In a written answer given on January 21 in the 
House of Commons to a question regarding the 
Government’s policy as to the pooling of scientific 
knowledge in the interests of international peace and 
co-operation, Mr. R. A. Butler re-affirmed that the 
Government is in favour of pooling scientific resources. 
He added that discussions with other members of the 
North Atlantic Treaty Organization and the Organ- 
ization for European Economic Co-operation are 
proceeding with the view of promoting this con- 
tinuing co-operation. The most important recent 
step towards scientific co-operation in the govern- 
ment field has been the joint decision of the North 
Atlantic Treaty Organization to establish a Science 
Committee and to appoint a Science Adviser to the 
Secretary-General. 


Technical and Technological Education in Scotland 


REPLYING on January 21 to a question in the 
House of Commons regarding the expansion of 
scientific and technological education in Scotland, 
the Joint Under-Secretary of State for Scotland, Mr. 
N. Macpherson, said that projects to the value of 
£7,300,000 have already been approved by the 
Secretary of State. He added that further projects 
to the value of £1,200,000 are being considered and 
it is expected to receive shortly a scheme for the 
remaining £1,500,000. Every opportunity is being 
taken by means of conferences and other forms of 
publicity to encourage employers and young workers 
to make full use of the facilities available. 


National Science Foundation Grants for Research 
Reactors 


Two major grants for research reactors are to be 
made by the National Science Foundation, namely, 
a 300,000 dollar grant to the State College of Wash- 
ington, at Pullman; and a 150,000 dollar grant to 
the University of Virginia, at Charlottesville. The 
reactor facility to be constructed at the State College 
of Washington will be a swimming-pool type, hetero- 
geneous reactor using enriched fuel elements and 
moderated by water. The reactor will have twelve 
beam ports, a thermal column, and at a power level 
of 100 kW. will provide a core flux of about 10” 
neutrons/cm.?/sec. The project is under the direction 
of Harold W. Dodgen, of the Department of Chem- 
istry. The proposed facility is near seven other 
institutions of higher learning and is expected 
to contribute to the development of a regional 
programme in reactor research and training in 
nuclear technology. The project is also being 
assisted by the U.S. Atomic Energy Commission. 
The research reactor at the University of Virginia 
will also be of a swimming-pool type. The School of 
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Engineering is participating in the design and con- 
struction of the reactor, thereby making possible 
appreciable savings in cost. The project is under the 
direction, of Lawrence R. Quarles, dean of the School 
of Engineering. The staff has been actively planning 
research with nuclear radiation in the fields of biology, 
chemistry, engineering, medicine and physics. 
Nuclear fuel for both reactors will be provided by 
the United States Atomic Energy Commission. 


The Midwestern Universities Research Association 


THE National Science Foundation has awarded a 
grant of 160,000 dollars to the Midwestern Univer- 
sities Research Association, Madison, Wisconsin, for 
the support of basic research entitled “High Energy 
Accelerator Studies”. The research is under the 
direction of Keith R. Symon, of the University of 
Wisconsin. Since 1953, scientists of the Association 
have been investigating methods of accelerating 
particles to energies of billions of electron volts. They 
discovered that a machine based on the principle of 
a fixed-field-alternating gradient was feasible, and a 
model was built to demonstrate this principle. The 
basic theory of accelerators was also developed to a 
point in advance of anything that had thus far been 
achieved. The work was facilitated by the use of 
high-speed computing machines, which were used to 
carry out analyses not otherwise possible. With the 
new grant, which supplements funds received from 
the U.S. Atomic Energy Commission, the Midwestern 
Universities Research Association expects to continue 
those studies of new ways of producing high-energy 
collisions involving beams of protons. It will con- 
tinue to investigate the orbits and accelerating 
field configurations for the intersecting-beam method 
of producing ‘effective’ energies of tens of billions 
of electron volts. Theoretical studies will be made 
of the temporary ‘stacking’ of orbiting particles. 
Because the feasibility of an intersecting-beam 
accelerator depends on the intensity in the beam, it 
is planned to build a new pilot model to test the 
theoretical calculations that have been made on beam 
intensity. The model will operate at 50 million eV. 
and be so built that counter-circulating beams of 
particles can be studied. The radiation effects and 
the spurious interaction of these circulating beams 
will also be investigated. 


History of Libraries 


In his inaugural lecture, “The Golden Chain: a 
Study in the History of Libraries”, at University 
College, London, on November 21, Prof. R. Irwin 
suggested that the history of libraries is essentially 
concerned with the conquest of space and time by 
the art of recording communications, and involves 
not only the history of scholarship in its narrower 
sense, but also of human civilization, culture and 
literacy. Moreover, he pointed out that the genealogy 
of scholarship and letters is as complex as any family 
tree. Books have their ancestry and descendants, 
and a book is a kind of reincarnation of the author 
that gradually gathers to itself an independent life of 
its own. An author’s literary offspring are always 
the result of a marriage between his own mind and 
the communicated experience of other minds, in the 
main received through the medium of books, so that 
the conception and birth of the new book commonly 
occurs in the author’s library or, for a scientist, in 
his laboratory. Prof. Irwin suggested that a library 
can be defined as a community in which reader and 
writer meet, to which both contribute something of 
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value, mutually forging the links of the chain as it 
passes from mind to mind and from generation to 
generation. At the centre of this community is the 
librarian, with his two main duties of preserving for 
future readers the books in his care and of caring 
for the needs of every member of that community 
and for the chain of recorded tradition which is 
continually being corrected, strengthened, extended 
and passed onwards. 


Indian Ephemeris and Nautical Almanack (1958) 


THE publication of the first issue of the Indian 
Kphemeris and Nautical Almanack (pp. xviii+392. 
Delhi: Manager of Publications, 1957. Rs. 12) 
marks an important step in the plans for the develop- 
ment of astronomical studies in India. The prepara- 
tion of such a work was first recommended by the 
Planning Committee for the development of astron- 
omy and astrophysics set up in 1945 under the chair- 
manship of the late Prof. M. Saha. Im 1952, the 
Government of India appointed a Calendar Reform 
Committee with the object of unifying the diverse 
indigenous calendars (see Nature, 178, 402; 1956). 
This Committee recommended that an Indian 
Ephemeris and Nautical Almanac for each year should 
be compiled and issued by the Government. The work 
was started by the Council of Scientific and Industrial 
Research under the Ministry of Natural Resources 
and Scientific Research, but it has now been taken 
over by the Indian Meteorological Department under 
the Ministry of Communications, and a Nautical 
Almanack Section has been set up at the Regional 
Meteorological Section, Alipore, Caleutta. At the 
end there is a section on Indian astronomy, added in 
accordance with the recommendation of the Calendar 
Reform Committee. The work of compiling and 
publishing the present issue has been under the 
supervision of Sri N. C. Lahiri, who has also been 
responsible for the introduction, dealing with the 
history and development of astronomy in India from 
about 1350 B.C. 


Vacuum Drying Oven 
Tae Gardiner precision vacuum oven, developed 


by 5. D. Gardiner in the laboratories of Tate and - 


Lyle for the determination of the loss in weight on 
heating sugar syrups and molasses, is now in pro- 
duction by Griffin and George, Ltd., Ealing Road, 
Alperton, Wembley, Middlesex, from whom par- 
ticulars of it may be obtained. In this oven the 
sample is taken into solution and distributed over 
aluminium powder. It is then heated in a vacuum 
while & current of dry air or inert gas is taken over 
its surface. Suitable arrangements for heating the 
specimen are incorporated. The oven will be suitable 
for use with various types of materials, including 
those of a labile nature. 


Developmental Potentialities of Fern Leaf 


Primordia 


E. G. CUTTER (Annals of Botany, N.S., 21, 343 ; 
1957) has noted that when young visible primordia, 
which are not yet determined as leaves, on inactive 
apices of Dryopteris aristata are isolated by four 
shallow incisions, they undergo regression and dis- 
appear; but if the adaxial incision is afterwards 
deepened, some of the primordia are stimulated into 
& renewal of growth. About three-quarters of this 
number developed as buds, the rest as leaves, some 
of which were of radial symmetry ; others became 
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dorsiventral, but were sometimes abnormally orient- 
ated. Such primordia usually underwent a phase of 
radial symmetry during development. Subsequent 
deepening of the abaxial or radial shallow incisions 
was usually without effect. In a discussion of the 
problems of leaf determination, symmetry and 
orientation, it is suggested that, in specimens where 
the isolated primordia developed as leaves, the 
experimental treatments have merely fortuitously 
reproduced the regulative effects normally exercised 
by the shoot apex and adjacent primordia. There 
may be specific relationships between the size and 
growth capacity of the primordium and that of the 
shoot apex on which it is formed. Three phases in 
the development of a leaf primordium of this species 
can now be distinguished: inception as a growth 
centre, determination as a foliar organ of limited 
growth, and development as an organ of dorsiventral 
symmetry. Under normal growth conditions, radial 
leaf development is never observed, but when growth 
is unusually slow it may become manifest. In other 
species the temporal relationships between these 
phases of development may differ, so that they cannot 
be differentiated by experimental means. 


Second International Symposium on Freezing and 

Drying 

THE Institute of Biology is arranging a symposium 
on freezing and drying to discuss progress in this 
field since the first symposium held in 1951. The 
meeting is to be held in the Beveridge Hall, Senate 
House, London, W.C.1, on April 1 and 2. Some 
twenty speakers, including workers from France, 
Japan, Kenya, the United States and the U.S.S.R., 
have accepted invitations. The symposium will be 
open to the public. Further information can be 
obtained from the Institute of Biology, 41 Queen’s 
Gate, London, 8.W.7. 


“Structure of Brain Ganglioside’’ 


Wirs reference to the communication under this 
title by Dr. Samuel Bogoch published in Nature of 
July 27 (180, 197; 1957), Dr. J. Folch-Pi, director 
of scientific research, McLean Hospital (Harvard 
Medical School), Waverley, Mass., states that Dr. 
Bogoch should have mentioned that most of this 
work was carried out at the McLean Hospital Lab- 
oratories, and that it was supported by the American 
Cancer Society (Grant BCH-11 et seq.). 


University News : London 


Tue British Steel Producers’ Conference and the 
British Constructional Steelwork Association have 
offered £6,000 a year to the Imperial College of 
Science and Technology, London, for the establish- 
ment of a readership in structural steelwork in the ` 
Department of Civil Engineering and the provision 
of a number of bursaries for postgraduate study in 
that subject. 


Nottingham 


Tax title of reader in applied mathematics has been 
conferred on Mr. John Edward Adkins. 


The Night Sky in February 


FULL moon occurs on Feb. 4d. 08h. 05m U.T., and 
new moon on February 18d. 15h. 38m. The following 
conjunctions with the Moon take place: Feb. 9d. 
l4h., Jupiter 2° N.; Feb. 13d. 09h., Saturn 2° § 
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Feb. 14d. 12h., Mars 5° S. In addition to these con- 
junctions with the Moon, Mercury is in conjunction 
with Venus on Feb. 7d. 07h., Mercury being 9-6° S. 
Mercury is too close to the Sun for normal observa- 
tion. Venus is a morning star, visible low in the 
south-east before sunrise. It rises at 6h. 25m. and 
4h. 55m. on February 15 and 28, respectively. Mars 
rises at 5h. 20m., 5h. 10m. and 4h. 55m. at the 
beginning, middle and end of the month, respectively ; 
it is visible in the south-east before sunrise. Jupiter 
rises at Oh. 10m., 23h. 15m. and 22h. 25m. on 
February 1, 15 and 28, respectively; it is east of 
Spica, and is stationary on February 16. The stellar 
magnitude of Jupiter is — 1-8, its distance from the 
Earth on February 15 being 460 million miles. 
Saturn rises at 4h. 45m., 3h. 55m. and 3h. 10m. at 
the beginning, middle and end of the month, respec- 
tively; it is near 0 Ophiuchi. It has a stellar 
magnitude of + 0:8 and a distance of 980 million 
miles from the Earth on February 15. There are no 
occultations of stars brighter than magnitude 6 
visible at Greenwich. 


Announcements 


Mr. R. R. Buackwoopn, general manager of the 
Dunlop Rubber Co. of Australia, formerly professor of 
mechanical engineering in the University of Mel- 
bourne, has been appointed chairman of the interim 
Council of the new University of Victoria. It is also 
expected that he will be the first chancellor of the 
University when it becomes established (see p. 300 
of this issue). 


Dr. J. A. Fraser Rosenrts, director of the Medical 
Research Council Clinical Genetics Research Unit, 
Institute of Child Health, The Hospital for Sick 
Children, Great Ormond Street, London, W.C.1, has 
been elected president of the Royal Anthropological 
Institute for the years 1957-59. 


Dr. M. C. R. Symons, lecturer in chemistry in the 
University of Southampton, has been appointed 
visiting associate professor in the Department of 


_ Chemistry at the University of British Columbia for. 


the period January I—June 30. 


Tae following appointments in the Ontario 
Research Foundation have been announced: Dr. 
A. E. R. Westman to be director of research of the 
Foundation, Dr. H. B. Marshall to be director, 
Department of Chemistry, and Dr. 8. G. Reid to be 
an assistant director in that Department. 


Tue Fifteenth International Horticultural Congress 
will be held in Nice during April 11-18, under the 
presidency of M. Henri Queuille. The theme will be 
“Science in the Service of Horticultural Techniques”. 
Further information can be obtained from M. le 
Secrétaire général du XVe Congrès International 
d'Horticulture, 84 rue de Grenelle, Paris 7e. 


Tue fifth Easter School in Agricultural Science will 
be a symposium and colloquium on‘‘The Nutrition of 
the Legumes”. It will be held at the University of 
Nottingham School of Agriculture, Sutton Bonington, 
near Loughborough, Leicestershire, during April 
14-17. Further information can be obtained from 
the conference secretary, Mr. E. A. N. Greenwood, 
at the above address. 


Tue first international symposium organized by 
the International Collegium for Neuro-Psycho- 
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pharmacology will be held in Rome during September 
9-12. In addition to organized symposia, there will 
be certain sessions devoted to original communica- 
tions. Those interested in presenting papers should 
send a 250-word abstract before March 31 to Dr. P. B. 
Bradley, Department of Experimental Psychiatry, 
The Medical School, Birmingham 15, from whom 
further particulars may be obtained. 


Tye Radiation Research Visiting Club is holding 
a meeting in Cambridge on March 20 and 21 on the 
theme of the action of high-energy radiation on solids. 
Further details may be obteined from Dr. A. J. 
Swallow, Tube Investments Research Laboratories, 
Hinxton Hall, nr. Saffron Walden, Essex. 


Tux South-Eastern Union of Scientific Societies is 
organizing a conference on conserving wild life and 
amenities in the south-east of England, to be held at 
the Zoological Society of London, Regent’s Park, 
N.W., on April 12, under the chairmanship of the 
Earl of Cranbrook. Each member society is being 
invited to nominate two delegates to attend the 
discussions, which, it is hoped, will lead to the 
formation of Naturalists’ Trusts for each county 
represented. - 


THE second symposium of the Reticuloendothelial 
Society (New England Institute for Medical Research, 
Ridgefield, Connecticut) will be held in Rapallo, 
during August 29-31. It is intended to discuss the 
subject under three main headings—tho reticulo- 
endothelial system and steroids; the reticuloendo- 
thelial system and immunity, including antibody 
immunity and properdin, and tumour immunity ; 
and the reticuloendothelial system and radiation. 
As in the first symposium, which was held. in France 
at Gif-sur-Yvette in 1956, attendance at the sym- 
posium will be limited. Proposed titles of papers 
from intending participants should be sent, accom- 
panied by a brief summary in English, before 
March 15, to Dr. Alberto Marmont, Clinica Medica 
Universitaria, Viale Benedetto XV, Genoa, Italy, 
to whom inquiries may be addressed. 


Tue Medical Research Council states that in future 
all requests for compounds in the Steroid Reference 
Collection should be addressed to Dr. W. Klyne at 
the Postgraduate Medical School, Ducane Road, 
London, W.12, and not to the National Institute for 
Medical Research at Mill Hill. As a result of generous 
gifts from two industrial firms, larger supplies of 
cestriol and 16-epi-cestriol (Organon Laboratories) and 
very limited supplies of racemic aldosterone (Ciba 
AG, Basel) are now available; these materials are 
intended for chemical reference purposes, and not for 
clinical work. 


THe authors of the first article on ‘Controlled 
Release of Thermonuclear Energy”, entitled ‘Pro- 
duction of High Temperatures and Nuclear Reactions 
in a Gas Discharge” (Nature, January 25, p. 217), 
wish to add the following acknowledgments: (1) 
investigations leading up to the present results have 
been constantly encouraged and supported by Sir 
John Cockcroft, Sir George Thomson and the late 
Lord Cherwell; (2) invaluable assistance has been 
given by their colleagues at Harwell and at the 
Research Laboratory of the Associated Electrical 
Industries, Ltd., Aldermaston ; (3) the erection and 
maintenance of ZETA has been under the control 
of J. T. D. Mitchell, of the Engineering Division. 
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TECHNICAL EDUCATION IN THE U.S.S.R. 


N impressive account indicating the importance 
A attached to technical education in the Soviet 
Union has been given by C. E. Simmonds in a publica- 
tion of the Society for Cultural Relations with the 
U.S.S.R.*. 

Compared with a total of 200,000 in Russia in 1913, 
it is claimed that there are now more than 5 million 
specialists with a higher or secondary education ; 
about 280,000 specialists with higher education 
qualified in 1955 and entered various branches of the 
national economy. Each year about 60,000 ‘profes- 
sional engineers’ and 70,000 lower grade engineers 
are being produced ; to support their activities the 
aim is to train two, four or more technicians with 
‘secondary schooling for every college-trained special- 
ist. The U.S.S.R. has some 3,000 scientific research 
institutes, experimental stations and laboratories, and 
- more than 900 institutions of higher education. It has 
4,000 technical and other specialized secondary schools. 

The system is in many ways simpler than that to 
be found in Britain, where qualifications depend on 
State examinations or the requirements of the City 
and Guilds of London Institute, the specialized 
professional institutes, the trade unions and industry 
itself. In the Soviet Union the minimum educational 
period provided is the seven-year school (seven to 
fourteen) ; ten-year secondary education (seven to 
seventeen) is now established in the large towns, and 
is to become universal by 1960. Secondary qualifica- 
tions can also be gained in specialized secondary 
schools, or tekhnikums, which also train secondary 
school leavers as technicians, or at evening classes. 
Each trade has its nationally-determined ‘technical 
minimum’ and a range of grades of skill with corre- 
sponding rates of pay; there is thus a constant 
incentive to study. 

Many workers study in the evening after work ; 
others attend full-time short courses of training or 
re-training, others (up to the age of thirty-five) win 
places in the higher technical institutes. The Labour 
Reserve Ministry has a complex network of schools, 
and courses for training skilled workers are being 
increasingly used in factories where automatic pro- 
cesses have been introduced. The Moscow automatic 
ball-bearing factory is described as “the most 
advanced production unit of its kind in the world”. 
It turns out 900,000 ball-races and 600,000 roller 
bearings a year, with a total staff of 178 divided 
between two shifts. It took six months to design this 
factory and eighteen months to build it. Some 
2,000 or 3,000 designers, including many from 
centralized research and development agencies, were 
involved in its planning. The experimental Research 
Institute for Metal Cutting Machines in Moscow has a 
staff of more than a thousand scientific workers. The 
Ordjonikidze machine tool factory has 400 designers 
and draughtsmen. One Moscow factory employing 
4,000 workers has more than forty full-time teachers 
in its own technical school. The Red Proletariat 


* Technical Education in the U.S.8.R. By C. E. Simmonds. Pp. 
D ee Society for Cultural Relations with the U.S.S.R., 


Works, in Moscow, turns out small universal lathes 
at tho rate of 12,000 a year, using only 1,000 workers. 
This lathe line took eighteen months to design and 
build. 

To produce a sufficiency of scientists and tech- 
nologists, Soviet educationists insist that technical 
education must be broadly based. The aim of the 
ten-year school is to turn out boys and girls, with a 
certificate including Russian language and literature 
(in addition to the native language in the non-Russian 
Republics) as well as mathematics and physics as 
compulsory subjects (the standard of the certificate 
is rather above that of the General Certificate of 
Education, Ordinary Level), with a good knowledge 
of basic scientific principles and some conception of 
their application in industry and agriculture, with 
practical experience of tools and machines, and, 
above all, with an interest in the world around them 
and a willingness to use their hands and brain 
creatively and adapt themselves quickly to whatever 
job they choose on leaving school. 

The new syllabuses adopted in the past few years 
include practical handwork and nature study in the 
first four classes. The course is the same for all 
pupils, girls and boys, without selection or streaming. 
The children are encouraged to link up all the subjects 
they study with what is going on in the community 
to which they belong, the industrial and agricultural 
processes, the local climate and geography. In 
classes 5-7 there are two periods of wood and metal 
work per week. Practical work in agriculture 
(linked with biology studies) and electrical technology 
(linked with physics) also begins at this stage. The 
main elements of electro-magnetism and its practical 
application are taught in class 7. Practical work in 
electro-technology begins in class 7, and continues 
in the next three classes. Pupils learn how to wire 
up simple circuits and later they deal with complex 
apparatus like meters and dynamos. In class 8 
engineering and machine study is introduced as the 
third practical subject, with two periods a week 
allotted. The work involves theoretical and practical 
study of various tools and mechanisms, such as parts 
of cranes, lathes, drills and jacks. The pupils’ 
knowledge is gradually built up from understanding 
the principles and functions of the parts, to grasping 
the working of complex machines such as the car and 
the tractor, which is a main feature in the ninth- 
year syllabus. Visits to factories, and periods of 
practical work at some enterprises, are an integral 
part of school work, more especially if the school has 
a factory acting as patron, helping with the supply of 
equipment, lecturers and workshop instructors. The 
visits take the form of excursions carefully planned 
and followed up. At some schools, pupils from 
upper forms go to work at a factory once a week during 
school time. They work under careful supervision in 
machine-repair shops, electrical laboratories and tool- 
rooms. 

Simmonds’s paper also contains an account of the 
Labour Reserve Scheme for training skilled workers 
which was set up in 1940; between 1946 and 1954 
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more than 5 million skilled workers were trained in a 
variety of trades in the Labour Reserves Schools. 

With the extension of ten-year schooling, it was 
decided, in 1954, to open a new type of two-year 
technical college, called a tekhnicheskoye uchilishche, 
intended for entrants who had already completed the 
ten-year school. Two hundred and sixty-one were 
opened in 1954, and by 1956 the number had grown 
to four hundred and forty, spread throughout the 
U.S.S.R. They are designed to train workers and 
junior technicians for highly skilled and responsible 
work, to take charge of machinery in rolling mills and 
mines, or to control automated processes and operate 
measuring instruments. Steam and diesel engineers, 
electricians and laboratory workers are being trained 
for agriculture. Entrance is open to young men and 
women from the ages of seventeen to twenty-five, 
local people being given preference in any given area. 

Besides the products of the Labour Reserve Colleges, 
the aim of the sixth Five Year Plan (1956-1960) is 
to supply 550,000 skilled workers with secondary 
education from the new two-year technical colleges. 
The trade and railway schools will train 520,000 
workers, the mining and building schools 1,180,000, 
and the agricultural mechanization schools 1,090,000. 
New schools are to be developed in Siberia, and more 
than a thousand million roubles are to be allocated by 
the Labour Reserve Organization for new schools, 
buildings, workshops and hostels. The schools vary 
from excellent to poor, the shortage of teachers and 
instructors, text-books, equipment and visual aids 
being still acute. Criticisms are made that the 
two-year course at the new technical colleges is not 
long enough, that syllabuses are overcrowded, that 
on-the-job training needs radical overhauling, students 
being often used as a reserve of extra workers. 

In 1956, 1,961,000 students, internal and external, 
at 3,757 secondary technical and vocational schools 
were under the jurisdiction of various ministries. 
These are distinct from the general schools; their 
status is higher than that of the Labour Reserve 
Colleges, but not so high as that of a university or 
institute. Successful completion of the tekhnikum 
course qualifies the student to apply for entrance to 
higher establishments. A large number of these 
tekhnikums train skilled workers, junior technicians 
and supervisory staff for agriculture, engineering, 
mining, building, transport, but the range is very 
wide and includes nursing, book-keeping and com- 
merce, finance and credit, various branches of light 
industry, and one special course for theatre techni- 
cians, attached to the Moscow Arts Theatre. One 
special type of industrial tekhnikum trains skilled 
workers as instructors in the Labour Reserve Schools. 
At present more than a million technicians and special- 
ists with secondary qualifications are working in 
industry and agriculture. The sixth Five-Year Plan 
estimates that more than two and a half million stu- 
dents will complete these secondary technical courses. 

The tekhnikums are staffed partly by specialist 
teachers from the universities and institutes, and 
partly by craftsmen-instructors, full- or part-time, 
from industry. Successful tekhnikum students are 
expected to go straight into fairly responsible Jobs, 
not usually as craftsmen but as team-leaders, technical 
and laboratory assistants and assistant supervisors. 
In agriculture they are expected to take charge of 
field-work teams or sectors of farm economy. There 
are already three candidates for each full-time place 
in a tekhnikum; the aim is to expand the intake to 
double or treble the present figure. 
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Higher technical education in the Soviet Union 
includes not only all faculties of all universities but 
also every kind of specialized institute ; it is difficult 
to give accurate figures for those who graduate from 
universities or from institutes. 

While Soviet universities train science graduates, 
there are no university faculties for engineering or 
technology as such. The difference in function of 
universities and higher technical institutes is well 
expressed in the report of the British engineers who 
visited the U.S.S.R. in 1956. “The thirty-three univer- 
sities do not offer courses in technology, and they do 
not contribute directly to the education and training 
of engineers. . . . But the universities offer courses in 
physics, a great deal of which is applied to engineer- 
ing, and this brings them into touch with the develop- 
ing branches of engineering. Physicists and mathe- 
maticians from the universities provide some of the 
teaching force in the institutes, and some of them are 
employed by industry in application work.” 

Students at all higher educational establishments 
in 1956 numbered 1,867,000, an increase of more than 
100 per cent since 1941. There are now more than 900 
higher educational establishments in the U.S.S.R., 
including thirty-three universities, and the teaching 
staff at these establishments is to-day more than 
100,000. With its new building for the science 
faculties, opened in 1953, the University of Moscow 
has more than 18,000 students, including a number 
from outside the Soviet Union. In 1946, most tech- 
nical colleges were brought together under the U.S.S.R. 
Ministry of Higher Education, instead of being under 
the jurisdiction of various ministries. 

The age limits for admission to higher education 
institutions are seventeen to thirty-five but there is 
no age-limit for external (correspondence) students. 

After graduation, the State Planning Committee 
of the U.S.S.R. Council of ministers allocates the 
year’s graduates to the different ministries in accord- 
ance with the national economic plan. Posts are 
allocated by a State Commission which takes into 
account the wishes and inclinations of the student. 
Volunteers for work in the central eastern and northern 
regions are encouraged by appeals to patriotism and 
the pioneering spirit and also by financial inducements 
of 10-100 per cent additions to normal wage-rates. 

Research work often begins during the under- 
graduate course and many students are responsible 
for innovations and inventions. At the Bauman 


‘Technical College in Moscow, more than 700 students 


were engaged in research in 1950 and fifty received 
certificates for their inventions. The Scientific 
Society of the University of Moscow has 2,200 student 
members who conduct research. A number of honours 
students proceed to postgraduate research for three 
years, after which they take examinations and present 
a thesis for the degree of Candidate of Science. The 
titles of successful theses are published in the special- 
ized journals every year. In 1952, 25,000 post- 
graduate students were being trained at higher educa- 
tional establishments and research institutes. 

The system of studying as external students, by 
correspondence or at evening classes, is widespread 
and forms an integral part of the higher education 
network. ‘There are twenty-two higher educational 
correspondence institutions with a large number of 
branches, and 393 correspondence and 211 evening 
departments. More than half a million men and 
women are studying by this method. Correspondence 
students have short periods of practical work, 
lectures and examinations each year. 
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RADIOISOTOPES AND GLASS 


A SYMPOSIUM on the subject “Radioisotopes 
and Glass” was held by the Society of Glass 
Technology at the Department of Glass Technology 
of the University of Sheffield on November 27. 
Dr. W. M. Hampton was chairman of the morning 
session, followed by the president of the Society, 
Mr. C. E. Ramsden, who took the chair in the 
afternoon. 

In an introductory lecture, Mr. J. L. Putman 
(Atomic Energy Research Establishment, Harwell) 
directed attention to the dual nature of the dis- 
cussions, in dealing with both the services which 
radioactive techniques can offer to the glass industry 
and the demands which the handling and measure- 
ment of radioactive materials make upon glass. He 
mentioned the use of glass for containers and remote- 
control manipulative equipment for use with radio- 
active solutions, the use of lead glass as a transparent 
screening material for operations with high gamma- 
ray intensities and the use of discoloration as an 
Index of high gamma-ray doses. 

Following a brief review of the nature and prop- 
erties of radioisotopes, Mr. Putman indicated the 
main ways in which these materials could be used, 
as radioactive tracers in solid, liquid or gaseous 
form, as sources of radiation in non-contacting thick- 
ness and density gauges, and as dissipators of un- 
wanted electrostatic charges on insulators. A par- 
ticular note was made of the special role of glass in 
the construction of Geiger counters and other 
radiation detectors.  . 

Mr. E. W. Jones (Isotope Developments, Ltd.) 
spoke on “Glass Level Measurement in Furnaces”. 
After a brief review of orthodox measurements of 
glass level, he pointed out the advantages of a radio- 
active system which does not require access to the 
inside of the containing vessel. 

He referred to an early French design using radium 
as the source, and described a more recent British 
installation for monitoring the level of molten glass 
in the feeder to a bottle-making machine. In this 
model, which operates through two brick and 
refractory walls each 9% in. ‘thick, encased in 3-in. 
steel, a cobalt-60 source of activity 200 me. is used 
in conjunction with a water-cooled, all-metal Geiger 
counter as detector. Indications of changes in glass 
level up to + ł in. are obtained, with a sensitivity 
of about + 0-01 in. Gradual radioactive decay is 
compensated by increasing the electronic sensitivity, 
so that the cobalt-60 source (much cheaper than 
radium) can be used over a period of five years. 
About one hundred such instruments are now 
installed, but only a few employ the desirable feature 
of automatic control by servo adjustment of the 
screw feed. ) 

Mr. Jones outlined other possibilities for using 
simple level gauges to operate high-level warning 
systems, on batch silos and hoppers, and also men- 
tioned the possibilities of using thickness gauges for 
the inspection of bottles and sheet glass. 

Dr. R. E. Bastick (Chance Brothers, Ltd.) de- 
scribed the “Development of Glasses for Use with 
Radioisotopes and other Sources of Radiation”, with 
particular reference to their uses for screening. He 
outlined the calculation of lead equivalent and 
showed that experimental determinations of this are 


in agreement within 1 or 2 per cent. Lead equivalents 
up to 0:6 were reported for some lead glasses. 

Dr. Bastick then discussed the coloration of crown 
and flint screening glasses by large doses of radiation 
and showed results of doses up to 107 r. on flint glass 
and the subsequent fading observed. The use of 
cerium oxide as an additive to inhibit coloration was 
described, with data showing the inhibitory effect of 
various quantities of cerium dioxide in flint glass at 
a total dose of 107 r. 

Neutron absorbing glasses containing oxides of 

cadmium and boron were described, and the depend- 
ence of absorption coefficients on neutron energy was 
shown. 
_ A brief account of the use of a lead glass scintillator 
in a Cerenkov counter was given, and the use of 
cobalt loaded borosilicate glass for gamma-ray 
dosimetry was described. 

In discussion on this paper, the special property 
of quartz glass in withstanding gamma-radiation up 
to 10° r. without coloration was mentioned, and the 
purple coloration produced by radiation when 4-6 
p-p.m. of aluminium is incorporated was proposed 
for dosimeters which show little or no fading. It was 
also noted that denser glasses required smaller con- 
centrations of cerium dioxide to inhibit coloration 
(for example, plate glass requires 2 per cent, while 
lead glass needs only 4 per cent). 

Mr. J. L. Putman (Atomic Energy Research Estab- 
lishment, Harwell) then presented a short paper on the 
“Determination of Selenium in Glass by a Radio- 
activation Method”, an investigation made in 
collaboration with the British Glass Industry 
Research Association. He remarked that in finding 
the retention by glass of selenium added as a 
decolorizer, colorimetric methods were not applicable 
because of their dependence on the chemical form of 
the sample, and chemical analysis was cumbersome. 
In the method described the simultaneous neutron 
irradiation, in a reactor, of glass samples with and 
without the selenium additive was followed by com- 
parison in a differential gamma-ray spectrometer, 
which subtracted the response of one sample from 
another, leaving only the gamma-ray spectrum due 
to selenium-75. Determination was thus specific 
for the element and largely independent of other 
impurities. Concentrations of 19-5 p.p.m. were 
measured with an estimated accuracy of + 5 per 
cent. The applicability of the technique to analysis 
of other constituents and to the use of non-radioactive 
tracers was suggested. 

In the afternoon, Mr. B. E. Moody (United Glass 
Bottle Manufacturers, Lid.) described an ‘“Investi- 
gation of Glass Flow in Furnaces by Radioactive 
Tracers”. To trace the flow through furnaces handling 
90 tons a day, over a period of 12-14 days, phos- 
phorus-32 was chosen as the tracer, thus avoiding 
radiation hazards from the high activity of radio- 
active glass in the furnace, since it emits only beta 
particles. The tracer was in the form of neutron- 
irradiated ground phosphate glass compatible with 
the melt, and contained 51 per cent phosphorus 
pentoxide. After a delay of one week to allow radio- 
activity of potash and alumina constituents to decay, 
the phosphate glass contained 2 me./gm. of phos- 
phorus-32. It was added to the feed of one or more 
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of three batch chargers over a period of 4 hr. From 
35 to 350 me. of phosphorus-32 was used in an 
investigation, 175 me. being found to be the optimum 
activity. 

Samples were taken at intervals from the output 
of three bottle-making machines fed by the furnace 
and measured with an end-window Geiger counter. 
By using a metal iris to limit the area inspected by 
the counter ‘and by using glass samples thicker than 
3 mm., it was established that the shape of the 
samples did not critically affect the results, and pieces 
of bottles were conveniently used for measurements. 

It was found that tracer added to one of the out- 
side batch chargers appeared almost uniformly in the 
three bottle-making machines, indicating good mixing 
and absence of streaming in the furnace. After a 
delay of 74-10 hr. for amber glass and 5-6 hr. for 
flint, radioactivity began to appear in the product, 
reaching a maximum in about 24 hr. This was 
followed by a nearly exponential decay, leaving only 
1-4 per cent of the labelled glass after 12 days and 
undetectable activity after 14 days. Apart from the 
expected initial delay before marked constituents 
appeared in the product, agreement with the ‘curve 
of perfect mixing’ was fairly good. Some subsidiary 
peaks in the curve of activity versus time were 
unexplained, but some were believed to be due to 
the recycling of active cullet. 

Mr. R. F. Barker (Pilkington Brothers, Ltd.) gave 
an account of an “Investigation of Glass Flow in 


Furnaces by Radioactivation Methods”. The furnace 


described was producing 6:4 tons per hr. of soda 
lime silica glass and had a capacity of 1,350 tons. 
Measurements were required over a period of several 
weeks. The long half-life and high activity required 
in @ radioactive tracer made the use of radioactivity 
in the furnace undesirable. Hence an inactive material 
which could be made radioactive by the subsequent 
neutron irradiation of samples was-used. Tantalum 
was chosen because. of its high neutron cross-section 
and the desirability of the gamma-emitting tantalum- 
182 formed on neutron irradiation, the half-life (110 
days) of which was longer than that of any activity 
induced in the normal constituents of the glass. The 
tracer was in the form of 3? kgm. of tantalum 
peroxide. 

Tests were made on three of five machines fed by 
the furnace, and 200 samples, each containing 5 gm. 
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of powdered glass, were irradiated in a reactor at 
Harwell. After a delay of five weeks to allow short- 
lived activities to decay, measurements were made 
with a scintillation counter, using a single-channel 
pulse amplitude analyser to distinguish the tantalum- 
182 gamma rays. A minimum transit-time of 4 hr. 
was found, in agreement with other data. The tracer 
was at a maximum after 100 hr. and its decline was 
followed over a total time of 520 furnace-hours. 
Moderate agreement was found with W. M. Hamp- 
ton’s theoretical curve for perfect mixing, but Mr. 
Barker directed attention to significant departures 
from this curve near the time of injection. 

In a second paper, on “The Assessment by Tracer 
Methods of Mixing .during Sand Treatment”, Mr. 
R. F. Barker described experiments made in col- 
laboration with the Isotope Division, Harwell, using 
sand labelled by immersion in a solution of barium- 
140 and subsequent heating at 500° C. The adhesion 
of the radioactive material was already established 
under conditions of abrasion and washing with water. 
The daughter isotope lanthanum-140 (40 hr.) reaches 
equilibrium with the barium-140.(12 days) and 
measurements were made of gamma rays from the 
lanthanum. 

Ten pounds of labelled sand, carrying 100 mo. of 
barium-140, were mixed with 5 cwt. of inactive sand 
in a cement mixer and added to a hopper feeding the 
washing plant. The progress of the radioactive 
material through the washing plant and grader was 
registered by recording meters placed outside the 
steel pipes carrying the sand slurry. A survey was 
made of the horizontal distribution of radioactively 
labelled sand in the storage bin (capacity 2,000 tons). 
At this stage the labelled sand was found still to be 
fairly localized. Further monitoring of the sand 
leaving the bin and in the railway transit wagons 
showed that mixing was‘introduced by the method 
of loading. 

Finally, timed measurements were made of the 
radioactivity of glass drawn off from the tank fur- 
nace. From an analysis of these results the dis- 
tribution of a particular sample of the original sand 
in the finished product was assessed. 

The papers were followed by lively discussion. 
The proceedings of the symposium will be published 
in the Journal of the Society of Glass Technology. 

J. L. PUTMAN 


MELTING AND DIFFUSION 


HE second symposium on “Melting, Diffusion 
and Related Topics” was held at the National 


Research Council' Laboratories, Ottawa, on October , 


21-22. The meeting was sponsored by the Low 
Temperature and Solid State Physics Group of the 
Division of Pure Physics, National Research Council 
. of Canada. As in the previous symposium, reported 
in Nature (177, 23; 1956), the object was to bring 
together workers with varied approaches to the 
subject and, by limiting the number of formal con- 
tributions to twelve, to encourage informal discussion. 

In the previous symposium the melting process 
itself was a major topic of interest. In contrast, the 
programme on this occasion was concerned chiefly 
with processes having only a general bearing- on 
melting, the direct approach being temporarily 


e 


abandoned in favour of seeking clues from the 
solution of associated problems. 

Among the papers concerned with measurements 
in the region of melting was one by D. L: Martin 
(National Research Council), who reviewed existing 
information concerning specific heat anomalies in the 
region of melting ; he showed that both anharmonicity 
and lattice defects have been invoked in explanation 
but argued that little conclusive evidence exists as 
to their relative importance. N. H. Nachtrieb 
(Institute of Metals, Chicago) dealt with diffusion in 
liquid and -solid pure metals and in alloys; the 
analysis of his measurements showed a clear relation 
between melting and diffusion parameters, but also 
underlined the restricted nature of purely thermo- 
dynamic arguments. Diffusion was also considered 
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by J. A. Morrison and R. Rudham (National Research 
Council), who gave details of their identification of 
the mechanism of the anion diffusion process in 
sodium and potassium chloride crystals. Slow 
neutron diffraction measurements were described by 
a group of workers from Chalk River: D. G. Henshaw 
and N. K. Pope gave complementary experimental 
and theoretical accounts of the determination of the 
radial distribution function in solid and liquid helium 
and neon and in liquid argon, while B. N. Brock- 
house showed how the incoherent scattering could 
give information on molecular motions and may 
provide a means of resolving some of the indeterm- 
inancies involved in the direct measurement of 
diffusion. 

A second group of contributions dealt with 
transitions other than melting. R. W. Smith 
(University of Toronto) described investigations on 
the grey tin/white tin transformation carried out in 
Birmingham with G. V. Raynor, in which previous 
uncertainties of observation have been positively 
correlated with impurity content. D. Gugan and 
J. S. Dugdale (National Research Council) gave a 
preliminary report of work in which electrical 
resistivity measurements appear to provide informa- 
tion. on the martensitic transformation in lithium. 


ELECTRONICALLY 


SYMPOSIUM on “The Structure and Reactivity 

of Electronically Excited Species’’ was held at 
Ottawa during September 5-6 under the auspices of 
the Physical Chemistry Division of the Chemical 
Institute of Canada. , 

- In his introduction to the section on structure, G. 
Herzberg directed attention to the rapid increase, re- 
cently, in the number of polyatomic molecules, radicals 
and ions for which rotational and vibrational analyses 
of electronic systems had been carried out. This had 
demonstrated that, in many cases, the shapes in the 
excited states are different from those of the ground- 
states. For example, acetylene, hydrogen cyanide 
and carbon disulphide are linear in their ground- 
states but bent in their first electronically excited 
states. Throughout the meeting it was clear that the 
predictions made by A. D. Walsh in 1953 had been 
substantiated most impressively. References were 
repeatedly made to Walsh’s energy diagrams. 

G. W. Robinson and V. E. DiGiorgio showed in a 
submitted paper that formaldehyde is non-planar in a 
low-lying excited state, while K. Allison and A. D. 
Walsh concluded that the same may be true for one 
or two of the excited states involved in the Rydberg 
transitions. G. W. King presented evidence for the 
conclusion that there is only a small change in molecu- 
lar geometry on exciting the glyoxal molecule in the 
transition studied by him. 

During this part of the meeting much interest was 
shown in the interactions between electronic and 
vibrational motions of polyatomic molecules. M. H. L. 
Pryce, U. Opik, H. C. Longuet-Higgins and R. A. 
Sack dealt theoretically with the dynamical Jahn- 
Teller effect, considering the energy-levels of a non- 
linear molecule in a doubly degenerate electronic 
state which is split by a doubly degenerate vibrational 
mode. K. Dressler and D. A. Ramsay dealt with the 
Renner effect in linear molecules. The lowest state 
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Z. 8. Basinski (National Research Council) outlined 
a theory of work hardening of face-centred cubic 
metals in which the main obstacles were provided by 
the ‘forest’ of dislocations; the theory appeared to 
apply also to body-centred cubic metals, but in that 
case at low temperatures the mechanical properties 
were dominated by a large Peierls—Nabarro force. 
Work on the liquid state was represented by an 
account given by A. C. Hollis Hallett (University of 
Toronto) of recent experiments on the viscosity of 
liquid helium. 

The single contribution dealing specifically with 
melting was by J. S. Dugdale, who discussed the 
Lindemann melting formula in relation to inert gas 
solids. R. J. Uffen (University of Western Ontario) 
once again made a convincing defence of large-scale 
approximation and extrapolation, this time discussing 
certain tectonic and volcanic phenomena in terms of 
the pressure dependence of melting of various types 
of magma. 

In these days of high-speed conferences it is 
pleasurable to report on one at which the pace and 
length of discussion were such as to enable at least 
one non-expert to participate with profit. An 
informal report of the proceedings is in preparation. 

i J. W. LEECH 


EXCITED SPECIES 


of linear NH, would be a II state. Experimental 
results suggest that the ground-state is bent and the 
first excited state is linear, the vibrational levels of 
the hypothetical linear state correlating with the 
levels of those two stdtes, half with those of the 
excited and half with those of the ground-state. 
The ground- and excited states are degenerate when 


` the radical is linear but different in energy when it is 


bent. 
larly. 

Two papers by J. N. Murrell and by D. S. McClure 
were submitted which discussed the transfer of 
electronic and vibrational energy between weakly 
coupled systems. This is a subject of very great 
interest at the moment. 

In addition to molecules and radicals the excited 
states of ions were discussed during the meeting. 
D. C. Frost and C. A. McDowell described their mass 
spectrometer which has been employed to determine 
the energies of the excited states of the ions produced 
in the instrument. This complements information 
that can be obtained spectroscopically, though so 
far detailed analyses of polyatomic ionic spectra are 
only available for CO,+, CS,+ and C,H,+. Also J. W. 
Sidman, in an interesting paper, described results 
obtained for the nitrite ion in the crystalline state. 
From these he obtained information concerning the 
vibrational and lattice frequencies of the ground- 
and excited states. 

There is doubt about the multiplicities of the 
excited states of some molecules and, in this connex- 
ion, A. E. Douglas presented some results for the 
Zeeman effect in the near ultra-violet bands of 
carbon disulphide. ‘This indicates that the excited 
state is a triplet. G. W. Robinson and V. E. 
DiGiorgio concluded that the weak bands of 
formaldehyde studies by them were due to a singlet— 
triplet system. 


The radical HCO appears to behave simi- 
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On the theoretical side R. S. Mulliken suggested 
that it may soon be possible to make more reliable 
calculations of the energies of excited molecular 
states. He presented results for carbon monoxide, 
nitrogen and acetylene and for several molecules of 
the AB, type. The possibility of chlorine dioxide in 
the excited state being unsymmetrical was discussed, 
since the antisymmetric vibration appears to be 
excited on going to the upper state. J. W. Linnett 
discussed the electron distribution in the ground- and 
low-lying excited state of acetylene by transforming 
the molecular to equivalent orbitals. On this .basis 
it was possible to understand why the carbon—carbon 
bond-length in the excited state.is about the same as 
that in the ground-state of benzene. and why the 
molecule is bent. 

E. W. R. Steacie gave the introductory paper to 
the section on reactivity and pointed out that, while 
the evidence for excited species occurring in chemical 
processes had in the past often been very meagre, 
firmer knowledge of their participation in reactions 
is now being obtained. H. Eyring also gave a broad 
survey of the field and stressed the value of potential 
energy surfaces when considering chemical reactions 
theoretically. 

There were several interesting theoretical contribu- 
tions to this section. R. A. Marcus considered the 
case of electronically excited molecules reacting 
unimolecularly, the course of reaction being examined 
as motion on @ potential energy surface. B. Stevens 
pointed out that while totally symmetric vibrations 
are excited when an electronic transition occurs, the 
excitation of non-totally symmetric vibrations are 
usually necessary for dissociation. A transfer of 
energy must therefore occur, and this will depend on 
the anharmonicity. Stevens suggested that the 
dissociation rate will consequently depend on the 
magnitude of optical energy taken up. E. K. Gill 
and K. J. Laidler discussed theoretically the reaction : 

Hg*(@P,) +0297) > HgS.) + O,* 
They reached the conclusion that both the theoretical 
and experimental evidence leads to the view that 
oxygen is produced in the *X,+ state. This involves 
the minimum transfer of energy from one form to 
another. Potential energy surfaces were used by 
these authors also. 

H. E. Gunring described experiments which made 
use of a mercury-vapour lamp charged with mercury- 
202. With this, mercury-202 could be excited in 
ordinary mercury vapour in the presence of gases with 


which the excited mercury could react. Isotopic 
enrichment in & solid product indicated that this 


SUPPLY AND DEMAND 


ROF. M. G. Say delivered his chairman’s address 

before the Supply Section of the Institution of 
Electrical Engineers on October 23. The address, 
which was given under the title “Too Much and Too 
Little’, was by no means confined to strictly tech- 
nological considerations, and constituted, rather, a 
broad philosophical review of the persistent disparity 
between demand and supply, between needs and 
resources. Commenting on the use of the figure 
representing the power available per head of the 
population as an index of the standard of civilized 
life, Prof. Say remarked that in North America, 
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was formed in @ primary process; no enrichment 
indicated that it was formed secondarily. No 
enrichment in mercuric oxide was obtained from 
nitrous oxide and oxygen but enrichment in mercurous 
chloride was found with hydrogen and methyl 
chlorides and with carbon tetrachloride. 

J. D. McKinley and S. C. Polanyi had mixed 
atomic sodium with atomic and molecular hydrogen. 
They discussed the reactions that might lead to the 
chemiluminescence (sodium .D lines) that is observed. 
J. C. Polanyi and also C. L. Arnot and C. A. McDowell 
discussed the results they had obtained for the rate of 
transfer of vibrational energy to translational when 
iodine is excited by the mercury green line to the 
twenty-sixth vibrational level of the excited state 
in the presence of inert gases. The competition 
between energy transfer and fluorescence is studied. 
Arnot and McDowell found that the ratio of rates 
was greater than expected from theory and suggested 
that the fluorescence lifetime may be less than has 
been supposed. , 

T. M. Sugden and E. M. Bulewicz and also F. 
Kaufman described work on the green emission that is 
obtained when nitric oxide is added to systems 
containing oxygen atoms. The former workers 
concluded that the intensity of the glow is determined 
by a more complicated process than the simple 
combination of atomic oxygen and nitric oxide. 

G. J. Minkoff discussed the polymerization of 
acetylene and considered the possibility that a bent 


` triplet diradical might be involved in the mechanism. 


H. P. Broide and K. E. Shuler described the use of 
the reversal of iron lines in studying flame tempera- 
tures. This.proves to be a sound method if equili- 
brium is established. Moreover, it is possible- to 
discover when equilibrium is not established. P. 
Carrington had studied the emission by *2+OH 
radicals in oxy-acetylene flames. It appears that the 
electronically excited radicals are deactivated at 
nearly every collision, so any departure from the 
equilibrium distribution that is observed must repre- 
sent the situation prevailing on the production of the 
excited radicals. 

J. Heicklen and W. A. Noyes described photo- 
chemical experiments that had been carried out with 
ketones and bi-acetyl. In the latter case they 
concluded that triplet excited molecules were 
involved. They discussed the decomposition, fluores- 
cence and phosphorescence of these substances. 
H. Okabe described work on the fluorescence and 
photolysis of hexafluoroacetone. The effect of 


‘pressura and the addition of foreign gases was 
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Western Europe, and the Soviet Union, energy re- 
sources were being developed as fast as practicable, 
while in the underdeveloped countries—representing 
three-quarters of the habitable world and two-thirds 
of the world’s population—the demand for auxiliary 
energy was beginning. With the development of 
nuclear energy the production of electric power, 
which until now had been dependent upon coal, oil, 
or water-power, had become largely independent of 
geography or geology. It must, however, be remem- 
bered that a country might remain poor and under- 
developed because poverty put out of reach the 
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opportunity to build up the supply of power 
which would enable development to take 
place. 

The total world consumption of power in the year 
1950 was some 30,000 million kilowatt-hours. .On a 
United Nations estimate of the annual rate of increase 
of power consumption at 34 per cent the year 
A.D. 2000 would see a thrée-fold increase on the present 
demand for power. This must be met very largely 
from nuclear energy, for by that time coal and oil 
outputs would be well past their peaks and hydro- 
electric power would be approaching its full develop- 
ment. It should be noted that the present methods of 
generating electric power, by means of a thermal cycle, 
were inherently wasteful, nearly four-fifths of the 
availablé heat being rejected. If this rate of loss 
should continue the world would in fifty years’ time 
be wasting heat in the production of electricity at a 
level in excess of twice the present total world 
consumption of power. 

Referring to engineering as a career and to the 
present shortage of engineering graduates, Prof. Say 
drew a comparison between the situation in the 
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U.S.S.R. and in Britain. It was worth noting that de- 
spite the scale of the Russian need for engineers and 
scientists there was no extreme specialization in science 
in the secondary schools. In the U.S.S.R. the three 
final years of school, to age seventeen, included the 
study of physics, chemistry and mathematics for 
about 40 per cent of the time, and this held for all 
pupils, arts as well as science. Thus potential arts 
men had to pass examinations in science subjects 
while potential engineers and scientists had to study 
literary subjects to a level quite beyond that of the 
average British technical student. 

The concluding section of Prof. Say’s address was 
concerned with the ultimate values in human life and 
the possible threat which was offered by the pressure 
and strain of a mechanistic age to the qualities of 
imagination and creation which were. key elements in 
the human maké-up. “We cannot deny,” he said, 
“that the threat exists, nor on the other hand that 
industrialization has brought great benefits to man- 
kind. It will bring more, but only if the mastery 
remains where it belongs—in the care of the human 
spirit.” J. GREIG 


NATURAL HISTORY OF THE FOX SQUIRREL 


FIELD study of the fox squirrel (Sciurus niger) 

in the south-eastern coastal area of the United 
States has been made by J. C. Moore (Bull. Amer. 
Mus. Nat. Hist., 13, Art. 1). The fox squirrel has 
probably diminished greatly in numbers and range 
because of changes wrought by man. - Sciurus niger 
sherman was investigated in the sand hills of north 
Florida in a fir-maintained plant community which 
is common over a wide area of the south-eastern 
coastal plain, the Pinus australis—Quercus laevis 
associates. This plant community was changed sud- 
denly and radically from a tall but very open forest 
of primeval long-leaf pines with turkey oak indiffer- 
ently represented as a secondary, lower: level 
dominant, to a virtually pure stand of turkey oak, 
relatively close-ranked and low. 

Moore’s inquiry was designed to determine how 
this large tree squirrel, after presumably evolving in 
the open stands of large pines, lives now in the lowly 
oak forest which has succeeded the logged-off pine. 

The principal predatory enemies of Sciurus niger 
shermani are apparently the bald eagle, the red- 


tailed hawk, and man. There are few suitable refuges 
for so large a tree squirrel in this low, open forest of 
deciduous trees and this may have brought about 
the following developments in behaviour unusual for 
a tree squirrel: a fairly well-established tendency 
for it to take refuge, when hard pressed, in the 
burrows of gopher tortoises underground; the use 
by the fox squirrels of hollows that extend down 
through the tops of old stumps to nesting chambers 
underground ; an escape behaviour, which may have 
developed since the removal of the old pines and 
which is presumed to be employed only against man, 
that involves hiding in the top of a second-growth 
long-leaf pine by ascending the plume-like apical twig 
so that the twig bends over horizontally under the 
squirrel, and the squirrel lies on top hidden from all 
below ; there is, apparently, an excessive number of 
leaf-nests per individual squirrel, thus providing 
more refuge. 

While these forms of behaviour have sur- 
vival value, they do not enable the animal to 
prosper. 


THE BRITISH COUNCIL 


HE annual. report of the British Council for 

1956-57 refers briefly to the review of Overseas 
Information’ Services made by Dr. C. Hill. The 
decisions recorded in the White Paper accepted about 
nine-tenths, of the Council’s proposals for increased 
activitiés ‘and the Council specially welcome the 
reference to co-operation with people and interests 
outside the Government. The Council’s work depends 
largely on the help and advice of many educational, 
professional, scientific and industrial bodies as well as 
of thousands of individuals. About half the report 
deals with the Council and the sciences and an 
increasing proportion of the Council’s work: consists 
of making known British scientific achievement, 
assisting the dissemination of information to the 
appropriate specialists and in serving as æ link 
between British experts and professional bodies and 


their opposite numbers abroad. Allied to this is 
assistance in training. Since 1950, the number of 
overseas students in the United Kingdom has risen 
from 10,000 to nearly 35,000, about a third of whom 
are at universities or university colleges, while 60 per 
cent are concerned with the sciences. By far the 
largest increase in students is among those attend- 
ing technical colleges, and the numbers might be 
greater still if their countries could find the necessary 
funds or Britain could offer scholarships and places 
on the scale of some of her competitors. 

The report stresses Britain’s advantage, shared 
with the Commonwealth and the United States, in 
the establishment of the English language among 
scientists as an essential means of communication, 
and the Council’s work in furthering the study of 
English is thus of importance in this connexion. The 
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University of Edinburgh inaugurated its new School 
of Applied Linguistics in October 1957. This is con- 
ceived especially for those who. are responsible for 
training teachers of English and the establishment or 
revision of teacher-training methods. Three Council 
officers are participating in the course together with 
experts in teaching English from overseas invited 
by the Council. English language teaching now 
occupies so important a place in the Council’s 
activities that the English Studies Advisory Com- 
mittee has been divided into two separate panels, 
one advising on literature and the other on language. 

In fostering the knowledge of British scientific 
achievements, the Council’s special function is to use 
its staff in the field to find out what demands for 
information and training are being left unsatisfied and 
to put learned institutions and individual scientists 
overseas in touch with the appropriate organization 
or individuals here. Even within the Commonwealth 
the established links are not always adequate and 
the Council has been able to reinforce them by, for 
example, the exchange of delegates between the 
British Association and the corresponding organiza- 
tions in Ceylon, India and Pakistan, by showing 
medical films in the more advanced Colonies, sending 
lecturers on such subjects as the use and local manu- 
facture of laboratory apparatus, or enlisting the help 
of specialists who happen to be visiting the territories. 

The Couricil’s most important role in the sciences 


is in promoting visits by scientists to and from Britain . 


for discussion, observation and study, and of all the 
visitors to Britain for which the Council makes 
arrangements about 13 per cent are financed by the 
Council. In the past five years the Council has 
assisted in some 7,000 visits of individuals in the 
sciences, or about 32 per cent of the total for all’ 
subjects. Of the Council’s postgraduate scholarships, 
594 or 56 per cent of the total in the past five years 
went to the sciences, and for the 221 awards in 1956— 
57 there were 2,500 applicants. The Council is also 
the national supervising agency for the United 
Nations Technical Assistance Administration Fellow- 
ship Scheme and other Fellowship Schemes of the 
Specialized Agencies under which 2,941 Fellows have 
visited the United Kingdom during the past ten 
years, of whom about two-thirds were concerned with 
science and technology, medicine, agriculture and 
training leading to development. Among the short- 
term visitors, the proportion whose interests lie in 
. science has increased since 1950 from 25 to 30 per 
cent, but among the bursars it has increased from 
25 to 40 per cent. There have been few changes in 
emphasis as regards subject, though interest in the 


DIAMONDS 


By Pror. S. I. 


NTIL quite recently no diamond deposits in the 

territory of the U.S.S.R. were known, while at 
the same time the rapid progress of industrialization 
was pressing for a supply of industrial diamonds, 
which had to be imported from abroad. This 
prompted the Soviet Government, through the appro- 
priate channels of the Geological Survey, the Ministry 
of Geology and the Academy of Sciences, to embark 
on a series of planned explorations for diamonds. In 
1941, diamond placers were discovered in the Urals, 
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nuclear sciences has grown and the organization of 
technical education has greatly increased, while the 
steadily growing demand for British professors, lec- 
turers and teachers is reflected in the number of rectors 
of overseas universities, senior officials of Ministries of 
Edueation, and principals of teacher-training colleges 
who have sought the Council’s help, first to study 
the organization of research in Britam and our 
methods of teaching scientific and technical staff, 
and then in recruiting British staff for their own 
institutions. 

The Council operates two schemes for the inter- 
change of university teachers, one dealing with 
Western European countries and the other with the 
Commonwealth, under which 161 scientists from 
United Kingdom universities have visited thirteen 
European countries and 62 have visited Common- 
wealth countries. There have been 154.reciprocal 
visits from foreign countries and 200 from the 
Commonwealth, the percentage of all these visits 
devoted to the sciences being 60. Under the inter- 
change scheme for younger research workers started 
in 1954 there have been 33 visits from the United 
Kingdom to four European countries and 27 visits 
from these countries to the United Kingdom. Stress 
is also laid on the lecture and advisory tours of | 
specialists which the Council organizes in co-operation 
with overseas countries, and in 1956-57 the Council 
initiated a pilot project to enable British experts to 


‘visit and work in Latin American universities and 


research institutions under which four such visits 
were arranged between July 1956 and March 1957. 
During the past five years the Council has accepted 
responsibility for recruitment to some forty vacancies 
for British scientists in teaching posts in universities 
and schools, but not all these have been filled. 
More than 6,000 British papers from learned period- 
icals were supplied in 1956-57 and more than 400 
specialists from some 70 countries visited the Council’s 
medical and science libraries. Noteworthy among 
the group exchange visits with the U.S.S.R., arranged 
by the Soviet Relations Committee of the Council, 
were the exchanges of delegations between the Royal 
Society and the U.S.S.R. Academy of Sciences ; 
between the Royal College of Surgeons of England 
and the Royal College of Surgeons, Edinburgh, and 
Russian surgeons; and exchanges of delegations 
interested in engineering education and training, 
whose programme in Britain was organized by the 
major engineering institutions. These visits, as Sir 
David Kelly emphasizes, were in marked contrast to 
others, non-reciprocal, since the Soviet delegations were 
interested simply in acquiring technical information. 
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but these proved to be of no commercial value. In 
1944 the wild tracts of taiga, situated between the 
rivers of Enisey and Lena, were selected as a possible 
diamantiferous region, and this selection proved to be 
@ correct one, for in 1948 diamond placers were 
discovered in the basin of Nizhneya Tunguska, in 
1949 in the basin of Vilui, and finally in 1954 the 
first kimberlite pipe, named “Zarnitza’, was discovered 
in the basin of Daldyn, in the north-west Yakutia. 
Subsequent explorations and .prospecting greatly 
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extended the diamantiferous area situated between 
the Enisey and Lena. 

This work, which began during the War, was carried 
- out in an atmosphere of secrecy, and no results were 
published in scientific periodicals. Only recently, 
when rumours about Siberian diamonds began to be 
more persistent, has a popular account of the results 
of this exploration been published (V. S. Trofimov, 
Priroda, No. 7, 10; 1957). This article, published 
in a Russian popular science journal, gives a clear 
and comprehensive account of the diamond fields of 
Siberia, and is provided with a map showing the 
distribution of the deposits and illustrated by numer- 
ous photographs including two colour photographs 
of kimberlites. 

The diamantiferous province is situated in the 
Central Siberian Plateau. Its approximate boundaries 
form a rectangle, 400 km. by 1,500 km. in size, 
stretching in a north-easterly direction from the River 
Angara in the south, to the River Lena between Muna 
and Vilui in the north-east. The whole of this area is 
situated in the region of taiga (north coniferous 
forest zone), which has a permanently frozen ground, 
severe climate and a very sparse population. The 
exploring and prospecting were mainly along the 
water courses at first. Operations included sampling 
alluvial deposits, mapping out placers and tracing 
pay streaks to their sources—the kimberlitic pipes. 
In this way several dozen kimberlite pipes were 
discovered in the north-western Yakutia, the only 
region where commercial diamonds were found both 
in the pipes and in the placers. The pipes pierce 
limestones, dolomites and marls of Cambrian and 
Ordovician times, but fragments enclosed in them 
suggest that they are of Jurassic or Cretaceous origin. 
All the pipes are found in a belt 1,000 km. long, 250 
km. wide at the northern end and 35 km. wide at the 
southern end. Kimberlite is a brecciated rock con- 
taining fragments of various rocks, and crystals of 
pyrope, olivine, chrome-diopside, ilmenite and other 
minerals, including the rare diamond, but Siberian 
kimberlite contains little phlogopite. The pipes are 
oval or irregular in cross-section, with a diameter 
varying from 50 m. to 550m. The usual zoning from 
‘yellow ground’ to ‘blue ground’ and finally to ‘hard- 
bank’ kimberlite is rather poorly developed, probably 
because of the severe action of the frost, which dis- 
integrated the solid rock of the ground water level. 
In some pipes several intrusive phases of kimberlite 
are present; for example, in the pipe ‘Zarnitza’ 
there are five columns of kimberlite, each successive 
phase enclosing fragments of the previous phase. 
The yield of diamonds from kimberlite pipes is 
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sometimes higher than 1 metric carat per cubic 
metre. 

Towards the end of 1956 the following groups of 
Yakutian pipes were located: Malo-Batuobinskaya 
(middle course of Irelyakh, left tributary of Malo- 
Batuobi, tributary of Vilui), Daldynskaya (basin of 
Daldyn, left tributary of Markh), Alakitskaya (upper 
reaches of Alakita, right tributary of Olenek), 
Munskaya (upper reaches of Muna, left tributary 
of Lena), Olenekskaya, (middle and lower reaches of 
Olenek). 

The diamantiferous alluvial deposits adjoining the 
kimberlite pipes in the north-eastern part of the 
province contain pay placers, but those of the south- 
western part of the province, presumed to be origin- 
ally of a Pre-Cambrian age, are of no commercial 
value. The yield of diamonds in placers varies from 
0-01 carat to several carats per cubic metre. The 
richer placers are situated in the basin of the Vilui 
River. 

Siberian diamonds are rather heterogeneous both 
in their size and in their quality. Every region is ` 
characterized by certain types of diamonds. In 
size they vary from a fraction of a carat to 32-5 
carats, but stones above 0-5 carat are rare. The bulk 
of stones extracted are less than 0-1 carat in size. The 
average for all stones hitherto extracted is 0-07 carat. 
The majority are colourless. Coloured stones 
(yellowish-brown, smoky, and rare greenish and 
pinkish) are found in the south-western part of the 
province. Inclusions of graphite, olivine, pyrope 
and small diamond crystals are often found in 
Siberian diamonds. Their quality is not very high. 
Stones of gem quality form 9-38 per cent of the 
total, the remainder being industrial diamonds. ` 

No figures, as yet, are given relating to annual 
production, methods of working, or industrial applica- 
tions of Siberian diamonds. 

Additional information relating to the kimberlite 
pipes is provided by L. N. Leontiev and A. A. 
Kadensky (Doklady Akad. Nauk S.S.S.R., 115, 368 ; 
1957). The age of pipes is definitely fixed as Triassic, 
more or less contemporaneous with the wide-spread 
intrusions and extrusions of basalt and dolerite 
belonging to the series of the so-called “Siberian Traps’. 
The great depth, of a few kilometres, of the foci of 
explosions of the pipes suggests that the kimberlite 
is not derived from the periodotite mantle of the 
Earth, but is genetically connected to the alkaline 
variety of basic magma. The grouping of pipes 
suggests that they are placed along certain important 
tectonic features of the Earth’s crust, such as flexures 
and tectonic breaks. 


ADENOSINE TRIPHOSPHATE METABOLISM IN THE RABBIT 
ERYTHROCYTE IN VIVO ` 


By Dr. BERTRAM A. LOWY, Dr. BRACHA RAMOT and Dr. IRYING M. LONDON 


Departments of Medicine and Biochemistry, Albert Einstein College of Medicine—Bronx Municipal 
Hospital Center, New York 


A triphosphate is known to play a 
key part in the metabolism of many cells, 
including the erythrocytes of numerous species. It 
serves as a source of energy and as an essential com- 
ponent of many biosynthetic reactions and par- 
ticipates in co-enzyme synthesis. Although the active 
turnover of the labile phosphate groups of adenosine 


triphosphaté has-been investigated?, little is actually 

own concerning the turnover of the remainder of 
this molecule. Knowledge of the biochemical origin 
and metabolic behaviour of adenosine triphosphate 
within the erythrocyte may provide some insight into 
the mechanisms which determine the life-span of 
this cell. 
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Fig. 1. ‘Incorporation of glycine-2-“C into the adenine moiety of 
rabbit erythrocyte adenos ne triphosphate and into the hæmin of 


smoglobin 


The synthesis of the adenine portion of rabbit 
erythrocyte adenosine triphosphate in vivo has been 
studied in order to determine the extent to which 
the purine moiety arises from glycine-2-“C, a known 
precursor of purines. The metabolic behaviour of 
this adenine moiety has been investigated in terms 
of whether it resembles hemoglobin in its metabolic 
stability?.*, or is more closely related to cholesterol* 
or glutathione’, which have been found to undergo 
turnover during the life of the human erythrocyte. 

A number of white male New Zealand rabbits 
received single subcutaneous injections of 1:0 ml. 
of glycine-2-44C in 0-9 per cent sodium chloride 
solution containing 0:2 millimole per ml. with a 
specific activity of 1-0 millicurie per millimole. After 
periods of time ranging from 24 hr. to 66 days, 
one or two rabbits were heparinized and bled by 
heart puncture shortly after intraperitoneal adminis- 
tration of 2-5 ml. of 25 per cent magnesium sulphate 
solution. Hind-leg muscles were removed for 
adenosine triphosphate preparation, and nucleic acids 


were isolated from the internal organs. These aspects © 


of this work will be reported in detail elsewhere. 

Erythrocytes were washed three times in cold 
0-9 per cent sodium chloride solution after removal 
of the plasma and buffy coat. The final sample of 
erythrocytes had less than 0-01 per cent contamina- 
tion with white cells. ` 

Adenosine triphosphate was extracted with cold 
trichloracetic acid, and the barium salt was pre- 
pared*. The barium precipitate also contained 
adenosine diphosphate, adenosine monophosphate, 
‘sugar phosphates, phosphoglyceric acids and in- 
organic’ phosphate. Partial purification of the 
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adenosine triphosphate was effected by ion 
exchange chromatography on ‘Dowex-1-Cl’ 
resin?. A mixture of adenosine triphosphate 
and 2,3-diphosphoglycerate, free of the other 
constituents of the barium precipitate, was 
eluted by 0-06 N hydrochloric acid. Tho 
adenosine triphosphate was hydrolysed with 
N hydrochloric acid by heating for 1 hr. in a 
boiling water bath without affecting the 2,3- 
diphosphoglycerate, which is markedly resis- 
tant to acid hydrolysis. The resultant mix- 
ture of adenine, ribose-5-phosphate and 
2,3-diphosphoglycerate was adjusted to pH 
9-0-9-5 with N ammonium hydroxide and 
passed through a ‘Dowex-1-Cl’ column. 
Adenine was eluted with 0-001 N hydrochloric 
acid, and purity was established by spectro- 
photometry, paper chromatography, and 
ribose and. phosphorus analyses. 

Aliquots of the eluates. were plated on 
planchets at infinite thinness and assayed for 
radioactivity in a ‘Nuclear-Chicago’ gas flow 
counter with a micromil window. Rechrom- 
atography and elution from ‘Dowex-1-Cl’ 
resin and from Whatman No. 1 filter paper 
resulted in no change in specific activity. 

Hemin was prepared from a small aliquot 
of washed erythrocytes. Standard samples, 
recrystallized to constant radioactivity, were 
assayed. 

The results, summarized in Fig. 1, indicate 
that glycine-2-“C serves as a precursor of the 
adenine moiety of erythrocyte adenosine 
triphosphate. They also confirm? the stability 
of the hæmoglobin of the rabbit erythrocyte 
during the 65-70 day life-span despite the 
somewhat greater lability of the rabbit_ 
erythrocyte compared to that of the human red cell?. 
In contrast to the relative metabolic stability of the 
hm, the metabolic behaviour of the adenine portion 
of the adenosine triphosphate is clearly different 
since the specific activity of the adenine declined 
exponentially after about the fifth day and reached 
a very low activity after about 55 days. 

In order to explain the decline in the specific 
activity:of the adenine, several possibilities, which 
may not be mutually exclusive, should be considered. 
One possible explanation is that the mature erythro- 
cyte is capable of synthesizing the purine portion of 
adenosine triphosphate. This would result in a 
gradual decrease in its specific activity. Thus far, 
however, in several experiments in this laboratory 
de novo synthesis of adenosine triphosphate adenine 
from glycine-2-4C has not been demonstrated in the 
mature erythrocytes of rabbit or man, în vitro. 
Although these preliminary experiments do not 
eliminate the possibility of a biosynthetic mechanism, 
they suggest that a complete pathway may be 
lacking. ‘The possibility of the absence of a purine- 
synthesizing system in the mature mammalian 
erythrocyte is compatible with the absence of a 
number of other common metabolic processes, such 
as the synthesis of nucleic acid and protein, the 
Krebs tricarboxylic acid cycle, and the cytochrome 
system. -It is also of interest to note? that in rabbit 
bone marrow, in vitro, there is a limited ability for 
the synthesis of nucleic acid purines from formate- 
uC, Further studies bearing upon this problem are 
in progress. 

Dilution of the isotope as & result of an exchange 
with preformed adenosine triphosphate is unlikely 
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since there is little or no adenosine triphosphate in 
rabbit plasma and since the mature erythrocyte is 
considered to be impermeable to phosphorylated 
compounds. Phosphorylation of adenosine or inosine 
is unlikely because there appears to be no significant 
concentration of purine nucleosides in the peripheral 
blood. Furthermore, adenosine would be expected 
to undergo deamination by the active ‘adenosine 
deaminase of the rabbit erythrocyte. Inosine’ is 
known to undergo extensive phosphorylytic cleavage 
in the rabbit erythrocyte. 

The alternative explanation for the observations 
would result from a decreasing level of adenosine 
triphosphate in the erythrocyte during the in vivo 
ageing process so that the amount initially provided 
to the cell is gradually depleted. The decline in 
specific activity would be due to dilution by the 
adenosine triphosphate of younger cells in which the 
concentration would be at a higher level. There 
is some evidence bearing upon this possibility. It is 
known that the adenosine triphosphate concentration 
in reticulocytes is about 2-5 times that of mature 
erythrocytes®. The level of adenosine triphosphate 
in a sample of mature erythrocytes is actually an 
average concentration of adenosine triphosphate in a 
cell population of all ages. Our results may be 
explicable in terms of a progressive diminution in 
adenosine triphosphate content in each erythrocyte 
concomitant with ageing of the cell. If such a decline 
in the content of adenosine triphosphate of the aged 
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erythrocyte occurs, it may result in the impairment 
of one or more reactions essential for the integrity of 
the erythrocyte and thus contribute to the demise of 
the cell. It is known that a decline of adenosine 
triphosphate in an erythrocyte accompanies in vitro 
ageing and, in fact, is responsible for the lost ability 
of in vitro aged cells to metabolize glucose because of 
the requirement of adenosine triphosphate for its 
phosphorylation. 

The possibility that the content of adenosine tri- 
phosphate of the circulating erythrocyte is a determ- 
inant of its life-span is being studied. 

This work has been sponsored by research grants 
from the United States Atomic Energy Commission, 
the Damon Runyon Memorial Fund for Cancer 
Research, Inc., the National Heart Institute of 
the National Institutes of Health, United States 
Public Health Service and the Office of Naval 
Research. 
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EXAMINATION OF CELLULOSE FIBRE BY THE LOW-TEMPERATURE 
SPECIMEN METHOD OF ELECTRON DIFFRACTION AND 
ELECTRON MICROSCOPY | 


By GORO HONJO 
: Tokyo Institute of Technology, Oh-okayama, Meguro-ku, Tokyo 
AND 


` MASARU WATANABE 
Japan Electron Optics Laboratory Co., Ltd., Kamirenjaku, Mitaka, Tokyo 


HE electron diffraction method has the advan- 
tage of yielding fairly intense diffraction. patterns 
from @ very small amount of material. Recent 
techniques of electron diffraction have improved this 
advantage further, making it possible to confine the 
effective specimen area to a very small size of the 
order of 1 x 1u*. By means of a method originated 
by Hillier? we can focus the electron beam on an 
area of this size in specimens. By means of the 
three-stage electron microscope originated by Boersch? 
and le Poole®, we can select the specimen area from 
the field of the highly magnified electron image. 
Preston and Ripley* applied this method to the study 
of the cell wall of Valonia. They verified the cor- 
respondence between the textural and atomic 
structures of the microfibril, and observed in 
detail the structure of the wall, which consisted of 
sheets of differently oriented microfibrils. 
Unfortunately, however, the atomic structures of 
an organic substance like cellulose fibre are go liable 
to be damaged by irradiation in electron beams that 
the crystalline diffraction patterns can be observed 
for only a very short time. Preston and Ripley 


succeeded in taking photographs of the diffraction 
patterns from Valonia microfibril by reducing greatly 
the irradiating intensity. They stated in their report 
that it was also necessary to lower the accelerating 
voltage of electrons to as low as 25 kV. This con- 
dition seems to us rather unfavourable. The damage 
to atomic structure in the specimens is considered to 
be caused mainly by the rise in temperature of the 
specimens due to the electron bombardment; and 
the lowering of the accelerating voltage must increase 
the interaction of electrons with the specimens and 
so increase the rise in temperature. In fact, we ob- 
served that the crystalline diffraction patterns of 
Valonia microfibril were maintained for a longer time 
under irradiation by 100 kV. electrons than by 50 kV. 
electrons, though even with the higher accelerating 
voltage it was not easy to maintain the patterns 
longer than a few seconds under irradiations of usual 
intensity. 

In order to avoid this difficulty we devised a 
method of cooling the specimens. Concerning cooling 
devices for specimens in an electron diffraction 
camera and in an electron microscope, one of us 



























< Cooling the specimens was, in 
fact, very effective in protecting 
them from damage. It was not 
difficult to observe the crystalline 
diffraction patterns from Valonia 
microfibril for as long a time as 
necessary even with fairly intense 
irradiation, namely, with irradia- 
tions giving apparent electron 
micrographs of direet magnifica- 
~ tion of 5,000. 
Figs. 1 and 2 reproduce two 
-pairs of electron micrographs and 
‘diffraction patterns of Valonia 
-microfibril taken by Boersch-le 
~Poole’s method. Fig. 1 was taken 
“without cooling and Fig. 2 by 
cooling the specimen to —40° C. 
= The improvement in the diffraction 
pattern by cooling is evident. 
This specimen is composed of two 
-sheets of microfibril having fibre 
~ axes along the directions indicated 
by the arrows. 
Fig. 3 reproduces the electron diffraction pattern 
from Valonia microfibril cooled to — 100° C. taken 
by Hillier’s method. This specimen was composed of 
< @ single sheet of microfibrils. It may be noted that 
“this pattern contains a very large number of reflexions 
having fairly good resolution up to as high as the 
tenth layer line. In Fig. 3 as many as 400 reflexion 
spots appear, while the usual methods give at most 
a few score reflexions. This improvement in the 
_ diffraction pattern is considered to have resulted 



















a b 


Fig. 1. (o) Electron micrograph; and (b) electron diffraction 
-pattern of Valonia microtibril taken without cooling by Boerseh- 
l le Poole’s method 








a b 


Fig. 2. (a) Electron micrograph; and (b) electron diffraction 
pattern of Valonia microfibril cooled to — 40° C., taken by 
Zo | Boersch-le Poole’s method | 
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Fig. 3. Electron diffraction pattern of Valonia microfibril cooled to — 100° C. taken by > 


Hiltier’s method ue 


partly from the reduction of the thermal agitation _ 
by cooling and partly from the selection of a good > 
crystalline part in the specimen. eee ee 

Many of the reflexions in Fig. 3 can be indexed by ~ 


a monoclinic unit cell having a = 8394A, b=. me 


10-58 A., c = 7-94 A., and B = 82°, which is nearly 


identical to that proposed for cellulose I by Meyer - 
and Misch®. These reflexions are shown by the black: | 


circles in Fig. 4, which is the projection of the | 
reciprocal lattice in the (010)-plane. Theo numerical | 
figures attached to the circles indicate the indices of 


the layer lines on which the reflexions appeared. It- : 
has been reported that cellobiose chains within the —__ 
microfibrils of Valonia have a selective orientation 


called ‘biaxial’ or ‘uniplanar’ orientation, that is, 
orientation for which not only the b-axis is parallel 
to the fibre axis but also the (101) lattice plane 
parallel to the plane of the wall. The appearance 
the observed reflexions can be understood ify 


Fig. 4. (010)-Projection of reciprocal lattice. © Observed 
reflexions, which can be indexed by Meyer and Misch’s “unit 
cell; ©, super-lattice reflexions 200 
























santo, (032). and ( 33), 
intensities. 









magnitude of the structure factors. 





rer and Misch, belonging to the space group 
Pya = 0, The structure factor for the space group 
oe 18 awa by 









co ae Zid foxy (Qriky;) sin 2r (hæj + ley): 


. one yirtio of the two-fold screw axis, and would have 
<- the same magnitude for (hkl) and (hkl) reflexions. 
Another point to be noted in the pattern is the 
appearance of the reflexions indicated by the arrows 
(Big. 3). They are on layer lines other than the 
< equator, The reciprocal lattice points for these 
-yeflexions must lie upon the circles described in 
Fig. 4. Thus they can be indexed not by the Meyer- 


in By obse rving the patterns for i. 
ous inclinations of the specimen film around ay. 
axis, it was concluded that the difference is : 
y to a trivial origin such as an asymmetric _ = é 
ing of the specimen, but rather to the difference ‘since “the: pe PR of i it was observe > 
This fact 8 
ontradicts the structure of cellulose I proposed by — 
VI 2 structure: 

-ment of cellobiose chains along the fibre axis has 
order considerably different from that. proposed | i) 
= ‘Meyer and Misch for cellulose I, We are not yet see 
- certain whether this structure is a new one or whether 
itis: the correct structure for cellulose I. ‘However, ee 
-since the previous determinations of the structure of 
cellulose were based generally on X-ray diffraction 
patterns of poor resolution, their renewed examination 
_ by the new technique used above seems to be’ worth oe 





A ar exp.(2riky;) cos 27 (hæj + laj): k= oven 
kea 


+ Boersch, H., Ann. Phys., 
ale Poole, J. Ba Philips Lech. Rev., 9, 33 (1947), 





ie appropriate fo. 
: om the struct 













also. for the specimen without cooling. > ie 
We have not yet established the- ‘details of th 
‘But at least it is certain that the arrange 


while. 


1 Hillier, J. aud Baker, R. F., J. App. Phys., 17, 12 C10): 


27, 73 (1936). 


* Preston, R. D., and Ripley, G. W., Nature, 174, 76 (1954), i 
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DISTRIBUTION OF TRITIUM-LABELLED THYMIDINE IN 
ESCHERICHIA COLI DURING CELL MULTIPLICATION 


By Dr. R. B. PAINTER, F. FORRO, jun, and W. L. HUGHES 


Medical Department, Brookhaven National Laboratory, Upton, New York, and Biophysics Department, 
_ John’ A. Hartford Foundation, Yale Tn Valhalla, New York 


o ON ORADI evidence? shows that deoxy- 





- N ribonucleic acid is at least one of the chemical 


a “constituents capable of carrying and transmitting — 
The « 
deoxyribonucleic acid in Micrococcus cryophilus™ and. 




























-information in biological systems. 


ughes!. 


cation of phage phosphorus*.®. 


‘sor of deoxyribonucleic acid?-*.: 





carbon-14, in experiments concerned. with 
ribonucleic acid replication. 


with which they have been able. to 


ication of deoxyribonucleic acid is thus an 
ential prerequisite to the multiplication of organ- — 
s and fresh insight on this problem has been 
tained at such widely separated points of the 
al spectrum as bacteriophage by Levinthal and: 
2,2 and plant chromosomes by Taylor, Woods tl 
The use of phosphorus-32 as a specifie bu 
ribonucleic acid label in the phage experiments a 
ossible because the acid is probably the exchi- 
-In cellular 
stems, the presence of several phosphorus-r ich 
be onents considerably complicates. the analysis a - 
cer experiments. Biochemical evidence indi- 
the predominant fate of thymidine. to be a `o 
-Plaut and ae 
19 wore the first to use this nudleoside;. labelled -S 

















Recognizing | the 
-resolution to be expected with tritium, 
Woods and Hughes* prepared tritium-labelled 


nstrate a remarkable orderliness for the yoplivat ak 
the: eoxysibonunleic acid a | individual 


chro omosomes in plant roots. In bacteria, the mor- Be 
-phological organization of the acid is far from clear, oe 


Using phosphorus-32, some limits have been placed 
on this organization and the mode of replication o 


in Escherichia coli Bjr. The availability of tritiated | | 


thymidine of suitable specific activity. and of a 
_ thymine-requiring strain of E. coli: (Escherichia col 
oe T- mes the ea of which can à also aa e, by 





: Bacherichia coli, 15 SEN was = ind supplied by. Dr 


“Harel Barer. | 
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Pig. P Autoradiograph (x 1,600) of #, coli labelled with tritiated 
. thymidine and grown in non-radioactive medium for about three 
- generations. A,an example of cell showing no label: B, clusters 
of grains caused by heavily labelied cella, the grains overlying 
and obscuring the bacteria ; C, an example of lightly labelled cells, 
where eleven individual grains can be observed over three or four 
cells; D, an example of an ‘all-or-none’ split, where one of a 
pair of celis has a chister of grains over it, while the other has none 





+ 


experiments were performed. In the first, the cells 
=- were washed in saline and grown in medium contain- 
ang excess unlabelied thymidine. Direct cell counts 
< from aliquots were taken at the time of inocula- 
tion and every 30 min. thereafter. Each time a 
doubling of the population of the culture occurred, 
as determined by the direct cell count, smears were 
made. These were fixed by heat, washed with water, 
and autoradiographs made by the stripping film 
technique". After various exposure times, varying 
from 6 to 40 days, the slides were developed and 
stained with 0-04 per cent crystal violet. In the 
= second type of experiment, labelled cells were isolated 
a micromanipulatively on nutrient agar medium which 
contains excess unlabelled precursor. Progeny lines 
were obtained from these isolates, cell growth stopped 
y drying the agar medium, and stripping film 
utoradiographs made after fixing in 3:1 ethyl 
alcohol-glacial acetic acid and a series of alcohol- 
water solutions. 
_ Both experiments revealed very clearly that the 
istribution of the incorporated tritium from the 
ritiated thymidine among the daughter cells grown 
n unlabelled medium is very heterogeneous (Fig. 1). 
\é least as soon as the third generation and possibly 
ooner, one finds cells with no label in the presence of 
hese containing considerable label. In the liquid- 
ulture experiment, all-or-none splits, where one of 
n unseparated pair of cells exhibited heavy label 
(6-14 grains) while the other had no grains above it, 
were observed occasionally. Even allowing for some 
possible trackiness which appears to be present in the 
grain patterns, the magnitude and frequency of such 
splits made it extremely unlikely that they occur by 
hance. Such all-or-nothing splits are also seen in the 
micromanipulation experiments where the sibling 
relations in the progeny line are known. These 
micromanipulation experiments indicate that the 
heterogeneity observed in bulk culture experiments 
is not primarily a result of the death of the cell 
(from radiation or any other cause) and/or differences 
in growth-rates for individual bacteria. 
_ Two additional comments can be made: (1) At the 
first ae on n cold oam] no caso of all- crore g 

































label. Specifically, each starting cell does not g 
rise to a unique number of hot cells dispersed among 
other cold ones; rather, the distribution of gra 
differs from clone to clone. In some, the distribu 
would be difficult to distinguish from random 
the rest, ‘hot spots’ and all-or-nothing splits occur 
different frequencies and in patterns which, g 
require deciphering. r 
The question of whether all the label is in bacte 
deoxyribonucleic acid has not been completely settlec 
The best chemical estimates to date indicate that: 
less than 80 per cent is in deoxyribonucleic 
thymidine. Check experiments with two orga 
not requiring thymine for growth, Bacillus 
terium and Escherichia coli B, showed tha 
uptake of tritiated thymidine was less than. N 
cent of that of E. coli 15 T-. 
The observation that simple dilution of trit 
thymidine during growth does not occur would s 
to indicate that relatively large amounts of parenta 
deoxyribonucleic acid can remain functionally asso 
ciated in transmission to daughter cells. It is als 
clear that the extent of this association of the parental es 
deoxyribonucleic acid differs from clone to clone; 
that is, there is a reasonable probability of a sharing 
of at least some of the parental deoxyribonucleic acid 
between daughters at division. These results are not 
inconsistent with findings for deoxyribonucleic acid 
phosphorus-32 distribution in another bacterium! _ 
Whether the functional two-strandedness of both — 
phage and plant chromosomal deoxyribonucleic 
acid will be found to hold for bacteria is not clear > 
from the results, although the lack of all- or-nothing — aie 
splits at the first generation and their appearance 
in later generations are not in conflict with thi 
possibility. Be 
An exclusive model to explain these results depe 
among other things, on independent inforn 
concerning the number of deoxyribonucleic acid 
containing structures within a bacterium and or 
quantitative aspects of the distributional patt 
We hope to report in more detail on these prob 
in the future. i 
We would like to express our thanks to Dr 
Taylor for his interest and helpful discussion ¢ 
the course of this work. The second author wa 
express his sincere appreciation to Miss D. P. 
Frost for her excellent assistance in performit i 
part in these experiments. S 
This research was supported in part by the 
Atomic Energy Commission. 
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Rate of Accretion of Cosmic Dust on 
ae the Earth | 
guest professor of geophysics at the University 





dust. by filtering large volumes of air through 


ed filters at Mauna Loa Observatory on - 

(11,000 ft.) and from the summit of Mt... 

ala on Maui (10,000 f¢.), localities where the ee 
gonerally free from terrestrial dust to a remark- — 
degree. The filters were analysed for the radio. o. eo 
active fall-out products, strontium-89 and strontium: + Pletcher, G. Watson, “Betw nata it. arii 
90, in the laboratories o f the U.S. Atomie Energy. tea er, G Maggy Leah the Planets : 179, 2nd edit, (Harvard: 2 
Pier -* Humphrey, W. J., “Physics of the Air’, 576 (1920). : 
3 Van de Hulst, Astrophys, J., 105, 485 (1947). 


able. 


Commission in New York, and for iron, nickel and: 


Se cobalt in the IE Chemisches Institut der Universitat, - 
Vienna. I am indebted to Mr. John H. Harley for- 


© the strontium analyses, which will be published else- 
where, and also to Prof. F. Hecht and his collaborator 
-o Dr. E; Tomic of Vienna for carrying out the analyses 
for the ferrides. 


ae Of the twenty-two filters from Mt. Haleakala so far 


= — analysed for ferrides, all contained notable quantities 
of nickel, whereas in seven of the nine filters from 
=. Mauna ‘Loa nickel was also found, far in excess of 
- -any possible contamination from terrestrial sources. 
< The average weight of nickel per 1,000 m.* of air 
passed through the filters was 14-3 ugm. as compared 
with 1,577 ugm. of iron, that is, a nickel to iron ratio 
of 0-9 per cent. Cobalt was also found in several 


oe of the filters, although in much smaller quantities 
than nickel, the ratio of cobalt to iron being 0:2 per. 


= gent. 
The weight of cosmic dust on the filters may be 
estimated from the nickel content using the average 

amount (2-5 


of meteoric dust of 572 ygm./1,000 m.* of air. 


ae _ Assuming the dust-content of cosmic origin in the 
atmosphere to be uniform up to the 100-km. level, - 














for the whole atmosphere below that level a quantity 


suspe 












o the Earth’s surface. With a similar rate o 
the cosmic dust suspended in the atmosphere 























igher. 















on for. interplanetary dust to the Earth o 
ttle more than 4 per cent of that for meteo 










Con 


waii, I have had opportunities for collecting — ic : 
~ extended. experiments of this kind at other high 


am per cent) of nickel in meteorites of all. 
_ kinds quoted by F. G. Watson!, which gives a weight 


~ aecelerator, they leave the accelerator. (In this way _ 
. the time of dissipation is determined by the ‘time of | 
1 order to find from this figure a value for the acceleration.) Hence all cosmic-ray particles. movi 
ual increment of cosmic dust to the Earth, we- UP through the energy spectrum in a more or les 
to assume a probable rate of descent from the ~ 
cm. level to the 3-km. level, where the dust was: 
‘ted. In the case of the finest volcanic dust from "ys * ee 
akatoa eruption in 1883, according to W. J... This eff 

hreys’, it required about two years to settle 


sended dust of cosmic origin of 28-6 million, 
3 obtained. > ae: 


of the pump. 





“be renewed in the course of two years, which 
he annual increment of such dust to the.” 
qual to one half the figure given above, Or. 
llion metric tons. If more rapid renewal of -Sn S 
smic dust suspended in the atmosphere is nee 

, the annual increment becomes correspond-._ 


mparing this figure with Van de Hulst’s value? "" 
he weight of the interplanetary dust giving rise 

he zodiacal light and being swept up by the- 
1, as 1,700 tons a day, one obtains a rate of. low-energy 


i estimated from 


neteoric. matter shoul AC 


annually, or about one-fourth of tha 
these experiments. ae 














- Considering the general interest for many different 
branches of geophysics of the rate of accretion ò 


cosmic dust, these discrepancies call for repeated and : 










altitude observation posts. 7 ore 
ee ee Hans PETTERSSON = 
- Geophysical Department, n 

_. University of Hawaii. 

: < Oct. 31. a 


-o Univ. Press, 1956) 


Energy Spectrum of Cosmic Radiation —__ 
THE spectrum of cosmic radiation has the remark- _ 
able property that it is a power function mee 
f = const. p” (1) 
(where p is momentum), in which n has a constant 
value of about 2-5 for several powers of ten of p: 
In Fermi’s theory, n is given by the ratio v/T between 
the time of acceleration + and the time of absorption _ 
(or diffusion) 7. ‘This means that the empirical — 
formula is obtained only if one assumes that seci- _ 
dentally + and T are of the same order of magnitude, _ 
and that the ratio is constant over a very wide range _ 
of momentum. Neither of these assumptions. is 
plausible. _ | ae 
It is the purpose of this communication to point 
out that a power law can be obtained if we assume | 
that particles, which are injected at low energies, | 
are pumped up to higher energies by a pump, the- 
speed of which is a power function of the momentum. — 
No considerable loss of particles should occur during 
the acceleration, but when the particles have reached — 
the maximum energy which can be stored in the 































hich we may ae Fetal t pey 
es U = cay 
ere 8 is a constant and b = 
he properties of the trapping field. They may be 
colerated further, 
he average value of a decreases when the distance 
rom the Sun increases. Hence « depends implicitly 
n U, and we may put : 











xo s a; o 


Ms 





r from (2), (3) and (ah: 
: f= const. pe 
with nm = 6(1 — y} + L 


observational value n = 
Dos | 2, or y = 0-5 forb = 3. 





An ‘agreement with the 
“6 requires v = 0:25 for 
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Confinement of Charged Particles by a 
Magnetic Field 


-o Dwrusios which is caused by collisions in an 
jonized gas and which takes place across a magnetic 
field is known to be reduced by the field. The gas 
nay be confined to a limited region, provided that 
articles can escape neither by motion along the 
eld nor by drift motion across it. In the longi- 
idinal direction, the particles. may be trapped by 
trong field inhomogeneities’ OF Bir 
eld lines closed within the gas vol 
Axially. symmetrical, stationary magnetic fields B 
nd electric fields E will be discussed in the present 
mmmunication. The radius of gyration of a par- 
is assumed to be small and she drift vey 
We wy to be determined by?: a: 


: du’ ae 
2 = (dE — eye — mM) x Bien (1) 


‘here (|) and (L) denote directions parallel with and 
rpendicular to B, q the charge, m the mass, p the 
gnetic moment of the equivalent dipole repre- 
mting the gyrating particle and d/dt = @/dt + 
uy). We write: 


My Vag + (aq 



























ya + (m'pa + (aey) (2) 


circles around the axis of symmetry, that is, the 
-axis in a co-ordinate system (r, 9, z). Particles 
annot be trapped in the field which gives rise to a 
ift motion in the z-direction. 





but at a slower rate because . 


neglected. Thus, a 


A magnetic field produced by a toroidal coil forms 


nstead, a poloidal field is considered as shown in. 
where both B and E 


sed to ee mare as 8 


-2 or 3 depending ee 
















Fig. 1. The magnetic feld B generated by a oti 





situated in planes through the z-axis. E 
partly from ambipolar. diffusion. The first 
fourth terms in the right- -hand member of equ 
give centrifugal forces in planes through the z 
whereas the third term as well as the second ter 
give a contribution wg; to the total drift velocit u 
The velocity wi is situated in planes through : the 

z-axis, whereas all other contributions, uy — w L3 
drift motions in circles around the same axis. The 
motion u’, of ions differs from that of electrons, and 
this may cause a separation of charge. and. generate fee 
an electric field. However, the drift arising from | 
this additional field will be situated in the 9-direction, 
provided that the density distribution of the particles 
is axially symmetrical. The relative importante a es 
u’; is roughly estimated from equations | and. 2: ne 


If the gas approaches thermodynamic equilibri m 
the velocity of gyration becomes comparable to- 
and w’j/u, is nearly equal to the ratio betwe 
radius of gyration and the characteristi 
R. As an example, we may choose- 
deuterium gas at T = 108 °K. in a magne 
B = 30 V.sec./m.? (3x 105 gauss) produced by 
radius R = 6m. For ions, u’,/u, becomes a 
and for electrons about 10-*, Even if 
field should be as high as ViR wi 8x 10°V. jn 
is the potential drop. corresponding to th 
energy 3kT'/2, the drift uv‘, is not greater than 
m./sec. for ions and 6 x 10-4 m/sec. for 
Tons will escape after about 50 sec. if onl 
u’, is taken into account and particle inte 
a strong: magnetic: fiel 
trap particles effectively inside a region | 
shaded in Fig. 1, at least at low gas den: 
Time variations of the magnetic fie 
electric field Hy and a drift u’; in planes. 
Z-axis, directed outwards from the sat 
when @B/dt is positive. It has the 1 


and may be regarded as a motion of matte 
to’ the magnetic-field lines. If B is chang 
amount AB during the time At, the displace 
the drift uw”; becomes about RAB/B. = = 

The magnetic field may be produced by- 
as in Fig. I, „whero the aroas of the coil cor 




























wijn © muy (GBR 









































; gives an additiona 7 
z-axis; but since the connexions carry 








ld will be generated by a potential drop in 









ating around the coil and its connexions. 


i from hitting the sources repeatedly. 
- Confinement at high gas densities is outside the 


a scope of this short communication and requires more 


- knowledge about the stability of the field, the pressure 
balance and the interactions between particles. The 
<o coil windings may act as a metallic wall and have 
-. gome stabilizing effect on deformations of the mag- 
netic field by motion of the gas. A particle density 
Co n æ= B x 10 m.-*, corresponding to a pressure 
Ps B4/4u,, gives a reaction time of 15 sec. in the 
=o example above. The behaviour of a toroidal induced 
= discharge? is of great interest in the present con- 
Coo nexion. 
ee B. LEHNERT 
saa Depar bment of Electronics, 
— Royal Institute of Technology, 


Stockholm 70. 
eee : Nov. 25. 
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A Travelling-Wave Parametric Amplifier 


‘Tue principle of parametric excitation of an — 


ee ae system has been known for many years. 
un electric oscillatory circuit can be excited in this 
ay if the condenser plates are instantaneously 










aches a maximum value, and instantaneously 





ime graph envisaged in the foregoing is a 
wave at twice the resonant. frequency of the 









nce may be used, or alternatively the induc- 





- resistance, 









unt: of parametric picasa at aie radio- 






opposite radial. directions, a cancellation —~ 
ft takes place for particles passing around | 
is repeatedly. Further, the coil windings) 0 000e s 
inite electric conductivity and a stationary at ae ee 








rection. This field should be screened by: a . 
ed. particles may be injected | by soiton Sas obtained and g= oy L LCod nepers pe p uni k Jen gth. 
ing the outer edge of the shaded area in Fig. 1. 
slowly ‘decreasing magnetic field may possibly 


“length is theoretically obtainable. 
amplification is only obtained when the frequency - 
rabio is precisely 2, and the correct phase relation- 
ship must be preserved if the maximum amplifica- 


“posed. of large molecules. 
for the first time in observing the lattice structure 
and the edge dislocation contained in it in crystals 
of metal phthalocyanines. 


: pulled apart by a fixed amount whenever the voltage 


estored to their original positions when the voltage | 
zero... Under these conditions energy is com- 
catod to the circuit when the plates are pulled 
but none is extracted when they sre restored, 
oscillations can be maintained. The capaci- 
a usefulness. _ 



























on ‘at twice the resonant frequency may boo 
Any method of periodically varying the a lath-shape 
eee hie gee Bae a a stal str 
may be varied. Moreover, such a circuit can gr 
as an amplifier, since, at the fundamental. a 
y, the excitation mechanism. i is analogous to z ti 





onsidering the possibility of obtaining a m ath usua 


in planos 











ee - ada. = ie cos: a | 







IE co | cos 2g Ea 4 ‘the maximum possible SRE 





Under. those conditions it is also found ‘that e = 


: produce an inward drift which prevents the particles F VEC o 


For example, if y = 0-1, a gain of L +36 ab. lwavo- 3 
However, this- 


tion is desired. Thus, the oscillator used for provid- 


-ing the periodic variation of inductance must be 
synchronized to the incoming signal. 


The noise figure of such an amplifier should be 
very favourable, and an experimental study is being 
made. Related schemes, in which precise frequency 
and phase relationships are not demanded, are also 
being studied. : 

I am greatly indebted to Mr. I. M. Ross of the- 


Services Electronics Research Laboratory, Harlow, | 


for a stimulating conversation about parametric 
amplification. 


Ac L; CULLEN 
Department of Electrical it mai : 
: University of Sheffield. 
Nov. 12. 


Lattice Image of Twin Structure observed 
directly by Electron Microscope ina Crystal 
of Copper Phthalocyanine 


RECENTLY, with the increase of the resolving. pow 


of the electron microscope, it has. become possible to 


make a direct observation of a crystal lattice com: 
J. W. Montert succeeded | 


This- method iss also 
applicable to the study of the local vai iation of the 






_ fine structure in a crystal lattice, an 
‘selected area micro-diffraction meth 










ointly with this method, has Onk 


AS an. Tape of Sach an applicati io 
observed. directly the twin st 
lattico of the stable copper pht 
i crystal habi 
























th-shaped cry | The lattice image £ 
laha was ‘observed iby Menter with the c 
abi Further in 




























ron Ta “of ‘the ‘lattice 
image corresponding to the. (001) 
plane as reported in the. previous 
paper’. The periodic spacing of 
the lattice image of the (201) plane 
ds about 9-8 A., even when. the 
. effect of the slight inclination of 
____ the lattice plane to the surface of 
the usual habit is taken into con- 
a sideration, while that of the 1001) 
—— plane is estimated to be about 
-IZGA and is obviously larger than 
— the spacing of the: (201) plane in 
_._ the ordinary crystal habit. 
As shown in Fig, 1, which was taken with a Hitachi 
ee electron microscope type HU-10, it is often observed 
that the lattice images of these. two crystal habits 
are parallel and side by side, separated only with a 
narrow gap. The specimen used here was a stable 
copper phthalocyanine. prepared by boiling the 
powder of the metastable compound with carbon 
-~ tetrachloride for about 10 hr.; and it had been 
oF completely converted. into the stable form. The 
electron micro-diffraction pattern of the selected area 
has two series of equidistant diffraction spots that are 
attributable to (201) and (001) reflexions with their 
____ higher-order reflexions superimposed on the equator, 
> which is taken in the direction perpendicular to the 
OSS b-axis. 

We believe that such a fine structure containing 
-the two different kinds of lattice images is due to the 
twin structure and is not caused by a fortuitous 
contact of two kinds. of completely separate crystals, 
because the gap between the two lattices is always 
|. very narrow and has almost the same magnitude as 
< the lattice spacing itself. Further, no contour fringe 







an be observed at the boundary of the two parts, 
even when the photograph was taken slightly out of 
_ foeus so that another part of the perimeter would 
be bounded by the contour fringes. 





© mately flat as a whole. 
structure is considered to be rather small, 
the molecular density in the lattice plane of the 





Fig. 2. Molecular configuration of the twin atructure of copper phthalocyanine, 
projected on the b-plane. 


Small circles are at the level of + 4 5, 


The relation between these two kinds of crystal ee 
habits and the twin structure must be considered  — 
from the point of view of the molecular arrangement. | 
As the direction of the b-axis is common to the 
separate two parts, and the boundary is also parallel = 
to the same axis, it is reasonable to consider that the 
twin plane is one of the (kOl) planes which is also 
parallel to the same axis. Taking the two kinds of —__ 
crystal habit into consideration, the most appropriate oe 
twin plane, by which the largest habit surface of each 
part can be brought into a position nearly parallel __ 
to the supporting film for electron microscopy, is the — 
(10T) plane as shown in Fig. 2, in which the two kinds 
of the largest crystal habit surface, shown by the 
thick line, cross at an angle of about 14°. With this 
structure, the erystal can orient itself so that the 
incident electron beam can simultaneously satisfy the 
Bragg condition for both the (20T) and the o0) 
planes, which contain an angle of about 14°; further- __ 
more, slight relaxation of the bent crystal. én the film 
and the elongation of the intensity region for reflexion 
accompanying the reciprocal lattice points (caused _ ee 
by the thinness of the lath crystal itself), give the  __ 
reflexions from the two parts at the same time, thus 
enabling the lattice image of the twin structure to __ 
be observed by the electron microscope. As shown ee 
by the broken. line in Fig. 2, if the (307) plane, in ae 
place of the (201) plane, is taken as the largest < 
crystal habit surface for the part where the (001 
plane runs perpendicularly to the habit surface, the 
flaky surface of the crystal lath becomes approxi. 
But the possibility of such 

-beca 




























crystal habit surface becomes extraordinarily 
compared with the former structure. ee 


Institute for Chemical Research, 
Kyoto University, 
- Takatsuki, Osaka-fu. 


Hitachi Central Research Laboratory, o 
Kokubunji, ai oe 8 a 
ua 20. 
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16 hexagonal-net structure®, the density of which 


would. 





above about 7-10 per cent, and for pastes with 60 per 


| ie cent water! could easily be less than unity. Sucha 
-decrease in density of sorbed water is well shown by 


the results of De Wit and Arens*, who obtained values 
-cas high as 1-41 at 11-6 per cent moisture, dropping 
to 0:997 above 30 per cent. Somewhat similar 
_ results were obtained in this Institute some time ago 
using a density-bottle technique with a specially 
: devised de-airing procedure and ‘Dekalin’ as the 
_ non-sorbed liquid. Values ranging from about 1-38 
at 9 per cent water to about 1-06 at 20 per cent water 
were obtained—in substantial agreement with the 
results of De Wit and Arens‘. 
~The. validity of any results for the density of 
sorbed water are, however, extremely difficult to 
assess, since every value must necessarily involve the 
volume of the sorbed water, and this has to be 
_ estimated on the assumption that the amount of 
_ swelling of the mineral represents the volume of this 
water. Irrespective of water content, this can only 
be true if the surfaces of the individual mineral 
layers are impermeable. It is well known, however, 
that. the layer surfaces of montmorillonite are not 
continuous but consist of a hexagonal network of 
<“ oxygen ions with holes of approximate radius 1-3 A. 
~- On complete removal of water, ions can, at least 
= partially, fit into these holes. Furthermore, recent 
-. unpublished work with montmorillonite saturated 
-o With various cations suggests that the oxygen ions 
of UO} may, to some extent, fit into the holes when. 
the on 

































their way into such holes, and thus have an 





ld influence results whether clay pastes or clay 
ders are used, and all results must be influenced 








ens‘, a higher density than clay oven-dried to 
0 per cent moisture, cannot be used as an estimate 








vas still present. 
nstitute drying at 190° C. was employed. 





slar 





Any departure from this condition would 


_ that no very useful conclusions regarding int 
~ water configuration can yet be drawn from den 


, and consequently having a much higher density. _ ee | 

example, for monovalent or divalent ions ‘the Macaulay Ta titute for Soil Research, © 50i 

ount of such water would only be some 4 òr a E cates oe 
sorbed water were considered to have, say, 


» Mineral is in the collapsed condition (cf. the . 
‘esults of Nuss and Wey*). It is reasonable, therefore, 
© suppose that at least some water molecules may — 


‘apparent density approaching infinity. This factor ethanol. The semi-quantitative estimations of thi 
pene ee amino-acid content of the spots were made according 
OWE to Dent. 
hereby. It is not possible at present to determine — 
i\e magnitude of error likely to arise from this- 
use, or even to decide whether it is appreciable. | 

fact that montmorillonite equilibrated at 0 per 
ent relative humidity has, according to De Wit and - 


aspartic acid, glutamic acid and glycine could be 
demonstrated in the coal samples. The semi-quan 
titative estimation showed a relative proportion ot 
< 12 per cent aspartic acid, 40 per cent glutamic acid 
> and 48 per cent glycine. The -amino-nitrogen con 
i the size of the effect, since (although no details tent was 0-12 per cent, which roughly corresponds 
are given) it is likely that the oven-drying was carried _ 
out at 105° C. when a few per cent of sorbed water _ 
In the results obtained at this 
< fossils about 250 million years old. — 
the procedure used for the preparation, it is im 


sample. 


- Another factor only operative at low water contents. ` 
the assumption that the layers are sufficiently. 


xible to fit closely around the interlayer water result of the hydrolysis of peptides, t 
oo Foe rales able tł it. the. R RE. p 
















ym this factor is also unknov 
g tendencies cannot balance 


es less the higher the propor 





water. 
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-From the: above considerations, it would- 
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would be about 0-9, the value for the density of the | T 
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Amino-acids in Anthracite 


A TOPIC of current interest in paleo-biochemistry 
is the demonstration of chemical constituents in 
fossils from the earliest plant and animal life. It has 
been shown that bones of great archeological age 
may contain appreciable amounts of organic nitro: 
genb”. Even such highly organized compounds as 
amino-acids have been identified in fossil shells and 
bones’, ig 

As a contribution to these investigations, it seemed 
worth while to analyse the protein remains in anthra- 
cite-—one of the oldest fossils known. 

The central part of a thoroughly rinsed. piece of 
anthracite from a British mine was ground into a 
powder in a mortar. After drying, 100-mgm. aliquots 
of the powder were hydrolysed in ampoules. with 
6 N hydrochloric acid for 24 hr. at 100° ©. The 
hydrochloric acid was afterwards removed by means 
of freeze-drying. The residue was. dissolved in 
distilled water, filtered to remove coal particles. and 
evaporated im vacuo to dryness. The residue was. 
redissolved in 0-2 ml. of distilled water. 100 wl. of 
the solution were applied to paper sheets (Whatman. 


No. 4) for two-dimensional chromatography in phenol 


and colloidin—-water systems according to Dent*. The’ 


amino-acid spots revealed with ninhydrin wero 


allowed to develop for 24 hr. in the dark and preserved 
by treatment with a solution of cupric nitrate. in- 















| = The «-amino-nitrogen content was 
determined by a method suggested by Woiwod'’, 
After two-dimensional paper chromatography 





1 per cent of amino-acids in the original anthra 


. Amino-acids have thus been demonstrated 
Because 
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original proteins. We cannot, however, give -any 
satisfactory explanation as to why only these three 
amino-acids, namely, aspartic acid, glutamic acid 
and glycine, were left unchanged by time, but it is 
interesting in this connexion to note that Ezra and 
Cook’ recently reported the finding of these three 
amino-acids in fossil bones some thousand years 
old. Abelson? demonstrated the same three amino- 
acids, together with alanine, leucine and valine, in a 
fossil of Devonian age. 

It is furthermore tempting to correlate our results 
with those of Chen and Rickenbacher?, who found 
traces of aspartic acid and glutamic acid in amphibian 
eggs. Not until in the gastrula and blastula stages 
did the rest of the amino-acids appear. 

These investigations thus suggest that aspartic 
acid, glutamic acid and glycine are among the first 
amino-acids ‘to be formed: and the last to be decom- 
posed in living organisms. 

F. HEISKENSKJOLD 
H. MOLLERBERG 


Department of Clinical Biochemistry, 
Karolinska Sjukhuset, 
Stockholm, 60. 

Sept. 18. 
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Small-Scale Preparation of Glyoxylic Acid 
labelled with Carbon-14 


Durna the course of a study of glyoxylie acid 
metabolism in wheat it became desirable to obtain 
glyoxylate labelled with carbon-14, a compound 
which does not appear to be available commercially. 
Oxalic acid, which is available commercially as oxalic 
acid-4C, has been used in the synthesis of glyoxylic 
acid’-*, Weinhouse and Friedmann’ synthesized 
glyoxylate-4C from oxalate-4C by reduction with 
mercuric chloride and Grignard magnesium. In order 
to isolate the crystalline bisulphite addition product 
of glyoxylate it was necessary to dilute the oxalate-MC 
(2-25 mgm.) with 900 mgm. of inactive oxalate. Tafel 


and co-workers*,4 introduced an electrolytic method . 


for the reduction of oxalate to glyoxylate. These 
workers used relatively large amounts of oxalate 
(10 gm:) and‘obtained very high yields (87 per cent). 
The reaction was carried out in 10 per cent sulphuric 
acid at 10° C. with a current of 4 amp. and was 
complete in 30 min. Mohrschulz? investigated the 
‘reaction more thoroughly and showed that it could 
be carried out in 2 per -cent sulphuric acid at a 
temperature of 15-20°C. -The highest yields were 
obtained using mercury as the cathode (rather than 
lead, copper or nickel). 

We have found it possible to extend the electrolytic 
method to the reduction of milligram quantities of 
oxalate and have obtained high yields of glyoxylate. 
The electrolysis apparatus (Fig. 1) consists of a 
vessel 1-4 cm. in diameter and 2-4 cm. high containing 
1 ml. of mercury, a 44-volt dry-cell battery, and two 
26-gauge platinum electrodes. 

0-1 ml. of 2 per cent sulphuric acid containing 
0:14-3 mgm. ‘of oxalic acid is pipetted into the 
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beaker to form a peripheral 
layer into which dips the 
anode. The cathode leads 
through a short length of 
glass tubing (diam. 5 mm.) 
into the mercury. 

The effects of the quan- 
tity of oxalate and of the 
reaction time on the yield 
of glyoxylic acid were 
studied. Some results are 
shown in Table 1. Gly- 
oxylic acid was determined 
quantitatively as its 2,4- 
dinitrophenylhydrazone. 
The reaction products-were . 
treated with a slight ex- 
cess Of 2,4-dinitrophenyl- 
hydrazine in 2 N hydro- 
chloric acid and the mix- 
ture extracted into ethyl acetate. The ethyl acetate 
extract was washed with ethyl acetate, made to 
volume and ‘its density determined spectrophoto- 
metrically at 368 mu using a Beckman model DU 
spectrophotometer. 

Glyoxylic acid 2,4-dinitrophenylhydrazone was 
identified by paper chromatography’. This compound 
gives two spots on chromatograms which are recog- 





Fig. 1. Electrolysis apparatus 

used in the reduction of oxalic 

acid: a, glass tube; b, 26- 

gauge’ platinum electrode; e,. 
lass beaker, diameter 1'4 cm. ; | 
, reaction mixture; e, mer- ` 

cury cathode. Power source 

is a 44-V. dry cell 


` nizable by their Ry values and by their characteristic 


colour reaction with ethanolic sodium hydroxide. 
With 0-7 mgm. of oxalic acid a reaction time of 
10 min. was found to be very satisfactory. After a 
number of trials with inactive oxalate which gave 
consistently high yields (about 95 per cent), radio- 


,active oxalate was used. 0-7 mgm. oxalic acid-“4C 


(26-5 uc./mgm.) in 0-1 ml. of 2 per cent sulphuric acid 
was electrolysed for 10 min. and the reaction solution 
was chromatographed in one direction on Whatman 
No. l. paper by the ascending method, using chloro- 
form/95 per cent ethanol, 1/1 + 2 per cent (v/v) 
formic acid’ as solvent. In this solvent system the 
Ry values of oxalic and of glyoxylic acids are 0-06 
and 0-80 respectively. Counting the radioactivity 
directly on the paper showed approximately 95 per 
cent of the activity in glyoxylate, 3 per cent in 
oxalate and 2 per cent in an unidentified band of 
Ry 0:9. The identity of the zone corresponding to 
glyoxylate was verified by elution of the band with 
water, and reaction of the eluate with 2,4-dinitro- 
phenylhydrazine followed by paper chromatography. 
In addition, the 2,4-dinitrophenylhydrazone was 
hydrogenated, and the resulting radioactive glycine 
identified with two-directional paper chromato- 
graphy®. 

The advantages of this method for preparing 
glyoxylic acid-*C are that it is simple, rapid and 
inexpensive. Because it is suitable for use with small 
Table 1. YIELD OF GLYOXYLIO ACID BY ELECTROLYTIC REDUCTION 


OF OXALIO ACID IN 2 PER CENT SULPHURIO ACID AT 44 VOLTS (MERCURY 
CATHODE, PLATINUM ANODE) 








Time Amount ofoxalicacid!| Yield -of glyoxylic 
(min.) (mgm.) acid* (per cent) 
15 5-7 22 
15 2°9 61 
15 1-4 73 
15 7 0-14 Ad D 
10 0:7 95 
15 0:7 73 
0:7 71 


* Determined spectrophotometrically as 2,4-dinitrophenylhydrazone 
in 1 per cent sodium carbonate at 868 mu. 
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quantities, radioactive oxalate may be reduced 
directly, without dilution with inactive oxalate, to 
give glyoxylate of the same molar activity. “We 
have used the diluted electrolysis mixture directly 
in studies of the dissimilation of glyoxylic acid in 
plant tissues. 

We wish to thank the National Research Council 
of Canada for the award of a studentship to one of 
us (R. M. K.) and for a grant in aid of research. 

R. M. KRUPKA 
G. H. N. TOWERS 
Botany Department, 
McGill University, 
Montreal. 
Oct. 31. 
1 Benedict, 9. R., J. Biol. Chem., 6, 51 (1909). 
2? Mohrschulz, W., Z. Elect. Chem., 82, 434 (1926). 
3 Tafel, J., and Friedrichs, G., Ber., 37, 3187 (1904). 
i Tafel, J., and Schmitz, K., Z. Elect. Chem., 8, 281 (1902). 
3 Weinhouse, A., and Friedmann, B., J. Biol. Chem., 191, 707 (1951). 
e Towers, G. H. N., and Mortimer, D. C., Canad. J. Biochem. and 
Physiol., 34, 511 (1956). i 
i Stark, J. cb A. E., and Owens, H. S., Anal. Chem., 28, 


Thompson, J. F., and Steward, F. C., J. Amer. 


8 Towers, G. H. 
2392 (1964). 


N., 
Chem. Sec., 76, 


Distribution of Carbon-]4 in Labelled 
Amino-acids separated on Paper 
Chromatograms 


Aw importent problem in the biochemical applica- 
tion of the labelled pool technique is the determination 
of the uniformity of labelling of compounds separated 
on paper chromatograms in amounts below the 
limits of chemical detection’. 

The use of ninhydrin (triketohydrindene hydrate) 
as a spray? or, preferably, as an acetone dip? for the 
detection of «-amino-acids separated on paper 
chromatograms, is well established. The reaction 
involves a quantitative oxidative deamination of the 
“-amino-acid according to the equation‘ ; 


R.CH(NH,).COOH +-O0 = R.CHO + NH, + CO, 


The loss of radioactivity from an o-amino-acid 
separated on & paper chromatogram, as @ result of 
treating it with ninhydrin, might then be expected 
to indicate the proportion of carbon-14 in the carboxyl 
group of the acid. This was found not to be the 
case in practice because of the volatility of the 
labelled aldehyde also produced, and because decarb- 
oxylation only appeared to be quantitative under 
the right conditions of time, temperature and relative 
humidity. The effect of relative humidity on the 
ninhydrin colour reaction has been noted by other 
authors’. 

The simple method described below was developed 
for application to a-amino-acids labelled with carbon- 
14 separated on paper chromatograms and has given 
reproducible results with known labelled acids as 
shown in Table 1. 5 

The low recoveries of carbon-14 dioxide from the 
1-!*C-glutamate are not understood but do not appear 
to be explained by the presence of carbon-14 in groups 
other than the 1-carboxyl (see below). The propor- 
tions of carbon-14 in the l-carboxyl group of the 
labelled amino-acids was confirmed by measuring 
the specific activity of the “CO, liberated from 
carrier-diluted samples on the semi-micro scale by an 
adaptation of the Van Slyke method**. These 
results are shown in ‘Table 2. Doubts earlier expressed? 
on the uniformity of labelling of amino-acids from 
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NINHYDRIN DECARBOXYLATION OF AMINO-4CIDS LABELLED 
WITH CARBIN-14 ON PAPER 


Table 1. 



























Theoretical pro- 
portion of Proportion 
total carbon-14 of total 
Acid in carboxyl carbon-14 
group recovered 
(per cent) (per cent) 





DL-Glutamic actd-1-carbon-14 


*Uniformly labelled 1-glutamie acid 
- 20-0 





3% +3 +1 






a? a7 af 











a »»  L-isoleucine 16°6 
93 a0 ry | 16-6 
i »» L-phenylalanine 11-1 
935 $3 a3 11 ol 
- »  L-valine 20-0 
33 o> LE 20 'D 
id >»  L-tyrosine 11-1 

11-1 






p? a? 33 


* Uniformly labelled acids prepared from Chlorella grown in “CQ, 
as sole carbon source, 


Chlorella grown on- HCO, as sole carbon source are 
now believed to be unfounded (Catch, J. R., personal 
communication), 

The apparatus consists of a 15 cm. x 1-5cem. ‘Pyrex’ 
tube provided with a B 14 standard head and vacuum 
tap as illustrated (Fig. 1). Aqueous sodium hydroxide 
(40 ul. of 1 N solution) is micro-pipetted on to a 
2-cm. circle of Whatman No. 1 paper, dried in a warm 
air stream, and gently pushed into position A of the 
tube. A plug of glass wool washed with hydrochloric 
acid is inserted at B followed by a l-cm. layer of 
granular activated charcoal at C. Four or five drops 
of distilled water are placed on the charcoal. A 2-cm. 
circular sample of the labelled ammo-acid zone 
(located by scanning’) is removed from the Whatman 
No. 1 paper chromatogram by means of a suitable 
cork-borer. It is weighed and assayed for activity 
of carbon-14 under a thin end-window Geiger-Muler 
tube by mounting under rigid and reproducible 
geometrical conditions and taking the mean of pairs 
of counts made over both faces of the sample. The 
sample should not contain more than 50 ugm. of 
the amino-acid. The sample is briefly dipped in a 
0:5 per cent (w/v) solution of ninhydrin in acetone 
(analytical reagent), quickly dried, and pushed into 
position D ofthe tube. The B 14 head is immediately 
placed in position, the tube pumped out to approxi- 
mately 30 cm. of mercury pressure, and the tube 
warmed in an oven at 90-95° C. for 2 hr. The 
tube is next allowed to cool for a further hour at 
room temperature. The alkaline paper circle is then 


Table 2. NINHYDRIN DECARBOXYLATION OF AMINO-ACIDS LABELLED 
WITE CARBON-14 In SOLUTION 


Proportion 
of total 
carbon-1l4 
recovered 
(per cent} 


Theoretical pro- 
portion of total 
earbon-14 in 
carboxyl group 


, Acid 
(per cent) 


DL-Glutamic acid-1-carbon-14 


29) 53 a} 


*Uniformly labelled L-glutamic acid 
X K $ 
i L-tyrosine 


i L-phenylalanine 
»» L-valine 


' at 


i Ed 
K L-isoleucine 





* Uniformly labelled acids prepared from Chlorella grown in “CO, 
as sole carbon source. 
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removed, weighed, and assayed for activity of car- 
bon-14 as above. Self-absorption corrections are 
made if the weights per unit area of the circles differ 
significantly’. The water in the tube provides the 
necessary moisture for the reaction, and the activated 
charcoal selectively absorbs any labelled volatile 
aldehyde formed. The proportion of the original 
activity of carbon-14 recovered on the alkaline circle 
represents the proportion of the carbon-14 present 
in the l-carboxyl group. The method provides a 
. simple’ test for the uniformity of labelling of «-amino- 
acids. 
K. H. HALLOWES 
F. P. W. WINTERINGHAM 
Post Infestation Laboratory, 
London -Road, 
Slough, Bucks. 
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Amersham, Bucks. 
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Absorption Spectra of Molecular 
Complexes 


It has been shown by several workers!- that there 
is a rough correlation between the lowest ionization 
potential of an electron donor and the frequency of 
the maximum of the charge-transfer band (vor) of 
lowest energy characteristic of the complex of the 
donor with a given acceptor. That the relation is 
not a very strict one is illustrated by Fig. 1, where 
such a plot is given for chloranil complexes in solution 
in. carbon tetrachloride. The ionization potentials 
are those measured by Watanabe’ using a photo- 
ionization method. 
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Ionization potential of donor molecule (cV.) 





~I 


- 20 25 ző 
vor, Chlorani] complex (cm.-? x 107-*) 


Fig. 1. The relation between the ionization potential of the 
donor molecule and ror of the corresponding chloranil complexes 
in carbon tetrachloride _ 


f 


However, the plot of vor for a series of complexes 
of electron donors with a particular acceptor against 
yor for the same series of donors with a second 
acceptor shows a much closer correlation. Examples 
of such plots are given in Fig. 2. The values of vor 
for the iodine and iodine monochloride complexes 
are those obtained by Keefer and Andrews? and de 
Maine’. It was not possible to assign a reliable value 
to vor for the chloranil—durene complex because of 
the skew nature of the absorption band. The solvent 
in all cases was carbon tetrachloride. To change the 
solvent to cyclohexane increases vor for the chloranil 


tv) [2] 
© n 
vor (cm. x 107), plots D and E — 


vor (cm. ~? x 107%), plots A, Band C —> 
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Fig. 2. The relation between voy of chloranil complexes and 
vor of complexes involving (A) p-benzoquinone ; (B) s-trinitro- 
benzene; (QC) s-trinitrotoluene; (D) iodine; (E) iodine mono- 
chloride. The numbers in the figures refer to the donor molecules : 
B benzene; (2) toluene; (8) m-xylene; (4) mesitylene: 
(5) naphthalene ; (6) pentamethylbenzene; (7) 1-methylnaphtha- 
lene; (8) hexamethylbenzene; (9) aniline; (10) S menyt 
aniline; (11) N:N-dimethylaniline; (12) tetrabase; (i8) 
N:N:N’: s’-tetramethyl-p-phenylenediamine; (14) phen- 
(15) anthracene; (16) dibenzyl; (17) o-xylene ; 


anthrene : 
(18) p-xylene; (19) at.iso e 
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complexes by about 300 cm.-1, but a change of 
solvent to cyclohexane or to chloroform‘ has little 
general effect in the case of the s-trinitrobenzene 
complexes. 

The correlations in the case of the iodine mono- 
chloride and iodine complexes are not so close. In 
particular it would appear that the value of ver 
for the naphthalene-iodine monochloride measured 
by Keefer and Andrews? is very high. Some of these 
variations may be due to differences arising from the 
perpendicular orientation of the acceptor in the 
complexes involving halogen molecules and the 
parallel orientation when the acceptor molecule is an 
aromatic or & quinone. 

It may be noted that the variation of ver with 
changing donor molecule is less in the complexes 
with iodine monochloride than in the complexes with 
iodine. This might be expected, as iodine mono- 
chloride is the weaker Lewis acid of the two. The 
reverse appears to hold, however, in the case of the 
3-trinitrotoluene and s-trinitrobenzene complexes, 
where s-trinitrotoluene is the weaker Lewis acid. 

This work ‘was carried out during the tenure of 
an Edward A. Deeds Fellowship of the University 
of St. Andrews. 

R. FOSTER 


Chemistry Department, 
Queen’s College, 
Dundee. 


1McConnell, H., Ham, J. 8., and Platt, J. R., J. Chem. Phys., 21, 
66 (1958). f 


a Kooter, & M., and Andrews, L. J., J. Amer, Chem. Soc., 74, 4500 
952). : 

3 Briegleb, G., and Czekalla, J., Z. Electrochem., 59,184 (1955). 

‘Bier, A., Rec. Trav. Ohim., 75, 866 (1956). 

5 Watanabe, K., J. Phys. Chem., 22, 1564 (1954); 26, 542 (1957). 

ede Maine, P. A. D., J. Phys. Chem., 26, 1189 (1957). 


Chromatography on Silica- 
treated Paper 


PAPER partition chromatography is not successful 
with many organic compounds for two reasons: 
(1) the compounds have low solubility in water, and 
hence move on the solvent front in normal partition 
systems ; (2) low reactivity of the compounds makes 
detection of the position of spots difficult. 

To overcome the first of the difficulties, methods 
have been described which employ an organic solvent 
as the stationary phase on the chromatogram?*. 
Alternatively, adsorption chromatography may be 
used instead of partition chromatography‘. 
Kirchner and Keller® have described the use of silica- 
treated paper for chromatography of dinitrophenyl- 
hydrazones. . 

The method here described has the convenience of 
paper chromatography, and may be used for a wide 
range of compounds difficult to chromatograph by 
partition methods. The chromatograms are run, with 
the solvents normally uséd in adsorption chromato- 
graphy, on filter paper which contains approximately 
20 per cent (w/w) of silica. Unreactive compounds 
are detected by the blue colour of the starch—iodine 
reaction, while other more reactive compounds may 
be detected by their own specific reactions. 

The silica-treated paper is prepared as follows. 
Sheets of Whatman No. 1 filter paper (24 in. X 8 in. 
has been found a convenient size to handle) are passed 
slowly through a 25 per cent (w/v) solution of com- 
mercial sodium silicate in water and hung up to 
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drain for approximately 30 min. It is essential that 
the paper is not allowed to dry at this stage. The 
papers are then passed slowly through a 3 N hydro- 
chloric acid bath, and once again allowed to drain 
for 30 min. After draining, the papers are washed in 
running tap water for 2 hr. and finally hung up to 
dry overnight. Heating the dry paper in the oven 
at 100° C. for 15-30 min. before use activates the 
silica considerably, and produces better resolution on 
the chromatograms. 

The mixture to be chromatographed is spotted on 
the paper in the usual way. It is preferable to use 
a volatile solvent for applying the mixture, as the 
applied spot must be free from moisture before the 
paper is placed in the chromatography tank. Chroma- 
tograms are developed by the ascending-flow method, 
in tightly sealed jars lined with filter paper saturated 
with the solvent. (Battery jars with ground-glass 
edges have been found suitable.) Light petroleum 
(b.p., 40-60° C.), benzene and chloroform have been 
found to be the most useful solvents for development 
of the chromatograms. The solvent front is allowed 
to ascend about 10-15 cm. before the chromatograms 
are removed. 

Unreactive compounds are detected by dipping the 
dry chromatograms in a solution of iodine (1:5 per 
cent) in carbon tetrachloride, and allowing excess 
iodine to evaporate off the paper. A stream of air 
is useful in hastening this process. Compounds then 
show up as brown spots on a white background’. 
The spots may be intensified by dipping the iodine- 
treated chromatogram in 1 per cent starch solution, 
when blue spots of greater intensity are obtained. 
Any background of blue due to residual iodine may 
be removed by a brief exposure to sulphur dioxide 
gas. i 

The method has been successfully applied to the 
separation of many types of organic compounds, 
including terpenes, leaf pigments, phenolic ethers 
and esters, and steroids. ; 

I am indebted to Dr. W. G. C. Forsyth, director of 
the Colonial Microbiological Research Institute, for 
helpful advice, and to the Colonial Products Council 
for permission to publish this communication. 


J. B. ROBERTS 


Colonial Microbiological Research Institute, 
i Trinidad. 
Nov. 8. 
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3 Kostir, J. V., and Slavik, K., Coll. Czech. Chem. Commun., 15, 17 
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4 Kirchner, J. G., Miller, J. M., and Keller, G. J., Anal. Chem., 28, 
420 (1951). 


R J. G., and Keller, G. J., J. Amer. Chem. Soc., 72, 1867 
6‘ Brante, G., Nature, 168, 651 (1949). 


Thermocell with lon-exchange 
Polymer Electrolyte 


RECENT communications!? have described some 
thermocells in which two electrolyte solutions in 
contact with reversible electrodes are separated by 
an ion-exchange resin barrier. The ion-exchange 
resin in our apparatus is the sole electrolyte in 
physical contact with two identical copper electrodes 
and behaves as a solid electrolyte. The theoretical 
development of thermocells’ is then applicable in an 
especially simple form. 


` 
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Fig. 1. Thermal electromotive force vs. temperature difference for 
the thermocell (2)Cu/Cu?+ ion-exchange resin/Cu(é + ^t), where 
¢=235 +2°6°O. e cell dimensions are: A, 12 om."; d 


0:07 em. The cold electrode is the anode; the electrolyte is 
saturated with water 


The cell was constructed by pressing the ion- 
exchange resin in the form of a flat sheet between 
machined surfaces of copper. The electrolyte itself 
was an ion-exchange membrane, ‘Nepton’ CHR-51 
(unbacked type, Ionics, Inc., Cambridge, Mass.), 
consisting of a condensation polymer of phenol 
sulphonic acid and formaldehyde. This membrane 
had been converted into the leached copper-ion state 
by equilibration in five successive 2 N copper sulphate 
solutions of 100 times the membrane volume followed 
by long rinsing in distilled water. It is presumed 
that the membrane thus prepared contains copper 
ions in such amount that their charges exactly 
compensate the fixed negative sulphonate groups on 
the polymeric matrix. The transference number of 
copper ions in this electrolyte is unity. - 

The massive copper plate electrodes were main- 
tained in intimate thermal contact with a stream of 
water at various controlled temperatures on the hot 
side and a rapidly stirred water-ice bath on the cold 
side. Measurement of At was accomplished by means 
of a differential copper-constantan thermocouple. 
The thermocell potentials were measured using an 
accurate potentiometer to the nearest 0-1 mV. 

The results of three sets of measurements employing 
different samples of the ion-exchange polymer have 
yielded values 0:59, 0-64 and 0-65 mvV./°C. (average 
0-63) for the thermal electromotive force of the cell. 
A typical set of results is shown in Fig. 1. The 
relation between potential and temperature difference 
is linear, but extrapolation reveals a small dissym- 
metry potential which may be caused by inhomo- 
geneity in the ion-exchange resin. 

The Soret effect for copper ions appears to be 
entirely prevented by the nature of the electrolyte, 
but diffusion of water under the influence of the 
thermal gradient can occur. 

The present results are consistent with other 
information. It has been reported’ that a copper 
thermocell containing an aqueous copper sulphate 
electrolyte (0-94 M) had a thermoelectric power of 
0:96 mV./°C. with the high-temperature electrode as 
the cathode. ‘The temperature coefficient of the 
(Cu > Cu?+ + 2e—) half-cell has recently been 
reported’ to have the value —0:81 mV./°C. for copper 
solutions of unit activity and independent of the 
nature of the anion. Our results probably are 
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indicative of an activity of copper ions less than 
unity. Holtan’s treatment of thermocells could be 
applied to the present case if further information on 
the water transported by copper-ion migration® and 
the activity of copper ions in the ion exchanger were 
available. Evidence that the copper-copper ion- 
exchange membrane half-cells are probably reversible 
has already been obtained and will be reported else- 
where. Such ion-exchange thermocells may have 
some practical application as a temperature-sensing 
device. 

I am indebted to Dr. H. A. Liebhafsky of this 
Laboratory for suggesting this type of ion-exchange 
thermocell. 


W. T. GRUBB 
General Electric Research Laboratory, 
Schenectady, 
New York. 
Nov. 8. 


1 Hills, G. F., Jacobs, P. W. M., and Lakshiminarayanaiah, N., Nature, 
179, 96 (1957). | 

2 Tyrrell, H. J. V., Taylor, D. A., and Williams, C. M., Nature, 177, 

668 (1956). 

3 Holtan, jun., H., Proc. Kon. Ned. Akad. v. Wet., B, 56, 510 (1953). 

‘Berry, N. E., Corrosion, 2, 261 (1946). 

s Bonnemay, M., Proc. Sixth Meeting Internat. Com. Electrochem. 
Thermodynamics and Kinetics, 1955, 68. 


e Wingo G., Ferguson, R., and Kunin, R., J. Phys. Chem., 60, 556 


Synthesis of Succinate from Acetate by 
an Enzyme System of Pig Heart Muscle 


Tur oxidation and condensation of two molecules 
of acetate to form succinate was first proposed by 
Thunberg!. Many later attempts have been made 
to demonstrate this reaction, with for the most part 
equivocal results. Recently, evidence has been 
presented? that the reaction does not occur in E. colt. 
On the other hand, evidence has-been presented*,* 
that extracts of Tetrahymena catalyse the Thunberg 
reaction at a slow rate, and Seaman® has presented 
evidence that mammalian tissue catalyses the reduc- 
tion of succinate to acetyl coenzyme A. 

This report presents evidence that an enzyme 
system present in pig heart muscle catalyses the 
oxidation and condensation of acetate to form 
succinate. 

The enzyme was prepared by extracting an acetone- 
dried powder of pig heart muscle with potassium 
phosphate buffer (0-1 M, pH 7-4) and fractionating 
with ammonium sulphate. The protein precipitated 
between 30 and 65 per cent saturation was dissolved 
in the minimum volume of potassium phosphate 
buffer (0:1 M, pH 8-0) and stored in the deep freeze 
at —18°. Activity was retained for at least four 
months. 

When the enzyme was incubated under anaerobic 
conditions with acetate-2-"4C, adenosine triphos- 
phate, magnesium, coenzyme A and glutathione, a 
number of radioactive spots were obtained (Fig. 1). 
Some of the compounds have been identified as 
S-acetyl-coonzyme A and S-acetyl glutathione, but 
the compound with an Ry of 0:55 in butanol/formic 
acid/water has not yet been identified. The radio- 
active compound with the highest Ry was identified 
as succinate by the following criteria: (1) Chromato- 
graphy and co-chromatography in the following 
solvents: butanol/formic acid/water; tertiary amyl 
alcohol/formic acid/water ; propanol/ammonia/water ; 
ethanol/ammonia/water and phenol. (2) Two dimen- 
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sional co-chromatography in tertiary amyl alcohol/ 
formic acid/water and ethanol/ammonia/water. 
(3) Oxidation by succinoxidase prepared from pigeon 
breast muscle. The products of the oxidation were 
identified as fumarate and malate (Fig. 2). 

The radioactivity incorporated into succinate is 
small, but is increased several-fold by the addition of 
oxidized glutathione or acetaldehyde diphospho- 
pyridine nucleotide and alcohol-dehydrogenase to 
serve as hydrogen acceptors (Table 1). 


Table 1. EFFECT OF HYDROGEN ACCEPTING SYSTEMS ON THE FORMA- 
TION OF SUCCINATE FROM AOETATE-2-"'C,. REACTION MIXTURE AS 


IN Fig. 1. INOUBATION AT 30° FOR 2:5 HR. 
Conditions Counts per min. in 
succinate 
No additions 1,560 
Oxidized glutathione 10 moles 5,800 
Oxidized glutathione 10 umoles 
Acetaldehyde 20 moles, coenzyme I 7,220 


0'1 umole, alcohol dehydrogenase 0-1 mgm. 


The physiological significance of the enzyme system 
is uncertain. The very slow rate of succinate formation 
from acetate (0:07 umole succinate/hour/10 mgm. 
protein) agrees with the results of Seaman, who 
suggests that the enzyme may function by splitting 
succinate. However, many biological dehydrogena- 
tions are driven against an energy barrier by coupling 
to the electron transporting system. Consequently, 
coupling the Thunberg condensation to the electron 
transporting system should increase the formation 
of succinate. Preliminary experiments with pigeon 
liver mitochondria show that when succinate oxida- 
tion is blocked by malonate there is a 10 per cent 
incorporation of acetate in succinate. It is thus 
possible that, in the conversion of fats to carbo- 
hydrates*, the Thunberg condensation serves as an 
altornative reaction to that catalysed by malate 
synthetase’. In this context it is perhaps. relevant 
that malate synthetase has not been demonstrated 
in animals’, 





Iig. 1.  Radiochromatogram demonstrating the formation of 
succinate from acetate-2-“O, Reaction mixture potassium 
acetate (10 #moles), acetate-2-"C (10° counts per min.), mag- 
nesium chloride (5 moles), adenosine triphosphate (10 ymoles). 
glutathione (50 uwmoles), coenzyme A (0-1 umole), iris buffer 
pH 8:0 (0-1 M), enzyme (0-2 ml.), total volume 2 ml. Anaerobic 
conditions, bath temperature 35°. Samples (0-2 ml.) removed at 
times indicated and after removal of protein applied to filter 
paper chromatograph and run in butanol/formic acid/water. 

igures under radioactive areas give counts per min. A, Acetyl 
coenzyme A; B, acetylglutathione; C, unknown: D, succinate 
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Fig. 2. Radiochromatogram demonstrating that the radioactive 
compound, identified as succinate, gives fumarate and malate 
labelled with carbon-14 after oxidation with succinoxidase. 
Line 1, Succinate before oxidation ; line 2, products after oxida- 
tion with succinoxidase. Solvent system tertiary amyl alcohol/ 
formic acid/water. M, Malate; S, succinate; F, rate ` 


I am indebted to Prof. T. A. Bennet-Clark, Sir 
Hans Krebs and Dr. H. L. Kornberg for valuable 
discussion and advice. 

D. D. Davis 

Department of Botany, 

King’s College, London. 

Nov. 7. 
* Thunberg, T., Skand. Arch. Physiol., 40, 1 (1920). 


? Swim, H. E., and Krampitz, L. O., J. Bact., 67, 426 (1954). 


3 Rana " 5. G., and Ghiretti, F., Biochim. Biophys. Acla, 12, 239 
3). 


t Seaman, G. R., and Naschke, M. D., J. Biol. Chem., 217, 1 (1955). 
5 Seaman, G. R., J. Biol. Chem., 228, 149 (1957). 

* Kornberg, H. L., and Beevers, H., Nature, 180, 35 (1957). 

7 Wong, D. T. O., and Ajl, S. J., J. Amer. Chem. Soc., 78, 3230 (1956). 
4 Madsen, N. B., Biochim. Biophys. Acta (in the press). 


N-Terminal Amino-acids of Bovine Eye 
Lens Proteins 


THE proteins of the crystalline lens are of particular 
significance to the embryologist because of the 
(serological) organ specificity of this part of the eye. 
In connexion with other biochemical and serological 
studies in our laboratory an investigation is being 
made on the N-terminal amino-acids of the main lens 
proteins: «-, B- and y-crystallin. The preparations 
of «-crystellin have been isolated mainly by zone 
electrophoresis on starch'. They showed one single 
peak in both paper electrophoresis and moving- 
boundary electrophoresis at pH 4:2; 6-2; 7-1; 
7-8; and 8-9 respectively. In the ultracentrifuge 
only a very small percentage of impurities was still 
noticeable. Some preliminary experiments were also 
made on B- and y-crystallin, which preparations were 
obtained by salting out with ammonium sulphate 
and still showed small amounts of impurities when 
investigated by electrophoresis and ultracentrifuga- 
tion. 

For the end-group determinations Sanger’s dini- 
trofluorobenzene method, as described by Fraenkel- 
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Conrat, Harris and Levy? was mainly used. The 
dialysed and freeze-dried proteins were dissolved in 
portions of 200 mgm. in 9 ml. water, and 300 mgm. 
dinitrofluorobenzene in 6 ml. ethanol added. The 
mixture was kept at pH 8:1 with 0-05 N sodium 
hydroxide added by means of an autotitrator. From 
the alkali uptake during the reaction it was found 
that, at room temperature, a period of 7 hr. 
was necessary for completing the reaction with 
a-crystallin. The dinitrophenyl-protem remained in 
solution ; spectrophotometric analysis prior to hydro- 
lysis showed dinitrophenyl-proline and —hydroxypro- 
line to be absent. By using performic acid oxidation 
cystine could also be excluded as N-terminal amino-acid. 

After precipitation with hydrochloric acid, the 
dinitrophenyl—«-crystallin was washed out as usual 
with water, ethanol, ether and ethyl acetate to ensure 
a complete removal of dinitrophenyl—peptides that 
might be present together with salts and excess 
reagent. Hydrolysis was carried out by heating at 
110° C. with 5-7 N hydrochloric acid in sealed 
evacuated tubes for 8 hr. For the determination of 
dinitrophenyl—<-lysine a hydrolysis time of 72 hr. 
was necessary. 

For paper chromatography Whatman No. 52 paper 
was used. 

In the water-soluble fraction of the hydrolysate 
only dinitrophenyl—e-lysine was present, in a quantity 
of 21 moles per 100,000 gm. dinitrophenyl—e«-crystallin. 
In the ether-soluble fraction the following dinitro- 
phenyl—amino-acids were found in «-crystallin (‘Table 
‘Ij. 


Table 1. N-TERMINAL AMINO-ACIDS IN a-CRYSTALLIN 


Mol. dinitrophenyl— 


amino-acid per 100,000 
gm. dinitrophenyl- 
protein} 


Dinitrophenyl- 
amino-acid 


Glutamic acid 
Serine 
Glycine 
Alanine 
Threonine 





* Rr toluene system of Biserte et al., as modified by Levy (ref. 3). 
+ Rr phosphate buffer (Levy, ref. 3). 
t Corrected for losses during the procedure. 


The very small quantities of dmitrophenyl deriva- 
tives of serine, glycine, alanine and threonine may 
represent either impurities still present in the pre- 
parations or terminal groups resulting from partial 
breakdown of the peptide chain. 

An interesting result of the preliminary experi- 
ments on the other fractions, B- and y-crystallin, was 
that the same N-terminal amino-acids (mainly 
glutamic acid) were found to be present, although 
in different proportions. This might be an expression 
of organ specificity of these proteins. The experi- 
ments are being continued. 

We are grateful to Prof. H. Gerding for his interest 
and critical discussions ; thanks are also due to Dr. 
W.: F. Bon for carrying out the ultracentrifuge ex- 
periments and to Mr. H. P. Wijnand for assistance 
with electrophoresis. 

H. BLOEMENDAL 
G. TEN CATE 
Laboratory of Anatomy and Embryology, . 
Division of Chemical Embryology, 
University of Amsterdam. Oct. 8. 
1 Bloemendal, H., Proc. Kon. Ned. Akad. Wet., K 59, 22 (1956). 
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A AEA Study of the 
Effect of Section of the Facial Nerve on 
the Uptake of Methionine-*S by the 
Cells of the Facial Nerve Nucleus 


RETROGRADE degeneration of nerve cells was first 
described by Nissl in 18921. Its main features are 
swelling of the cells, breaking up of the cytoplasmic 
chromophile granules and displacement of the nucleus 
to the cell margin. These changes occur after a lesion 
in the axon, after excitation of long duration or after 
certain virus diseases, as, for example, poliomyelitis. 
It is still not known whether these changes are 
entirely degenerative in nature or are due to increased 
metabolic activity associated with increased synthesis 
of protein molecules. The biochemical processes 
underlying these changes have so far not been 
adequately explained. The results obtained from 
ultra-violet microspectrography of the nucleic acid 
content of these cells have not been entirely satis- 
factory®. 

The present communication deals with the results 
obtained by studying the incorporation of meth- 
ionine-*58 into the affected nerve cells. In a previous 
investigation’, it was found that methionine-*55 
becomes incorporated to a larger extent in the grey 
matter than in the white matter, and this is in 
agreement with the findings of other workers‘. 
Twenty-four hours after the administration of 
methionine-**8, 98 per cent of the amino-acid in the 
brain has become bound to the protein of the central 
nervous system. The degree of incorporation of 
methionine-*58 therefore indicates the protein syn- 
thetic activity of the respective structure. 

Five rabbits weighing 3-3-5 kgm. were used for 
the present investigation. ‘The facial nerve on one 
side was cut in each animal at a distance of about 
3 mm. from the stylo-mastoid foramen. After 
thirteen days, 500 uc. of methionine-*S was injected 
intraperitoneally into each animal. All the animals 
were killed 24 hr. later and the pons and medulla 
oblongata were removed and fixed in 96 per cent 
alcohol and then embedded in paraffin wax. The 
isotope content of all the liquids used in processing 
the tissues was measured and no activity was found. 
Histological sections of the facial nerve nucleus area 
were then prepared so that in one section there were 
the nuclei of both the injured and the normal facial 
nerves. The histoautoradiographic ‘coating method’ 
was used, the emulsion being prepared as described 
previously’. The duration of exposure was 61 days. 
The sections were kept in an exsiccator at 4° C. The 
developed sections were then stained with hamatoxy- 
lin and eosin using the Bélanger method®. 

The degree of blackening of the emulsion coating 
the section indicated the concentration of the radio- 
active amino-acid in the section. Photographs of - 
retrograde degenerated cells of the injured seventh 
nerve nucleus as well as photographs of cells of the 
normal nucleus were then taken. Photographs were 
also taken of the emulsion coating at corresponding 
levels just above these cells. By subtracting the 
degree of blackening over the surrounding tissues 
from the amount of blackening over a cell of the 
seventh nerve nucleus, a value of the incorporation 
of methionine-*S into the cell of the nucleus was 
obtained. In addition, the area of each cell was 
calculated by means of a planimeter. The results 
were then evaluated statistically. 

It was found that more methionine-**§ was incor- 
porated into the nerve cells than into the surrounding 
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white matter, thus confirming previous observations. 
In all the sections the nerve cells of the denervated 
seventh nerve nucleus had incorporated significantly 
more methionine-*§ than the cells in the normal 
control nerve nucleus. The planimeter measure- 
ments showed that the ares of the nerve cells of the 
denervated nerve nucleus was in most cases greater 
than the area of the nerve cells of the control nucleus. 
The nerve cells of the denervated nucleus incor- 
porated per unit area more methionine-**S than the 
corresponding area of the cells of the control nucleus. 
The results therefore show that nerve cells under- 
going retrograde degeneration have an increased 
uptake of methionine, indicating that an increased 
synthesis of protein molecules is taking place. 
J. FISCHER 
Laboratory of Neuropathology, I, 
Institute of Pathological Anatomy 
of the Medical Faculty, 
Prague II, U nemocnice 4. 
Z. LODIN 
J. KOLOUŠEK 
Czechoslovak Academy of Sciences, 
Institute of Physiology, 
Prague 6, Na cvičišti 2, 
Czechoslovakia. 
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Perosis and Folic Acid Antagonism in 
Chickens 


Tue folic acid antagonist pyrimethamine has been 
shown to act as a synergist with sulphadimidine 
against Eimeria tenella in chickens}. During our in- 
vestigation of this combination, a decreased growth- 
rate was noted in chickens fed for five days on an all- 
mash diet containing 100 p.p.m. of pyrimethamine. 

The toxicity of pyrimethamine was therefore 
examined with four groups of forty chickens which 
were fed mash containing pyrimethamine 0, 25, 50 
or 100 p.p.m. from 7 days of age. Tho growth-curves 
are shown in Fig. 1. During the first fourteen days 
feeding, one chicken fed 25 p.p.m. and two fed 
100 p.p.m. died of pyrimethamine poisoning. After 
fourteen days feeding two chickens were selected at 
random from each group for hematological study. 
The remainder of each group was randomized by 


Table 1. MEAN WEIGHT GAINS, NUMBER OF DEATHS AND INCIDENCE 
OF PEROSIS IN CHICKENS FED PYRIMETHAMINE 0, 25, 50 OR 100 P.P.M. 
FOR 14 OR 32 DAYS 


Pyrimethamine in diet Mean gain in 
weight (gm.) after 


(p.p.m.) 
0-14 days 15-32 days | 14 days 32 days 


113 


Cases of 
Perosis Death 


6/18 
lety 





* Number of cases of perosis/number in group 


t Three of these died late in the experiment and were examined for 


perosis. 
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Time after medication (days) 


weight into two even sub-groups, one chieken in the 
group fed 25 p.p.m. being discarded. One sub-group 
continued on the medicated feed and the other sub- 
group was fed basal ration. The chickens fed basal 
ration quickly resumed normal growth. In this 
period six chickens fed 100 p.p.m. died of pyri- 
methamine poisoning. 

Perosis was seen in the medicated groups after 
twenty-five days feeding. At thirty-two days all 
chickens were examined for perosis, and Table 1 
shows the incidence in the various groups. Some 
chickens fed 25 p.p.m. pyrimethamine for only 
fourteen days showed perosis. The'diet contained 
4 oz. anhydrous manganese sulphate per 100 Ib. 
mash and was calculated to contain 80 p.p.m. of 
manganese. 

Daniel, Farmer and Norris* showed that perosis 
occurred in chickens fed a diet low in folic acid and 
was prevented by adding synthetic folic acid to the 
diet. The addition of succinyl sulphathiazole accen- 
tuated the severity of the perosis on a diet low in 
folic acid. This seems to support the theory that 
chickens synthesize folic acid from p-aminobenzoic 
acid, which is made by the degradation of folic acid 
in the diet®. 

In our work, it seems certain that the perosis was 
due to a deficiency of folic acid caused by pyri- 
methamine, a potent folic acid antagonist. 

A detailed account of these experiments will be 
published elsewhere. 

I am grateful to Burroughs Wellcome and Co. 
(Australia), Ltd., who generously provided & 
quantity of pyrimethamine. 

J. H. ARUNDEL 
Nicholas Institute for Medical and 
Veterinary Research, 
Burnham Beeches, 
Sherbrooke, Victoria, Australia. 
Oct. 18. 


1 Joyner, L. P., and Kendall, 8. B., Nature, 176, 975 (Ora 
. J. Bid. Chem., 
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A Comparative Biochemical Study of 
Nucleohistones from Different Vertebrates 


Resuurs recently reported by Crampton et al.’ 
lead those authors to the conclusion that the nucleo- 
histones extracted from the different tissues of the 
same animal are very similar in composition. Our 
own investigations on different organs of the calf 
confirm these results (Table 1, Fig. 1). 


Table 1. AMINQ-ACID RESIDUE (GM.) PER 100 GM. PROTEIN 
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in all these nucleohistones were also determined 
(Table 2). 

This comparison reveals a striking similarity 
between all the nucleohistones studied, so it appears 
that if differences do exist between the histones of 
the various animas, they are beyond the sensitivity 
of our analytical technique. The classical results of 
Chargaff’, at least concerning vertebrates, on the 
analysis of deoxyribonucleic acid from different 
organs of an animal and the same organ in various 











Calf thymus | Calf liver Calf kidney animal species (mammals, birds, fishes and reptiles) 
histone histone histone fail to reveal very marked differences between these 
Arginine 12-6 11:8 12-3 deoxyribonucleic acids, though the slight differences 
e AN at | ai oe detected could be significant. In the nucleohistone 
- z a similarity of general composition seems to occur in 
Table 2. AMINO-ACID RESIDUE (GM.) PER 100 G3. PROTEIN 
| 
| 1 2 3 4 5 § 7 8 
Carp erythro- | Trout erythro- | Pike erythro- | Calf thymus., | Fowl erythro- | Duck erythro- | Tench erythro- | Frog erythro- 
cyte histone cyte histone cyte histone histone cyte histone cyte histone cyte histone cyte histone 
Arginine 13:5 13-5 11'4 12:6 13°38 13:0 — 12°38 
Lysine li-y 15:2 13°5 | 15-5 16°6 15°7 — 14-0 
Histidine 2:3 2:5 1:9 | 2-4 2°5 2-4 — 209 
i 1 2 3 t E es ; : : em 
t 2 3 4 oi 
sas K 4 5, £o T Poa 
# % Lys $ E. ñ a . 3 Lys 
His k . È g 5 Ilis 
See 5 ENG tiji 
| 
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$ i Be f ; i Asp 
Asp oa í ii $ 
$ $ $; Gly \ 4 4 j F $ 3 À į Gly 
i es i ; 3 4 
Mhi EA Ser P: i k ‘ ek ; Ser 
: Glu | ' l ? # $ $ + Glu 
$2% : $293 ya 4 
| a \ p $ l bo 
# l Aln 3 œ io o s e Ala 
F 
ey * a e ww d i 
Tyr Š ye Pro 
` Tyr 
a ah aa ya ” te p a Val 
pA Rie $ f s0 ET , E -a i 5 (0) 
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Tig.1. Chromatograms of nuclcohistones extracted 
in Af sodium chloride from calf thymus, liver 


Vig. 2. Chromatograms of nucleohistones from different verte- 
brates (each volume of hydrolysate corresponds to the same 


and kidney. Hydrolysates containing identical quantity of deoxyribonucleic acid. Nucleohistone from: (1) carp 
quantities of deoxyribonucleic acid were used erythrocytes; (2) trout erythrocytes; (3) pike erythrocytes ; 
in all three cases. Whatman paper No. 1. (4) calf thymus; (5) fowl erythrocytes; (6) duck erythrocytes ; 
Solvent: 4 parts, butanol; 1 part, ethanol; (7) tench erythrocytes; (8) frog erythrocytes. Whatman paper 


1 part, acetic acid; 2 parts, water 


But a comparison of nucleohistones extracted from 
different animal species is also of interest. For that 
reason, we have studied nucleoproteins isolated by 
the technique of Signer and Schwander* from different 
materials, namely, calf thymus and erythrocytes of 
carp, trout, pike, tench, frog, fowl and duck. 
Chromatograms were made of all these nucleohistones. 
Before chromatography, the hydrolysates were 
adjusted to identical content of deoxyribonucleic acid, 
in order to permit an easy comparison of the chromato- 
grams run in parallel on the same paper (Fig. 2). 
The amounts of arginine, lysine and histidine 


No. l. 


Solvent: 4 parts, butanol; 1 part, ethanol; 


1 part, 
acetic acid; 2 parts, water 


the samples studied, and reflects the similarity of the 
general composition of the nucleic acids. 
R. VENDRELY 
A. KNOBLOCH 
H. Matsuparra* 
Centre de Recherches sur les Macromolécules, 
Strasbourg. 


* Present address: Faculty of Medicine, University of Tokyo. 


1 Crampton, C. F., Stein, W. H., and Moore, S., J. Biol. Chem., 225, 
363 (1957). 


2 Signer, R., and Schwander, H., Helv. Chim. Acta, 82, 853 (1949). 


3 Chargaff, E., in “The Nucleic Acids”, 1, 307 (Academic Press, New 
York, 1955). 
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Rate of Body-Water Distribution 
studied with Triple Labelled Water 


THE rate of equilibration of extra- and intra- 
cellular water is determined by the passage of the 
water through the cell membrane. The transfer of 
water through cell membranes can proceed by various 
mechanisms. The simplest mechanism is diffusion of 
water molecules as a whole. Another mechanism is a 
biological carrier system, such as exists, for example, 
in the tubular mechanism of the kidney ; and another 
route of transfer is ionic migration of protons and hy- 
droxyl ions independently through the cell membrane. 


Table 1. 


Isotopic composition of blood samples : 


Deuterium 


Time after Oxygen-18 
(per cent) 


injection (min.) (per cent) 





* U2 was injected with 5 ml. of water containing: oxygen-18, 18-6 per cent ; 
oxygen-18, 0-195 per cent; deuterium, 0-016 per cent; tritium, zero 


isotopic composition of the blood was found to be before injection : 
activity. A-3 was injected with 5 ml. of water containing: 


This rabbit had been used in previous experiments so that its body water (blood) ae slightly 
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Our results show that, within the experimental 
accuracy, no difference could be found in the rates 
of distribution of the three isotopes and their respec- 
tive volumes of distribution (Fig. 1). (The standard 
deviations for the determination of oxygen-18, 
deuterium and tritium were 1, 2 and 2 per cent 
respectively.) The percentage of body water in our 
measurements is in full agreement with values 
obtained with deuterium as a tracer’. The small 
differences in fluid volumes of distribution could be 
explained either by the different rates of exchange 
between these isotopes and body constituents on 
one hand and the different routes of excretion on the 


VOLUME OF DISTRIBUTION OF LABELLED WATER IN RABBITS 


Volume of distribution from isotope dilution*: 
Deuterium i 
(ml.) 


Titium Oxygen-18 
(ml.) 


deuterium, 37-6 per cent; and tritium, 6-4 uo./ml. The 


er cent; and tritium, 33:3 #c./ml. 
isotopically enriched at the time of injection, namely 


oxygen-18, 0-20 per cent; deuterium, 0-08 per cent; tritium. 5-4 x 10~? xo./ml. 


~ 


In order to elucidate the mechanism, water triply 
labelled with oxygen-18, deuterium and tritium was 
used. The aqueous system injected into rabbits 
contained therefore primarily HOH, HOD, H¥OH 
and HOD in equilibrium. The experiments, which 
were carried out on rabbits, were aimed at comparing 
the rates of transfer of the three isotopes from the 
blood to the intracellular volume and at the determ- 
ination of the total volume of their distribution. 

In our experiments, water containing 16-20 per 
cent of oxygen-18, 35-45 per cent of deuterium and 
5-50 ue. of tritium per ml. was injected into the rabbits 
intravenously. Blood samples were withdrawn at 
intervals, centrifuged and the water distilled on a 
vacuum line. at room temperature. The isotopic 
composition of oxygen was determined by decom- 


position of the water by alkaline hypobromite solution © 


over cobaltic oxide in a sealed ampoule', the oxygen 
gas being analysed on a CHC2I-—401 isotope-ratio 
mass spectrometer. Two other portions of the water 
were totally reduced to hydrogen by zinc powder in 
sealed ampoules at 400° C., and ono of these was 
analysed by a hydrogen/deuterium isotope-ratio mass 
spectrometer; the other hydrogen sample was 
introduced into a Geiger counter for activity determ- 





ination. Some typical results are shown in Table 1. 
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Fig. 1. The rate of distribution of water labelled with oxygen-18, 
deuterium and tritium as a function of time 


other. Different results were obtained, however, in 
deeply anxsthetized animals. 

The biological half-lives for oxygen-18, deuterium 
and tritium in rabbits were found to be 80, 220 and 
130 hr. respectively (with a standard deviation of 
10 per cent). The shorter biological half-life of 
oxygen-18 may be due to‘the additional route of 
excretion by expiration. The difference between 
tritium and deuterium may indicate a proton-transfer 
mechanism in the excretion process in which an 
isotope effect is involved. 

As no appreciable difference could be detected 
between the rates of distribution of the three isotopes, 
it may be concluded that under normal conditions 
the most probable mechanism for water transfer 
through the cell membrane involves water molecules 
as such, and does not involve the breaking of the 
hydrogen—oxygen bond or prior ionization. 

MICHAEL ANBAR 
Isotope Dept., 
Weizmann Institute of Science, 
Rehovoth, Israel. 
ZIGMUND LEWITUS 
Isotope Dept., 
Beilinson Hospital, 
Petah Tikva, Israel. 
Sept. 30. 
1 Anbar, M., Int. J. App. Rad. and Isotopes (in the presa). 


2 Edelman, S., Amer. J. Physiol., 171, 279 (1952). Edelman, S., et al., 
Surg. Gyn. Obst., 95, 1 (1952). 


Radioprotective Properties of Cystamine, 
Cysteamine and Cysteine when tested 
with Chick Fibroblasts in vitro 


Ir is well known that a number of SH-containing 
compounds afford a certain amount of radioprotection 
to many organisms.. However, little information 
is available about the effects on cells in vitro. The 
present report deals with a series of experiments on 
the effects of cystamine, cysteamine and cysteine 
when added to cultures of chick fibroblasts shortly 
before irradiation. 
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Jig- Naber of metaphases in hanging-drop cultures after 


treatment with 0'44 mM cystamine-2 hydrochloride and 


200r. X-rays. The number of cultures for each point is 12 
in the non-irradiated controls and 6 in the other groups 


Heart fibroblasts from 9-day-old chick embryos 
were cultivated in standard media either in hanging 
drops or in Carrel flasks. The test substances were 
added in Tyrode solution, and the cultures were 
irradiated 15 min. later with 175 kV. X-rays, 0:5 mm. 
copper filtration, tissue dose-rate 50-100 r./min., 
under conditions of maximum back-scatter, in a water 
or air thermostat. 

Mitotic inhibition was investigated in hanging-drop 
cultures. After 48 hr. in the second passage after 
explantation a non-toxic solution of 0-11 mM or 
0-44 mM cystamine-2 hydrochloride or 0:21 mM 
cysteine-hydrochloride was added before irradia- 
tion with 200r. Prophases, metaphases, anaphases 
and telophases were counted in stained cultures, 
fixed 80 min. 4 hr., 7 hr. or 24 hr. after irradiation. 
The results obtained show that the radiation-induced 
mitotic inhibition was not influenced by tho addition 
of either cystamine or cysteine in the above concen- 
trations. Fig. 1 shows a typical response pattern. 

Growth inhibition was investigated in cultures 
which were grown in Carrel flasks. When the explants 
had been cultured for four days, the liquid phase was 
substituted with test solution or Tyrode, and the 
cultures were irradiated. After irradiation the 
cultures were washed, and new liquid phase was 
added. Three days after treatment, the cultures were 
transferred to hanging drops and grown for 10- 
15 passages. At the end of every passage, each 
culture was scored as living or dead, the area of the 
growth migration zone was measured, and throughout 
the experiment the same person evaluated the vigour 
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Fig. 2. Change with time of average area for 12 cultures irradiated 

with 1,600r. after addition of 0:89 mM cystamine-2 hydrochloride 

and controls, with standard deviation of the mean. X = 
. irradiated groups 
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of each culture. Several concentrations of cystamine— 
2 hydrochloride, cysteamine—hydrochloride and cyst- 
eine-hydrochloride were tested after 1,500, 2,000 
and 3,000r. After irradiation with such doses, 
the cultures deteriorate rapidly during the first 
4-6 passages, after which most die in the next 
5-10 passages. 

The results obtained show that the addition of 
0-89 mM cystamine—2 hydrochloride before irradia- 
tion with 1,500 or 2,000r. helps the cultures through 
the critical phase which seems to occur after 4-6 
passages. After this point the ‘protected’ cultures 
do better than the controls, having more survivors, @ 
largor growth zone, and giving a more healthy 
impression. Fig. 2 shows average growth-zone areas 
from a typical experiment. It will be noted that the 
two groups of irradiated cultures have about the 
same area in the first 6 passages, but that during the 
subsequent passages the cultures receiving cystamine 
approach the non-irradiated controls. There is also 
a certain difference to be seen between the two groups 
of non-irradiated cultures. For cysteamine—hydro- 
chloride or cysteine~hydrochloride no similar pro- 
tective effect could be found. 

The observed effect of cystamine may be explained 
as a result of one or more mechanisms operating 
during and immediately after irradiation®.*. How- 
ever, the effect may also be attributed to a general 
growth-promoting property of cystamine in the 
concentration used. A combination of these two 
explanations is also possible. 

A complete report will be published in the twenty- 
fifth anniversary publication of the Norwegian 
Radium Hospital. 

The technical assistance of Miss Brit Falck Madsen 
and Miss Gudrun Braarvig is gratefully acknow- 
ledged. The investigation has been supported by 
the Norwegian Cancer Society. 


P. OFTEDAL 
R. OFTEBRO 
R. EKER 


Norsk Hydros Institute for 
Cancer Research, 
The Norwegian Radium Hospital, 
Oslo. 
Oct. 21. 


1 Patt, H. M., Physiol. Rev., 88, 35 (1953). 
3 Bacq, Z. M., and Alexander, P., “Fundamentals of Radiob g 
(Butterworth, London, 1955). ORIMIOEE 


1 Gray, L. H., “Progress in Radiobiology”, Proc. 4th Int. Conf. on 
cen aad ., Cambridge, 1955, 267 (Oliver and Boyd, London, 


‘Bldjarn, L., Pihl, A., and Shapiro, B., Proc. Int. Conf. on the Peace- 
ful Uses of Atomic Energy, 11, 335 (United Nations, New York, 


Immediate Effect of l-3 :5 :3'-Tri-iodo- 
thyroacetic Acid on Metabolic Rate and 
Body Temperature in Hypophysectomized 

Rats and the Action of Cortisone 


THE acetic acid analogues of thyroxine and 
tri-iodothyronine have been found to raise the 
metabolic rate of the thyroidectomized!* and the 
hypophysectomized’.* rat without latency. In hypo- 
physectomized rats intravenous injection of a few 
micrograms of tri-iodothyroacetic acid is invariably 
followed by a marked rise in oxygen consumption 
and body temperature, while only about half the 
thyroidectomized and none of the intact rats show 
a similar response‘. 
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ml. Oxygen/dm.*/hr. 
Temperature (° C.) 





Time (hr.) 


Fig. 1. Effect of 5 ugm. tri-lodothyroacetic acid injected intra- 
venously on oxygen consumption (A) and body temperature (B) 


in the hypophysectomized rat (n == 23), O ——-— O; in the 
cortisone-treated hypophysectomized rat (n = 10), x—.—.— x. 
Effect of 0:2 ml. solvent on oxygen consumption (A) and body 
temperature (B) of the hypophysectomized rat (n = 10), @——-@ 


Experiments performed a few weeks after removal 
of the pituitary in adult male rats, and summarized 
in Fig. 1, demonstrate the marked rise in oxygen 
consumption and body temperature following intra- 
venous injection of 5 ugm. of tri-iodothyroacetie acid 
(Glaxo), and show that both effects are completely 
abolished by 1 mgm. of cortisone (Organon) admin- 
istered three hours earlier. (In some experiments a 
single cortisone injection was given, in others the 
rats received 1 mgm. daily for 2-3 days, the last 
being administered three hours before injecting 
tri-iodothyroacetic acid.) Injection of the solvent 
had no effect, nor did cortisone abolish the effect of 
a highly purified pyrogen®, so that contamination 
with pyrogen can be excluded. 

A large number of old and new observations tend 
to show an interaction of the thyroid and the adrenal 
gland*, but, with the exception of adrenal hyper- 
trophy in hyperthyroidism and atrophy in hypo- 
thyroidism and their experimental counterparts, the 
results are not very conclusive, and mainly concern 
the action of corticosteroids on the secretion of 
thyroid-stimulating hormone. The present experi- 
ments seem to be the first to demonstrate that a 
corticosteroid interferes with the ‘action of a iodo- 
thyronine derivative. 

That lack of adrenal cortical function is an essential 
condition for the manifestation of an immediate 
effect of tri-iodothyroacetic acid on oxygen con- 
sumption and body temperature is supported by the 
following observations. (1) No immediate response 
can be obtained in the hypophysectomized rat 
adequately treated with adrenocorticotrophic hor- 
mone. (2) An immediate response was elicited in all 
adrenalectomized rats, which later, after the with- 
drawal of sodium chloride, died of adrenal insuffi- 
ciency. (3) The immediate response can be observed 
sixteen hours after the removal of the pituitary. 
(4) The immediate response in the hypophysectomized 
rat is not abolished by elevating the reduced meta- 
bolic rate to a normal or even high level by the 
administration of thyroxine. 

Adrenal hypofunction may possibly be an adequate 
explanation for the less regular incidence of the 
“immediate response in the thyroidectomized rat. 
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Immediate effects similar to those with tri-iodo- 
thyroacetic acid were obtained also with 3:5: 3’- 
tri-iodothyronine (Glaxo) and some brands of thyrox- 
ine. Interpretation of these results is difficult, for as 
paper chromatographic analysis shows, iodothyronine 
preparations often contain more than a single com- 
pound?.7, 

We wish to express our thanks to Glaxo, Ltd., for 
the sample of tri-iodothyroacetic acid (Triac), to 
Organon N.V. for the cortisone and to Dr. O. 
Lüderitz (Säckingen) for the purified coli pyrogen. 


Sz. DoNHOFFER 

I. VÁRNAI 

E. SZIEBERT-HORVÁTH 
Institute of Pathophysiology, Tm 
University Medical School, 
Pécs, Hungary. 
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Distribution of Carbon-l4 in Components 
of Goat’s Milk, with Sodium Formate-"4C 
as Precursor 


In a report dealing with the biosynthesis of milk 
components by the cow, Kleiber? described the use 
of sodium formate labelled with carbon-14 as one 
of the precursors. ‚This communication reports the 
transfer of carbon-14 to the components of goat’s 
milk when formate was the precursor. 

A grade goat was injected intravenously with 
30 me. of sodium formate-“C (Tracerlab) dissolved 
in 10 ml. of saline (0-85 per cent). Prior to dosing 
the animal, residual milk was removed from the 


10-0 


1:00 


uc. (x 107?)/mgm. 





0:01 
400 


600 =°800 = 1,000 1,200 1,400 
Time after formate injection (min.) 


200 


Fig. 1. Specific activity of milk components: -—B— , butter- 
fat activity; -----O---- , casein activity; -—L—e , lactose 
activity; ---W--- , whey—protein activity 
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Fig. 2. A scanning record of a chromatogram oon yng 600 ugm. (58-6 x 107tuc.) of a sample 


of lactose-1 
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udder by injecting oxytocin (Squibb), 10 U.S.P. units 
per dose, and milking one minute later. Four such 
milkings were made over a period of 6-5 hr. 

The goat was milked 5, 105, 225, 440, 605, 1,205 
and 1,445 min. after the injection of formate. (The 
injection of formate and milking of the goat were 
done at the University of Maryland, College Park, 
Maryland, by J. C. Shaw, S. Lakshmanan and T. R. 
Lewis.) Oxytocin was used each time to stimulate 
the flow of milk. Each batch of milk was immediately 
frozen in ‘dry ice’, and held in the frozen state until 
it was fractionated. 

After thawing the milk at 40° C., butterfat was 
separated by centrifugation and casein was preci- 
pitated at the isoelectric point. Precipitable whey— 
protein was separated by adjusting the pH of the 
whey to 4:0 with dilute hydrochloric acid. To 
facilitate the flocculation of the serum proteins, 
sodium bisulphite was added on a 0-1 per cent w/v 
ratio, based on the original volume of milk from 
which the whey was obtained*. The whey was 
heated at 95° C. for ten minutes and cooled to 20- 
30° C. before removal of the precipitate. 

Since pure lactose-*C was needed for metabolism 
studies, impurities were removed from the lactose in 
the following manner: ‘Norit A’ (Pfanstiehl) was 
added to the crude lactose at a level of 3 per cent of 
the original whole-milk volume. The mixture was 
heated to 95° C., centrifuged for 5 min. at 2,000 r.p.m. 
and decanted on to Whatman No. 5 filter paper. 
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Fig. 3. A scanning record of a chromatogram containing 100 ugm. (38°7 x 1074 pe.) of a sample 
of lactose-“C hydrolysed with 0-5 N sulphuric acid at 100° C. for 4 hr. 
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The filtrate was concentrated by 
evaporation on a steam-bath and 
was then freeze-dried. The lactose 
was dissolved in small quantities 
of boiling water, and the tem- 
perature was lowered gradually to 
—5°C. Methanol (two volumes) 
was added to reduce the solubility 
of the lactose, permitting crystal- 
lization at —5°C. in 48 hr. The 
crystals of lactose were then 
washed with methanol and dried 
with ether. 

All samples for assay were com- 
busted by the method of Gab- 
ourel’, and carbon-14 was counted 
as BaMtCO,. As shown in Fig. 1, 
the specific activity of the lactose 
reached a maximum value 105 
min. after the injection of the pre- 
1.0 cursor, whey-protein and butter.° 

-iTe fat at 225 min., and casein at 
440 min. 

A sample from each batch 
.~2-\:. of lactose was paper-chromato- 


cong, He graphed and scanned‘ for the de- 
j tection of radioactive impurities. 
— Samples showing radioactive con- ` 


tamination were recrystallized un- 
til the interfering activity was 
eliminated (Fig. 2). A sample of. 
the purified lactose was hydrolysed 
with 0-5 N sulphuric acid in a 
sealed tube for 4 hr. at 100° C. The 
hydrolysate was adjusted to pH 
4:5 with a saturated solution of 
barium hydroxide, filtered, con- 
densed, chromatographed and 
scanned. The scan showed’ that 
the activity was equally distri-. 
buted between the glucose and 
galactose moieties (Fig. 3). 

We are grateful to Drs. A. Edelmann, Nuclear 
Science and Engineering Corp., Pittsburgh, and 
R. Steele, Brookhaven National Laboratory, Upton, 
New York, for their suggestions during the planning 
of some phases of this experiment. 
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Leon TUMERMAN 
Henry R. ROBERTS 
Research Laboratories Division, 
National Dairy Products Corporation, 
Oakdale, Long Island, New York. 
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Occurrence of Rhodanese in a Species 
of. Thiobacillus 
THE enzyme rhodanese which catalyses the reaction: 
8,0,” + CN’ > CNS’ + SO, 
has been shown to be present in Thiobacillus thio- 
cyanoxidans. Cells of the organism, grown in thio- 


sulphate medium with forced aeration and 2-5 per 
cent of carbon dioxide added!, were harvested in a 


348 


de Laval centrifugal separator, washed and suspended 
in M/15 phosphate buffer, pH. 7-0. 

Rhodanese activity was tested by the following 
procedure. Duplicate, 12-in. test-tubes containing : 
0-5 mi., 0-125 M sodium thiosulphate; 0:5 ml., 
0-125 M potassium cyanide; 0-5 ml., 0-2 M potassium 
dihydrogen phosphate; 1-0 ml. cell suspension 


(washed) were incubated at 30° C. for 15 min., the - 


final pH of the mixture being 8-3. After incubation, 
the reaction was stopped by the addition of 0:5 ml. 
of 36 per cent formaldehyde. A blank tube was 
included in which the formaldehyde was added at 
the outset of the incubation period. The contents of 
the test-tubes were diluted with 25 ml. distilled water 
and centrifuged on a bench centrifuge to remove 
bacterial cells. 2-5 ml. ferric nitrate reagent were 
added to the clear supernatant, and the colours 
obtained were read at 470 mu in a Unicam S.P. 600 
spectrophotometer. 
The following results were obtained : 


Tube Optical density at 470 mu 
Blank : 0-01 

I 0-750 

II 0°735 


These results seemed to indicate the presence of 
rhodanese. Boiled cells of Th. thiocyanoxidans were 
also incubated with thiosulphate, cyanide and potas- 
sium dihydrogen phosphate at pH 8-3, but there was 
no production of thiocyanate. 

Another possibility was that thiocyanate might be 
formed from the chemical combination of cyanide 
and tetrathionate, the latter compound being a 
probable intermediate in thiosulphate oxidation by 
Throbacilie. : 

To preclude this possibility the test for rhodanese 
was carried out under anaerobic conditions, in Thun- 
berg tubes, which had been evacuated and filled with 
nitrogen. The results of this experiment indicated 
that the formation of thiocyanate from thiosulphate 
and cyanide does not involve the oxidation of thio- 
sulphate to tetrathionate, but is a straightforward 
trans-sulphuration as required by the rhodanese 
reaction. 

The production of thiocyanate with time is shown 
in Table 1. 


Table 1. THIOCYANATH PRODUCTION WHEN WASHED CELLS OF Th. 


thiocyanoridans ARH INOUBATHD WITH CYANIDE AND THIOSULPHATE 
Time (min.) Thiocyanate (ugm./ml.) 
10 55 
30 65 
40 70 
60 76 
80 81 
120 85 


The effect of varying the concentration of cyanide 
was tested. Reaction tubes were set up containing 
a standard amount, namely, 0:5 ml. of 0:05 M thio- 
sulphate ; the cyanide concentration was varied, as 
was the potassium dihydrogen phosphate concentra- 
tion, so that the optimum pH of 8:3 was maintained. 

Tubes were incubated at 30° C. for 70 min. and 
the reaction stopped by the addition of 0-5 ml. of 
36 per cent formaldehyde. The tubes were centri- 
fuged and their contents assayed with ferric nitrate 
for thiocyanate. The results are given in Table 2. 
Table 2. EFFECT OF VARYING THE CYANIDE CONOENTRATION ON THE 


PRODUCTION OF THIOOYANATH BY Th. thiocyanovidans FROM THIO- 
SULPHATH AND CYANIDE 


Molarity of potassium cyanide Thiocyanate formed 
(gm./ml./70 min.) 

0°25 55 

0:125 35 

0-0025 20 

0-005 " 6 
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If the concentration of thiosulphate is taken as the 
limiting factor for the production of thiocyanate, 
these results show that the rhodanese system is not 
inhibited by an excess of cyanide. This is a significant 
point of difference between the pure crystalline ` 


Thodanese obtained by other workers? and the 


rhodanese present in Th. thiocyanoxidans. 

These latter results must, however, be treated with 
caution as they involve a comparison between a 
pure crystalline enzyme and whole cells. 

This work was carried out with the encouragement ` 
and under the supervision of Prof. F. C. Happold and 
was aided by a grant from the Gas Research Council. 


C. A. McoCHESNEY 


- Department of Biochemistry, 
_ University of Leeds, 
/ 9 Hyde Terrace, 
Leeds, 2. 
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Localization of Oxidative Enzyme Systems 
in the Uterus and Vagina of the Rat 


Tar evolution of histochemical methods for the 
localization of oxidative enzyme systems in tissues* 
has made it possible to study the effects of endogenous 
hormones on the intensity and distribution of such 
enzymes in reproductive organs. Hnzyme systems 
concerned with succinate and lactate oxidation in 
the uterus and vagina of the rat have been previously 
shown. to be markedly under the influence of changes 
in the normal endogenous hormonal balance in the 
female albino rat?. We have now followed the 
histochemical changes in the uterus and vagina of 
the rat through the estrous cycle. 

Albino rats, 100 days old, were studied by the 
vaginal smear technique through three consecutive 
cestrous cycles. During the fourth cycle, regularly 
cycling females were selected for study at the fol- 
lowing stages: preprocestrus, procestrus, cestrus, 
metcestrus, 36-hr. dicestrus and’ 60-hr. dicestrus. 
The animals were killed by concussion and pieces of 
vagina and uterus were frozen immediately on ‘dry 
ice’, sectioned at 304% and stained for succinate 
oxidation according to a procedure previously out- 
lined (ref. 1, b). Staining as a result of lactate 
oxidation was carried out in a similar fashion with 
4-0 ml. of 1-0 M sodium lactate substituted for 
succinate, 26 ml. of phosphate buffer with cyanide, 
and an addition of 4:0 ml. of lactate oxidation 
(1-0 mgm./ml.) in buffer. All tissues were studied by 
photographing the stained preparations under stan- 
dardized conditions and comparing prints for inten- 
sity of staining. 

Examination of vaginas at various stages of the 
cestrous cycle for lactate oxidation diaphorase 
showed that the most intense activity was displayed 
at periods characteristic of high cestrogen titre in 
the animal (preprowstrus, procestrus and cestrus) ; 
while during metcstrus and both stages of dicestrus 
vaginas displayed considerably lower degrees of 
enzymatic oxidation. In the former more active 
stages, the localizations of lactate oxidation were 
concentrated in areas of the vaginal epithelium 
known to be metabolically active at this time. The 
germinative and luminal layers of epithelium during 
preprowstrus and procestrus showed an intense 
reaction (Fig. 1,1). The cells of the lumen have been 
previously identified with high mucin production’. 














undergoing cornification (middle) are losing much of the enzyme. 
gontaining high lactate oxidation activi 








Consistent with current beliefs concerning the lowered 
metabolism or inactive state of cornified cells, our 
results demonstrated little or no enzymatic activity 
within such structures. 
Oxidative enzymatic activity as a result of the 
-Succinate oxidation demonstrable with these methods 
Was quite low in intensity. Although the highest 
activity was shown during estrus and procestrus, 
vaginas stained at these times had low activity in the 
_ germinative layers and no perceptible activity in 
_ cornified and mucified cells (Fig. 1,2). It should be 
_ noted that the apparent absence of succinate oxida- 
_ tion activity in cells producing mucin represents a 
feature quite distinct from that of lactate oxidation 
activity in similar cells. Mucin production as a 
< result of exogenous cestradiol stimulation of the 
vagina has been shown to be associated with lactate 
xxidation diaphorase?. , 
‘Uterine succinate oxidation and lactate oxidation 
was maximal during procstrus when large quantities 
of fluid are found within the lumen of the uterus. 
actate oxidation activity was localized within the 
uminal and glandular epithelium, stromal cells and 
yometrium (Fig. 1,3). The greatest activity was 
ociated with epithelial structures and this is 
ably a reflexion of inereased oxidative meta- 
ism of these structures requisite for synthetic and 
rotory activity’. Stromal connective tissue cells 
owed moderate to high staining within the cyto- 
lasm, while the nuclear constituents were apparently 
eactive. Muscle stained moderately throughout. 
‘he high activity of epithelial structures decreased 
nsiderably during metestrus and continued to drop 
‘en further at dicestrus. Gonerally, both stromal 
ements and muscle showed a considerable reduction 
zymatic activity at these stages. 
Succinate oxidation appeared to be very low or 
-bsent from the uterine stromal cells throughout all 
tages of the cestrous cycle. A drop in succinate 
xidation activity was evident at late procstrus or 
early cestrus, and was most pronounced in the 
yomoetrium, with a lesser loss evident in the epi- 
elium (Fig. 1,4). With the onset of diwstrus and 


sughout this stage, both muscle and epithelium 
La dow eea of a oineta p. 




























mna 


xidation. 





















Fig. 1. 1, Lactate oxidation diaphorase in vaginal epithelium at proestrus. Note high 
activity in luminal (upper) and germinative (lower) layers. Cornified cells (middle) show 
no activity. 2, Vaginal succinate oxidation activity at preprowstrus. Mucin-producing 
cella (upper) are inactive, whereas the. germinative layer shows little staining. Cells 
8, Promstrius uterus 
in the luminal and glandular epithelium. 
Considerable staining also occurs in the stromal and muscular elements, 
qastrus or early œstrus uterus showing high succinate oxidation activity in epithelium and 
ocg low to negative reaction in the stroma, Musele is lightly stained (lower right) 


. -Tatio (F) between the groups is 35-3, which 





hormonal environment wit} 
animal. In addition, these 
suggest that different structure 
tissues within the same orgs 
spond individualistically 
sumably the same hormon 
ance, thereby indicating th: 
quate histochemical localizati 
a given enzyme should be ir 

with quantitative data such. 
















































Enzyme distribution in the vag 
epithelium indicates clearly the typ 
of error that can be introduce 
homogenate studies if the mass of 
the tissue is not also considered 
terms of highly active areas of 
oxidation coexistent with totall 
inactive (keratinized) regions with 
in the same organ (Fig. 1, 1 
and 2). ES 
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Variation with Age of Shrinkage 
Temperature of Human Collagen 
DurRinG the course of an investigation of 
thermal shrinkage temperatures of human tis 
examined many samples of different ages 
fibres were teased out from the tissue imme 
0-9 per cent sodium chloride solution and trar 
with salt solution to a capillary tube. . T 
placed in a micro-melting point apparatus 
kamp) and the shrinkage temperature deterr 
viewing under low magnification. The voltage 
the heating element was controlled by a rhet 
give a rise of not more than 2 deg. per min. Th 
peratures at which the fibres started and 
shrinking were designated 7's, and T's, resp 
Samples were taken from dura mater or. fasci 
at autopsy or at operation from cases not. 
from ‘connective tissue’ disease and were ex 
without delay. In saline, fibres from either 
from any one individual shrunk over the same rang 
and there was no difference between differen 
from one tissue. Results are given in Table 1. — 
Statistical analysis shows that for T's, the variat 
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fuses 12-40 weeks 54- | 
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-= 45-25 
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ns of seven determinations in each group and 

















Phe Ts, figures clearly follow the same pattern and 
=- the same conclusions apply here. 
A similar investigation was carried out with col- 
< lagon fibres of human uteri and the results are given 
in Table 2. Here the tissues are divided into only 
two groups, 45 years being chosen as the approximate 
-o egeofmenopause. Except for one case aged 4 months, 
the younger group ranged from 25 to 45 years of 
age and four of these were pregnant ; the range of 
< the older group was 49-78 years. Within each group 
there appeared to be little variation of Ts, and 
statistical analyses showed that the Ts, means 
differed in a highly significant way between the two 
groups (F = 14-41 ; standard error of Ts, = 1-74; 
“least significant difference of the means between the 
groups = 1-37 for P= 0-05). Ts, did not vary 
_ significantly between the two groups. By comparison 
with results in Table 1, collagen from the uterus up 
=. -to about the age of menopause is seen to be closely 
similar, as regards hydrothermal stability, to foetal 
=o collagen. Uterine collagen in the older group, on the 
other hand, resembled the 0-14 year collagen. 


Table 2, SHRINK TEMPERATURE OF HUMAN UTERI 































Ts. (° C) 
Range . 


61-67 | 1 
61-67 i. 16 . 


Ts, (° C.) 
Mean 


65-2 
57-8 













Range Mean Cases 
. 53-57 
55-61 





























meowhat higher than our range of 55-68° covering 
similar ages. 

























agen is of special interest. 






ere is a certain minimum 





suggests that tl 
















i ficant. The standard error for T's, (single _ 
termination) is 1-33 and the least significant — 
fference between the groups is 1-43 (P = 0-05) for. 


espondingly less where the number in @ group is 


full shortly. 


No, of | Ni 


ig” | associated with the lysogenic stato is well established 
-> It now seems that the loss of ability to produce toxir 
| may be mediated by the action of antiphage sert 
aa: upon lysogenic cultures. a ee 
‘ew studies of shrinkage temperature and age have —: In guin 
carried out on human tissue ; but recently Hall _ 
ed! found that, in water, there was no differ- 
ce with age in a group of twelve people whose- 
res ranged. from 7 to 89 years. With one exception. - 
-range of shrinkage was 62-69-5°, which is 


against death by the intraperitoneal administra 
of antitoxin some hours later, a low-grade infect 


“part. of this period non-toxigenic, non-lysogeni 
- cultures may be isolated from the lesions. At thi 
time, also, the presence of phage-neutralizing anti 


This confirms our observation that. 2 i 
‘bodies in the animals’ blood can be demonstrat 


shrinkage temperatures are higher in water than in — 
saline, and it might be that, in water, any shrink - 
temperature variation with age would not be evident. 
-Theo results reported here add further to the. 
evidence, already accumulated from investigations of ` 
er properties*-*, which demonstrate that collagen 


“rabbits by injection of filtered lysates of toxige 
‘diphtheria cultures, and a toxigenic culture is gro 
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ater than seven. It is seen that, except between fi 
he age-groups 15-25 and 26-44 years, the difference _ 
f the means between groups is greater than 1-43, on | 
ind we therefore conclude that in any two age- This 
roups, with the exception of those mentioned above, — 
the Ts, is significantly higher in the older group.. 


We thank Miss B. M. Haines for introducing us tò __ 
the micromethod of measuring shrinkage tempera- 
tures, 3 eee 
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Role of Phage Antibodies in the cee 
Development of Non-toxigenic Cultures — 
of Corynebacterium diphtheriae = 
Taar the toxigenicity of diphtheria cultures i 


In guinea pigs given intracutaneous | injec 
virulent cultures of C. diphtheriae, and protect 



















may persist for several weeks. During ‘the latte 





~- Moreover, if antiphage serum is producec 





omes more stable with ago in the organism. Foetal i 
Its consistently low 
kage temperature, whatever the stage of develop- ` 









some 
phage, and (b) more or less fr 
ransmission of prophage during cell 


















din 


aithor lysed or lysogenized by the infectious phage 
»resent in the environment, so that a state of equili- 
prium is reached. It is known, also, that the addition 
of citrate or oxalate to the culture medium can 











many transfers, cultures free of phage can be obtained. 


me result. 
It should be recalled that Jungeblut' found thirty 
years ago that six passages of virulent cultures in 
broth containing antitoxin brought about a loss of 
ability to produce toxin ; but his evidence suggested 
that this was a transient phenomenon. Some of our 
converted cultures have remained non-toxigenic 
during ten passages over a six-month period. 
The work reported here offers support for the 
hypothesis that antiphage bodies are important in 
conversion, and may account for the occurrence of 
the avirulent cultures isolated from throats and from 
the Jesions of the chronic cutaneous diphtheria cases 
_ found in some parts of the world. 
ee Paut S, ANDERSON, JUN. 
Department of Public Health, 

| Puiu B, CowreEs 


Department of Microbiology, 
Yale University, 
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a Protein Degradation of Foetal and Cancer 
Tissues in the Presence of Ethionine 





non-lysogenie cells arise. Normally the latter are 


INTRACELLULAR proteolytic enzymes are ‘present: 


prevent re-infection, and that by this method, after | 


The findings outlined above suggest that antibodies : 


to phage, by binding free virus, bring about the -85 roloase 
BEARS, DY Dre TOS VINA WE ETNE SARUTA e Teo] experiments and those carried in the p 


"of ethionine. 


- coma is slightly inhibited by the anti-amino- 


| Institute of General Physiology, 


in many tissues and they hydrolyse proteins during - 


itolysis. 


, Some experimental data support the idea 
a physiological action of these enzymes: the — 
-4 Yakovlev, N. N., Fiziolog. J., 85, 286 (1949). 


igzmentation of catheptic activity during the re- 


























neptic proteolysis. sor | 
upposition of a mechanism of protein degi 


irolysis. 
coviev', who studied the action of phosphate, 
itrophenol and other substances on proteolysis 
issues. He reported also that foetal tissues behave 
ist dinitrophenol differently from the normal 
issues. x 
have investigated the action of another anti- 
nino-acid, ethionine, upon the intracellular pro- 
in degradation of normal and fetal liver and 
of benzopyrene sarcoma. In all cases 400-mgm. 
aliquots of 0-5-mm. tissue slices are incubated for 
wr. at 37° in 4 ml. phosphate buffer 7/15 at pH 7-2 





end.. of 
ed in their medium and proteins ar 





recipita 





ession of cancer’, and of larval tails of Xenopus*. 
it has been shown that intracellular protein > 
gradation is dependent on energy’, and that oo > 
ophenylalanine, a well-known anti-amino-acid, 
s protein catabolism‘*. Steinberg ef al." also _ 
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Presence of CEstrone, Estradiol 
These observations lead to 000000. Ei $ 

legrada- GUSTAVSON? found | 
different from that of the simple catheptic excreta of laying hens. Others? have found: 
Similar conclusions are reported by | 
‘Hurst’ has found cestriol and cestrone in exer 


the identification of cestrone, cestradiol and. 
in ovarian tissue of the fowl and the resul 
search for their presence in blood. D 
0 Ovaries were removed from laying white L 


were slit open, and yolk material was disca 


r. immersed in methanol, 
taining ethionine 2x 10-3 M. At zero time, and at _ Waring blendor. 


of the incubation, the slices are homo- 


Ne, ren eres Warp eel AM 





` Normal liver 
Foetal Hver 
sarcoma 


108 + 11 
122 + 13 
150 + 14 
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of festal proteins, and increased degradation i 
coma. In the presence of ethionine, degradation i 


The control experiments show decreased 











20 per cent), where in both normal and f 
ethionine inhibits about 90 per cent of the normal 
tein degradation. This difference is probably d 

a different concentration of the proteolytic enzyme: 
susceptible to anti-amino-acid in the tissues examined 
It is also important to note that ethionine inhibition 
of protein degradation in foetal liver is quantitativel: 
the same as that observed in normal liver. This 
result is in contrast with the observations reported 
by Yakovlev‘ on the negative effect of dinitrophenol — 
on foetal liver autolysis. But it must be remembered 
that Yakovlev studied the autolysis of homogenates, | 
whereas in the present case intracellular degradation 
is observed in tissue slicos: this difference in the 
experimental conditions may explain the observer 

variations in Yakovlev’s and my results. oe 
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Hens © ei 
a high castrogenic acti 


in ovaries and greater activity in maturing fo! 


of hens, and cestriol, cestrone and cestradiol : 
of roosters. The present communication d 
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hens. Follicles larger than about 5 mm. d 


Ovaries with follicle walls attached were. weig! 
and disintegrated wit 








(Estrogens were extracted as described by Mitchel 
nd: Davies‘ for human placenta. Residues. fror 











raphy was performed on Wha 


tem at n -A r Ke was | used’. 





See dried in an oven a before 


sa strips cut from the ina Ree, 
; were immersed in freshly prepared. diazotized 


“were examined on a recording spectrophotometer. 


Identifications of cestrone and of cestradiol were 
confirmed by ‘finger-printing’ with reference steroids. 


_ labelled with carbon-14 (Chas. Frosst and Co., 
Montreal), The steroid labelled with carbon-14 was 
added to a sample of the presumptive cestrogen 
- isolated from ovarian tissue in the estimated ratio 
ooo C ör (carrier to labelled steroid). The amount of 
< labelled material used was 5y, which gave a barely 
perceptible stain with diazotized sulphanilic acid 
reagent. The mixture of labelled and presumptive 
steroid was chromatographed and the strip was 
stained and then exposed for three days on X-ray 
film. . Complete coincidence of stained spots with 
_ spots on the radioautograph in respect of shape and 


Ae position was taken as positive identification of . 


= — presumptive cestrogen with labelled steroid. Three 
spots, positive to diazotized sulphanilic acid and to 
©- — Kober reagent, were located on chromatograms of 
extracts of ‘free’ cestrogen fractions obtained from 
ovarian tissue. Mobilities. were similar to those of 

estriol, cestradiol and cestrone on reference chromato- 
grams, and their ultra-violet absorption spectra 
agreed with those of the appropriate reference 
cestrogens. Results of the radioactive ‘finger-printing’ 
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jund in these fractions. 


gens from avian ovarian tissue. p 


ook on radioautogram of chromatogram of presumptive 
wstrone mixed with &y of œstrone labe. led with earbon-14..- 


_ gsuiphanilic acid. — . 
j ton radioautogram. of chromatogram: ‘of resumptive 
ol mixed with 3y of 17-f-watradio! labelled with carbon-1 

on. same daromi cans stained with. diazot 
cooo, gubphanilic acid. 












| very. malar to, cestrone was locate 
jugated’ fraction of the. extract. 


aper. and an absolute methanol — petroleum ` A 
deseribed previously? was found both | ‘in ‘free’ and. 


Good : i : 















ulphanilic acid and then in 1-1 per cent sodium _ 


The yellow spots formed ‘indicated the and estriol. The identity of the presumptive cestrone - 


x positions of the estrogens. The steroids were eluted and cestradiol with the reference compounds. labelled 
“with carbon-14 was established by the radioauto- . 


into ethanol, and the ultra-violet absorption spectra — 
graphic ‘finger-printing’. 


‘he. presumptive cestrone and cestradiol are shown | 
Chromatograms of the ‘conjugated’ and - 
tein-bound’ fractions of ovarian extracts con- - 
ed small amounts of material positive to diazo- 
_ sulphanilic acid, but individual oestrogens eS . 


tosteroid described previously* was found in z 
cts of ovaries and of Bye from ee hens. - 





“~~ ehemotherapy of plant virus diseases’, it seoms 

- -provide no conclusive evidence. 
O obtained marked inhibition of influenza and Neweastl 
virus by thiosemicarbazones and related compoun 
We have performed tests to determine the effect 
<io certain of the thiosemicarbazone derivatives on t 











en ae tobacco leaf tissues. 
g- 1. Radioautographie inger pinag of? presumptive: ostro: ma found in Japan. 
from benzaldehyde, acetophenone, cinnamalds 


`- > and benzalacetone and some of the para-subs 
: pot on same chromatogram phased with diazotized: E pa 






“A ‘compound. either ‘identical with, ¢ 
sated in the — ‘con- 













1i@ material was- 








conjugated’ blood fractions. 


tained with a 6-10 hr. run, provided that recovered by dialysis* from 50-ml. samples of blood 
„from laying hens, but it was not found on chromato- 


grams. of similar extracts of 50 ml. blood from. male 


r immature female fowl. - 
“The results provide evidence, based on chromato: 
graphic. mobility, ultra-violet spectrophotometry — 


-and chemical reaction, that the main œstrogons. 


elaborated by the avian ovary are cestrone, cestradiol | 


The identity of the chroma- | 
tographic mobility of the presumptive oestriol with 
that of the reference sample, coupled with its ultra- 
violet absorption spectrum and positive Kober 
reaction, constitute strong evidence that the material 
isolated from avian ovaries was cestriol. 
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Effect of Thiosemicarbazones on the | 
Multiplication of Tobacco Mosaic Virus 


Wane much effort has been expended. on. 


Iwasaki ef í 







multiplication of tobacco mosaic virus in detach 
















The strain of virus used was the ordinary: 4 
Unsubstituted thiosemicarba 







AZ, 











(nitro-, dimethylamino-, amino- and acetylamino-) 
them. were tested. The derivatives employed wer 








No.4cos February 1, 1958 


Table 1. INHIBITION OF MULTIPLIOATION OF ToBACCO MOSAIO VIRUS 
BY THIOSEMICARBAZONES 


Concen- 
tration of 
chemicals 
(ugm./m] 


Percentage of in- 
crease (+) 
decrease (—) in 
-)| virus multiplica- 

tion 


—22t 
+ 5 
—10 
—14 
+6 
—12 
—85 
— 4 
—24 


Thiosemi- 
carbazone 
derivatives 


Para- 
substituents 


Benzaldehyde 


unsubstituted 
dimethylamin9g 
acetylamino 
unsubstituted 
dimethylamino 
acetylamino 
unsubstituted 
= acetylamino 
Benzalacetone unsubstituted 
ae nitro 
+ amino 9 
ra dimethylamino 6 
ši acetylamino 1 


Cinnamaldehyde 


a? 


Acetophenone 





* Analysed by ammonium sulphate method; 
acid method. Figures represen 
pendently treated samples. 


t by trichloracetic 
the average values of 2-8 inde- 


the compounds were dissolved in a small amount of 
acetone and were filled up to a desired volume with 
distilled water. Each compound was used at a con- 
‘centration of 10-50 ugm./ml. The detached tobacco 
(Nicotiana tabacum, Turkish) leaves were inoculated 
by rubbing with a gauze pad soaked in tobacco juice 
infected with mosaic virus and were maintained in 
an incubator for 24 hr. at 25° suspended on water. 
Then the leaf-halves or leaf disks (12 mm. diam.) cut 
from the inoculated leaf were floated in continuous 
light (daylight fluorescent lamps) on aqueous solutions 
of the test compounds; the opposite leaf-halves or 
other disks floating on water served as controls. 
After 6 days incubation, the leaf tissues were 
homogenized and analysed for the virus. Two 
analytical methods were tried. One consisted of 
precipitating virus protein by ammonium sulphate 
and then determining the relative concentration of 
the resultant precipitates by a colorimetric procedure 
using the Folin reagent®. The other method, in 
which usually 20 leaf disks (0-5-0-6 gm.) were used, 
was the combination, according to Bancroft and 
Curtis‘, of the chloroform—water emulsion technique 
and the trichloracetic acid method for precipitating 
and hydrolysing tobacco mosaic virus. In the latter 
case, the virus was assayed by spectrophotometric 
methods of measurement at 260 mu. 
Thiosemicarbazones, with or without para-substi- 
tuents, were tested at first (Table 1). The compound 
most effective in producing inhibition was benzal- 
acetone thiosemicarbazone both in the analysis by the 
ammonium sulphate method and by the trichloracetic 
acid method. Furthermore, in this case, the unsub- 
stituted compound was most effective, indicating that 
introduction of a nitro-, amino-, dimethylamino-, or 
acetylamino-group at the para-position of the benzene 
nucleus diminishes the inhibitory activity. Among 
the para-substituents of benzalacetone thiosemi- 
carbazone, however, it seemed likely that dimethyl- 
amino and acetylamino substituents exhibit a consid- 
erable inhibition by the analysis of the ammonium 
sulphate method, but not by that of the trichloracetic 
acid method. Accordingly, both dimethylamino- 
and acetylamino-para-substituents of benzaldehyde 
and cinnamaldehyde thiosemicarbazones were tested 
and were compared with the unsubstituted ones. 
From these results it is evident that these compounds 
do not show any detectable increase in inhibitory acti- 
vity when analysed by the trichloracetic acid method. 
Although acetophenone thiosemicarbazone inhibited 
markedly, according to the trichloracetic acid method, 
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the multiplication of the virus, it produced compara- 
tively severe toxicity to host leaf, and these observa- 
tions cannot be accepted without question. Iwasaki 
et al.* have reported that unsubstituted benzalacetone 
thiosemicarbazone is most effective against influenza 
viruses, PR8, FM1 and Lee strains, and Newcastle 
disease virus. In this respect, these results are well 
in accord with those obtained with the plant virus. 
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Sensitivity of the Spermatogenic Process 
in the Rat to Radiomimetic Drugs and 
X-Rays 


SPERMATOGONIA are considered to be the most 
radiosensitive cells of the male germinal epithelium. 
They may be selectively damaged or destroyed 
without apparently impairing the continued develop- 
ment into spermatozoa of later generations of sperm- 
atogenic cells present at the time of irradiation. 
In the mouse, Oakberg! has found that exposure to 
200 r. rapidly destroyed all type B spermatogonia, 
and Bateman?’ observed a transient sterility in male 
mice six weeks after exposure to this dose which was 
associated with marked oligospermia. These two 
findings are correlated and provide an estimate of 
the overall time required for the development of 


spermatozoa in the seminiferous tubules (testicular 


phase) and their transport through the epididymis 
(epididymal phase). Other results from radioactive 
tracer experiments in the mouse? have also indicated 
a period of about 40 days for the same process. 
Since Oakberg* has proposed that five weeks (34-5 
days) are required for the testicular phase of sper- 
matogenesis in the mouse, it follows that an additional 
week is occupied by the epididymal phase. 

In rats after 200 r. (whole-body irradiation) the 
only significant change we have observed during 
nine weeks of consecutive weekly matings was a 
reduction in average litter size during the fourth and 
fifth weeks (Fig. 1). There was no noticeable oligo- 
spermia. After 500 r. given either as a single dose or 
five daily exposures of 100 r., rats did not become 
sterile until the seventh week, although the average 
litter size dwindled progressively in previous weeks 
(Fig. 2). The onset of sterility was accompanied by 
pronounced oligospermia, and the sterile state 
persisted for at least three months. In the mouse, 
it is well known that prolonged sterility after 500 r. 
commences in the fourth week; according to Auer- 
bach‘, this is due to the destruction of spermatocytes 
as well as spermatogonia. These comparative results 
suggest the following conclusions: (a) the radio- 
sensitivity of corresponding cells in the mouse and 
rat are markedly different, and/or, (b) the overall 
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Average litter size 





Weeks 
Fig. 1. Effect on male rat fertility of a single dose of triethylene- - 
me 


amine (0°2 mem. {kgm intraperiton compared ‘with one 


dose of diation (200 r., whole-body) 

time for spermatozoa to develop in the testis and 
appear at Insemination is considerably longer in the 
rat than thé mouse. 

If the radiosensitivity of cell types is comparable 
in the two species, then sterility in the fourth week 
in the mouse corresponds to the seventh week in the 
rat. On the other hand, recent publications suggest 
that the duration of the testicular phase in mouse 
and rat are similar; this will relate differences in 
the total time to that required for the passage of 
sperm through the epididymis. From a study of the 
progression of injected radio-opaque material through 
the rat epididymis, MacMillan and Harrison’ have 
suggested that the duration of this phase is 12-16 days. 

We also made detailed examinations of the effects 
of radiomimetic drugs (and related compounds) on 
the fertility of male rats. It is our experience that 
these substances can produce well-defined periods of 
sterility which are indicative of selective actions on 
various stages of spermatogenesis’. For example, 
for triethylenemelamine the most susceptible phase 
corresponds to a period of sterility in the fourth 
week after a dose (Fig. 1). This finding was previously 
correlated with drug action on spermatogonia’, but 
no allowance was made for. the epididymal phase. 
Infertility in the fourth week after giving triethyl- 
enemelamine now appears to be the result of inter- 
ference with a later stage of spermatogenesis. The 
ability of a short course of this drug to produce a 
sterile period lasting for several weeks from treatment, 
followed by rapid recovery six weeks later, contrasts 
with the onset of prolonged sterility in the seventh 
week after 500 r. (Fig. 2). It is tempting to infer a 


Average litter size 





Weeks 
Fig. 2. Comparison of the effects on male rat fertility of triethylene- 
melamine (five daily doses, 0'2 ges ek ee intraperitoneal), 


X-irradiation (500r., whole-body) and busulphan (one dose, 
10 mgm./kgm. , intraperitoneal) 
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significant correlation between the time relationships 
of these effects. 

We have also found that busulphtin (myleran) has 
æ well-defined action on rat fertility. This radio- 
mimetic drug, unlike triethylenemelamine and radia- 
tion (500 r.), had no effect on size of litter until the 
eighth week after a single dose (Fig. 2), when sterility 
developed with remarkable rapidity. This change 
was also associated with the onset of oligospermia (as 
with 500 r.) and is consistent with the destruction of 
early germinal cells. Since the rats were fully fertile 
45 days after the dose but sterile a week or so later, 
it may be that the overall time for sperm development 


‘and their appearance at copulation is even longer 


than has been supposed. 
Comparable experiments in the mouse arè in 
progress, and also histological studies in both species. 
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Isolation of the Lethal Factor of Diphtheria 
Toxin by Electrophoresis in Starch Gel 


Hiauuy purified toxins of Corynebacterium diph- 
theriae have been shown to be very complex mixtures 
by antigen-antibody diffusion in gelatin’. In spite 
of their apparent homogeneity as determined by 
filter paper electrophoresis, one of us demonstrated 
the complex nature of such toxins by electrophoresis 
and immunoelectrophoresis in starch gel?. All the 
crude, as well as the crystalline, toxins (a generous 
gift of Dr. C..G. Pope) screened by these methods 
(Poulik, in preparation), have invariably shown the 
presence of two major components in addition to 
many minor ones. Since diphtheria toxin is lethal 
in very high dilutions for guinea pigs, it was assumed 
that it is most probably one of the two major com- 
ponents which is the cause of death. 

Diphtheria toxin 7'D-3-51 (kindly given by Dr. 
Inge Scheibel, Statens Serum Institute of Denmark), 
was produced on a tryptic digest of beef muscle 
medium*,* and contained 162Lf./mgm. (0-084 mgm. 
total N/mgm.; 0-069 P-N/mgm.). This material 
was subjected to starch gel electrophoresis® in a 
discontinuous system of buffers (tris-citrate in the 
starch gel and sodium hydroxide/boric acid in the 
electrode vessels*). This combination of buffers 
resolved the two major components very well and 
thus assured their purity. 

Fig. 1 shows diagrammatically the result obtained. 
After electrophoresis the gel was cut into blocks 1 cm. 
wide and the proteinous materials contained in these 
blocks were removed by squeezing the sponge-like 
starch blocks after freezing and thawing. The 
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Fig. 1. Starch gel electrophoresis in discontinuous system of 
buffers, at 6 V./em. for 5 hr. Material: Toxin-%.D-3-51, 162Lf./ 
mgm., 0:084 mgm. total N, 0-069 P-N/mgm. 


toxicity of these solutions was tested on guinea pigs 
(250-300 gm.) by injecting 0-1 ml. intradermally. 
The material obtained from section 7 killed the 
animal in 1: 1,000 dilution in four days or sooner 
and produced a typical skin reaction at dilution 
1: 100,000. The solution from section 5 killed the 
animal only when injected undiluted and produced 
a typical skin reaction at a dilution of 1: 1,000. 
Autopsies performed on animals killed by the 
materials in sections 7 and 5 revealed pathological 
findings typical for diphtheria (hemorrhage into 
adrenals; pleural effusion; congestion of the wall 
of the gut). Toxin recovered from section 5 produced 
a much larger area of necrosis at the site of injection. 
This activity and the slower rate of migration are 
the only criteria, at the present time, which make 
us feel that this is a different substance as com- 
pared with material in section 7. It has not yet 
been. possible to obtain a conclusive demonstration 
thet this component is a separate immunological 
entity. 

It was concluded that the most potent lethal 
factor of the toxin of Corynebacterium diphtheriae was 
isolated in section 7. This component is not & single 
protein since starch gel immunoelectrophoresis? had 
demonstrated at least two and possibly four lines 
of flocculation in this area, two of them intersecting 
and thus further indicating the complexity of this 
fraction. Material from section 5 was also found to 
be heterogeneous. It was also shown experimentally 
that more than one lethal factor is present in ‘the 
toxins grown in culture media, and that each of 
these is again a mixture of proteins, presumably 
with different enzymatic activities, such as hemolysin, 
deoxyribonuclease’, transferrin-splitting factor 
(Poulik, unpublished work), a possible mucopoly- 
sacharidase*, hyaluronidase and a necrotizing factor®, 
to mention just a few. Since any of these enzymes, 
and possibly others, may be present in either of the 
electrophoretic components described, speculation on 
the mode of action of diphtheria toxin is not justified 
until all the biologically active factors present are 
determined. ` 

The opinion of O’Meara® and that of Niggemeyer®, 
that the diverse clinical courses of the disease could 
be explained on the basis that several such factors 
are in operation either singly or in combination, is 
shared by us. Recent experiments described by 
Yoneda and Pappenheimer’ on the production of 
extracellular products released by certain non- 
toxigenic strains of C. diphtheriae and a toxigenic 
strain derived from them by infection with a bacterio- 
phage, showed the way of approach to such a problem. 
Since clinical cases exist (hypertoxic diphtheria) 
where administration of commercial antitoxins fails 
to control the course of the disease®.®, the question 
remains what antigen or antigens should be used for 
preparation of antisera which would be able to cope 
adequately with all the toxic materials regardless of 
their type or quantity. : 

This work was supported by a grant awarded by 
the Department of National Health and Welfare. 
We are indebted to Dr. Milton H. Brown for his 
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Scott for reading the manuscript. 


M. D. Povurik* 
E. PovLIr* 


Department of Public Health, 
University of Toronto. 


+ Present address: The Child Research Center of Michigan, 660 
Frederick Street, Detroit, Michigan, 


1 Pope, C. G., Stevens, M. F., Caspary, 
Brit. J. Exp. Path., 32, 246 (1951). 

2 Poulik, M. D., Nature, 177, 982 (1956). 

3 Scheibel, I. F., World Health Org. (Tech. Rep. Sec.), 61, 57 (1953). 

1 Pope, ©. G., and Linggood, F. V., Brit. J. Exp. Path., 20, 297 (1939). 

s Smithies, O., Biochem. J., 61, 629 (1955). 

e Poulik, M. D., [Nature, 180, 1477 (1957) ]. 

? Pope, C. G., Brit. J. Exp. Path., 38, 207 (1957). 

t Niggemeyer, H., Ann. Paediat., 185, 1 (1955). 

° O'Meara, J., J. Path. Bact., 51, 317 (1940). 


10 bere M., and Pappenhelmer, jun., A. M., J. Bacteriol., 74, 256 
fj). 


E. A., and Fenton, EB. L., 


Mode of Action of Organophosphorus 
Insecticides 


Ir is widely held that organic phosphates exert 
their insecticidal action by the inhibition of cholin- 
esterase activity in the nervous system. Definite 
proof of this theory, however, has never been fur- 
nished and some years ago doubt as to its correctness 
was expressed by Hopf! and also by Lord and 
Potter*. 

According to many investigators, there is an excess 
amount of cholinesterase in the nervous system of 
mammals, and toxic effects will only be seen after 
more than 80 per cent inhibition of enzymic activity. 
The occurrence in such an excess is quite a normal 
feature of enzymes. Assuming that the cholines- 
terase present in insects is essential for some vital 
function of the organism, possibly for conduction in 
the nervous system, one might expect poisoning 
symptoms to occur only when the cholinesterase 
activity is strongly inhibited. It should not be 
overlooked that, in order to prove that a substance 
derives its toxicity from the inhibition of some enzyme, 
it is necessary to show, (1) that it has a strong 
inhibitory action on the enzyme în vitro, and (2) that 
this enzyme in the living insect is actually inhibited 
at the time that symptoms of intoxication appear. 

Our investigations were carried out largely with 
O,O-dimethyl-O-2,2-dichlorovinyl phosphate, which 
is very toxic to houseflies (Musca domestica ; DD50< 
0-1 ugm./gm.). The inhibitory action of this sub- 
stance on housefly cholinesterase in vitro is about a 
hundred times that on horse-serum or mouse-brain 
cholinesterase and twice that of paraoxon on housefly 
cholinesterase. At arough estimate, only 0-5—1-5 mol. 
of O,O-dimethyl-O-2,2-dichlorovinyl phosphate per 
mol. (active group) of enzyme is required to give 
50 per cent inhibition. It is clear, therefore, that 
inhibition of cholinesterase could be the reason for 
its toxicity. However, it is also a very potent 
inhibitor of other esterases, especially in the housefly. 
One of these ali-esterases, present mainly in the thorax 
and clearly distinct from the cholinesterase which is 
chiefly found in the head, was able to split methyl 
butyrate at considerable. speed in vitro and proved 
to be inhibited by approximately the same concen- 
trations of O,O-dimethyl-O-2,2-dichlorovinyl phos- 
phate as the cholinesterase; so its toxicity could 
also be due to inhibition of this ali-esterase. It was 
of interest, therefore, to investigate the inhibition, am 
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vivo, of both enzymes at the time intoxication 
appeared. 

Inhibition of cholinesterase in vivo was measured 
in the following way. Houseflies were exposed to 
O,O-dimethyl-0-2,2-dichlorovinyl phosphate vapour. 
Poisoning symptoms such as hyper-excitation and 
convulsions occurred after some time and eventually 
the flies were knocked down. A simple device 
enabled us to remove each individual fly from the 
experimental glass as soon as this stage of intoxication 
was reached. The flies were then, until further 
treatment, kept in a test-tube chilled by a mixture of 
ether and solid carbon dioxide. When all the flies 
had been collected they were quickly transferred to a 
flask containing bicarbonate-saline and acetylcholine 
(acetylcholine 1-5 x 10-2 M) and homogenized. The 
suspension obtained was immediately used for 
measurement of cholinesterase activity in the War- 
burg apparatus—at 37° C. and pH 7-4 (bicarbonate— 
carbon dioxide buffer), without any further addition 
of acetylcholine—and compared with a control 
suspension of untreated flies. It contained about 
3 x 10-° M 0O,0-dimethyl-O-2,2-dichlorovinyl phos- 
phate, which in other experiments was found to 
cause more than 90 per cent inhibition after 1-5 hr. 
of incubation without protection by acetylcholine. 
The addition of acetylcholine to the saline in which 


the flies were homogenized was necessary to prevent : 


any 0O,O-dimethyl-O-2,2-dichlorovinyl phosphate 
present in the tissues but not yet irreversibly bound 
to the enzyme surface, from attacking the enzyme ; 
especially since we have shown (Fig. 1) that O,O- 
dimethyl-O-2,2-dichlorovinyl phosphate readily reacts 
with the cholinesterase, forming an inactive complex 
and thus producing inhibition. After addition of 
acetylcholine, however, no further increase of inhib- 
ition occurs, the enzyme being then completely pro- 
tected by the substrate molecules. This was confirmed 
by several experiments in which rather high concentra- 
tions of O,O-dimethyl-O-2,2-dichlorovinyl phosphate 
were prevented from exerting inhibitory effects by 
the presence of acetylcholine in a concentration 
normally used in our experiments. As a consequence 
of the method used, the enzymatic reaction started 
about 25 min. before measurement in the Warburg- 
apparatus could be undertaken. We therefore 
investigated the possibility of reactivation of the 
enzyme, especially as Aldridge and Davison® have 
shown that the inhibition of cholinesterase from 
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Fig. 1. Inhibition of housefly cholinesterase by O,0-dimethyl- 

0-2,2-dichlorovinyl phosphate. Incubation time is time available 

for the reaction between ene sng FO before the substrate 
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rabbit erythrocytes by dimethylphosphates is slowly 
reversible. We found that there was no reactivation 
at all in the case of housefly cholinesterase, although 
it did in fact occur in the case of mouse-brain 
cholinesterase. 

Measurements of în vivo inhibition as described 
above will, in our view, give a very good approxim- 
ation to the actual inhibition value at the time of 
knockdown. Essentially the same method has been 
adopted for the measurement of inhibition of ali- 
esterase in vivo, using methyl butyrate as a substrate. 
Methyl butyrate, as was shown in several experiments, 
gives appropriate protection of the ali-esterase against 
O,0-dimethyl-0-2,2-dichlorovinyl phosphate under 
conditions such as those of our experiments on în vivo 
inhibition. In a few cases inhibition of cholinesterase 
has also been measured in heads or thoraces + 
abdomens, separated just before homogenizing took 
place. The results of our experiments are shown in 
Table 1. ; 


Table 1. PERCENTAGE ENZYME INHIBITION AT THE TIME OF KNOCK- 
N 


DOW 
ChE of whole flies 25, 27, 28, 24, 29,29 percent mean 27 per cent 
ChE ofthe heads 10, 39, 22 per cent mean 24 per cent 
ChE of thor.+abd. 43, 49 per cent mean 46 per cent 
AlE of whole flies 86, 84, 79 per cent mean 83 per cent 


These results are very striking. Although the 
overall values for inhibition are low, it cannot be 
excluded that stronger inhibition of cholinesterase 
activity was occurring at some small but essential 
part of the nervous system; but we nevertheless 
consider that the results in Table 1 provide evidence 
against an essential role of cholinesterase inhibition 
in the insecticidal action of O,O-dimethyl-O-2,2- 
dichlorovinyl phosphate. We do not claim that this 
evidence is conclusive, because it is possible that the 
results in the literature concerning the excess of 
cholinesterase present in the organism are incorrect. 
All the latter results are based on inhibition values 
in vwo which, so far as we know, were obtained 
without protection of the enzyme against excess of 
inhibitor and, therefore, are probably too high. 

Our findings were provisionally confirmed by 
experiments on cholinesterase inhibition, in which 
di-tsopropylfluorophosphonate, parathion and para- 
oxon were applied. The strong in vivo inhibition of 
the ali-esterase (splitting methyl butyrate) points to 
this enzyme and the possible role of its inhibition in 
the intoxication caused by organophosphates. 
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Distinction between Cardium edule L. 
and Cardium lamarcki Reeve 


From material gathered by the Danish Institute 
for Fishery and Marine Research in Danish estuaries 
I have examined the species of Cardium of which 
there were three types—A, B and OC. Type C was 
identified as C. exiguum. In the literature the types 
A and B are described as varieties of C. edule. In 
my material the two types existed together in some 
of the estuaries, and they were often found in the 
same bottom samples, and always without any 
intermediate types. I have identified type A as 
C. edule L. and type B as C. lamarcki Reeve 1845 }. 
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Fig. 1. 


C. edule and C. lamarcki have the following distinc- 
tive characters: The ribs on the middle part of the 
shell of C. edule are flat and provided with small 
scales some distance from each other ; in C. lamarcki 
these ribs are sharp and provided. with small triangu- 
lar closely placed scales, formed from the epidermis. 
The ribs on the posterior part of the shell are fairly 
well developed in C. edule and scarcely developed at 
all in C. lamarcki. Because of this difference the 
part of the shells around the siphons will close along 
a wavy line in C. edule and along an almost straight 
line in ÇC. lamarcki. The epidermis is very badly 
developed in C. edule. The epidermis of C. lamarcki 
is rather thick and covers about 75 per cent of the 
surface of the shell. In colour and shape a difference 
between the two types also exists, C. edule being the 
more whitish and circular one, but as colour and shape 
vary much, these are not taxonomic characters. 

C. lamarcki shows considerable variation, and 
smaller individuals from the vegetation and brackish 
water have thin brown shells with flat ribs without 
scales and broad furrows. This form somewhat 
resembles O. exiguum. At a length of 4-8 mm. they 
often suddenly change and begin to build the shell 
with narrow furrows, and sharp ribs with scales. 
This change in structure may be correlated with a 
change in habitat, for example, from vegetation to 
the bottom. C. lamarcki is very often found in the 
vegetation climbing by means of its byssus. J have 
never seen C. edule climbing in the vegetation or 
using a byssus. 

The most distinctive character is the length of the 
hinge ligament in relation to the breadth of the 
animal. In Fig. 1 the z-axis represents the breadth of 
the animal and the y-axis the length of the hinge 
ligament. The measurements plotted were all made 
on animals taken from bottom samples in which the 
two types occurred together. The bottom material 
was fine sand. In Fig. 1 the two types are clearly 
separated by the line x = 3-5 y + 2. Probably this 
function will prove to be invalid for the smaller 
animals, and perhaps the two types are separated 
by a non-linear function. 

In geographical distribution the types are separated 
also, but they overlap in some localities. Such 
localities ‘are the mouth of the Mariager Fjord 
estuary and the Kysing Fjord estuary, both situated 


x, Cardium edule, O, Cardium lamarcki 


at the Kattegat coast of Jutland. The animals used 
for Fig. 1 are from these localities, in which the 
salinity is always more than 20 per mille. In more 
brackish water, as, for example, the innermost parts 
of Mariager Fjord and Kysing Fjord and the estuaries 
on the Belt Sea and Baltic coasts, we find only O. 
lamarcki, which tolerates salinities from about 25 to 
about 5 per mille. C. edule does not tolerate salinities 
lower than 20 per mille. C. exiguum is found only in 
areas with a rather constant salinity about 7—14 per 
mille. 
G. H. PETERSEN’ 
Danish Institute for Fishery and 
Marine Research, 
Charlottenlund. 
Nov. 5. 
1 Reeve, L. A., “‘Conchologia Iconica”, 2 (1843). 


Quantitative Gram-staining with Labelled 
lodine 


Tue development of a simple quantitative Gram- 
staining technique has been attempted by numerous 
observers!}?, not only for its possible practical uses 
but also because of its potential value in studies on 
the mechanism of the staining reaction on intact 
cells and on extracellular material*®, as well as the 
relationship between degree of Gram-positivity and 


_ physiological state of the organisms. The recent 


procedure of Barbaro and Kennedy* is reasonably 
accurate but, since it involves measurement of dye 
nitrogen taken up by a suspension of organisms, it 
is rather laborious for practical application. 

Taking advantage of the fact that iodine is co- 
operatively bound in the Gram reaction, we have 
developed a reasonably accurate quantitative Gram- 
staining technique based on the use of ‘Lugol’ 
solution labelled with iodine-131, followed by end- 
window counting of the stained smear on the slide. 
Our procedure is to stain a heat-fixed smear, con- 
taining about 8-13 ugm. dry mass of bacterial cells, 
according to the Hucker modification’, the sole 
difference being that the ‘Lugol’ solution contains 
approximately 25 uc. iodine-131/ml. and is applied 
by means of a 20-ul. micropipette so as completely 
to cover the smear. Following are typical results 
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for 15-hr. cultures of several organisms (recalculated 
for 10 ugm. dry mass of each organism on the slide) : 


Strain Degree of Gram-positivity 
(counts/min.) 
Bacillus subtilis 2,856 
Micrococcus lysodeikticus 1,320 
Saccharomyces cerevisiae 1,068 
Lactobacillus casei 883 
Proteus vulgaris 245 
B. coli 78 


It will be noted that Saccharomyces, one of the 
most intensely Gram-positive organisms, is appar- 
ently less so than B. subtilis and M. lysodetkticus. This 
is, however, due to the variation of degree of Gram- 
positivity with age of culture and, especially, the 
decolorization technique used. If the decolorization 
step in the Gram procedure is increased by 1 min., 
then Saccharomyces show a higher count than other 
organisms. 

The reproducibility of the method is about 5 per 
cent. The following modifications do not influence 
the final count : (1) two-fold increase in concentration 
of primary dye; (2) three-fold increase in concen- 
tration of the ‘Lugo? solution, the specific activity/ 
mgm.. iodine being kept constant; (3) variation in 
time of application of the primary dye, or the ‘Lugol’ 
solution, from 15 sec. to 2 min. This is good evidence 
that the Gram-complex involves stoichiometric 
proportions of dye and iodine with some cell con- 
stituent(s). Decolorization of a stained smear until 
the count is almost zero, followed by re-staining, 
gives a count close to that of the original, so that the 
reaction is completely and quantitatively reversible. 
Treatment of a labelled smear with aqueous non- 
labelled ‘Lugo!’ results in complete removal of radio- 
active iodine without altering the intensity of staining ; 
subsequent application of aqueous labelled ‘Lugol’ 
restores the original count of the smear. In alcoholic 
‘Lugo!’ solution this exchange phenomenon does not 
occur. One may therefore conclude that the staining 
reaction. involves co-operative binding of dye and 
lonic iodine. It is consequently doubtful whether 
dye fixation by Gram-positive cells is due to oxidation 
_ of cellular material by iodine’. The suggestion that 
lodotyrosine is formed upon application of the 
iodine? is rendered untenable by the rapidity with 
which the iodine in the Gram-complex is exchanged, 
for the rate of exchange of ionic iodine with the 
iodine in iodotyrosine is very low and is preceded 
by a pronounced lag period’. 

We have found the above technique extremely 
useful for various quantitative studies on Gram- 
staining, full details of which will be published elge- 
where. We should like, however, to emphasize the 
considerable advantages to be gained from the 
general application of labelled substances to quan- 
titative staining reactions as well as to the mechan- 
isms of these reactions. 

D. SHUGAR 
J. BARANOWSKA 
Dept. of Biochemistry, 
State Institute of Hygiene, 
l Warsaw. 


1 Bartholomew, J. W., and Mittwer, T., Bact. Rev., 16, 1 (1962). 
1 Shugar, D., Postepy Hig. Med. Doswiad., 8, 87 (1954). 
a Sme D, and Baranowska, J., Biochim. Biophys. Acta, 28, 227 


* Barbaro, J. F., and Kennedy, E. R., J. Bact., 67, 603 (1954). 


‘ "Manual of Pure Culture Study: Bacteria” (Soc. Amer. Bact., 
Biotech. Pub., Geneva, N.Y.). 


* Stearn, A. E., and Stearn, E. W., Stain Tech., 5, 17 (1930). 
” Hoffman, H., Nature, 168, 464 (1951). 
* Zoltman, A. M., and Kahn, M., J. Amer. Chem. Soc., 76, 1554 (1954). 
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Phototropism of Phycomyces Sporangic- : 
phores 


THE communication’ to Nature concerned with 
phototropism in Phycomyces from Curry and Gruen! 
and its extension by Carlile? may be considered in 
relation to the critical study of the phenomenon of 
adaptation undertaken by Delbrück and Reichardt’. 

The rate of growth of Phycomyces sporangiophores 
can be regarded as controlled by the supply of 
materials from the substratum mycelium, but it is 
influenced .in the apical region by an unknown 
photo-sensitive system. The average growth-rate 
over @ period of hours is independent of illumination, 
though it has a normal temperature coefficient : light 
favours earlier sporangium formation, but after that 
growth continues to an extent and for a duration not 
noticeably affected by visible light. Increase in 
intensity of symmetrical illumination with blue light 
leads, after two to three minutes, to a transient 
increase in the longitudinal growth-rate, Blaauw’s* 
positive light-growth reaction. The rate may increase 
during. the next few minutes to twice normal, then 


- diminishes to less than normal even though the 


brighter illumination continues, and finally resumes 
its former rate with no net change in the average rate 
of growth. The sporangiophore has thus become 
adapted to a higher light flux. (In this respect its 
light-growth reaction differs from what appears to be 
usual in young green shoots.) Decrease in illumina- 
tion produces a corresponding negative reaction and 
subsequent adaptation. 

Phototropic curvatures arise when the rate of 
effective photon absorption in one side of the growing 
zone is appreciably different from that in the other 
side, leading to asymmetry in growth-rate. On a 
horizontal clinostat such curvatures continue for as 
long as spatial asymmetry in light absorption is 
maintained in the growing sporangiophores. This is 
quite compatible with the phenomenon of adaptation 
to changes in flux with time, for, while the distribution 
of growth-rate is not uniform, the average rate of 
growth in volume continues unchanged. 

Curry and Gruen, remarking on the prompt reverse 
curvature when their cultures, unilaterally illuminated 
with ultra-violet light, were rotated through 180°, 
say that “this implies that there is little adaptation 
to the ultra-violet, the sensitivity remaining high 
through many such reversals of position”. It may 
be that there is little adaptation, as could well be 
determined by observing whether the same intensity 
of response followed each time when a sporangiophore ` 
was first illuminated symmetrically with, say, 0-2 ergs/ 
em."/sec. of ultra-violet radiation, and then at half- 
hour intervals the illumination was increased by 
successive equal increments of 0-2 erg/cm.?/sec. 
Without adaptation the same response would follow 
each time ; with, it would diminish. Their conclusion 
is not, however, necessarily implied. by prompt 
reversibility of the phototropic curvature. Adapta- 
tion can be regarded not only in relation to the 
sporangiophore as a whole but as a property varying 
in level throughout the growing region according to 
the light flux at each point. For a sporangiophore 
uniformly illuminated with blue light the flux through- 
out the apical zone will vary little. Under uni- 
lateral illumination with blue light there are, owing 
to the lens effect’, rather more photons absorbed in 
the far half than in the near, so giving positive 
phototropism, but the gradient is not steep and the 
levels of adaptation do not greatly differ. Therefore 


no. sso5 February 1, 1958 


rotation through 180°, reversing this small flux gra- 
dient, results in only small changes in the growth- 
rates of the two sides (by redistribution of the 
materials being supplied from below) leading to a 
sluggish reversal of the positive phototropic curvature. 
When, however, the sporangiophores are illuminated 
either along one flank by a grazing pencil of lights, 
or unilaterally under paraffin (refractive index, 1:47, 
giving a complete reversal of the lens effect), or are 
exposed to unilateral ultra-violet light of about 
280 my wave-length (for which the absorption 
coefficient, «, is high), then there is a high rate of 
photon absorption on the illuminated side and a 
much lower rate on the other. With such marked 
differences in flux, and consequently in adaptive 
levels, rotation of the sporangiophore might be 
expected to lead to the sharp reversal of curvature 
found in these cases. 

Turning now to the suggestion made by Carlile, it 
should be pointed out that, while it is true that the 
curve plotted by him shows a good approximation 
to the absorption spectrum of riboflavin, there is a 
danger of error in taking the phototropic curvature 
of a relatively transparent organ as an index of 
photodynamic effectiveness when determining the 
action spectrum. This is because the value of the 
absorption coefficient, «, changes with wave-length, 
thus changing the gradient of the corresponding 
photon absorption per unit volume. This, as Carlile 
suggests, presumably explains the change from 
positive to negative phototropism with diminishing 
wave-length in the ultra-violet. 

If with ultra-violet radiation of 302 mu wave- 
length there is a positive light-growth reaction in 
previously darkened sporangiophores, but not photo- 
tropic curvature because Castle’s critical value for « 
is reached, then clearly the true action spectrum for 
a photo-response should not drop to zero as does the 
graph of angle of phototropic curvature that Carlile 
plots. A better curve for the primary photo-response 
could be obtained by the lengthy process of measuring 
the average light-growth response when passing 
suddenly from darkness to a standard flux of radiation 
of each of an extensive series of wave-lengths. With 
relatively transparent organs there is an inherent 
error when using either phototropic curvatures or 
null-deflexion methods with opposed sources of light 
of different wave-lengths as an index of photo- 
dynamic effectiveness. Add to this the probability 
of ineffective absorption in shadow-producing pig- 
ments, of which carotene may be one, and it is clear 
that great caution should be exercised when such 
results are compared with known absorption spectra. 

Brauner’ suggested that the positive hght-growth 
reaction and phototropism in Phycomyces might arise 
through partial light-induced destruction of a pre- 
viously supra-optional concentration of indolyl acetic 
acid. Results of experiments now in progress, some 
devised in discussion with him, do not seem to 
support this suggestion. Lanolin paste and sodium 
alginate gel containing 10 ugm. and 100 ugm. jml. of 
indolyl acetic acid have been applied with a micro- 
manipulator to one side of the growing zone of 
sporangiophores which either (1) had previously been 
subjected to intense illumination with blue light or 
(2) were, after indolyl acetic acid treatment, illum- 
inated from the side opposite to that treated. Case (1) 
sporangiophores after further growth in red light 
having no phototropic action showed no significant 
response compared with controls treated with plain 
paste, and in case (2) the positive phototropic response 
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was not reduced: these experiments need to be 
extended to cover a wider range of conditions. ,” 

Riboflavin may indeed be the photoreceptor in 
Phycomyces, and photo-absorption may either reduce 
the extent to which it checks indolyl acetic acid 
oxidation, or even directly promote this oxidation, 
but this assumption is not yet firmly grounded, and 
there is as yet no good evidence that internal indolyl 
acetic acid is a myco-auxin regulating the growth of 
chitin-walled hyphe. 


G. H. BANBURY 


Botany Department, 
Durham Colleges in the 
University of Durham, 
South Road, Durham. 
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THE primary purpose of my previous communica- 
tion’ was to show that the reversal of phototropism 
at about 300 my reported by Curry and Gruen? is 
explicable in optical terms, and that it was not 
necessary to postulate a novel photochemical reaction 
occurring in the far ultra-violet. I also felt that it 
was useful to point out that Curry and Gruen’s results 
on the relative effectiveness of different wave-lengths 
when plotted as an action spectrum give a curve 
similar to the absorption spectrum of riboflavin. I 
agree with Banbury as to the dangers inherent in 
this procedure, and realize that observations on the 
effectiveness of a range of wave-lengths in promoting 
the light-growth response would, if available, provide 
a better guide as to the nature of the photoreceptor 
substance. 

M. J. CARLILE 

Department of Botany, 

University of Bristol. 


1 Carlile, M. J., Nature, 180, 202 (1957). 
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Limited Multiplication of M. lepraemurium 
in Tissue Culture 


M.lepraemurium causes rat leprosy, which possesses. 
many of the characteristics of the human disease. 
So far, attempts to culture the causative organism 
of either disease in bacteriological media or in tissue 
cultures have not provided convincing evidence of 
multiplication. 

The minimum period required to maintain tissue 
cultures if the growth of M. lepraemurium is to be 
detected, can be inferred from the generation time 
in vivo. This was found to be 13 dayst*. Such 
relatively long periods of maintenance would result. 
in @ changing and variable cell population. On the 
other hand, since M. lepraemurium persists in a 
stainable form, the bacilli would, even without 
multiplication, become redistributed among the: 
changing cell population. Previous methods for 
detecting multiplication, which have usually depended. 
on the distribution of bacilli in tissue cells, are open. 
to errors. To determine accurately, therefore, 
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whether multiplication has occurred, we have had 
to devise a method for counting the total number of 
bacilli per culture before and after cultivation. 

The obligate intracellular existence of the bacillus 
within reticulo-endothelial type cells led us to use 
monocytes in our earlier attempts to culture M. 
lepraemurium, but no multiplication of bacilli was 
shown even after 80 days. However, bacilli recovered 
from some of these cultures were still infective?. 

We have now shown that multiplication of M. 
lepraemuriwm can. occur in cultures of tissues obtained 
from previously infected animals. In a representative 
experiment the spleen was removed from a mouse 
infected intravenously 8 weeks previously with 
M. lepraemurium (Douglas strain’), and was cut, 
uniformly, into explants of 1 mm.*. The explants 
were pooled and put out in culture tubes (6 per tube) 
lined with plasma clot to which was added 1 ml. of 
medium containing 20 per cent horse serum, 5 per 
cent chick embryo extract and 75 per ‘cent Hanks’s 
balanced salt solution. Before incubation the tubes 
were randomized into two groups: (A) no addition of 
antileprous drugs, and (B) addition of 100y strepto- 
mycin and ly isoniazid, a combination expected, 
from chemotherapeutic observations of rat leprosy*., 
to inhibit growth of the organism in vitro, and so 
serve as an essential control. The tubes were incu- 
bated at 37° C. in roller drums, and the medium 
changed twice weekly (all medium kept for counting). 
After 24 hr. three tubes were picked at random from 
each group, each was trypsinized, the contents 
homogenized in a Ten Broeck grinder and the bacilli 
completely released from cells and dispersed by 
exposure to ultrasonic vibration. Using a modified 
Breed technique’, a count was made of equivalent 
standard samples of homogenates from each culture. 
This procedure was repeated at 15 and 29 days, 
selecting the most healthy cultures. To increase the 
uniformity of the counting technique the homo- 
genates, after immediate sampling, were stored until 
the experiment was completed and then, after further 
dispersal by ultrasonic vibration, new coded samples 
were prepared and counted again in one operation. 

The counts are shown in Table 1. Each mean 
count of bacilli was obtained from three cultures, 
from each of which two spreads were made and 
counted in duplicate. The results show a highly 
significant increase (P < 0-001) in the number of 
bacilli in cultures with no streptomycin or isoniazid, 
by the fifteenth day of incubation; no further 
- crease occurred in cultures maintained for a further 
14 days. There was no increase in the number of 
bacilli in cultures containing high concentrations of 
the drugs. 

Under these conditions, and using precise methods 
to determine the total number of bacilli present in 
each culture, it has, therefore, been possible to 
demonstrate in vitro limited multiplication of M. 
lepraemurium in five experiments. Furthermore, the 


Table 1. MEAN NUMBER OF AOID-FAST BACILLI COUNTED IN STANDARD 
SAMPLES FROM HOMOGENIZED CULTURES 


Group A cultures Group B cultures 
Streptomycin 

Isoniazid 

Days 


1 
15 
29 





The 1 per cent limits for the ratio of the mean on day 15 to that 
on day 1 for group A cultures are 1:97 and 2-4. (Counts on the fluid 
changes were very low and are not included in the table.) 
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rate of multiplication in vitro corresponds closely to 
that observed im vivo in the mouse. In a personal 
communication from Dr. J. H. Hanks and his 
colleagues at Harvard Medical School, Boston, we 
have learned that substantially similar results have 
recently been obtained using explanted spleen cells 
from infected mice. Multiplication has been confined 
to the initial period of cultivation when the cell 
cultures are healthy. As soon as the infected cells 
begin to degenerate, increasing numbers of bacilli 
will be released and exposed to relatively high con- 
centrations of serum, which have been shown to 
inhibit their endogenous metabolism’. It would 
seem, therefore, that continued multiplication in 
vitro of M. lepraemurium requires a regular supply 
of healthy cells, preferably in a medium containing 
low concentrations of serum. Methods for providing 
these cultural conditions are being investigated. A 
full account of this work will be published elsewhere. 

We wish to thank Dr. Ian Sutherland of the 
Medical Research Council’s Statistical Research Unit 
for the statistical analyses. 

R. J. W. REES 


P. C. Wone 
National Institute for Medical Research, 
Mill Hill, N.W.7. 
Nov. 5. 
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The Diatom Asterionella in the Krishna 
Estuary Region 


DuRING the course of an extensive hydrobiological 
survey of the Krishna River estuary, standing at the 
mouth of the northernmost branch of the Krishna 
River, we noticed that the shore waters and the sea, 
as far as the eye could see, were coloured deep 
chocolate brown, and that the intertidal sand was 
covered with a thick green scum. A sample of the 
water, taken one mile south of the river mouth, was 
collected in a bottle of known volume (24 1.), fixed 
with formaldehyde and allowed to settle for a day, 
giving a sediment 30 ml. in volume. On analysis 
of the sediment by a conventional method (using a 
Sidgwick—Rafter cell), we found that it contained 
mainly swarms of diatoms, the majority of which 
belong to the chain-forming genus Asterionella 
(Japonica F). Other forms like Biddulphia, Thallas- 
siothrix, Pleurosigma, Fragillaria, and Chaetoceros 
were also found, but in fewer numbers. The catch 
represents a total population of 55-568 millions per 
litre (approximately 55-6 cells/mm.’). Of this 
Asterionella alone accounted for 51-6 cells/mm.. 

The waters of the river emptying into the sea were 
very low both in salinity and phytoplankton content. 
The salinity was 0-305 per cent at the mouth of the 
river, but was as high as 2-69 per cent one mile 
south of the river mouth. Correspondingly, phyto- 
plankton density also showed an enormous increase 
from 111 cells/ml. at the river mouth to 55:568 million 
cells/ml. one mile south of the mouth. In view of the 
fact that the coloured water contained a very dense 
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population of diatoms of which Asterionella accounted 
for nearly 93 per cent, it is reasonable to believe that 
the colour of the water was a result of the dense 
occurrence of Asterionella. But to our knowledge 
Asterionella was not previously known to be a causa- 
tive factor in the production of coloured water. 

Bainbridge’, while considering observations con- 
cerning the size, shape and density of marine phyto- 
plankton concentrations, quotes several figures for 
concentrations of diatoms, chiefly for normal waters, 
obtained by various workers from different regions. 
Tbe highest figure he quotes, for Asterionella, is 
3-6 cells/mm.* and observes that much higher figures 
of 31:6 cells/mm.* for other naturally occurring 
diatom densities, as was found by Marshall and Orr? 
in the waters of Loch Striven for 1927, must be 
considered localized and of limited duration. The 
densities found by us, when compared with the 
findings of other workers, referred to by Bainbridge, 
do not appear to be abnormal for highly coloured 
water with localized concentration of diatoms. 

Such high densities in this particular region and 
the particular time are probably due to the enrich- 
ment of the area of the sea water, near the river 
mouth, by nutrient.salts from the mainland through 
the agency of the flooded river during the north-west 
monsoon, which sets in during the latter half of June 
and continues until early October. 

We wish to express our grateful thanks to Dr. 
Kandula Pampapathi Rao, Sri Venkateswara Univer- 
sity, under whose general direction the hydrobiological 
survey is being carried out, and to Mr. Ch. Srinivasa 
Rao of Dintimeraka and his local associates for help 
and co-operation in collecting material. 

V. S. R. Murray 
A. VENKATARAMAIAH 
Department of Zoology, 
Sri Venkateswara University, 
Tirupati, India. Sept. 13. 
1 Bainbridge, R., Biol. Rev., 32, 91 (1957). 
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2,4-Dichlorophenoxyacetic Acid as an aid 
to Seed Production when widely 
separated Solanum Species are crossed 


AFTER repeated unsuccessful attempts to duplicate 
Swaminathan’s! technique for overcoming the cross 
incompatibility between Solanum species, a study 
was undertaken to determine the catses of seed 
failure when widely separated Solanum species are 
crossed. This work showed that some pollen ger- 
minated in all attempted crosses between several 
tuber-bearing series of the genus. Apparently normal 
pollen tubes were even observed at the bases of S. 
melongena L. styles when that species was pollinated 
by S. phureja Juz. and Buk. 


The work indicated that a failure in seed production . 


following the crossing of widely separated Solanum 
species could be a result of a failure in fruit formation 
because too few seeds were present to stimulate 
growth of the ovary. Without fruit formation to 
provide the normal environment for development, 
the few seeds present would be unable to mature. 
Therefore, attempts were made to devise a method 
for stimulating ovarian development which would 
not itself inhibit seed formation. It was found that 
treating the ovaries 24 hr. after pollination with a 
drop of 3-6 p.p.m. of 2,4-dichlorophenoxyacetic acid 
(2,4-D) had the desired effect. 
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The results obtained from the cross of a diploid 
hybrid (S. chacoense Bitt. x S. rybintt Juz. and Buk.) 
x S. stoloniferum Schlecht., illustrate the value of the 
treatment. Several hundred attempted crosses of 
this parental combination yielded only three or four 
very small berries from the non-treated ovaries, 
whereas several hundred berries were produced by 
those treated with 2,4-dichlorophenoxyacetic acid. 
The berries from the non-treated fruit produced no 
seeds, but thousands of viable seeds were produced 
by the treated fruit. By means of this technique, 
viable seeds have also been obtained from several 
other wide crosses, and selfed seeds were obtained 
from hybrid clones of very low pollen fertility. 
Similarly, Fischnich and Lubbert? have reported that 
2,4,5-trichlorophenoxyacetic acid was useful for. 
producing seeds from difficult intervarietal crosses. 
However, these studies have shown that higher 
concentrations of the di- than of the tri-chloro- 
phenoxyacetic acid were necessary to induce fruit 
formation in Solanuwms. Moreover, the indications 
were that the optimum concentration of the latter 
was sometimes inhibitory to seed formation. The 
full results of these investigations are being published 
elsewhere. 

Lzo A. DIONNE 
Field Crop Insect Section, 
Entomology Laboratory, 
Canada Department of Agriculture, 
Fredericton, N.B. 
June 4, 
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Colour Vision of Three Albinos 


In 1951 an albino woman was given anomaloscope 
tests! and it was reported that she had a marked 
deviation in red vision. Recently, two albino men 
have been tested. The three subjects are unrelated. 
Tables 1 and 2 indicate the abnormalities of colour 
vision found in them on the anomaloscope?®. 


Table 1. RED—GREEN TEST 


Matching range 


Subject’s sex and Deviation 


x sigma to red* 
x sigma to red 
x sigma to red 





* Both tests, about 3 weeks apart 
Table 2. YELLOW-BLUE TEST 


Subject’s age and Deviation 
sex 


2 x sigma to yellow 
<1 x sigma to blue* 

1 X sigma to yellow 
Zero 





* Second test, about 3 weeks later 


It will be seen that all three albinos had red 
deviations almost equivalent to simple protanomaly, 
while the two men also had enlarged matching ranges, 
but not quite large enough for them to be classed as 
extreme protanomals. In none of them was the red 
end of the spectrum shortened. It is invariably 
shortened in extreme protanomalous but not invari- 
ably in simple protanomalous subjects. 

In the yellow-blue test the two men had large 
matching ranges. The woman had no defect on her 
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first yellow~blue test except a small deviation to 
yellow, although she was more than fifty years of 
age; but on her second test she had an enlarged 
matching range and a very slight blue deviation. 

. The two men passed the Ishihara test, the younger 
making only one error. The elder made only four 
errors. He claimed to smoke seventy cigarettes a 
day. The woman, although she was less defective 
than the men, failed on the Ishihara test, with 
fifteen errors in twenty-four plates. 


R. W. PICKFORD | 
Psychology Dept., 
The University, 
Glasgow. Nov. 7. 


1 Nature, 188, 954 (1951). 
2 Brit. J. Physiol. Optics, 14, 2 (1957). 
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Moving Visual Images produced by Regular 
; Stationary Patterns 


Ir would seem that some of the intriguing visual 
phenomena, discussed by Dr. MacKay! may be due, 
_ not to cerebral or retinal factors only, but at least 
in part to prerotinal factors, namely, fluctuations of 
accommodation combined with lack of axial sym- 
metry in the optical system of the eye. Helmholtz? 
described how, when looking at a pattern consisting 
of black and white concentric circles, and thus similar 
to one of Dr. MacKay’s, a complicated system of 
darker and brighter radial zones is seen. If accom- 
modation, or the distance from the pattern to the eye, 
is slightly altered, the positions of the brighter zones 
vary and the observer sees them rotate rapidly to and 
fro. According to the above explanation the phenom- 
enon is due to actual changes occurring in the image of 
the pattern formed on the retina. Unless such changes 
can be ruled out as a factor in Dr. MacKay’s more 
complicated experiments, it does not seem possible 
to conclude that subjective impressions of movement 
received while the pattern is looked at, or in after- 
images, are necessarily caused by the nervous system 
responding to a truly stationary light distribution 
in the optical image formed by the eye. 

, M. H. PIRENNE 
University Laboratory of Physiology, 
Oxford. 


1 MacKay, D. M., Nature, 180, 849 (1957). 
* Helmholtz, H. von, ‘‘Physiologische Optik”, 1st ed., Part 1 (1856). 


WHILE viewing the pattern of concentric circles 
reproduced in Nature of October 261, many readers 
will have noted rapidly fluctuating sectors and they 
may have speculated about their cause. 

This effect was first described by Helmholtz’, but 
although he attributed it to accommodation, he did 
not give a definitive explanation of why the sectors 
appear to rotate. 

When the young emmetrope focuses on a near test 
object the amount of accommodation exerted is not 
constant. ‘The lens is constantly undergoing small 
(+ 0-1 dioptro), rapid (2-3 c./s.) fluctuations of power. 
This has -been demonstrated objectively with an 
infra-red high-speed recording optometer® (see Fig. 1). 
Arnulf et al.4 have shown that these fluctuations are 
mainly astigmatic, that is, different segments of the 
circular ciliary muscle probably contract asyn- 
chronously. There are, therefore, even in the 
emmetropic eye, small, variable astigmatic errors 
that occur in constantly changing meridians. Inspec- 
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Accommodation 
(1/19 D.) 


Time (82c.) 


Fig. 1. Variation of powér of accommodation measured in the 
vertical meridian of the eye during steady fixation of a small object 
(seale in 1/10 dioptre) 


tion of Dr. MacKay’s Fig. 21 clearly shows rotating 
sectors. The frequency of occurrence of the effect 
agrees with the objective measurements shown in 
Fig. l herewith. The reader can readily confirm that 
the cause of these rapidly rotating sectors is irregular 
fluctuations of accommodation. The rotation ceases 
if the eye is focused at infinity. This experiment may 
easily be done by viewing the pattern at 25 cm. or 
so through a +4 dioptre lens. Similarly, the rotation 
stops if the ciliary muscle is paralysed with homa- 
tropine eye drops. Naturally, the effect will not be 
reported by a presbyopie observer who is over ‘the 
age of fifty-five years. The effect will also cease if 
the pattern is viewed through a 1-mm. artificial pupil, 
for the increased depth-of-focus of the eye eliminates . 
the perception of the small variable astigmatic errors”. 


F. W. CAMPBELL 
J. G. ROBSON 
Physiological Laboratory, 
Cambridge. 
1 MacKay, D. M., Nature, 180, 849 (1957). 


2 Helmholtz, H. von, “Handbook of Physiological Optics”, 1, 192 
(Optical Society of America translation) (1924). 

3 Campbell, F. W., J. Physiol., 133, 31P (1956). i 

4 Arnulf, A., Dupuy, O., and Flamant, F., C.R. Acad. Sci., Paris, 232, 
349, 489 (1951). 

5 Campbell, F. W., Optica Acta (in the press). 


THE phenomenon mentioned by Dr. Pirenne is one 
of soveral side-effects of our patterns which are being 
separately investigated because they seem to be 
distinct from the complementary response. Helm- 
holtz’s “rotating sectors” are, of course, well known | 
and may be considered as moiré fringes due to the 
superposition of displaced replicas of the pattern 
either in the optical image or at a neural level or 
both. In the ‘ray’ figure described in my previous 
communication! similarly fleeting ‘figure of 8’ moiré 
patterns can be seen as accommodation varies. The 
simplest way of demonstrating their origin is to cover 
the stimulus figure with a transparency of itself, when 
similar fringes appear (Fig. 1), and one can in fact 
measure the amplitude and direction of the effective 
retinal image-displacement by observing the dis- 
placement required in the transparency to produce 
the same moiré pattern. 

The marked differences observed between these 
moiré patterns and the complementary images pro- 
vided the first reason for believing that the latter had 
a different origin. The evidence)? of interocular 
transfer, especially in random visual noise, and of 
the limited relevance of eye movement demonstrated 
by the persistence of the response with a stabilized 
retinal image and in stroboscopic light, combine to 
confirm that the complementary image presents a 
different and separable problem. Furthermore, fol- 
lowing Campbell and Robson’s helpful suggestion, I . 
have verified that the complementary image is still 
seen when the ciliary muscle has been paralysed by 
homatropine. It can be seen also (by seven out of 
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ten observers to date) in the first few seconds after 
exposure of the ray-pattern in a single 120-Joule 
flash lasting less than 14 msec. 

_.. Finally, when the retinal image is deliberately 





moved in such a way that no moiré figures are. 


- generated (for example, by slightly rocking the ray 


ae figure about its centre several times per second), the. 


complementary after-image is strengthened (presum- 
whereas with other types of artificial motion it is not. 
The foregoing evidence would appear to dispose 
also of a confusion in some early literature* between 
these complementary after-effects and tho after-effects 
of seen movement, caused by the use of striped 
curtains and the like as moving stimuli. ‘This work, 
to which my attention has been directed since my 
earlier communications were published, includes un- 












writers usually assimilate them to the ‘streaming’ 
after-image of movement which they were studying. 
‘If one uses a random dot pattern (for example, a 






two effects can be clearly separated. 
One interesting side-effect which we are studying 
is an apparent disturbance of the accommodation 









oss ita central region may sometimes 












f-focus image to be corrected. E 
fuller account of investigations using these 
lar stimulus-patterns will be published elsewhere. 


D. M. MacKay 





Physics Department, 

_ King’s College, 

a Strand, 
‘London, W.C.2. 

. Dee, 1l. 

Kay, D. Me, Nature, 180, 849 (1957). 
yy, D. M., Nature, 180, 1145 (1057). 



























Eee ably because ‘on’ and ‘off’ receptors are stimulated), 


‘mistakable reports of complementary images; but- 
photograph of sandpaper) as the moving stimulus, the: 


flex by the circular pattern. A hair laid obliquely = 
? netimes defy all 
fforts to bring it into sharp focus, although against. 
lain background at the same distance it becomes — 
‘fectly sharp. It is hoped that experiments in this- 
inexion may yield some clues to the organization — n 
he detector-system which normally enables an 


dictions about spatial ordering. 


to gamble. If they have the choice of a) 
_ different courses of action which, on th 
~~ will yield the same benefit, they will pret 
_ some loss in order to chance some gain, rathe 
to choose a course which has a certain outcor 
`- preference has been shown in laboratory st 







Here coffinite occurs as a replacement of ¢c 


 pitchblende. AH stages of replacement ocet 


incipient alteration along radial fractures 
centric growth bands to complete colloform 
morphs measuring up to 5 mm, across. > 






Hig. 1, Golleform agaroxates of cofinite, black lowes part of 
The identification was based on X-ray powder 
photographs with the strongest lines at 3:49 (v8), 
4-66 (s.), 2-64 (m.s.) and 1-80 (ms.) A. A spectro- 
graphic analysis showed major uranium and silicon 
with vanadium and lanthanum among the minor 
elements. ee 
A fall description of the physical properties with —_ 
a complete chemical analysis will be published 
elsewhere. The present communication is published 
by permission of the Director of the Geological 
Survey. | Ey 












K. TaytoR 
R. K. HARRISON 
Atomic Energy Division, nS 
Geological Survey of Great Britain, 
Young Street, London, W.8. 
Nov. 5. Reve 
Stern, T. W., and Sherwood, A. Mo Amer. Min 
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< Subjective Probability, Gambling and 
be Intelligence = — = 

Tr is well known that subjective ideas o) 
ability differ from predictions made using 
laws. This has been shown in temporal p 
by Jarvik!, Cohen and Hansel? and other 
also been shown by me? to be the case 
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Tt is also well known that persons. im 
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te ige ae 
set panics ‘the task -of searching 
which might be in one of a number of places, and 
related the strategy they adopted to their intelli- 
genee. This task could either be carried out system- 
atically, or the person could. gamble, he could work 
at ‘random’, pitting his confidence in his hunches 
against the risk of forgetting where he had looked. 
he advantage of approaching this task system 
ally is that it ensures no moves will be forgotten 
y aa were. cack se threo -probler 
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=o re-examined from the point of view of intelligence. 
e E This showed that intelligence and subjective prob- 
ability were not related. It would seem, then, that 
|. intelligence determined not the hunches the man had, 
pene But whether he chose to be guided by them. 
ees H. C. A. DALE 
= = Medical Research Council 
=o Applied Psychology Research Unit, 
18 Chaucer Road, Cambridge. 
4 Jarvik, M. E., Amer. Psychol. (abstract), 1, 453 (1946). 
ooa Cohen, J., and Hansel, C. E. M., Brit. J. Psychol., 46, 178 (1955). 
ooo o Dale, H.C, A., M.R.C. App, Psychol. Res. Unit Report No. 280. 
oS Edwards, W., Amer. J. Psychol., 66, 349 (1953). 
| Swhitfield, J. W., Biometrika, 34, 292 (1947). 





Constant Temperature Water-Bath 


A STATIONARY manometric respirometer for the 















aving a temperature control of +-0-01° C. 
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-bath (Fig. 1) and from 4-0-016° to +0-002° C 
the corner of the bath (Fig. 2). 
bsolute temperature differences between any twe 





of agging mig additional poen vices). 


“Did the. more _ TA 
telligent subjects have sophisticated ideas about & °?" 
bjective probability, or did they have the usual ~~ 
ideas but prefer to use the alternative, systematic, 
approach ? In order to throw light on this question. 
the results of my subjective probability study? were 


imultaneous measurement of oxygen consumption | 
nd contraction amplitude of electrically stimulated 
1uscle preparations has been developed’. It is 
ecessary to immerse this apparatus in a water-bath 


"he most compact and efficient unit available | 
reotherm’ unit with mercury contact thermometer: 
Shandon . 
ientifie Co., Ltd., London), comprising heater, 

thermometer and thermostatic control is... 
nd to give an accuracy of only. -+-0-023° O. under 
However, by including —. 


oe eo) 


Variae’ continuously adjustable auto-transformer Bee 
‘ype V6 HMT. Zenith Electric Co., Ltd., London) _ 
the above heater circuit the desired temperature oe ne 
Te Fig. : 
An unlagged ‘Perspex’ bath (0:32 m. x 0:25 m. xX: e 
:25 m.) containing 201. of water is used: thisstandson 
mains voltage. 
working value of 75 V. The rate of stirring iou 


By reducing the heater input voltage from — 


50 V. to 75 V. the temperature fluctuations. are affected. This system avoids the necessity : for. 


‘tnetal frame in the laboratory at normal room tem- 
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Fig, 1. baie fluctuations at centre Re bath, A, 250 V.; 
B,150 V.: C, 100 V.: D, 75 Vi: EB, 50V. 
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Temperature fluctuations at corner, of bath. 
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“both a booster heater and a smaller one. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, February 3 


INSTITUTION OF POST OFFIOH ELECTRIOAL ENGINEERS (at the 
Institution of Electrical Engineers, Savoy Place, London, W.C.2), 
at 5 Le oa R. H. Franklin and Mr. M. B. Willams: “Recent 
Developments in Line Transmission Systems”. 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington 
House, Piccadilly, London, W.1), at 5.30 p.m.—Mr. Robert Clark: 
Presidential Address. 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting 
with the MIOROBIOLOGICAL GROUP, at 14 Belgrave Square, London, 
S.W.1), at 6.30 p.m.—Mr. J. J. H. Hastings: ‘Microbiological Pro- 
duction of Organic Chemicals’’. 


ROYAL GEOGRAPHICAL Soorety (at 1 Kensington Gore, London, 
S.W.7), at 8.30 p.m.—Mr. John Ward Perkins: “The Ancient Land- 
scape of Southern Etruria’. 


Tuesday, February 4 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 
Belgrave Square, London, 8.W.1), at 10.80 a.m.—Nitrogen Meeting. 


INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society, 
ie House, Piccadilly, London, W.1), at 5.30 p.m.—Scientific 
apers. 


INSTITUTION OF CIVIL ENGINEERS No Great George Street, London, 
S.W.1), at 5.80 apres N. E. Y. Viner-Brady and Mr. H. M. 
Pearson: “The Use of Aerial Photography by Railways”. 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND CON- 
TROL SECTION (in Con netipa with the BRITISH NUOLEAR ENERGY CON- 
FRRENCE, at Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. J. H. 
Bowen and Mr. E. F. O. Masters: “Temperature Transients in Gas- 
Cooled Thermal Nuclear Reactors”; Mr. W. Abson, Mr. P. G. Salmon 
. and Mr. 8. Pyrah: “Boron-Trifluoride Proportional Counters” and 

“The Design, Performance and Use of Fission Counters’; Dr. J. 
pow letk : “The Application of Digital Computers to Nuclear-Reactor 
esign’’, 

ROYAL INSTITUTION (at 21 Albemarle Street, London, yas at 
5.30 pee he J. Z. Young, F.R.S.: “The Living Body asa Machine”. 
Further lectures on February 5, 11 and 12. Lectures for Sixth Form 

oys and Girls from Schools in London and the Home Counties.) 


SOCIETY OF DYERS AND COLOURISTS, LONDON SECTION (joint meet- 
ing with the LONDON SECTION of the TEXTILE INSTITUTE, at the 
Chemical Society, Burlington House, Piccadilly, London, W.1), at 
6 p-m Dr; T. Vickerstaff: “Progress in Textiles. A review of de- 
ve opments and their effect on industry and user: Dyeing and 

inishing’’. 


Wednesday, February 5 


ROYAL Soorety (at Burlington House, Piccadilly, London, W.1). 
at 3 p.m.—Discussion on “Experimental Results with the Zeta 
Apparatus on Controlled Thermonuclear Reactions” opened by Sir 
John Cockcroft, F.R.S. 


ROYAL SOCIkTY OF MEDICINE, HISTORY OF MEDICINE SECTION 
(at 1 Wimpole Street, London, W.1), at 5.15 p.m.—Sir Weldon 
Dalrymple-Champneys: “Preventive and Curative Medicine in 
Ancient Peru” (Presidential Address). 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
W.1), at 5.30 p.m.—Dr. P. J. V. Agius and Mr. D. Mulvey: ‘‘Mech- 
anism of Sludge Suspension in Engine Oil”, 


ROYAL SOOIETY OF MEDICINE, EXPERIMENTAL MEDICINE AND 
THERAPRUTIOS SECTION (at 1 Wimpole Street, London, W.1), at 
5.30 p.m.—Symposium on “Hemoglobin”, Speakers : Prof. C. 
Rimington, Dr. A. C. Allison, Dr. H. V. Ingram and Dr. J. Walters. 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, London, W.C.1), 
He 0.20 .m.—Dr. W. J. G Beynon: “Radio Investigations during 

e I.G. Y.”. 


Thursday, February 6 


and Evaporation of Crystals from the- Vapour Phase’: 
Mr. R. Hide: “An Experimental Study of Thermal Convection in a 
Rotating Liquid”. 

UNIVERSITY OF LONDON (at the Middlesex Hospital Medical School, 
Mortimer Street, London, W.1), at 5 p.m.—Prof. T. S. Westoll, F.R.S. : 
“Pattern and Form in the Vertebrate Skull: a Study in Plastie De- 
formation and Its Limits’’.* 


BEDFORD COLLEGE (at Regent’s Park, London, N.W.1), at 5.15 p.m. 
—Prof. J. Z. Young, F.R.S.: “The Brain and Its Connections”’.* 


INSTITUTE OF REFRIGERATION (at the Junior Institution of Engineers, 
Pepys House, 14 Rochester Row, Westminster, London, 8.W.1), at 
5.30 p.m.—Dr. Audrey U. Smith: “The Preservation of Living 
Cells and Tissues at Low Temperatures”. f 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.80 DDI: H, W. Melville, F.R.S.: “High Polymers” 
(Forty-ninth Kelvin Lecture). 

UNIVERSITY COLLEGE, LONDON (in the Anatomy Theatre, Gower 
Street, London, W.C.1), at 5.30 p.m.—Mr. Colin Clark: “World 
Population”.* (First of the Newmarch Lecturesin Economic Statistics. 
Further Lectures on February 13, 20 and 27.) 

INSTITUTE OF METALS, LONDON LOOAL SECTION (at 17 Belgrave 
Square, London, 8.W.1), at 6.80 p.m.—Dr. B. R. T. Frost: “Corrosion 
by Liquid Metals”. e f . 
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ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the KINGSTON TECHNIOAL COLLEGE CHEMICAL SOCIETY, at 
Kingston Technical College, Fassett Road, Kingston), at 7 p.m.— 
aed H. J. Eméleus, F.R.S.: “The Boron Hydrides and their Potential 

ges”. : 
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Friday, February 7 


SOOIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (joint meeting with the INSTITUTION OF HIGHWAY ENGINEERS, 
at the Institution of Structural Engineers, 11 Upper Belgrave Street, 
London, S.W.1), at 5.30 p.m.—Dr. E. K. Woodford, Mr. R. C. B. 
deer and Mrs. M. W. Spitta: “Planting and Control of Road 

erges”, 


SOOIETY OF DYERS AND COLOURISTS, LONDON SECTION (at the 


-Royal Society, Burlington House, Piccadilly, London, W.1), at 6 p.m. 


—Mr. C. C. Wilcock : ‘Spun-dyed Fibres, their Properties and Uses”. 


SOCIETY FOR ANALYTIOAL CHEMISTRY, MICROOCHEMISTRY GROUP 
(at the Chemical Society, Burlington House, Piccadilly, London, W.1), 
at 6.15 p.m.—Annual General Meeting, 6.80 p.m.—Ordinary Meeting 
of the Society organized by the Microchemistry Group. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Mr. John Marco Allegro: “The Dead Sea Scrolls’, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned: 

ANALYST (with a B.Sc. degree, preferably with honours in organic 
chemistry, and an interest in biochemistry and animal nutrition 
research) IN THE NUTRITION RESEARCH LABORATORY, Department 
of Agriculture, Glenfield, N.S.W., Australia, for duties which include 
the puporvision and testing of analytical procedures in biological 
chemistry (vitamin A blood ketone assays, etc.) involving techniques 
such as paper chromatography and spectrophotometry—The Agent- 
General for New South Wales, 56 Strand, London, W.0.2 (February 12). 

READER IN CHEMICAL ENGINEERING; READER IN ELECTRICAL 
ENGINEERING (Heavy Current); READER IN MEOHANIOAL ENGINEER- 
ING; READER IN PHYSIOAL ALLURGY, READER IN INDUSTRIAL 
METALLURGY ; RHADER IN MATHEMATICS or MATHEMATICAL PHYSICS 
—The Registrar, College of Technology, Suffolk Street, Birmingham 1 
(February 12). 

RESEARCH STUDENT (with a good honours degree in engineering 
or science) IN BIOMECHANICS—The Registrar, King’s College, Strand, 
London, W.C.2 (February 14). 

ASSISTANT LECTURER IN: GENETIOS—The Registrar, The University, 
Sheffield (February 15). 

ASSISTANT LECTURER (with an honours degree in psychology and 
additional training or experience in clinical psychology) IN CLINICAL 
PSycHOLOGY in the Department of Psychiatry of the Faculty of 
Medicine—The Registrar, The University, Manchester (February 15). 

INTERNATIONAL PAINTS RHSHAROH FELLOW (preferably with at 
least two years postgraduate research experience) at the Plymouth 
Laboratory, to continue biological and chemical research already in 
progress, including research with radioactive substances, with a view 
to furthering knowledge of the effect of toxic substances on marine 
animals and plants—The Secretary, Marine Biological Association 
The Laboratory, Citadel Hill, Plymouth, Devon (February 17): 

TECHNICIAN (preferably with experience in workshop practice or 
histological techniques) AT THE BIOLOGY STATION—The 
Re trar, T riy College of North Wales, Bangor, North Wales 

ebruary A 

ASSISTANT LECTURER (with qualifications in either 


ure or applied 


. Mathematics) IN MATHEMATICS—The Registrar, The University, 


Manchester 18 (February ite 

PRINCIPAL LECTURER (with high qualifications in physiology and 
preferably some experience as a university lecturer) IN ANATOMY 
AND PHysioLoGy—tThe: Principal, Loughborough Training College, 
Loughborough (February 21). 

SENIOR LECTURER IN ZooLogy at the University of Western 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, 
February 21). . 

ASSISTANT LECTURER or LECTURER IN GEOLOGY—The Secretary, 
The University, Exeter (February 22). 

RESEARCH FELLOWS (Ph.D., with a special aptitude for research In 
high or low energy nuclear physics) IN EXPERIMENTAL or THEORETIOAL 
See on} Puysics—The Registrar, The University, Liverpool (Feb- 
ruary . 

LECTURER or ASSISTANT LECTURER (honours graduate, preferably 
with research interests in mycology and plant pathology) IN BOTANY 
at the University College of the West Indies—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (February 25). 

LEOTURER IN BIOCHEMISTRY at the University of Sydney, Australia 
-—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, February 28). 

PROFESSOR OF PURE MATHEMATICS in the Durham Division of the 
University—The Registrar, University Office, 46 North Balley, 
Durham (March 1). 


HEAD (with an honours or higher degree in science with extensive 
experience of teaching, advisory work and research in agriculture 
and dairy bacteriology) OF THE COLLEGE DEPARTMENT OF BACTERIO- 
LOGY—The Secretary, West of Scotland Agricultural College, 6 Blyths- 
wood Square, Glasgow, C.2 (March 15), 

RESHARCH ASSISTANTS (2) (theoretical physicists with research 
experience) IN THE DEPARTMENT OF THEORETIOAL Puysios, for 
special research into fundamental particle and nuclear physics—The 

egistrar, The University, Liverpool (March 15). 

MPERIAL CHEMIOAL INDUSTRIES RESEAROH FELLOWS IN BIo- 
OHEMISTRY, CHEMISTRY, CHEMOTHERAPY, ENGINEERING, METALLURGY, 
PHARMACOLOGY AND Puysios—The Academic Registrar, University 
of London, Senate House, London, W.C.1 (April 30). ‘ 
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TURNER AND NEWALL RESEARCH FELLOW IN ENGINEERING, IN- 
ORGANIO CHEMISTRY or PHYsios—The Academic Registrar, University 
of London, Senate House, London, W.C.1 (April 80). 

ANALYST (with a university degree in chemistry or equivalent 
qualification in analytical chemistry, for example, A.R.LC., with two 
years research experience in pure or applied ae IN THE. DE- 
PARTMENT OF AGRICULTURE, Federation of Nigeria, to carry out 
analysis and testing of soils and plant materials in connexion with 
the research programme of a soils and crop nutrition team, and to 
supervise the routine work in the chemistry aboratory—The Director 
of iT a Colonial Office, London, S.W.1, quoting Ref. BCD. 
63/14 A 

OSPITAL BIOCHEMIST, Basic grade (with a B.Sc. degree, with 
chemistry or biochemistry as main subject or eui vean qualifica- 
A a Chief Pathologist, West Middlesex Hospital, Isleworth, 


LABORATORY TECHNICIAN (preferably with experience in photo- 
graphy or vacuum techniques) IN THE DEPARTMENT OF PHYSICS, 
Washington Singer Laboratories, for duties which will include the 
care e maintenance of laboratories—The Secretary, The University, 
Exeter. 

LECTURER, ASSISTANT PROFESSOR, POSTDOCTORATE FELLOW, and & 
RESEARCH ASSISTANT IN THE DEPARTMENT OF Puysics—Head of 
the, Depar mony of Physics, University of British Columbia, Vancouver, 
B.C., Canada, 

LECTURER (Grade Ila) in each of the following Departments : 
MEOHANIOAL GINEERING DEPARTMENT, PHYSICS DEPARTMENT and 
the CHEMISTRY DEPARTMENT—The Principal, Paisley Technical 


College, George Street, Paisley. 
PHYSICAL CHEMIST, Scientific or Senior Scientific Officer grade 
(with post uate research experience in reaction kinetics, particu- 


larly oxidation work), at the Wantage Radiation Laboratory, work 
on the development of industrially important reactions Initiated by 
radiation—The Recruitment Officer (1018.Z/34), Atomic Energy 
Research Establishment, Harwell, Didcot, Berks. 

RESEARCH OFFICER (with a university degree in forestry or a univer- 
sity degree in botany and a diploma in forestry) IN THE DEPARTMENT 
OF FOREST RESHAROH, Federation of Nigeria, to carry out silvicultural 
investigations, chiefly in the high forest regions of the Federation, 
but with a possibility of work in the savannah regions also—The 
Director of Recruitment, Colonial Office, London, 8.W.1, quoting 
BCD.61/14/06. > 

RESEAROH STUDENT IN Puysios in the fleld of microwave spectro- 
scopy of solids, particularly at low temperatures—The Registrar, 
The University, Nottingham. 

SOrENTIFIC OFFIOERS (with a first- or second-class honours degree 
in an appropriate subject or equivalent) with the Minis of Supply 
at research and development establishments, mainly in the south of 
England, for “work in physics, electronics, electrical, mechanical or 
aeronautical engineering, applied mathematics, metallurgy or chem- 
istry—The Ministry of Labour and National Service, Technical and 
Pele miago Register (K), 26 King Street, London, 8.W.1, quoting 
A.8/8A. 

Soro GEOLOGIST (witha degree in geology and not Jess than ten 
years experience in geology, including water geology and drilling) 
IN THE WATER DEVELOPMENT DEPARTMENT, Government of Cyprus, 
to take charge of the drilling section of the Department, which in- 
cludes geology, and to carry out miscellaneous geophysical and 
other research work, and to work in close collaboration with the 
Hydrological Section of the Water Development Department— 
The ‘Director of Recruitment, Colonial Office, London, 8.W.1, quoting 
BCD.140/17/06/T. 

‘SHNIOR PHYSICIST to take mainly sixth form work including univer- 
sity scholarship level; and a PAYSIOIST to teach throughout the 
school to the advanced level standard if necessary—The Warden, 
Trinity College, Glenalmond, Perthshire. 

SENIOR SOLENTINIO OFFICER or SOIENTIFIO OFFICER (THERMO- 
DYNAMICS) (with a first- or second-class honours degree and a know- 
ledge of current and future developments in aircraft and missile pro- 

ulsion systems) with the Air Ministry, for work concerned with 

educing performance characteristics of propulsion systems of the 
world’s fatest types of aircraft and missiles, and involves personal 
liaison with Fighting Services Experimental Establishments and firms 
in the U.K. and the United States—The Ministry of Labour and 
National Service, Technical and Scientific Register (K), 26 King Street, 
London, §.W.1, quoting A.21/8A. i , 

SENIOR TECHNOLOGIST (with a university honours degree in science, 
applied science or chemical engineering, together with some post- 
graduate research experience) with the Bread Research Institute of 
Australia, to initiate and expand investigations into the physical 

roperties associated with the mechanical manipulation of dough 
The high and low temperature storage of bread, temperature an 
humidity factors in oven performance—The Director, Bread Research 
ToD of Australia, 111 Pacific Highway, North Sydney, N.S.W., 
Australia. : 

SPEGIALIST OFFICER (STATISTICIAN) (with a good honours degree 
in mathematics and two years postgraduate experience in statistics 
as applied to agricultural research) with the Federation of Nigeria, 
for duties which will include the building up and supervising of a 
statistics branch in the Department of Agricultural Research—The 
Director of Recruitment, Colonial Office, London, 8.W.1, quoting 
BCD.63/14/048. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) . 


Great Britain and Ireland 


Forestry Commission. Forest Record No. 35: The Use of Home- 
Grown Timber in Paokagini and Materials Handling., By J. R. Aaron. 
Pp. 82. (London: H.M. Stationery Office, 1957.) 2s. 6d. net. [1211 

Statement by the Forestry Commission of Great Britain prepared 
for the British Commonwealth Forestry Conference, 1957. Pp. 24. 
(London: Forestry Commission, 1957.) {1211 
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Department of Scientific and Industrial Research. Road Research 
Laboratory. Road Research Technical Paper No. 88: Some Safety ‘ 
Aspects of Pedal and Motor-Assisted Cycles. By Dr. H. J. H. Starks | 
and R. D. Lister. Pp. tv+40+4 plates. (London: H.M. Stationery 
Office, 1957.) 2s. 9d. net. 211 

The Life and Work of Frederick Winslow Taylor. 
(London: Urwick, Orr and Partners, Ltd., 1957.) . 6d. 

Building Research Station Digest, October 1957: Plastics for Build- 
ing. Pp. 8. (London: H.M. Stationery Office, 1957.) 3d. net. [1211 

Journal of the West African Science Association, Vol. 1, No. 1 (October, 
1954). Pp. 72. (London: Charles Knight and Co., Ltd., 1954. 
Published for the West African Science Association.) 12s. 6d. [1211 

Glasshouse Crops Research Institute. Annual Report, 1954+1955. 
Pp. 1084-6 plates. (Littlehampton: Glasshouse Crops Research 
Institute, 1957.) [1211 

Tube Investments Limited. Chairman’s Statement—Annual General 
Meeting, Birmingham, 9th December, 1957. Pp. 12. (London: Tube |. 
Investments Limited, 1957.) [1211 h 

Library Association. Special Subject List No. 22: Vintage Cars. . 
Pp.18. (London: Library Association 1957.) 2s. 6d. {1811 ìà 

National Physical Laboratory. SF—Standard Frequency'Trans- ;: 
missions from the United dom. Pp. 7. (Teddington, Mddx.: :. 
National Physical Laboratory, 1957.) a ae {1811 .' 

The Leverhulme Trust. Leverhulme Research Awards: First 7 


manna - ™~ -a . 


= 


L 


Report. Pp. 72. (London: The Leverhulme Trust, 1957.) [1811 \. 
Memoirs of the Ro Astronomical Society. Vol. 68, Part 1: 
Radial Velocities of Southern B Stars Determined at the Radcliffe ų 
Observatory (Paper 2). By M. W. Feast, A. D. Thackeray and A. J. -: 
Wesselink. Pp. 85. (London: Royal Astronomical Society, 1967.) 


1 


16s. 
British Iron and Steel Research Association. Survey, 1957. . 16. 
(London: British Iron and Steel Research Association, 1957. 1811 | 
Imperial College of Science and Technology (University of London). ` 
TETT Report of the Royal School of Mines, 1954-57. - vi+46+4+ . 
ates. 


London: Imperial College of Science and Technology, \ 
1957.) (1811 


Other Countries i { 


Illinois Natural History Survey Bulletin. Vol. 27, Article 1 (August 
1957); Ecological Life History of the Warmouth (Centrarchidae). 
By B. Weldon Larimore. Pp. 83. (Urbana, Il.: Department of 
Bopiowaton and Education, Natural History Survey Divinam, 

$ 1211 

Fisheries Research Board of Canada. Bulletin No. 111: Report of 
the Atlantic Herring Investigation Committee. By A. H. Leim, S. N. ,, 
Tibbo, L. R. Day, L. Lauzier, R. W. Trites, H. B. Hachey and W. B. 
rae . Pp. vili+317. (Ottawa: Fisheries Research Board of coneda. e 

è 12 ; 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 38 | 
(September 1957): Sex Difference in Mortality Increasing. Longevity 
of Industrial Population at New High. Geographic Variation in Fatal 
Accidents. Recent Progress in Control of Maternal Mortality. » 12, ‘* 
(New York: Metropolitan Life Insurance Company, 1957.) 1211 

Colony of Mauritius. Meteorological Observations and Climatologi-'. 
cal Summaries, 1956. Part 7: July, 1956. Pp.12. Part 8: August, |} 
1956. Pp.12. Part9: September, 1956. Pp.12. Part 10: October, ! 
1956. Pp.12. Part11: November, 1956. Pp.12. Part12: Decem- ., 
ber, 1956. Pp. 12. (Port Louis: Government Printer, 1957.) [1211 \} 

Sveriges Geologiska Undersökning. Avhandlingar och Uppsatser. 1 
Series O, No. 539 : Skredet vid Intagan ar 1648. Av Björn Järnefors. - 
EP. 18+2 plates. 2 kronor. Series C, No. 641: Nya Geologiska 

ndersSkningar vid ut Jarnmalmsfalt. Av Nikolaj Pilava-Podgurskl. . 
Pp. 54. 8 kronor. Series C, No. 542: On the Occurrence of Ignim- |. 
brite in the Pre-Cambrian. By S. Hjelmqvist. . 12412 i 
1 kronor. Series ©, No. 543 : Hin Beitrag zur Stratigraphie un 
Bau des Skelleftefeldes, Nordschweden. Von Gunnar Lautsky.;° 
Pp. 65+4 plates. 6 kronor. S:ries O, No. 544: Petrology of the |) 

ppsala Region, Eastern Sweden. By P. H. Lundegirdh. Pp. 74-+1 | 

late. 6 kronor. Series C, No. 545: An Paringnake Catalogue for ' 
ennoscandia for the years 1891-1950. By Markus Bath. Pp. 52. { 
8 kronor. Series C, No. 546: De Glasiga Diabasgingarna 1 Djupviks ; 
Kalkbrott, Bjirkviks Socken, SSderm Ac Erik Ahm 


dem [> 


anland. an. exe 
18. 2kronor. Series C, No. 547: On the Btratigrennicat Valne of the 
Megaspores of Lycostrobus scottii: Preliminary Report of Some New ;' 
Finds and Their Interpretation. By Britta Lundblad. Pp. 11+1., 
late. 1 kronor. Series O, No. 548: A Petrological Investigation on ' 
ake Norra Dellen by Means of Frog-Man Equipment. By Leonardo « 
L. Redaelli. Pp. 22. 2 kronor. Series ©, No. 551: Geokronologiska /} 
ndersdkningar i Värmland. Av Jan Lundqvist. Pp. 28+-1 plate. } 
2.50 kronor. Series C, No. 554: C14-Daterin am Rekurrensytor ' 
1 Värmland. Av Jan Lundqvist. Pp. 22. 2 kronor. Series O, No. 
567: C14-Analyser i Svensk Kvartärgeologi, 1955-57. Av G. Lund.\ 


` 


Y 


qvist. Pp.25. 2 kronor. Årsberättelse för År 1954. Pp. 8. Arsberat-', 
telse for Ar 1955. Pp. 9. Årsberättelse för Ar 1956. Pp. 8. (Stock-':. 
holm : Kungl. Boktryckeriet P. A. Norstedt & Söner, Sere À 
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experience. Five-day week. "Pension fund.- AD- 

plications, giving details of age; qualifitations, and 
perience, should be made to Personnel Officer, 
Wood Lane, London, W.12. 


HE PRICE OF SAFETY. Is THE COST 
JENCONS interchangeable desiccator.—Send for 


price and spares list to.Jencons (Scientific) Lid., 


i rk Road, Hemel „Hempstead, Herts. 


GRANTS & SCHOLARSHIPS 


UNIVERSITY COLLEGE OF 


> oNORTH STAFFORDSHIRE 
ILS. RUBBER CO. POSTGRADUATE 
RESEARCH STUDENTSHIP 
Applicants for this Studentship should have a 
good honours degree including chemistry, The 
vecessful applicant will be expected to read for 
higher degree, working on cationic polymeriza- 
n ander the direction of Dr. P., H. Plesch. 
tipend not less than £400 per annum. 
Applications, giving a brief curriculum vitae 
wid names of two referees, should reach the 
: tire The College, Keele, Staffs, by February 


SCHOLARSHIPS ABROAD 1958-59 
“Applications are.invited from British students 
or scholarships: -offered by Austria, Belgium., 
razil, Denmark, Finland, France. Germany, Jee 
dand, Tran, kaly, Japan, The Netherlands, Nor- 
ay, Poland, Portugal,- Spain, Sweden, Switzer- 
and, and Yugoslavia. The awards are mainly for 
niversity graduates and undergraduates and are 
enable for periods varying from a few weeks to 
welve months during the academic year 1958-59, 
Full particulars and application forms, for which 
stamped Gad.) self-addressed adhesive Habel 
should be sent, are obtainable from the British 
uneil, 65. Davies Street, London, W.1, or from 

sd British Council office in the United Kingdom. 


UNIVERSIT Y OF NOTTINGHAM 
DEPARTMENT OF PHYSICS 
SE Applications are invited for a Research Student- 
ship it- Physics in the Sekt of microwave spectro- 
scopy of solids. particularly at low temperatures. 
alae £3450 per annum, plus fees. 
“Fyrther information and form of application 
may be obtained from: ‘the Registrar. 


MPERIAL COLLEGE OF SCIENCE 
~~ AND TECHNOLOGY ~ 


: “Applications invited from honours graduates in- 


chemistry or physics for immediately available 
bursaries..of about £400 per annum. to carry out 
undamental research on combustion and flame 
ypagation, normally leading to Ph.D. 
pplications, with curriculum vitae, to Dr, 
_ Burgoyne, Department of Chemical En- 
neering, r Tmpers College, 5. bad: 7. 


Firm in the Midlands has spare extraction s 
refining and drying capatity available.. 


b > ae vali 
a work eeu is. ng MSc. 


The minimum ariiual: stipend ped 


period is $1,500. Research in progress 


s: Ec 
and | physiology of aquatic and bloodsiicking in- 


segit population dynamics of grasshoppers (D. 
M. Davies), Formation of lake bottom sedi- 


ments: sensory physiology in fish (CH. Kieere- 
f kopen. 


Viruses in wild plants; cytological 
tudies (W. D. MacClement). Physiology of 
yeast sporulation ; ecology of soil microfiora GF. J. 
Her). Experimental embryogeny ; organic 


F [terrain organization: palacobotany and evelop- 


mental. morphology ; applied palacobotany and 
palyndlogy ON, W. Radforth). 
Applications shouldbe sent before March 15. 


14958. accompanied by university transcript and 


letters of recommendation from two professors, 10 
Or. R, Kleerekoper, Chairman. Department of 
Biology, Hamilton College, McMaster University, 
Hamilton, Ontario, Canada. 


ROYAL HOLLOWAY COLLEGE 


UNIVERSITY. OF LONDON 

A: “Tutorial Research Studentship in Mathe- 
matics: {Pure or Applied) is offered for the ses 
sion’ 1958-50, renewable for a second year. The 
Studentship is intended to enable the holder, 
while. gaining some experience of- university 
teaching, to work for a higher degree of the 
University; of London or some other university. 
Value £350 a year,-or £170 with board and resi- 
dence. 

Particulars may be. ébtained from the Principal, 
Royal Holloway -Colieee, Engiecfield Green, 
Surrey, to. whom rag ions should be sent not 
later than March f, 


NUFFIELD FOUNDATION 


BIOLOGICAL SCHOLARSHIPS AND 
BURSARIES 

The Nuffield Foundation, as part of its pro- 
gramme for the advancement of biological studies. 

i to offer for the academic year 1948-9 
a Hmited number of Scholarships and Bursaries 
iò enable persons who have graduated in physics, 
chemistry, mathematics or engineering, but who 
have had no training ina blological subject, to 
receive such training in biology as will enable them 
in due course to undertake research and teaching 
in the United Kingdom in the biclogical sciences. 
The Scholarships, which are senior awards, are 
intended for persons who have already undertaken 
some postgraduate research in their own subject. 
The Bursaries are intended to enable those who 
have recently graduated. to complete a course of 
training in biological subjects including, if con- 
sidered necessary; a full honours degree course in 
biology... In the case of both scholars and bursars 
the Foundation will pay the cost of university 
andfor. college fees in addition to a maintenance 
award, Graduates of “Universities in the United 


Kingdom. of either sex and preferably between 


the ages of 22. and 35, are cligible to apply. 
Applications for awards. in 1958 must be re- 
ceived before April 1, 1958. by the Director, The 
Nuffield Foundation; Nuffield Lodge, Regent’s 
Park, London, N.W.1, from whom full particu- 
lars and application forms tan be obtained. 
L. FARRER-BROWN, 
Director of the Nuffield Foundation. 


Suit- 


z able for extraction of vegetable and animal oils, 
vegetable pigments, vitamin extracts; and work 


of a similar nature. 


Would consider process- j 


a ing for-customers or would purchase suitable. fl 


~ taw materials. —Box 602, T. G. Scott and Son, 
pas J Clement’ s Inn, i, London, WC. 2. 


Watford 


i disciplines. 


1958-9 a small Lees oO 
saties to enable graduates `} 
other than the social 
economics, to amoy 


“particalariy 
ao yea to receive ES 


economic 80 that. in di i Seo rie 
take research or teaching in the 
in these subjects, 

ti e senior awards, 


.. The 
enable those who: have recently ‘prada 
a course of training in sociological su 


dation will pay the cost of university and) 
lege fees in addition to a maintenance: 
Graduates of Universities in the United Ki 
of either. sex and preferably between th 
22 and 35, are eligible to apply, 

Applicatians for awards in 49 
ceived before May 1, 1958, by the Directo 
Nuffield. Foundation, Nuffield Lodge, R. iren 
Park, London, N.W.1, from whom fult parcul ‘ 
and application forms car gos obtained. 


RESEARCH SCHOLARSHIPS a THE = > 
STITUTE OF CANCER ESEARCH § { 


graduates with special interest in aneao 

and biochemistry of the nucieie acids, The 
will be carried out under the supervision of 
K. S. Kirby, and the successful. candidate wil 
encouraged to proceed to a higher degree. 
post is tenable at the Pollards Wood Rese 
Station of the Institete” of. Cancer: Resear fe 
Royal Cancer Hospital, Nightingales Lane, Chal. - 
font St. Giles, Bucks, and applications should — 
be sent direct to Dr. kiny. at this address 
later than ei af B, 1958 


MISCELLAN ZER z 


A MAJOR OIL COMPANY TS: MAKIN 
a survey of “ Automatic Process Stream 
Analyser ” instruments available from sterl- 
ing sources. This is meant to inchide only 
robust apparatus suitable for outdoor mount 
ing to provide a continuous monitoring . o 
petroleum processes by an analytical 
as distinct from the conventional envi 
mental methods, in 

The information will be shared. with th 
Company’s world-wide associates | in be 
the sterling and dollar areas. -Aon 

To ensure there are no major o 
it is requested that manufacturets o 
instruments, including major suppi 
mit an outline list of their r produe 
field. Every repy wii bèe-ġ 

Reply to Box 607, T: G. cott. 
Ltd., 1 Clement's Inn, London, W 


FOR ACCURACY, RELIABILITY AND 
FIRST-CLASS WORKMANSHIP IN 
METEOROLOGICAL INSTRUME 


look ee 


“Fs DARTON & CO. LTD. 


Herts. 


available through your usual peels furnisher. 





violet and infra-red light, 


PLANATORY LITERATURE AVAILABLE 


= METRON works, PURLEY WAY - | Full particulars from ee 
CROYDON, SURREY `> CROydon-3845/6/7 ‘PREC ja, #9771 MORTIMER sT 


London Showroom : 244 High Holborn, W.C 
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METROVAC 
ROTARY VACUUM PUMPS 


| ilustrated is 
the Type S59 
rotary vacuum 
pump. 
Displacement: 
5.9 litres/sec. 
Please write for 
details of other 
models in our 


| range. 
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SCIENTIFIC INSTRUMENTS 


manufacturers of 
è Vernier Potentiometers 





@ Precision Bridges and Galvanometers 


è Transformer Testing Equipment 


METROPOLITAN -VICKERS 


è Miniaturized Instruments. 


H. TINSLEY Z CO, LTD, 


Werndee Hall, South Norwood, London, S.E.25 
Addiscombe 6046-7-8 





An A.E.I. Company 


OVER THIRTY YEARS EXPERIENCE IN THE 
HIGH VACUUM FIELD N/P6O 








THE BAKER REFLEX 
EYEPIECE CAMERA 


A New and Inexpensive attachment for 


photomicrography with your own microscope. 
Write for free illustrated literature: 


C. BAKER OF HOLBORN LIMITED 
METRON WORKS * PURLEY WAY * CROYDON 
SURREY CROydon 3845/6/7 








because ... 







although designed for experimental work, we > continuous! 
hear from users reporting another new application to whic 
the unit has been successfully applied. There is practicall 
no application of SPUTTERING and EVAPORATIO: 


technique which cannot be carried out on these unit 


PLEASE 





SEND FOR FULL DETAILS 













For better vacppm service... MANCHES: TERS SN 
a TA AN A 
— EDWARDS HIGH VACUUM uo ani D 
a ane a a 


MANOR ROYAL - CRAWLEY > SUSSEX CRAWLEY 1500 (10 LINES)  EDCOHIVAC CRAWLEY SSS à 





CASELLA 
THERMO-HYGROGRAPHS 


FOR ACCURATE CHECKING OF TEMPERATURE AND HUMIDITY 







| you maintain temperature and humi- 
“dity control our instrument will give you 
_& permanent and scientific check on that 
control and will show Instantly any 
: variation in temperature or humidity. It 
will enable you to compare manufac- 
-turing results with the actual conditions 
ruling at any previous moment. 














. Further details from 


C. F. Cs SELLA & Co. Ltd 
‘REGENT HOUSE 
FITZROY SQUARE 
LONDON, W.! 
Telephone: KEUSton 3944 


- Member Scientific Instrument’ Manufacturers’ 
> Meociotion A Gredt Britain 










































































‘Artificial Earth Satellite, 1958 Alpha . ; ; ; 
celine a Humanism ; i ‘ ; ; 


ir Ernest Shackleton. By David lanes ; 

-Supply and Quality of Craftsmen. By T. H. Hawkins 
Four-dimensional Gas. By Dr. N. B. Slater . : 
Guide tö Archæology. By M. C. Burkitt . ; : 


| Obituary : 


News and Views i ` 2 : : : r 


“Flow Noise . 7 
‘Enzyme Chemistry. By Prof. F. Dickens, ERS: 


The Science Masters’ Association . 
The Meteorological Office. er Prof. Gordon Manley 
Réaumur : F : 
Origin of Comets : i ; ; 
Quality in Meat : ; ; , ; 
Assay of Vitamin A Oils. “By Prof. E. Brunius . 
Correction for the Gamma-Ray Sensitivity of the 


Action. By B. Z. Ginzburg . 


and-G. C. Mitra . i ; : 


Letters to the Editors : 


irreversible Processes in Physical Theory,—Prof. R.C., L Reeves: 
Prof, Karl R. Popper He 
-Lifetime of an Artif cial Earth Satellite.~Dr. D, C. Mo Leslie 
-Remanent arnateation of Ancient Bricks.--H. A. Atwater and 
R; T. Ellickson 


i Abnormal Polarization of the Atmospheric Pulses ‘reflected success 


ively from the lonosphere.-Prof, S. R. Khastgir 


“Temperature Coefficient of Ultrasonic Absorption in “Organic a 
<o ‘Liquids.—Dr. S. Parthasarathy, M. Pancholy ‘and A, F, Chhäpgar 
$ influence of Moisture upon the Dielectric Properties of Solid Powders. 
“dispersed in Liquid Paraffin.-Rempei Gatohi, Tetsuya Hanai and oo 


= Naokazu Koizumi . 

Electron Micrographs of a Eo 

> “Platelets of the Amphibian 

_  tomu Komoda 

o An instrument for measuring Evaporation from Natural Surfaces.— 

R. J, Taylor and A. J, er 

"Lamellar A o Tprong of Sodium with Graphite,—R. C. Asher and 

S$. A. Wilson . À f í , 

Ferric Perchlorate Complex lon.—R. A. Horne . 

Differential Thermal Method for determinin Reactivity al. Calcium 

. Oxide——T. L. Webb and T. van der Walt. 

_ Aetion of Periodate on some Polysaccharides containing. Aldoheptose 

Sugars.—Dr. A. B, Foster, D. A. L. Davies and M, J. Crumpton 

fe Formation of >C=© Bonds in the Radiation-induced Oxidation 

- of Protein in Aqueous Systems.—-Michael E. Jayko and Warren 
- M. Garrison 

Acetylation of Trypsin i in Organic Solvents.—~Spyros Vratsanos, M, 

Bier and Prof, F. F. Nord 

Carotenoid-sensitized Fluorescence of Chiorophyll i in vitro.—F. W. J. 


Embryo.—Shuichi Karasaki and Tsu- 


eale 

. Effects of Orotic Acid on Coenzyme Aand Pantathenic Acid of Liver 

in Vitamin B; Deficiency.—Prof. G, Moruzzi, R. Viviani, M, Mar- 

chetti and F, Sanguinetti 

Enzymatic Formation of Aminomalonic Acid from KetomalonicAcid.—~ 
Hideo Nagayama, Michike Muramatsu and Dr. Kensuke Shimura 

tnsulin-Cortisone Series cies in Experimental Teratogenesis.--Dr. 
Jj. W. Millen and Dr. D. H. M. Woollam 

Reversibilicy of the Inactivation of Rous Sarcoma Extracts by 
Detergents.-Dr. Dino Guerritore . 

Effect of Creatine Phos spose Administration on the Cardiac Adeno- 
sine Triphosphate of Thyroxinized Rats.—L. Anpe R. Boldrini 

and E, Mascitelli-Coriandoli . é s ‘ A . 


stafline Lattice Structure in Yolk. 


$ 


A Hypothesis for the Biosynthesis of Ribonucleic Acid and Protein. By Dr. A. M. Michelson 


‘The Influenza Virus Neuraminidase. By Dr. Alfred Gottschalk. ; ; ; 
‘The Species : Yesterday and To-morrow. By J}, S. L- Gilmour — . ; ; ; ‘ : 
-Physics of Water and Ice. By Prof. J. D. Bernal, F.R.S. ; . : . ; 
-Middle East Technical University, Ankara. By Dr. Turgut. ‘Yazicioglu : ; ; : ‘ 


Viscount Waverley, G.C.B., O.M, G.C.S.L, G.C.LE., F.R.S. By Sir Henry Dale, O.M., G.B.E., FRS. 


+, 


* 


Restoration of Agricultural and Other Soils. By H, W. Thompson $ ; i , ; ; ; Le 


+ 


Responses of a Fern Apex to Gibberellic Acid, Kinetin and a-Naphthaleneacetic Acid. | PY ‘Prof. C. w. Wardlaw 


Adcanodarciestrophic Hormone in the Blood. of Adrenalectomized 
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ARTIFICIAL EARTH SATELLITE 1988" ALPHA 


N October 4, 1957, the launching of the first 
artificial Earth satellite, 1957 Alpha, was 
announced (Nature, October 12, 1957); and this was 
closely followed by the news that the second artificial 
Earth satellite, 1957 Beta, had been launched on 
November 3, 1957 (Nature, November 7, 1957). 
Both these Sputniks, as they were then called, were 
successfully launched, presumably from Russian 
territory. 

Now comes a third announcement to the effect 
that the third artificial Earth satellite, Alpha 1958, 
at present known as Explorer, was successfully 
launched from Cape Canaveral, Florida, on January 
31. 

1958 Alpha is apparently travelling on a larger 
orbit than that of either 1957 Alpha or 1957 Beta, 
for it is taking twenty minutes longer to encircle the 
Earth than the 1957 satellites. The reported minimum 
height is about 200 miles and the maximum about 
1,700 miles. Its mass is about 18 lb., and that of the 
final stage of the rocket, after burning out, is estim- 
ated to be 12:67 lb. Both have been designed to 
travel along the orbit as one unit. 

Because 1958 Alpha, having a total mass of 
about 29-7 1b., is small compared with 1957 Alpha and 
Beta (184 and 1,118 lb., respectively) the instru- 


ments which it carries are also miniature, but 


they will probably yield results as valuable as 
the larger ones. The new satellite is a 6-in. tube 
about 80 in. long. Apart from radio transmitters, it 
carries instruments for measuring temperatures, 
cosmic rays and the effect of space dust on its outer 
surface. 

Once again, therefore, it is Nature’s pleasant task 
to convey to the scientists concerned the congratu- 
lations of all their colleagues throughout the world. 
Science and technology are advancing in great strides, 
though clearly the launching of these three satellites, 
like the control of thermonuclear fusion, are just the 
beginnings of developments in space technology on one 
hand and atomic technology on the other with all their 
scientific and technological complications. Yet now 
is the time to draw morals and learn lessons from 
these achievements which, without doubt in the 
none-too-distant future, will exert profound impacts 
on man and his civilization. 

During the past few months, three great achieve- 
ments in science and technology have justifiably 
received world acclaim: (1) the launching of artificial 
Earth satellites by scientists in the U.S.S.R. ; (2) the 
development and control of thermonuclear fusion by 
scientists in Great Britain and the United States ; 
(3) the launching of an artificial Earth satellite by 
scientists in the United States. We have used the 
expression ‘by scientists in’ deliberately, for the 
implications and interpretations already attached to 


these great scientific achievements, especially by the 
more sensational or politically biased newspaper 
Press, may do much harm to scientific reputation. 
It is therefore important to recognize that not one 
of these great achievements can be looked upon as 
wholly Russian or American or British. There is 
every reason for believing that the great work which 
led to the launching of the satellites in the U.S.S.R. 
was carried out by teams which comprised some 
scientists of Western birth and/or training. Among 
those who have brought about the control of thermo- 
nuclear fusion in the United States is one of British 
birth and training, whereas among those in Great 
Britain are an Australian and a Canadian. Germans 
are outstanding among the scientists who were, 
responsible for the successful launching of the 
satellite from American soil. 

Some branches of science, especially the physical 
sciences, are becoming more and more the tools of 
diplomatic intrigue and political pressures. Certainly, 
scientific achievement is being thrust forward quite 
sensationally in the mad rush for national prestige. 
Yet scientific discoveries are not suddenly made by 
men who, by birth or consent, are entitled to claim 
a certain nationality ; they are the results of good 
training, patient and sometimes long-continued work 
often fraught with disappointment, team-work some- 
times spiced with real personal genius, and all these 
are based on the work of previous generations. The 
nationality of the scientists plays no part whatever, 
though we must give credit to those countries which, 
in their wisdom, give financial and other support to 
such scientists. It is therefore of the utmost im- 
portance at this stage to recognize that men born 
and trained in the United States, Germany, the 
U.S.S.R., Canada, Australia, New Zealand, Great 
Britain and possibly other countries have teamed up 
and produced these recent gratifying results; and 
it is about time that credit should be given to these 
scientists and due recognition awarded to them, 
instead of to the countries in which they happen to be 
working. 

This false ‘nationalism’ of science can do nothing 
but harm in the long run, for it tends to force scientists 
under still stronger political control (thus gradually 
depriving them of that freedom under which science 
has always flourished best) and has already led to 
ill-informed interpretation and presentation, and not 
a little acrimony. Al this is due mainly to fear of 
giving away secrets to a potential enemy (in spite of 
the fact that science moves so fast that what is a 
‘classified’ secret to-day becomes ‘unclassified’ world 
news to-morrow); anxiety to enhance national 
prestige (on false premises) ; and the determination 
of politicians and Service brass-hats to keep science 
under their control in order to achieve their own 


368 F 
short-sighted objectives. In this false presentation 
of scientific achievement, this ‘artificial moulding of 
public opinion, truth (the main objective of science 
itself) becomes the first casualty. 

It may be of interest now to reveal that, after the 
1957 satellites were launched, British and American 
scientists willingly came forward with their observa- 
tions and results for publication to the world. Some 
of these appeared in Nature; yet, in spite of long- 
continued efforts on the part of the Editors, nothing 
could be obtained from the Russians themselves, 
though the work was supposed to be part of the 
Russian contribution to the International Geo- 
physical Year. In fact, the only contacts that could 
be made were with Soviet diplomats (and these 
contacts proved sterile). Two direct communications 
to one of the leading men of science in Moscow who 
was closely connected with the scientific work 
involved still remain unanswered. This compares 
unfavourably with President Eisenhowers pro- 
nouncement that results from 1958 Alpha will be 
given to the world, and reveals a deplorable reluctance 
on the part of the Russian authorities to allow their 
scientists to work in collaboration with scientists 
in other countries. This international race in 
science may achieve some good in that it might 
enhance respect for science among political and other 
authorities and the public; but by and large, it is 
not good for science, which has always flourished 
best in an atmosphere of freedom and collaboration. 
Moreover, it is bound to cause duplication of scientific 
effort (and nowadays scientific research can be a 
very expensive item in any nation’s budget); this 
is a waste of time which must inevitably slow up 
world advancement of science. The fact that this is 
not recognized by some is indicated in one British 
newspaper’s leading article commenting on the launch- 
ing of the third Earth satellite when it asks: “Why is 
Britain left helpless and earthbound in this conquest 
of space ? What are our leaders doing ?”, and gives 
the answer as “utterly shameful”. 

Similar reactions occurred when the results of 
research on the control of thermonuclear fusion were 
announced. It is true that the scientists working in 
Britain were ahead of those working in the United 
States, and this is now recorded in Nature and else- 
where. We are in no position to express any opinion 
on the criticisms hurled at American authorities and 
the accusation that they deliberately planned the 
holding up of announcements from Britain for the 
sake of their national prestige. In any event, in the 
long run it will not matter who was first in the field, 
provided, for the sake of history, credit is given to 
those who have earned it. But the immediate effect 
of such international squabbling can be very harmful 
and distressing. Moreover, it inspires ill-feeling and 
bad faith where neither is deserved; and this all 
too often leads on to misunderstandings, false 
accusations and even the deliberate masking of the 
truth. For example, quite unknown to the Editors 
at the initial stages, it was agreed among the scientists 
concerned (of several nationalities) and others closely 
connected, that the first scientific details concerning 
the work on thermonuclear. fusion in Britain and the 
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United States should be published in Nature. This 
was indeed. a compliment to Nature, though it was 
obviously realized by those concerned that, by pub- 
lishing in this journal, the news and results would 
quickly reach most scientists throughout the whole 
world. 

The articles were eventually published in Nature 
of January 25; but not before there had been some 
severe criticism from certain sections of the news- 
paper Press, mainly from writers who anyhow could 
scarcely be expected to understand and interpret 
what appears in Nature. A further criticism 
came along after publication, when The New Scientist 
in its issue of January 30 suggested that the Editors 
of Nature had substantially departed from accepted 
practice by omitting the dates from the articles pub- 
lished, and implied that thus they were helping 
those to claim priority which was not their due. 
Actually, throughout its long history, Nature never 
has published dates on its main articles. All 
seven of the articles on thermonuclear fusion were 
received at Nature office in the normal way within 
a few days. of each other and treated in the normal 
way. 

All this attempted ‘nationalization’ of science for 
the achievement of political prestige, this squabbling 
among Press and public concerning who came first, 
are very childish indeed. It must be disconcerting, 
if not discouraging, to the scientists; and, as has 
been seen, is bound to lead to distortion of the truth. 
The stark facts are that quite a number of countries 
are training scientists, some of whom have proved 
their worth and even genius in the past few months. 
The fact that their proving grounds were in the 
United States, the U.S.S.R. and Groat Britain is, 
fundamentally, of little consequence to science itself, 
for, as we pointed out in our article congratulating 
the scientists in Russia on their magnificent achieve- 
ment last October (Nature, October 12), there is no 
such thing as Communist science or American science 
or British science: there is just—science, the search 
for the truth. It is unfortunate that though many 
countries are now supporting this material search 
for the truth, too many of them are interfering with 
its exposition. 

The New York Times of February 1, in commenting 
on the launching of 1958 Alpha, gives a firm warning 
that: “This is a good time for us to remember that 
neither Russians nor Americans can claim any kind 
of exclusive credit for the progress made towards 
man’s conquest of space. Like all man’s greatest 
scientific adventures, the march of humanity towards 
the cosmos is the product of many men of many 
nations over many centuries. ... To realize the 
possibilities now before us we shall have to show 
that all humanity is capable of rising to the chal- 
lenge”. This can only be done by looking upon the 
march of science as an endless, moving picture in 
which many characters have a part to play ; where 
star actors can give of their best only when they are 
supported by a good and well-trained cast; and 
where, as occasion demands, praise or blame be 
accorded to the actors for their acting and not their 
place of birth. 
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TECHNOLOGICAL HUMANISM™ S5 


To address given by the Duke of Edinburgh in 
Manchester on November 22 when he opened the 
new extensions to the Manchester College of Science 
and Technology included some welcome comments, 
and it may be reasonably hoped that his lucid and 
cogent argument will bring home certain truths and 
facts to quarters which have long ignored them. 
The dependence of the welfare and security of 
Britain upon an adequate supply of properly trained 
and educated scientists and technologists could 
scarcely have been better put. Nor did the Duke 
mince his words. Lagging production, he said, is 
properly equated with chronic poverty, and he gave 
neither encouragement nor opportunity to those who 
advocate excessive specialization or argue that it is 
inherent in a scientist or technologist. 

Very clearly, but firmly, the Duke of Edinburgh 
pointed out that a clash between science and tech- 
nology and the humanities is not inevitable, and his 
advocacy of technology does not lead towards tech- 
nocracy. He insisted that a specialist of any kind, 
whether in science or in the arts, is not necessarily 
the well-educated man that we need to produce, and 
that it is doubtful whether sufficient science is 
included in the general education of the humanist for 
the latter to be described as well educated to-day. 
Science, or any other branch of knowledge, is only an 
educational tool the use of which depends on the 
character and outlook of the individual possessing it. 
Furthermore, he reiterated the truth that our limited 
scientific and technological man-power can only be 
efficiently and economically used by administrators 
who know enough to recognize for themselves the 
Golds of research and development likely to prove 
most fruitful. 

Apart from thus commending the attention being 
given in the College to management, the Duke of 
Edinburgh stressed three points which apply no less 
to the current expansion of technological and scientific 
education generally than to the particular develop- 
ments at Manchester. First, there is needed the 
whole-hearted support and co-operation of industry 
as a whole, with money and equipment and in 
terms of part-time teachers. Secondly, there is 
required the understanding of individual industrialists 
in formulating their needs for people with specific 
qualifications, and then in seeing that, when trained, 
these graduates do, in fact, obtain posts which offer 
full scope for their qualifications and talents. Thirdly, 
scientists and technologists should seek to dispel the 
present unreasoning prejudice against their subjects. 

Apart from this last point, on which the Duke of 
Edinburgh laid perhaps his main stress, his address 
emphasized the arguments of recent addresses by Sir 
Eric Ashby on technological humanism and by Dr. 
R. P. Linstead on an education for our times. The 
goal should be the production of a well-educated 
citizen, capable of independent thought and initiative. 
To this end, the full co-operation of scientists and 


technologists both as individuals and corporately 
through their professional associations will still be 
necessary to overcome prejudices which would hinder 
the development of a system of education capable 
of providing the nation with the administrators, 
scientists, technologists and technicians as well as 
ordinary citizens, who can take full advantage of 
the opportunities of to-day. Even in securing the 
full co-operation of industry with the universities 
and technological and technical colleges, there are 
prejudices to be overcome ; indeed, it is difficult to 
believe they are not the real reason why the Man- 
chester College of Science and Technology has had 
to curtail its plans for expansion, because of a dis- 
appointingly small grant from the University Grants 
Committee. The position may also be due to the 
anomalous arrangement under which the develop- 


‘ment of higher technological education in Britain is 


only partly the responsibility of the University Grants 
Committee ; but in the present financial stringency, 
the removal of any anomalies which hinder the wisest 
and most economical use of Britain’s limited resources 
should be a principal object of Government policy. 

The Manchester College of Science and Technology 
is seeking to meet its difficulty by an approach to 
local industrial firms, which it is hoped will enable it 
during the coming year to wipe off its existing mort- 
gage of nearly £1-5 million, and this appeal could 
well result in much closer co-operation and under- 
standing between local industry and the College. 
Nevortheless, the contribution which the College 
could make to the expansion of technological educa- 
tion is go considerable and unquestioned that there 
are strong grounds for supporting an alternative 
proposal that the University Grants Committee 
should be authorized to make a capital grant towards 
the discharge of the outstanding mortgage. 

The sincerity of the Government's intentions in 
regard to the expansion of technological education 
are, in fact, better shown by the support it gives to 
the three major institutions—the Imperial College of 
Science and Technology, the Royal Technical College, 
Glasgow, and the Manchester College of Science and 
Technology—than by the progress of the expansion 
on which Mr. Geoffrey Lloyd, Minister of Education, 
gave a further interim report in the House of Commons 
on November 28. Apart from the anomaly in regard 
to the University Grants Committee already noted, 
the plea of regionalism is scarcely consistent with 
the development of the Salford Technical College 
while expansion at Manchester is frustrated, par- 
ticularly in view of the proposed devolution of 
responsibilities for training technicians and craftsmen 
which is proposed at Manchester. In all these circum- 
stances, Mr. Lloyd’s statement, so warmly welcomed 
in the House of Commons, is disturbing rather than 
reassuring. Besides eighteen new technical colleges 
and seventy-nine major extensions of existing colleges 
in Britain since February 1956, plans for a further 
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five colleges and seventeen major extensions have 
been approved and a further fourteen new colleges 
and twenty-eight major extensions are contemplated. 
Mr. Lloyd gave no indication as to the balance 
between technical and technological facilities, nor 
could he report on the technological developments at 
the universities, which, like those at the three major 
institutions already named, are outside his depart- 
ment. Indeed, as Sir David Anderson implied in his 
address in Dublin to Section G of the British Associa- 
tion, the country’s requirements for technicians are 
scarcely known. It may be that, until the Carr Com- 
mittee reports, the requirements for training crafts- 
men and technicians cannot be formulated with any 
precision, although a useful estimate could be made 
from the number of scientists and technologists which 
it 18 estimated that.we require. It is on this basis, 
however, rather than on the programmes of other 
countries, that the expansion of technological and 
technical education in Britain should be con- 
sidered. 

It is most desirable that financial support for the 
expansion of the Manchester College of Science and 
Technology and other colleges of technology and 
technical colleges should be drawn from industry as 
well as from the Government and local authorities. 
That £100,000 should already have been received 
from local industry in response to the Manchester 
appeal (made in the first instance to meet the expected 
deficit in the current academic year) is a healthy sign. 
It is understood, however, that the College is likely 
to need £860,000 from industry during the next five 
years, and it is important to remember that the 
expansion of technological and technical education 
depends on co-operation from industry in other ways, 
some of which are even more importent than direct 
financial assistance and may themselves be costly to 
industry. 

This is apparent from the recently published 
report* of the second National Conference between 
Industry and the Technical Colleges arranged last 
May by the Federation of British Industries (see also 
Nature, 179, 1226 ; 1957). Indeed, the report makes 
much more encouraging reading than Mr. Lloyd’s 
statement, and it is noteworthy how far the ideas 
which Sir Eric Ashby, for example, had just expressed 
in his May Lecture to the Institute of Metals and 
which Dr. Linstead developed in his Hinchley 
Memorial Lecture in November were reflected on all 
sides at the Conference. There was overwhelming 
support for the view that the primary task is to 
produce well-educated men and women whether they 
are scientists or technologists or not, and Lord 
Hajilsham’s address at the formal opening of the 
Conference was far more reassuring than recent 
speeches of his successor as Minister of Education, 
Mr. Lloyd. 

One point made by Lord Hailsham deserves to be 
widely noted. The Government would expect indus- 
trialists, he said, to play an important part on 

* Federation of British Industries. Report of the Second National 


Conference between Industry and the Technical Colleges, 15 May 
1957. Pp. vi+71. (London: Federation of British Industries, 1957.) 
Bs. 
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governing bodies of technical colleges, and this is the 
more important in view of the Government’s pro- 
posals in regard to local government reform. The 
close co-operation between industry and technical 
education which is so essential ean scarcely be 
secured unless industry itself comes to participate 
directly in the management of the colleges, and this 
came out quite as clearly in the subsequent dis- 
cussions at the Conference on sandwich courses, as 
in Lord Hailsham’s remarks. Moreover, in referring 
to the need for a two-way exchange of ideas between 
Government and industry to obtain a satisfactory 
solution to some problems of sandwich courses, Lord 
Hailsham stressed the bearing of an informed public 
opinion upon the financial question. Technical 
education, he believes, is at last capturing the 
imagination of the public, and if public opinion takes 
education seriously, there will be no difficulty about 
getting the money. 

Another main discussion at the Conference centred 
around & challenging paper by Dr. P. F. R. Venables 
on “Liberal Technical Education: an Economic 
Necessity’. Lord Hailsham himself insisted that a 
good general education is the first essential of a good 
technical education, and stressed the importance of 
a liberal element in technical education, which is the 
principal means of further education for most young 
people; he also pointed out that we have the 
difficult task of providing an industrial society which, 
by virtue of its moral structure, can lead the world to 
@ smoother and more rational future. The divorce 
between the scientist and the student of the human- 
ities must end. In an industrial age, everyone needs 
a general knowledge of the capabilities and charac- 
teristics of scientific investigation and mathematical 
discipline ; but everybody, however specialized, needs 
also to recognize that this specialization is only part 
of a more general life in which the intellectual, moral, 
spiritual and æsthetie qualities have an essential 
place. 

That such views should be expressed by a Minister 
of Education, as he then was, is in itself encouraging, 
and although Lord Hailsham said nothing about the 
importance of concentration of limited resources for 
the development of technological education, Sir 
Harry Pilkington, in his survey of technical education, 
at least recognized the need, and his figure of eight 
is a much more realistic number for the colleges of 
advanced technology that we can for the present 
expect to staff and equip adequately. Moreover, the 
question of quality becomes more important as 
we attempt to give effect to the ideas about a liberal 
technical education which Dr. Venables developed in 
his paper. Particularly during the period of transition, 
experiment and development into which we have 
entered, it is essential that adequate resources for 
experiment and for trial of new ideas should be 
assured in a few colleges rather than that available 
resources should be spread too widely. The most 
superficial development of Dr. Venables’s reference 
to the contribution of the technical college library 
should indicate the immense possibilities inherent in 
& liberal policy to such libraries, and the way in which 
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it could react on adult education generally and 
facilitate a more effective use of resources. 

Dr. Venables argued convincingly that a utilitarian 
philosophy is an insufficient basis for human beliefs 
and sympathies, for esthetic experience, for human 
action and as a bond for society, and that it is there- 
fore quite inadequate as a basis for education, 
knowing little of virtue and perhaps even less of 
creative imagination. It is probably the main factor 
responsible for starving the technical college libraries 
—and probably also those of universities and 
other libraries. But that is only one of the reasons 
why utilitarianism is a major danger against which 
we must guard in attempting to develop a broadly 
based education adequate for our times. The three 
main characteristics. of a liberal technical education 
stressed by Dr. Venables—diversity of experience 
confronting the student, of subjects to be studied, 
disciplines to be mastered, and methods to be used ; 
intensity of illumination of the student’s mind and 
experience; and proper timing of the phases of 
education in relation to the student’s personal 
development—all demand staff of high quality and 
open-mindedness, and conditions in which students 
have the opportunity to enrich their lives and develop 
their personalities. 

_All this bears, too, on the difficult questions of the 
selection of students and the amount and conditions 
of student grants, though not always in the way that 
the sponsors of the National Union of Students’ 
recent survey of student expenditure might expect. 
Dr. Venables points out that the basic scientific 
subjects should be taken mainly in the earlier part of 
a professional course, though not to the exclusion of 
technological subjects, and that is a prime reason for 
liberal treatment of technological subjects. More- 
over, if a diversity of appropriate teaching methods 
is to have its full effect, we must be concerned to see 
that the system of selection of students and awards 
does not in itself discourage the student from thinking 
and reflecting on his work, or hinder the strengthening 
of his powers of thought or the deepening of his 
penetration so essential either in mastery of a special- 
ism, or fostering a liberal education. 

What is encouraging in Dr. Venables’s paper and 
its reception by the Conference is the challenge to 
thought and the acceptance of that challenge by the 
Conference. It was recognized that full-time and 
sandwich courses provide the opportunity for experi- 
ment, and his assertion that we have relied too long 
and too much on part-time education was unchal- 
lenged. Sir Norman Kipping, in his summing up, 
showed as clearly as Sir Harry Pilkington the extent 
- to which industry is prepared to co-operate and to 
work out the most effective means of co-operation. 
Moreover, he welcomed the Minister’s stress on the 
promotion of education as distinct from its adminis- 
tration, and the address of Mr. A. A. Part, Under- 
Secretary of the Ministry of Education, showed that 
the permanent officials at the Ministry were just as 
alive to the real issues. 

With such an enlightened attitude on the part of 
the Government and its officials, with increasing 
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readiness on the part of industry to co-operate and 
to follow the lead of Sir Harry Pilkington, Sir 
Alexander Fleck, Lord Weeks, Lord Hives and 
others, and with educationists like Dr. Venables, Sir 
Eric Ashby and Dr. Linstead pointing the way, it 
may well be asked wherein the danger lies that the 
present plans may be ineffective or not realized. 
Despite the unsatisfactory character of the adminis- 
trative arrangements, the University Grants Com- 
mittee cannot fairly be blamed for deficiencies in the 
technological education of Britain. Lord Simon of 
Wythenshawe, in a valedictory address to the Court 
of Governors of the University of Manchester, recently 
remarked, that the generosity of Government grants 
to universities is not always appreciated, and added 
that in a letter regarding the next quinquennium the 
Committee had emphasized the need to strengthen 
teaching rather than research and especially the 
teaching of technology. 

It is true that, as regards the question of general 
education, the universities themselves could do some- 
thing more to help the schools to make the necessary 
adjustments, and that there is room for better 
co-operation and clearer understanding at this level, 
though Dr. Linstead emphasized the delicate and 
sympathetic handling which these borderland prob- 
lems require. The Duke of Edinburgh’s speech, 
however, and the difficulties of the Manchester 
College of Science and Technology, point to the real 
need. First, there is the need for wider public under- 
standing of what is required and what is at stake, 
and a deeper appreciation of the place and worth of 
technician, technologist and scientist alike. That is 
an. essential condition for the creation of an informed 
public opinion that will ensure an adequate financial 
provision for education at all levels, from the Treasury 
or from local government sources, and also a con- 
tinuing supply of students for technical and tech- 
nological as well as scientific courses. This itself is 
in part a problem of adult education, but such an 
enlightened public opinion provides the ultimate 
means of overcoming the political, sectional and local 
prejudices which hinder the rational planning of 
resources and the elaboration of a national, regional 
and local system of education. 


INFLUENCE OF WAR ON THE 
PRODUCTION AND USE OF 


FERTILIZERS 


The World Fertilizer Economy 
By Mirko Lamer. (Studies on Food, Agriculture, 
and World War II.) Pp. xvi+715. (Stanford, 
Calif.: Stanford University Press; London : Oxford 
University Press, 1957.) £5 net. 


HE agricultural output of the United Kingdom 

increased greatly during the Second World War, 
mainly due to a large increase in the acreage under 
tillage crops. This change in farming resulted in a 
near-revolution in many of the techniques used ; 
outstanding examples were marked increases in 
mechanization and in the use of fertilizers. The 
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War stimulated progress in many other countries, but 
in some others the use of fertilizers was seriously 
curtailed by war-time damage to plants or by 
restricted supplies. The main purpose of Dr. Lamer’s 
book is to state and to discuss the changes in produc- 
tion and consumption of fertilizers which occurred 
during the war period in all the important fertilizer- 
using countries. Reviews of the fertilizer position 
in the pre-war and post-war period have already 
appeared for a few countries, but this book provides 
the first account on a world-wide basis of the indus- 
trial, agricultural, social and economic factors which 
were involved. 

The first few chapters set the stage by giving general 
accounts of fertilizer history, the forms in which 
fertilizers are prepared, their role in plant nutrition, 
and their values for crops. Yield responses in relation 
to profit are discussed with special reference to the 
mathematical equations which have been derived for 
fertilizer response curves. There is little in this 
section of the book which has not been published 
previously. 

In succeeding chapters fertilizer production and 
consumption are dealt with exhaustively, country 
by country; features of pre-war trade in fertilizers 
are discussed in relation to the changes imposed by the 
War and to the re-establishment of trade afterwards. 
An interesting section is devoted to the trade agree- 
ments which existed before the War between the 
producers of fertilizers in individual countries, and 
also in different countries. Most of the old cartels 
were broken up during the War, and the author 
discusses the possible establishment of trade agree- 
ments in the future. Changes in the forms in which 
fertilizers are produced, due to the development of 
new processes and to the exploitation of new raw 
materials, are described. 

The patterns of fertilizer production and use in 
Allied and Axis countries are compared, and the 
effects on fertilizer use in neutral and non-belligerent 
countries are stated. Special attention is given to 
the arrangements made by the United States, the 
United Kingdom and Canada to promote co-operation 
in fertilizer production and trade for the benefit of 
all the Allies. Most countries controlled the sale and 
use of the fertilizer supplies that were available ; the 
methods used for achieving this are stated and 
estimates are made of their success. 

Two chapters are devoted to the use of fertilizers 
in the Soviet Union; they are particularly valuable 
since it is difficult to obtain any reliable information 
on fertilizer production and consumption in the 
U.S.S.R. Full documentation is given and the maxi- 
mum use has been made of information from both 
official and unofficial sources. In 1913, Russia’s 
fertilizer industry was practically non-existent—only 
a few hundred thousand tons were used and most was 
imported from Germany. Domestic fertilizer produc- 
tion rose from 180,000 tons (of products) in 1928 to 
3-7 million tons in 1938. The War reduced output and 
the 1938 level was not again attained until 1948. 
Production in the U.S.S.R. in 1955 was estimated as 
9-6 million tons of products of all types. 

The book is concluded by a brief assessment of the 
future of fertilizer use in relation to economic, indus- 
trial, and agricultural factors. The author concludes 
that “in all countries of the world, fertilizers are one 
of the most important strategic weapons of modern 
agriculture” ; he considers that : ‘Increasing food 
production by increasing the use of fertilizers seems 
often to be a better road to agricultural and national 
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welfare in under-developed countries than building 
electric power plants, roads, and machine industries, 
and relying on gifts of food from well-to-do countries”. 
Full statistics for production, consumption and 
foreign trade are given and there is very adequate 
documentation throughout the book. The amounts 
of information available for different countries have, 
inevitably, varied and the account given is therefore 
fragmentary in places, and there are many gaps. A 
criticism is that related subjects are often widely 
separated in the text. It would have been easier for 
a reader to have had all information on the British 
Commonwealth or the U.S.S.R. in adjoining chapters ; 
the layout adopted separates information on any 
one country, or group of countries by a number of 
chapters dealing with other subjects. In spite of this 
the book is of very real value and interest, and is 
recommended to all who are concerned with the wider 
aspects of the manufacture, supply and use of 
fertilizers. G. W. COOKE 


SIR ERNEST SHACKLETON 


Shackleton 

By Margery and James Fisher. Pp. xvi+ 5594+46 
plates. (London: James Barrie Books, Ltd., 1957.) 
30s. net. 


URING the years between the two World Wars, 
polar exploration in its heroic age held the palm 
for adventure; and many a schoolboy’s hero was 
Sir Ernest Shackleton. I still remember the thrill 
when, not many years after his death, I found “The 
Heart of the Antarctic’ in--my preparatory school 
library and how I trudged every mile with him (by 
torchlight, under the pillow),when he’ got'so near to, 
and yet turned back so far from, the Pole. 

I next turned to “South”, the account of his 
Endurance expedition, which, appropriately enough, 
must surely rank as one of the most extraordinary 
feats of human endurance of all time. More than 
forty years before Dr. Fuchs, Shackleton had con- 
ceived the idea of crossing the Antarctic continent 
from the Weddell Sea to the Ross Sea. Unfortunately, 
ice conditions that year were exceptionally severe and 
his ship became trapped in the pack at the base of 
the Weddell Sea just short of his landfall. How 
the expedition drifted north in increasing pressure 
until the ship was crushed like match-boarding before 
their eyes; how, after sledging across disintegrating 
pack-ice and then taking to the boats, the whole 
expedition landed safely on Elephant Island; how 
Sir Ernest himself, with five companions, sailed in 
an open ship’s lifeboat across 800 miles of the world’s 
stormiest ocean to South Georgia and crossed that 
completely unmapped island in search of help and 
how ultimately the entire party was saved without 
loss of life must surely remain an epic in leadership 
at its best. i 

Behind the explorer lay the man, and the demands 
of an expedition brought out all that was best in 
him—the fantastic physique, which enabled him to 
man-haul sledges for weeks on end in sub-zero tem- 
peratures on a twenty-ounce diet; the judgment 
which persuaded him to turn back when only a few 
marches from the South Pole ; the improvizing genius 
which helped him to bring back his crew of the 
Endurance ; the strong sense of the romantic without 
which no great deed is accomplished. 
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Back at home in settled life these gifts did not 
serve him so well, and whether it was mining con- 
cessions in Hungary, shares in a cigarette company 
or taxi business, or wild-cat schemes to search for 
hidden treasure, it was obvious that there was bound 
to be one outcome—yet another expedition to the 
Antarctic. To him, fulfilment could only come 
through polar exploration, and the tragedy too often 
occurring in such cases of an ageing man becoming 
more and more of a misfit in civilization, yet less and 
less capable of following his bent, was averted in 
Shackleton’s case by his early death. 

All these facts of a complex character and a 
detailed description of the four polar expeditions in 
which he took part, the last three as leader, are fully - 
and, indeed, admirably set out in this definitive life, 
which is both timely and well written. Just as 
Wolsey and Roberts never disliked each other 
(indeed, they scarcely met, the rivalry was created 
by their respective staffs) so I think it is extra- 
ordinarily unlikely that Shackleton and Scott were 
so antagonistic as some of their more ardent sup- 
porters would have us believe. The evidence is 
examined scrupulously, and neither figure emerges 
with discredit. 

The only fault of this book lies in its almost too- 
detailed approach. If ever there was a life of heroic 
achievement calculated to bring tears to the eyes, 
then surely it was Shackleton’s. Yet it is not until 
his death in South Georgia, back again in his old 
haunts, chasing the rainbow with the same zest as 
twenty years before, that this tale ever becomes 
really moving, though through every one of the 559 
pages there ARS one who. was truly a man among 
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S&S PHYA oom, 
*SUPPEYwAWOWQUALITY OF 
CRAFTSMEN 


Recruitment of Skilled Trades 

By Prof. Lady Gertrude Williams. (International 
Library of Sociology and Social Reconstruction.) 
Pp. viit+216. (London: Routledge and Kegan Paul, 
Lid. ; New York: Humanities Press, 1957.) 23s. net. 


Ce CERNED with the continuing shortage of 
skilled workers in industry, Lady Williams has 
made an inquiry to determine the reasons for the 
deficiency. Since most skilled workers are to be found 
in engineering, ship-building, the motor-repair indus- 
try, printing and building, the inquiry was confined 
to these industries and, since the number of skilled 
women workers is extremely small, it dealt only with 
male apprentices. Questionnaires were sent to some 
9,000 firms and 550 of them replied ; personal inter- 
views were carried out in some of them. Making no 
claim for the statistical accuracy and significance of 
the inquiry, Lady Williams has still been able to 
substantiate her findings from many talks with 
individuals of wide experience in industry. All 
who are familiar with recruitment and training in 
industry and who love their country would like to 
deny the depressing story she tells ; what she writes 
is all too true. 

In the renowned engineering industry of Great 
Britain, for examplo, there are comparatively few 
firms with well-established training schemes for 
craftsmen run by competent people; the number of 
well-equipped training centres where teaching is the 
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prime concern can be- counted on the fingers of four 
hands. Where training is systematically carried out 
it is in the large firms which bear the responsibility 
of training not only enough skilled men for themselves 
but also for a very large number of small firms ; 
many firms, including electrical firms employing 
thousands of workers, employ no apprentices at all.- 
In the building industry the position is worse than in 
engineering, although Lady Williams concedes that 
the nature of the industry makes it extremely difficult 
to organize effective apprentice schemes. To pro- 
mote interest in training young skilled building 
workers, the Government has encouraged the 
development of suitable training schemes which have 
had a little success. 

In printing, less attention is paid to the training of 
apprentices than in engineering or building. It is 
rare for a firm to have anyone specially responsible 
for the training of apprentices, and, as Lady Williams 
observes, it may be that there are some firms in the 
printing industry with well-organized works schools 
but they did not come to light in the inquiry. ‘For 
the most part the apprentice is put in the care of an 
adult craftsman and it is a matter of chance whether 
or not his teacher is an interested and capable 
teacher.” 

The motor-vehicle repairing industry is prepond- ` 
erantly composed of small units, is comparatively 
new, and has no tradition of apprenticeship or other 
regulated entry to the trade. It has an attractive 
scheme of training drawn up not only to attract 
additional workers to the industry but also because 
those concerned feel that they have a considerable 
responsibility for the safety of the general public. 
No mechanic is recognized as fully trained in the 
industry unless he has taken a part-time motor 
mechanic’s course at a technical college, has passed 
the appropriate Intermediate City and Guilds exam- 
ination and has successfully passed a practical 
examination set by the industry itself. The difference 
between this industry and others is that it has not 
been strangled by tradition. 

After reviewing the present system of recruiting 
and training young workers for skilled jobs, Lady 
Williams turns to the future. In all essential points, 
she writes, the present system is exactly the same as 
the method introduced in the twelfth century; the 
old system of training has been carried on without 
any question of its suitability for a profoundly 
different situation. 

Lady Williams is to be warmly commended for 
carrying out this first detached investigation into 
methods used by Britain’s industry for training its 
young workers; their continuation along present 
lines could easily bring the nation to bankruptcy. As 
she disturbingly points out, it is astonishing that we 
still accept a system whereby apprenticeships must 
last five years, must begin at 16 and end at 21; 
in which each craft needs five years to master it; 
in which a boy who does not decide to become a 
craftsman at the age of 16 may, in general, never 
become one. 

That the British method of producing skilled 
workers is not the only way is shown by experience 
in other countries. In the United States, for example, 
formal apprenticeship must last at least two years, 
but the period varies from one industry to another 
and may last five years. The age at which apprentice- 
ship must begin is equally flexible. In many of the 
States there is no upper age limit for entry ; in some 
it is 24 with allowances for higher age limits for 
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ex-servicemen. Nor does an apprenticeship come to 
an end merely with the passage of time; in some 
trades an apprentice has to pass certain tests of 
competence before proceeding to further training or 
passing out as qualified. l 

What can be done by a determined nation has been 
shown by France. Before the Second World War 
the training of skilled workers was not in a very 
satisfactory state. The need for rebuilding a shattered 
economy exposed the extreme shortage of skilled 
workers; and as employers were afraid to commit 
themselves to a long period of training for young 
people, the technical section of the Ministry of 
Education undertook to provide a complete craft 
training in a full-time course lasting three years 
and covering a wide range of skills. The result has 
been to create a system of craft training which makes 
the British method one which the economy can no 
longer afford. The story is the same in Germany, 
Holland, Switzerland and other industrial countries. 

Lady Williams’s book should help to loosen some of 
the smugness and complacency which bedevils some 
sectors of British industry. It should be placed on 
the agenda for consideration of every board. 

T. H. HAWKINS 


FOUR-DIMENSIONAL GAS 


The Relativistic Gas 

By Prof. J. L. Synge. (Series in Physics.) Pp. xi+ 108. 
(Amsterdam: North-Holland Publishing Company, 
1957.) 15 guilders. 


HIS book is valuable, both in itself and as an 
addendum to the author’s recent ‘Relativity : 
the Special Theory’. That excellent treatise was 
remarkable for its combination of breadth and single- 
mindedness. All was based on four-dimensional 
space-time as a geometrical] entity; and we were 
skilfully persuaded that flat four-dimensional geo- 
metry is as natural for non-gravitational theory as 
curved space-time is for general relativity. We may 
have qualms, however, when now we meet a direct 
four-dimensional approach to gas theory ; for when 
the equations are automatically Lorentz-invariant 
one hesitates to enclose the gas im a three-dimensional 
bottle. A Lorentz transformation would send the 
bottle flying. Thus we should be happier if we fixed 
the bottle in our own space-frame, and merely 
examined the statistical effect of the relativistic 
variation of the masses of the gas particles with their 
individual velocities. F. Jüttner in 1911 and R. ©. 
Tolman in 1914 had treated the equilibrium dis- 
tribution from this point of view. Jüttner, coming 
closer to Synge, had transformed the distribution 
integral into a modified Bessel function, and also 
had noted incidentally the relevance of four-dimen- 
sional-momentum-space to his transformation. 
Prof. Synge begins directly with space-time 
and four-vector momentum. The ‘points’ of space- 
time are ‘events’, and the ‘lines’ the histories of free 
particles. Thus we have in a single picture the 
history of a gas of particles displayed as a “broken 
discrete complex’—line fragments concurring in fours 
in collision-events. (It is suggested that this picture 
supports the notion that point-particles manage to 
collide because they are ‘fated’ to.) The gas is not 
bottled, and attention is concentrated first on the 
momentum distribution near some general point- 
event A. This is calculated by assuming that the 
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4-momentum has the most probable distribution for 
an assigned total flux over an elementary null-cone 
at A. The energy tensor then serves to identify the 
pressure of the gas (as a perfect fluid), and by its 
space-time conservation laws to give the equations 
of motion. Temperature is identified primarily as a 
common parameter in a gas mixture; but more 
thermodynamics appears in the last chapter, which 
treats the theory of shock-waves. ‘This is of great 
interest, and the four-dimensional picture here is 
perspicuous. The mathematics of the shock velocity 
and temperatures involves the modified Bessel func- 
tions characteristic of relativistic distributions, rather 
awkwardly ; but the author (assisted here by Mr. 
H. F. Sandham) completely overcomes the obstacles. 
A basic tool in the earlier part is the “absolute 
2-content of a 3-cell’ on the pseudo-sphere of 
momentum of a particle. This 2-content is, rather 
strangely, proportional to the product of three 
differentials (being dimensionally the ratio of a 
3-volume element to a length), but has the vital 
property of retaining significance when the rest-mass 
tends to zero and the pseudo-sphere to the null-cone. 
This concept enables the author to transfer the whole 
theory to zero-mass particles, which may be described. 
as Maxwell—Boltzmann photons; the results are, as 
he says, too attractively simple to leave out. This 
characteristic lightness of touch serves as a foil to 
the solid achievement represented by the book, which ` 
provides a strong stimulus towards relativistic pro- 
cedures and modes of thought. N. B. SLATER 


GUIDE TO ARCHAOLOGY 


Archeology and Society 

Reconstructing the Prehistoric Past. By Prof. 
Grahame Clark. Third edition, revised. Pp. 272-++ 
24 plates. (London: Methuen and Co., Ltd., 1957.) 
25s. net. 


“ A RCHAIOLOGY AND SOCIETY” was first pub- 
lished as long ago as 1939 and a second edition 
appeared in 1947. It is not surprising that ten years 
later a third edition has been called for. The first 
two-thirds of the volume are concerned with accounts 
of how discoveries can be made and what sort of 
direct evidence as to the life and outlook of our remote 
forerunners and ancestors can be deduced from them. 
This section has been entirely brought up to date and 
should be read and digested by every would-be 
prehistorian. The last third of the book attempts to 
probe deeper into the daily lives of prehistoric man. 
Unfortunately only certain materials can survive 
and only objects made of these materials can help 
us. Again, whether on the economic plane or on 
that of religion, some of the evidence that has survived 
can often be interpreted in many different ways. 
It is all too easy tacitly to assume that our modern 
outlook on things, or even that of modern primitive 
man, is the same as that of these prehistoric folk. 
It is all-important, therefore, that anyone who tries 
to tackle these problems should himself have the 
widest possible knowledge and, living as it were with 
them, should have almost come to see life through 
their eyes. No one could be found better qualified 
for this purpose than Dr. Grahame Clark, and his 
conclusions on these matters can, therefore, be 
accepted as very reasonable. The book is illustrated 
with line blocks and full page illustrations. It is very 
satisfactory that a third edition of this well-known 
work is now available. M. C. Burxirr 
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A HYPOTHESIS FOR THE BIOSYNTHESIS OF RIBONUCLEIC 
ACID AND PROTEIN 


By Dr. A. M. MICHELSON 


Arthur Guinness, Son and Co., Ltd., Chemist’s Laboratory, St. James’s Gate, Dublin 


To polymerization of nucleoside-2’ : 3’-cyclic 
`Í phosphates by the action of acid anhydrides? iS 
in some ways analogous to the enzymatic synthesis 
of di- and tri-nucleotides from pyrimidine cyclic 
phosphates by the action of 

ribonuclease? and may also 

have a bearing on the biosyn- B a 
thesis of both ribonucleic acid | 





(I) OH 


Cleavage of this postulated intermediate could 
occur at each of the lines marked a, b and c (I). Fission 
at a or b is analogous to the acid or alkaline hydro- 
lysis, respectively, of acetyl phosphate®, while that 
at c is comparable with the hydrolysis at all pH’s of 
dialkyl esters of uridine-3’-phosphate?. The con- 


sequences of such cleavage can be summarized as 
follows. ` 

(1) Fission at a (acid catalysed). Attack at CH,OH 
group. Synthesis of ribonucleic acid (reaction II). 


and protein. Amino-acid an- Ea | pa 
hydrides of  5/-nucleotides CH—O O 
have been described** and Co pe NJI 
: ; | | + 2 RCH.COOH 
postulated as intermediates, œ © P—_OCO.CH — O | P 
as have non-identified precur- PaE | AON NH, 
sors involving both an amino- CHO á ! R ons 
acid and a nucleotide’. While d | X 0 de 
it has been suggested? that H | 4 
polynucleotide formation oc- d N 
curs from the 5’-phosphate HOH CH, 
to @ 8’-hydroxyl (as is m= S 
the case in Ochoa’s enzym- K 
atic polymerization of nucleoside pyrophosphates’) a B a 
it is as feasible that the actual function of the | 
5’-nucleotide amino-acid derivative is to act as —CH 
a specific anhydride on the nucleoside-2’ : 3’-cyclic d 
phosphates to give intermediates which would react HOH 
rapidly with other such intermediates to give ribo- ii Oo | 
nucleic acid and/or protein. Experimental evidence a= 
of such a transfer of amino-acid to a nucleotide SS di NI 
factor is given in a recent communication by SS iN 
Webster’. ES | OH 
B B’ PEN CH, a 
da H i nar at b Louie tues lie 
Attack a e-group. Synthesis o 
dao O eon protein (reaction ITT). 
NII O d (3) Fission at c. Attack at 
| P—OH + HOH CH,OH group. Fission at b. Attack 
f | | at NH,-group. Synthesis of ribo- 
ae a i o nucleic acid and protein (reaction 
IV). 
na CH,—O—P—O—CO.CH Cleavage at a or.c and attack at 
the amino-acid NH,-groups would 
ieee t , 2 produce opona, them- 
B B selves reactive intermediates for 
da | T ? da mixed anhydrides!®11, and can 
fa | therefore be disregarded. 
H—o!o! ! NG, a Earlier hypotheses!** have pos- 
NJ i O d tulated the transfer of amino-acid 
| ' “P—O+COo + | CHOH Amino-acid + (activated through the carboxyl 
if eo | = adenosine group) to a nucleic acid template to 
CH—-O : ! RÈ triphosphate form an acyl anhydride with each 
da O OH F internucleotide linkage, followed by 
DSE formation of peptide bonds. With 
CH,OH 3 \ such hypotheses it is difficult to . 


account for the inhibition of poly- 

nucleotide metabolism by inhibitors 
of protein synthesis which do not inhibit the incorpora- 
tion of precursors into soluble nucleotides, that is, an 
effect concerned with the actual conversion of nucleo- 
tide into polynucleotide* ; neither do they provide a 
ready explanation for the varying rates of protein 
and nucleic acid synthesis. 


~ 











376 NATURE February 8, 1958 voL. 161 
B B 
da ? o P 
| deo O NH, eae. pe O 
s O Yooo. H > d +2 0 | Mon 
Ti i b . ba 
=e da 
daon daon 
(IIL) 
4 a 
- B 
c a 
en l p daoa o p OH oO 
—0 0 NH O- We gs ok O eS | 
zx O | )P-0.co.cx —> \ Da Se | | ~~ 
cH_6” H s% a ay “a | Peni m 
du om 1 


47 
It is suggested: in the present hypothesis that 
biosynthesis occurs by the addition of nucleoside- 
2’ : 3’-cyclic phosphate-amino-acid anhydrides. The 
nucleotide bases are held by hydrogen bonding to a 
strand of nucleic acid in an order complementary to 
it, or to the enzyme itself. As each polymer (ribo- 
nucleic acid and/or protein) is formed the products 
peel away to assume their own characteristic con- 
figurations. ‘ Depending on the type of cleavage, 
directed enzymatically, possibly by control of 
effective local pH, either ribonucleic acid or protem 
or both ribonucleic acid and protein are formed. It 
is conceivable that small oligonucleotides would act 
as primers for such reactions, as with the poly- 
nucleotide phosphorylase of Ochoa". 


Amino- ` Protein 
Anhydrides RNA acids Nucleotides 


T 
= 


Template Template Template Template 


RNA Protein 


The specificity of the process can be based not 
only on spatial considerations and bonding to a 
template, but also on the differences in acid strength 
of each component of the nucleoside cyclic phos- 
phate-amino-acid anhydride and the basicity of each 
amino-acid, factors of possible significance under 
physiological conditions. In some degree each 
addition will be governed by the nature of both the 
terminal nucleotide-amino-acid and the succeeding 
nucleotide and its amino-acid. To some extent 
the template may only be necessary for limited 
‘active core’ portions of the synthesized nucleic acid 
or protein, the other portions being restricted to a 
not too rigorously defined order and composition by 
purely chemical effects. While for cytoplasmic bio- 
synthesis the template is the enzyme or 
ribonucleic acid, at some stage the informa- 
tion stored in the chromosomal deoxyribo- 
nucleic acid must be transferred to the cyto- 
plasm. A tempting explanation is that the 
initial transfer is via such a mechanism as 
outlined above, a molecule of deoxyribo- 
nucleic acid or part of such a molecule being 
the template. 

The essential part of this hypothesis 
accommodates most of the recorded bio- 
chemical data on the biosynthesis of peptides, 
proteins and nucleic acid®!2 and is based 
on reasonable chemical analogies. It is 
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hoped to develop such chemical aspects as the 
synthesis of oligonucleotide-peptides and ribonucleo- 
protein. 

Thanks are due to the directors of Arthur Guinness, 
Son and Co. (Dublin), Ltd., for permission to publish 
this communication. 
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THE INFLUENZA VIRUS NEURAMINIDASE Ae 
E PRYING Oapt, %G 


By Dr. ALFRED GOTTSCHALK ` 
18. Upper Cistai TRA, Oates 


The Walter and Eliza Hall Institute of Medical Research, Melbourne 


IRUSES in their simplest form (tobacco mosaic 
virus, coliphages, polio virus) are nucleoproteins, 
the nucleic acid carrying the genetic information for 
the make-up of the virus generation to come, and the 
protein coat protecting the genetic material on its 
way from host cell to host cell. With increasing size 
the chemistry of the viruses becomes more complex. 
Irrespective of their composition, the viruses proper 
have no metabolism of their own. They integrate 
themselves into the metabolic pattern of their host 
cells. By imposing their code of sequence on the 
arrangement of the host building blocks in the 
enzymic synthesis of nucleic acids and proteins, they 
re-direct the chemical reactions to their own end}. 
The first serious challenge to the prevailing view 
that viruses are devoid of enzymes was the observa- 
tion by Hirst? that chicken erythrocytes adsorbed 
influenza virus and by doing so were agglutinated. 
Whereas at 4° C. the virus remained attached to the 
red cells for 18 hr. or more, at 37° C. spontaneous 
elution of the virus from the cells soon occurred. 
The virus liberated was intact, leaving behind, how- 
ever, the red cells inagglutinable by fresh virus. 
Hirst’s interpretation, logical and ingenious, was that 
a receptor substance present at the surface of the 
red cell attracted and bound the virus, which in turn 
by virtue of an enzyme embedded in its coat acted 
upon the receptor. The viral enzyme-receptor inter- 
action was envisaged as resulting in a chemical 
change of the receptor substance concomitant with 
the release of the unimpaired virus particle. The 
same sequence of events—adsorption and spontaneous 
elution of the Vvirus—was demonstrated? with the 
system influenza virus and surviving host cells 
deprived of their normal blood supply (respiratory 
cells of the excised ferret lung). 

Much weight was added to Hirst’s interpretation 
by subsequent discoveries made by Burnet and his 
co-workers*®. They showed that a variety of materials 
secreted by mucus membranes such as gastric and 
intestinal mucin, bronchial mucus, ovarian cyst fluid, 
cervical mucus, etc., strongly inhibited hemagglu- 
tination by indicator virus, that is, virus treated (by 
heat) in such a way as to prevent it being eluted 
spontaneously from erythrocytes. When digested 
with active virus, these inhibitory mucins lost their 
biological activity. Most useful and important was 
the preparation by Burnet et al.° from the culture 
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filtrate of Vibrio cholerae of an enzyme imitating the 
effect of the influenza virus on the cellular receptors 
and the inhibitory mucoproteins. Pretreatment with 
the vibrio enzyme rendered the erythrocytes in- 
agglutinable, the mucoproteins non-inhibitory and 
the intact host cells non-susceptible to virus infection. 

The biochemical approach to the problem of the 
viral enzyme was initiated by the finding* that 
living influenza virus, when acting upon hem- 
agglutinin inhibitory mucoproteins and reducing 
their inhibitory capacity by 99 per cent, released 
from them a compound of low molecular weight 
separable by dialysis from the digest. On purification 
this compound (split product) was shown to have 
reducing power, to contain nitrogen and to form in 
the Morgan-Elson reaction a purple-coloured sub- 
stance indistinguishable spectrophotometrically from 
that given by N-acetyl D-glucosamine under similar 
conditions’. However, in contrast to amino-sugars, 
the split product gave a direct Ehrlich reaction and 
a positive Bial’s orcinol test, and it decomposed with 
formation of humin on treatment with mild acid‘.5. 
The split product was the same whether a muco- 
protein fraction of hen egg-white (ovomucin) or an 
electrophoretically homogeneous mucoprotein from 
humen urine was taken as substrate, whether in- 
fluenze virus or vibrio enzyme was used as catalytic 
agent. Appropriate controls with heat-inactivated 
virus were negative’. These results left no doubt 
about the enzymic nature of the process. Moreover, 
it was established that the enzyme is an intrinsic 
compound of the virus particle itself and that a 
similar enzyme is not present in the host cells of 
the virusi. 

A compound with the same properties as those 
described for the split product was first isolated from 
bovine submaxillary gland mucoprotein by Blix’. This 
compound, termed by Blix et al.’ sialic acid, was 
eventually proved to have the composition 
C,;H,,0,.N and to contain an N-acetyl group, an 
O-acetyl group which is easily split off, a carboxyl 
group, an a-keto or «-hydroxyl group, a primary 
alcohol group and a group titratable by hypoiodite’, 
Klenk and Lauenstein®, treating bovine submaxillary 
gland mucoprotein and human urine with 5 per cent 
methanolic hydrochloric acid, obtained methoxy- 
neuraminic acid, a substance resembling sialic acid in 
the reactions carried out at acid pH, but differing from 


378 


it in being non-reducing, alkali-stable, ninhydrin- 
positive, free of acetyl and in possessing a methoxy 
group. The close relationship between sialic acid and 
neuraminic acid became obvious when N-acetyl- 
neuraminic acid was isolated from the hydrolysate of 
bovine submaxillary gland mucoprotein®. Confirming 
the earlier observations on the release of the split 
product from human urine by virus action, Klenk et 
al.? crystallized the product and identified it as 
N-acetylneuraminic acid. It seemed that the latter 
differed from sialic acid only in the lack of an O-acety! 
group. ‘Therefore, N-acetyleuraminic acid and 
methoxyneuraminic acid would be expected to have 
the composition C,,H,,0,N and CioH1,O,N, respec- 
tively. Instead, Klenk et al.®.° assigned to them the 
formule C,,H,,0,,N and C,,H2,0,N. 

The molecular structure of N-acetylneuraminic 
acid, exhibiting properties of both an amino-sugar 
and a 2-deoxyhexose, remained obscure until a well- 
defined degradation product was prepared. Bovine 
submaxillary gland mucoprotein and human urine, 
on treatment with alkali, yielded pyrrole-2-carboxylic 
acid, and the same pyrrole derivative was obtained 
from the split product*®. On this basis and on the 
other information available, neuraminic acid was 
envisaged as an aldol-condensation product of 
p-glucosamine (or D-galactosamine) with pyruvic 
_ acid, methoxyneuraminic acid as the methylglycoside 
of neuraminic acid, N-acetylneuraminic acid as the 
N-acetylated neuraminic acid and sialic acid as 
ON-diacetylneuraminic acid!*. This concept was 
strengthened by the synthesis?® of pyrrole-2-carb- 
oxylic acid from p-glucosamine and pyruvate at 
pH 11-0 and was confirmed by the reverse aldolization 
of N-acetylneuraminic acid to N-acetylglucosamine 
and pyruvic acid! or pyruvic acid degradation 
products. Its final proof was derived from the 
synthesis of N-acetylneuraminic acid from N-acetyl 
p-glucosamine and carboxylated pyruvic acid (oxalo- 
acetic acid), the synthetic compound being chemically 
and stereochemically identical with the crystalline 
compound of biological origin®. By the method of 
synthesis the carbon skeleton, the nature and position 
of the functional groups are determined and Blix’s 
formula proved to be correct. The stereochemistry 
at C, and C, of crystalline N-acetylneuraminic acid 
was recently elucidated’*. The pyranose structure 
and the position at C, of the O-acety] in diacetyl- 
neuraminic acid follow from the results of periodate 
oxidation’. 
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N-Acetylneuraminic acid | 


It was early recognized that the inhibitory muco- 
proteins are conjugated proteins containing as pros- 
thetic groups polysaccharides or oligosaccharides of 
small size distributed in numbers along the poly- 
peptide chain!. Sialic acid, in the new terminology! 
the group name for all acylated neuraminic acids, 
occupies a terminal position in the prosthetic groups 
and is linked through its potential keto-group 
glycosidically to the adjacent sugar unit*®. Bovine 
submaxillary gland mucoprotein contains about 
17 per cent diacetylneuraminic acid and an equimolar 
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amount of N-acetylgalactosamine besides very small 
quantities of N-acetylglucosamine, galactose, man- 
nose and fucose. At pH 1-0 and 80° C., 78 per cent 
sialic acid—and sialic acid only—is released ; vibrio 
onzyme splits off 64 per cent of the sialic acid present 
in bovine submaxillary gland mucoprotein. The 
prosthetic group may be detached by very dilute 
alkali. It has been obtained as a white substance in 
an analytically pure state ; its formula is C,,H5.0,,N>. 
and it consists of N-acetylneuraminic acid linked 
ketosidically to N-acetylgalactosamine. ‘The viral 
enzyme and vibrio enzyme split the disaccharide into 
N-acetylneuraminic acid and N-acetylgalactosamine 
(Gottschalk, A., and Graham, B., in preparation). 
The ready conversion even at room temperature of 
the disaccharide at pH 10 and at pH 2 to chromogen- 
disaccharides, that is, disaccharides the N-acetyl- 
galactosamine moiety of which is transformed to a 
chromogen in the direct Ehrlich reaction, would 
suggest linkage of N-acetylneuraminic acid to Cs of 
the amino-sugar (in its furanose form), though 
linkage to C, cannot be excluded. A furanose struc- 
ture of N-acetylgalactosamine within the disaccharide 
would also account for the direct Ebrlich reaction of 
the latter in the cold and for the ease with which 
N-acetylneuraminic acid is released from bovine 
submaxillary gland mucoprotein at its own pH. 
These new findings may necessitate re-interpretation 
of previous observations on the prosthetic group’. 

The specificity of the virus enzyme and vibrio 
enzyme is not absolute. Thus the above disaccharide, 
three chromogen-disaccharides and sialyl-lactose, a 
reducing trisaccharide consisting of diacetylneuram- 
inic acid, linked «-ketosidically to lactose", are readily 
hydrolysed by the enzyme. N-glycolyneuraminic 
acid, the sialic acid of porcine submaxillary gland 
mucoprotein, is split off from this mucoid by vibrio 
enzyme*. The influenza virus enzyme and the 
isodynamic vibrio enzyme may, therefore, be defined 
as neuraminidases cleaving the «-ketosidic linkage 
joining the terminal acylated neuraminic acid to 
another sugar or sugar derivative. 

Finally, it may be mentioned that N-acetylneur- 
aminic acid has been obtained crystalline from human 
erythrocytes by the action of vibrio neuraminidase’. 
This achievement suggests that the cellular receptors 
are sialylmucoproteins like their chemical analogues, 
the hemagglutinin inhibitory mucoids. The sialic 
‘acid component of both the cellular and the 
soluble receptors is instrumental in attracting and 
binding the virus, and the release of sialic acid 
from both types of receptors by the action of 
neuraminidase results in the loss of their biological 
activity. 


1 For summary sce Gottschalk, A., Physiol. Rev., 87, 66 (1957). 
os ay: K., J. Exp. Med., '75, 49 (1942); 76, 195 (1942) ; 78, 99 
3 For summary see Burnet, F. M., Physiol. Rev., 31, 131 (1951). 
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YESTERDAY AND TO-MORROW 


By J. S. L. GILMOUR 


Director, University Botanic Garden, Cambridge 


H. CAMP? has given powerful voice to the view 

. that the species and other categories below the 
rank of family recognized in the codes of zoological 
and botanical nomenclature may well prove unser- 
viceable as an instrument to describe the rich 
complexity of the units revealed by modern studies 
in micro-evolution and experimental taxonomy. 
“Our present system of nomenclature,” he wrote, 
“was designed to fit a concept of static genera and 
species. Tinker with it as we will, we cannot re-tailor 
this mouldy shroud into something which will serve 
as an adequate nomenclatural covering for the com- 
plex, living groups which we are now beginning to 
realize must be defined. No one knows exactly what 
this system will be; as yet, one can see only a general 
outline, for our knowledge is too scant to permit a 
filling in of all the details.” 

In a communication to the British Association at 
Edinburgh in 1951? I strongly supported this view, 
and in a more recent paper®, Prof. J. Heslop Harrison 
and I have put forward a tentative scheme, based on 
the suffix ‘deme’, for a new system of categories to 
express the findings of experimental taxonomy. In 
this last paper, the position of the species in relation 
to the deme terminology was briefly discussed. We 
stated that, in constructing our terminology, we had 
“rigidly excluded the categories of orthodox tax- 
onomy”’, but we emphasized this did not mean that 
“we regard the terms genus, species, etc., as in any 
way outmoded. On the contrary, they will continue 
to remain essential as expressing the basic outline of 
living things and as a framework into which other 
classifications can be fitted’. This view was further 
developed by both of us at a conference organized 
by the Botanical Society of the British Isles in 1954 4. 

In the present article, I want to discuss more fully 
this question of the position of the species in relation 
to a system of categories for experimental taxonomy, 
and to put forward suggestions as to the future role 
of the species concept in biological taxonomy. 

The term ‘species’ was first used more or less in its 
modern sense during the seventeenth century, and 
John Ray, in 1674, was among the earliest to lay 
down criteria for the assessment of specific differences. 
During succeeding years the concept gradually 
became stabilized to denote the basic units of bio- 
logical classifications—the units, in fact, on which 
classification operated. These units were regarded 
by the great majority of biologists as static entities, 
created once and for all; the task of the systematist 
was to look for them, to recognize them for what 
they were, and to group them into higher categories. 
John Lindley, who took a more naturalistic view of 
plant classification than many of his contemporaries 
and who described “genera, orders, classes, and the 
like, as mere contrivances to facilitate the arrange- 
ment of our ideas with regard to species’, looked 
upon species themselves as “created by Nature”, 
and this view, with varying degrees of theological 
adornment, may be taken as typical of the pre- 
Darwinian systematic biologists. The idea of species 
as discrete, specially created, entities was no doubt 
unconsciously reinforced by binary nomenclature with 


its superficial resemblance to personal human names 
like John Smith, and, by the middle of the nineteenth 
century, the species had become unshakeably en- 
throned in the centre of taxonomic thought. 

With the general acceptance of the theory of 
evolution during the second half of the nineteenth 
century the history of the species concept entered a 
new phase—a phase from which it has not yet 
emerged. In view of its firm entrenchment, it was 
inevitable that the term species should have become 
at once accepted for the basic unit of evolutionary 
change—an acceptance that was, of course, of great 
value during the formative years of evolutionary 
theory and without which the theory could scarcely 
have developed. 

It was not long, however, before it became clear 
that the species of pre-Darwinian taxonomists repre- 
sented a number of very different types of unit from 
an evolutionary point of view. The existence of such 
different types had, of course, long been recognized, 
and the ‘lumpers’ and ‘splitters’ represented two 
extreme reactions to this fact; but it was not until 
the acceptance of evolution, and especially the 
development of genetics and cytology during the 
past fifty years, that the reasons for these differences 
began to be appreciated. 

The reaction to this appreciation took the form of 
attempts both to define the species in modern 
evolutionary terms, and to set up new categories to 
supplement or replace it. With regard to the former, 
there has been a growing realization that, owing to 
the disparate nature of the units usually classed as 
species, it is not practicable to choose an evolutionary 
definition that is of use in more than a very limited 
sphere. For example, a definition based on inter- 
sterility leads, in some cases, to the separation of 
individuals practically indistinguishable morpho- 
logically. Such a definition clearly renders the 
species concept virtually useless to general biologists 
and others requiring an easily applicable and stable 
basic unit for taxonomy. These difficulties led to 
the second type of reaction, namely, the construction 
of special categories to express the new knowledge 
that was being accumulated. Such categories took 
the form either of modifications of the term ‘species’ 
(for example, Turesson’s “‘ecospecies” and ‘“coeno- 
species’), or of completely new terms (for example, 
Danser’s “‘commiscuum”, “comparium’’, etc.), but in 
either case their relationship to the species itself was 
far from clear and has led to much subsequent 
controversy. 

In our paper on the deme terminology’, Heslop 
Harrison and I gave reasons, based on the nature 
and purpose of classification in general, for favouring 
a complete separation between the categories of 
nomenclatural taxonomy and those of experimental 
taxonomy. This course has, I think, very definite 
advantages for both of the resulting category systems. 
With regard to experimental taxonomy, there is no 
doubt that the term ‘species’, however conscientiously 
one tries to forget its past associations and to adapt 
it to modern ideas, still comes to us trailing clouds 
of special-creation glory, which, as Camp has in- 
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dicated, tend to bedevil its use in an evolutionary 
setting. It is largely these wisps from the past that 
have caused so much controversy over the relation- 
ship between nomenclatural and experimental tax- 
onomy. The problem of whether to adapt or to 
abandon a particular term is a familiar one in the 
history of thought, and which course should be taken 
depends on the adaptability of the term and the 
extent of the change that has taken place. For 
example, the humours of medieval medicine developed 
quite happily into the present-day bad and good 
humour of our dispositions, whereas phlogiston, 
which could not be adapted to-modern science, 1s 
dead—and the word ‘dryads’ is not now employed to 
explain the behaviour of Quercus robur, On balance, 
the abandonment of the term ‘species’ as a category 
to express the findings of experimental taxonomy, 
reflecting a clean break with the non-evolutionary 
past, would seem to be the right policy. The reluct- 
ance of geneticists and others to take this step is, 
perhaps, bound up with a lingering belief that species 
are, in some way, ‘real entities’, not ‘artificial con- 
structs of the human mind’ as are other taxa. This 
belief makes it seem unthinkable to abandon the 
term for such an important branch of biology as the 
study of micro-evolution. If, however, ‘real entities’ 
and ‘artificial constructs’ are regurded, not as mutu- 
ally exclusive, but as alternative descriptions, each 
valid in its own context, this difficulty disappears. 
Such an approach has recently been fully developed 
by R. Crawshay-Williams in a most stimulating 
book’. 

The policy I am advocating is strongly reinforced 
by a consideration of the continued use of the term 
in nomenclatural taxonomy. Clearly, there will 
always be a need for a general-purpose classification, 
based primarily on morphology, for those who require 
a broad map of the diversity of living things. For 
this purpose, the nomenclatural categories of genus, 
species, variety, etc., are excellently suited, and it 
would be a great advantage if they were not subject 
to continued attempts to bring them up to date and 
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to re-define them in evolutionary terms. Let them 
be regarded, frankly, as mainly morphological 
categories based on degree of difference and they will 
perform their proper function in biological classi- 


fication. Such a view would lead to a reduction in 


the number of name changes made for taxonomic, as 
opposed to nomenclatural, reasons. For if it was 
agreed that genera and species should be regarded as 
broad, flexible categories, with a considerable element 
in them of convenience, biologists would not be so 
constrained to alter the limits of existing taxa in 
order to fit them to a particular taxonomic theory. 
This policy will, I know, strike many biologists as 
lessening the stature and importance of nomen- 
clatural taxonomy. This is true only in the sense 
that, at the specific, or in some cases the generic, 
level detailed micro-evolutionary knowledge, when 
available, would be embodied in special categories, 
leaving the nomenclatural categories free to give a 
general purpose account of the variation of the 
organisms concerned. This does not mean, however, 
that attributes such as intersterility and chromosome 
number would be rigidly excluded as criteria for the 
nomenclatural categories; if they can be incor- 
porated as supplementary to morphology without 
destroying the general utility of the classification 
the additional information thus embodied would be, 
of course, a valuable asset. 

The suggestions outlined in this communication 
are an attempt to crystallize into a definite policy 
some of the rather ill-defined ideas that are in the 
air on the defects of present-day taxonomic theory 
and practice. They are put forward in the hope that 
others will be stimulated to think about them and 
discuss them, too, with the view of evolving a 
generally agreed policy. 
1Camp, W. H., Brittonia, 7, 118 (1951). 
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PHYSICS OF WATER AND ICE 


HE discussion on “The Physics of Water and 

Ice”, held at the Royal Society on November 14, 
was particularly timely. In the past two years 
there has been & renewed interest in both the ex- 
perimental and theoretical aspects of ice and water 
in relation to their physical properties and their 
structure. On the theoretical side it has been evident 
for some time that the picture of ice and water 
as essentially regular and irregular arrangements, 
respectively, of water molecules tied together tetra- 
hedrally by hydrogen-bonds is only a rough first 
approximation. Certainly it is inadequate for the 
degree of detail now required to define the properties 
of these substances. It is especially true for the 
properties that are so-called ‘structure sensitive’, 
that is, that depend on the variation of the crystalline 
material from its ideal state. At the same time, the 
practical interest in ice and water has been increasing 
from a number of fields, notably from glaciology, 
from the technical aspects of the icing of aircraft 
and aircraft engines, and perhaps most of all from 
meteorology, where it is now evident that the pro- 
cesses of conversion of water-drops into ice is funda- 


mental for the phenomena of rain and thunderstorms. 
In the latter connexion it is interesting that a new 
type of interdepartmental co-operative research has 
now been going for three years at the Imperial 
College of Science and Technology, London, some of 
the main results of which were reported at the 
meeting. The meeting was not primarily concerned 
with the theoretical aspects of the hydrogen-bond, 
which had been recently covered in a discussion of 
the Section of Physical Chemistry of the International 
Union of Chemistry, at Ljubljana ; nor with that of 
aqueous solutions, also recently dealt with at the 
Faraday Society meeting at Oxford. However, 
some of the leading Continental experts attending 
both those conferences also took part in the Royal 
Society discussion, and gave more details of their 
work in the field of pure water and ice. 

Underlying all studies of ice is the knowledge of its 
structure at different temperatures. A critical survey 
of the data now available was given by Dame Kathleen 
Lonsdale (University College, London) in the opening 
paper, in which she discussed the results of the latest 
X-ray, electron and neutron diffraction experiments, 
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both for ordinary and for heavy ice. Both substances 
show some degree of differential contraction along 
. the a- and c-axes on cooling, tending to make all the 
intermolecular distances of the water molecules in 
ice more nearly equal at the lower temperatures. This 
result, however, seems to contradict that reported by 
Dr. R. W. Powell, of the National Physical Labora- 
tory, on the basis of careful interferometric measure- 
ments of the coefficient of expansion of large single 
crystals of ico in two directions. Such discrepancies, 
however, are not unknown in other instances, and 
there seems to be a systematic difference between 
X-ray and macroscopic measurements of thermal 
expansion, possibly due to crystal imperfections. 
However, the work ought to be repeated by both 
methods, preferably on the same specimen. 

The neutron-diffraction work of H. A. Levy, of 
which a report was heard at the Discussion, indicates 
an almost completely random position for the protons 
along the hydrogen-bonds, corresponding to the pic- 
ture given by Pauling, but Dame Kathleen Lonsdale 
pointed out that slight deviations from randomness 
could not easily be detected by this method. 

Dr. Q. B. B. M. Sutherland reported studies on the 
infra-red absorption. of single crystals of ice, which he 
had carried out in conjunction with Dr. Ockmann. 
Over most of the frequencies concerned there seem 
to be very little preferred orientation and this would 
also favour an almost isotropic random hydrogen- 
bond structure for ice. 

Prof. W. C. Price (King’s College, London) reported 
some infra-red absorption studies of water adsorbed 
on alkali halides. Observed shifts in the frequencies 
of the 3,000-cm.-! band were interpreted in terms of 
water molecules attached by hydrogen-bonds to the 
negative ions. With thicker layers of adsorbed water, 
bands appear in the 2,000-cm.~? region, corresponding 
to molecular deformation plus a libration of the 
molecule against the forces of association with other 
molecules. Body-centred alkali halides show addi- 
tional bands which suggest attachment of water to 
positive ions. 

Dr. G. J. C. Frohnsdorff and Dr. G. L. Kington, 
working in Prof. R. M. Barrer’s department in the 
Imperial College, reported some interesting thermo- 
dynamic and spectroscopic properties of water con- 
tained in the pores of synthetic zeolites, where up to 
twenty-one molecules of water can be accommodated. 
Here a transition can be observed between a 
predominantly adsorbed pattern on slight hydration, 
to a water-like pattern occurring close to saturation. 

An important paper was read by Dr. H. Granicher, 
reporting the studies of the Zurich school on the 
relaxation process, particularly dielectric relaxation 
in ice. Dr. Granicher attributes part only of these 
phenomena to the presence of hydrogen ions in the 
form of oxonium and hydroxyl ions. He also postu- 
lates the presence of what he calls L- and D-protonic 
defects in ice in which the oxygen atoms are only 
slightly displaced. L-defects consist of two neighbour- 
ing oxygen atoms between which there is no proton ; 
in D-defects two protons are more or less collinearly 
arranged between oxygen atoms. These types of 
defects are assumed to wander through the crystal 
structure, to be created and to neutralize each other. 
In this way good agreement is achieved with the new 
experimental results on the variation with frequency 
of the dielectric constant of ice at different tem- 
peratures. A theoretical treatment of lattice defects 
in relation to the mechanical relaxation of ice was 
given by Dr. R. Bass of Stuttgart. 
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The work of the Göttingen school was presented by 
Dr. L. De Mayer—Dr. M. Eigen, who is largely 
responsible for it, being unfortunately too ill to 
attend. It has long been known that the electrical 
conductivities of pure water and pure ice are of the 
same order of magnitude, and it is assumed that this 
is because the mechanisms operating in the two cases 
are similar. The Göttingen workers have managed to 
measure separately the number of ionic carriers, 
namely (OH,)+ and (OH)- groups, and their apparent 
velocities. They find that the number in ice is only 
a small fraction, of that in water, and consequently 
the apparent velocity of hydrogen ions in ice must 
be many times as great as in water. As the velocity 
of hydrogen ions in water is already much higher 
than that of any other ion, and is clearly due, as 
Fowler and Bernal showed twenty-five years ago, 
by some form of relay mechanism, proton-transfer 
in ice must be by a similar mechanism, operating not 
over one hydrogen-bond but over a chain of hydrogen- 
bonds. This is very similar to electron-transfer in 
motals, and a close analogy exists between the two 
phenomena. It is even possible, by the introduction 
of fluorine ions, to produce what are equivalent to 
p- and n-junctions for ice, with protons taking 
the role of electrons in semiconductors. This 
work obviously opens up a very exciting field of 
theory which may have particular application in 
biology, following some recent suggestions by Szent- 
Györgyi. 

Prof. H. S. Frank (United States) discussed the 
significance of some of the results already reported 
in terms of the nature of the hydrogen-bonds in 
water and ice, pointing out that the influence of the 
bond itself on the lone-pair electrons on the other side 
of the molecule leads to a general strengthening of the 
bond, and provides some explanation for the closer 
approximation of the properties along the a- and c- 
axes at low temperatures. This also goes some way 
to explain the very peculiar fact that the cubic form 
of ice, which has a diamond structure at first sight 
essentially similar to the wurzite structure of 
hexagonal ice, is not stable above — 110° C. 

Turning now to the structure of water, Dr. C. L. 
van Pantaleon van Eck reported some very careful 
work recently carried out at Amsterdam on the 
X-ray diffraction patterns of water and on its infra- 
red absorption. His conclusions are that in the water- 
structure there are approximately six molecular 
neighbours at distances varying from 3-0 to 3-4 A. 
from any given molecule. It is not clear why this 
result is different from that obtained by Warren and 
Morgan. in 1938, who found four molecular neighbours 
at 2:85 A. Dr. van Eck’s interpretation would imply 
a collapsed tetrahedral structure not unlike that of 
metallic tin in relation to grey tin. He bases an 
independent calculation of the intermolecular distance 
in water on the absorption spectrum of HDO, in 
which the band at 3,500 cm.-!, unlike the correspond- 
ing bands for ordinary and heavy water, is free from 
overlapping and permits an estimate leading to the 
value 2-85 A., as opposed to the hydrogen-bond 
distance of 2:76 A. found for ice. If this is the case 
then the hydrogen-bond in water would be con- 
siderably weaker than that in ice, of the order of 5 
instead of 6 keal./bond mole, and it would not be 
necessary to postulate any actual breaking of hydro- 
gen-bonds on melting. These results throw open once 
more the whole question of the structure of water, 
and clearly much more experiment and calculation 
are necessary. i 
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Dealing with the transitions from water to ice, and 
from water-vapour to ice, two papers were read by 
Dr. B. J. Mason, representing tho work of the Imper- 
ial College group. In the first Dr. Mason gave a 
full acount of the extremely beautiful method which 
he has developed for growing small crystals of ice at 
controlled temperatures and water-vapour concentra- 
tions in a thermal-gradient air box. He has shown 
that temperature alone determines the particular 
habit adopted by ice crystals, except at high super- 
saturation when dendritic growth occurs. In the 
temperature ranges from 0° to — 3° C., from — 8° to 
~ 12° C. and from — 16° to — 25° C., hexagonal 
plates are the rule. On the other hand, from — 3° to 
— 8°C., and below — 25° C., the predominant form is 
either the elongated hexagonal prism or the hollow 
prism which sometimes has a spiral structure. The 
fern-like dendritic crystals occur only between 
-12° and — 16°C. By growing crystals successively 
at different temperatures Dr. Mason has succeeded in 
producing combined forms which reproduce many 
of the beautiful effects long known in snowflakes, 
which may be interpreted as indicating the various 
temperature regimes through which the snowflakes 
moved during their formation. These observations 
are of fundamental meteorological importance and 
also of great physical interest, because until now very 
little work has been done on the influence of tempera- 
ture on crystal-form, and it would appear that the 


` 


at ? 


HE foundation stone’ of the Middle East Tech- 

nical University in Ankara was laid on October 
3, 1957, in the presence of the President of the 
Turkish Republic, the Prime Minister, the Minister 
of Education, the heads of the foreign aid committees, 
the Ambassadors of Great Britain and of the United 
States of America and other distinguished guests. 

The University has, in fact, been working tom- 
porarily in a building in Ankara for two years. In 
1956 there were 175 students attending the Colleges 
of Architecture and Administration, and in February 
1957 the College of Engineering was established, 
followed in September by the creation of a research 
department for nuclear physics. 

Foundations for colleges of mining, geology, agri- 
culture and forestry were laid in 1956, and in 1958 
students of electrical engineering, mining and geology 
will be admitted. 

There are at present five foreign professors at the 
University, but arrangements have been made for 
further staff to be recruited through the United 
Nations (including two professors of architecture and 
one of administration), through Unesco (including 
professors of construction engineering, and of mach- 
inery), and through the technical aid programme of 
the British Government (professors of physics and of 
electrical engineering). 

Thus by this year there will be altogether twelve 
foreign professors on the University staff; the 
Turkish teaching staff will number thirty. 

The site designated for the construction of the 
Middle East Technical University is about three 
miles from Ankara and covers an area of about 
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sharp changes of habit with temperature indicate 
that we are dealing here with a thermodynamic 
phenomenon depending on the relative values of the 
free energy of growth in different habits, as Prof. 
J. D. Bernal suggested at the meeting. 

Dr. Mason’s other paper described a series of care- 
fully controlled experiments, on the supercooling and 
freezing of water drops. He showed two curves relating 
the volumes of drops to the temperatures at which 
they froze—one for freezing induced by nuclei, and 
another for the case in which nuclei are absent. 
In the latter case supercooling for drops as 
small as lu in diameter can be effected down to 
— 41° C. and for l-mm. drops down to — 33° C. 
Crystallization at these temperatures is an almost 
explosive process, resulting in the fracture of the 
frozen droplet and its shattering, a phenomenon 
which may be of great importance for the rapid 
spread of nucleation through super-cooled clouds in 
the atmosphere. 

Dr. M. Blackman (Imperial College, London) 
reported a study by electron diffraction of epitaxial 
growth of ice on silver iodide crystals. Silver iodide 
is the only substance at present known to be capable 
of producing rapid nucleation of ice. By controlled 
growth of single crystals of ice, Dr. Blackman has 
been able to show the crystal formation of the ice 
with sufficient penetration to bring out the underlying 
silver iodide lattice. J. D. BERNAL 


_ -MIDDLE EAST TECHNICAL UNIVERSITY, ANKARA 
By Dr. TURGUT YAZICIOGLU 


4,500 hectares (11,115 acres). The University campus 
will comprise, besides the college buildings, dormi- 
tories, faculty housing, libraries, a theatre, sports 
grounds, restaurants and other accommodation. All 
the plans and projects have been ‘drawn up by the 
Turkish Ministry of Works in co-operation with the 
University of Pennsylvania. 

According to the first ten-year programme, the 
University will have about 6,000 students, 2,500 
teaching and research staff, and forty departments 
(including teaching and research units) at the end of 
the first decade. 

During this ten-year period the Turkish Govern- 
ment is to make grants to the University totalling 
265 million Turkish lira (about £33 million), of 
which almost half will be invested, while over the 
same period foreign aid will be available to a total 
of 26-5 million dollars. In addition, the British 
Ambassador, in his speech during the inaugural 
ceremony, promised a further sum of £25,000 from 
the British Government in the present year. 

The University is designed to fulfil the need for an 
international centre of higher learning to serve the 
requirements of the developing Middle East. It is 
founded on the belief that the development of the 
region in a manner satisfying the demands of a pro- 
gressive society requires the integration of techniques 
with human needs and aspirations. The University 
considers its major responsibility to be the training 
of a growing number of educated men and women, 
able to work creatively on the problems of the 
Middle East, using the most advanced techniques of 
our era. 










Constituted as a se y only a since Ja January 1 
-1957, the Middle East Technical- U 

two faculties. From the single gr 
with which the. teaching pro; 












Apot si opened i 
-November 1956, the Government of Turkey plans 






matching the academic activities of each department 
with a programme of applied research and develop- 
“ment work in industrial and agricultural problems. 
The University’ s teaching programme, conducted in 
English, with its emphasis on unity of thought and 
action, and on the .correlation of teaching and 
research, should mak an. institution unique in the 
Middle East. at 7 
= The first step in ihe atariek of the University 
was taken in 1953, when a survey of building and 
-planning legislation revealed the need for university- 
-tramed technical people in the professions. As a 
















ce result of this survey, a school of architecture and 


a town-planning was suggested, to be integrated with 
research institutes in building and planning. A com- 


plete programme for the school was prepared by a 


United Nations Mission, under the direction of Dr: 

= CG. Holmes Perkins, dean of the University of Penn- 

> -sylvania School of Fine Arts. 

The Perkins Committee received not only the 

enthusiastic and energetic support of the President 
_. of Turkey, the President of the Grand National 


ae “Assembly and the Prime Minister, but also the” 


effective co-operation of a committee for the school, 
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~ Viscount Waverley, G.C.B., O.M., G.C.S.1, G.C.LE., 
| F.R.S. 


TuERE have been many tributes to the outstanding 
























Anderson, the first Viscount Waverley, one of the 
‘greatest, beyond all question, of the many great 
public servants of Great Britain. It may be doubted, 
however, whether any of the numerous accounts of 
‘his remarkable career have yet done full justice to 
the special nature of the service which he was 
qualified to render to the nation, especially in two 
world wars, by his experience as a student of science 
-at Edinburgh and a postgraduate research worker at 
‘Leipzig, before he entered the Civil Service. It 
should be understood that this course of scientific 
studies and practice in research did not serve him as 
è mere introduction, or a stepping-stone, to an 
official and ministerial career of such extraordinary 
-distinetion, in which he became a permanent Under- 
Secretary of State (Home Office) by the time that he 
was forty, governor of Bengal ten years later, and 
then, as Member of Parliament for the Scottish 
Universities, Minister for Home Affairs and Home 
Security, Lord President of the Council and, finally, 
Chancellor of the Exchequer, 
World War, Through it all, and with his imperish- 
able and comprehensive memory asa background, 
the supreme importance of scientific progress had 
remained with him a matter of central interest and 
conviction. It was no mere matter of curious co- 


hat the University shall grow to major sizeyinvolving _ 
ix faculties, with a complete research eaisbliabmenti " 


of the teaching facilities and the acquisitio 


= qualities of mind and character which made John- 


pearl 


during the Second 


3 _ the same kind. Thereafter he was swept away t 
incidence that the subject for his postgraduate lo: 










tions begun. | Fifty students first received. a ii 
in architecture on N ovember 1, 1956, ina Tent 
ing at 18 Müdafaa, Ca i desi, in Ankara. : 








‘During the winter, dats were made 





campus. On January 13, 1957; a provisional 
authorizing the establishment of the University 
passed by the Grand National Assembly. 
Minister of Education hes set aside a magnificen 
for the development of a teaching and ‘research 
centre, and plans for the construction of Universit y 
facilities are moving ahead at top speed. 3 

Since the boginning of the spring term 1957. the 
second faculty, that of engineering, has been in 
operation. Its first Department, of Mechanical 
Engineering, was joined by a Department of Civil 
Engineering last autumn. At the same time, the 
faculty of administration was opened. Continuing to 
develop in this way, all six faculties with their 
research institutes will, it is hoped, be in existence 
within five years, permitting rapid expansion, toward 
the goal set by the Government. 































researches and Ph.D. thesis at ee had been the 
chemistry of uranium, and that nearly forty years 
later, and behind the densest curtain. of ae wae 


a sy on behalf of the War Cabinet, i , 
Perai 8 eal in the cine peas of ree 


My first encounter with the future Lord y 
was soon after the outbreak of the First Worl 
in 1914. Sir Robert Morant, as chairma: 
English. Health Insurance Commission, ha 
himself suddenly faced with the abrupt disappe 
of all the important drugs which had been ob 
from Germany; and he promptly recognize x 
in John Anderson, a brilliant young Civil se 
with the then alr 1ost unique qualification of sè 
training and experience, he had the man to de 
the position thus created. I had newly jo 
scientific staff of the then embryonic 
Research Committee (now Council), and its- 
secretary, Walter Fletcher, had asked me to. a 
its behalf with reference to the same emergency 
that Anderson and I naturally met and kept co 
over problems of common interest and responsibility 
He also became a member, and a most importa 
one, of a Royal Society Committee, appointed 
enlist scientific co-operation to meet sudden needs 


one of aaro mistratiga een weer I do 





; -compensating coils. At the maxi- 



















-= without noticeable deterioration of 














384 
direct touch with him ; and it was not, 


closer scientific and personal contact with him, and 
then mostly ‘behind the scenes’. O 
When the university memberships were abolished, 
Sir John Anderson, having no real interest in party 
politics, retired from parliamentary lfe until he 


entered the House of Lords. He became chairman for» 
generous and even emotional attachment to science 


his remaining years of the Port of London Authority ; 
and he continued to give practical evidence of his 
interest in scientific matters, not only as a director 
of Imperial Chemical Industries, Ltd., but also through 


and its iot, indeed, until ` 
the Second World War that I came again into even: 
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a variety of honorary services to science, such as those 


of chairman of the Parliamentary and Scientific 


Committee, treasurer of the Lister Institute and 
president of the Research Defence Society. N obody 


who «was privileged to work closely with him could 


have failed, I think, to become aware that, behind 





.the mask.of his almost legendary reserve and quiet 


assumption of authority, Lord Waverley retained a 


and its claims, though an open display of such an 


enthusiasm was scarcely within his range. 
H. H. DALE 


NEWS and VIEWS 


SCEPTRE IlI 


ForLowrne the article by Allen, Allibone et al. in 
Nature of January 25, p. 222, we publish a photograph 
of SCEPTRE III. The photograph shows part of the 
4-ton strip steel core threading the torus. Each half 
of the core has an eight-turn winding carrying 
50 amp. d.c. to provide flux biasing. The primary, 
consisting of eight separate windings of eight turns 
each, is wound as uniformly as possible over the 
surface of the torus. The torus has a bore of 12 in. 
and is made of }-in. thick aluminium in four quad- 
rants, or sectors, separated by four 
straight sections each 6 in. long, 
which provide viewing and pumping 
facilities. The eight insulating gaps 
are protected by eight pairs of inter- 
laced copper liners, and double 
vacuurn gaskets made from indium 
wire are used throughout. Quartz- 
covered slits--one in the vertical 
plane and one horizontal-—allow 
the discharge to be viewed by a 
high-speed rotating mirror camera. 
The primary windings are arranged 
to obscure these slits as little as 
=: possible. The toroidal magnetic 
field is created by providing a d.e. 
supply to 102 layer-wound coils 
placed around the torus perimeter 
beneath the primary winding, and 
at pumping and viewing ports the 
-field is maintained constant by 


“mum B: field of 1,000 gauss some 
‘125 kW. are dissipated, and since 
hese coils are not water-cooled the 
ime. of operation of the apparatus 
s limited by the temperature rise 
‘of these coils. The capacitors can be 
lischarged into SCEPTRE III 40 
times a minute, and about 100,000 
discharges have been produced 





the torus lining. The terminating- 
-circuit of the radio-frequency pre- 
ionizing supply is seen mounted 
above the core, and the water-cool- 
ing feed lines and a lead chamber 
ontaining the nuclear detectors are 


Dr. J. R. Killian, jun. 


As special assistant for science and technology to 
the President of the United States, Dr. James Killian 
brings to that post, specially created for him last 
November, a good deal of scientific and admin- 
istrative experience. The position was described by 
President Eisenhower, in his address on “Science and 
National Security” on November 7, as one in which 
the incumbent, ‘‘aided by a staff of scientists and a 
strong advisory group of outstanding experts .. ."; 
would “have the active responsibility of helping me 



















- Education. In 1951, he was appointed chairman 










= bər of the Scientific Advisory Committee of the 
=: Office of Defense Mobilization. Dr. Killian went 
to the Massachusetts Institute of Technology from 
_. Trinity College (now Duke University) in 1923, and 
_ while he was editing its newspaper, Technology Review, 
= was made executive assistant to the Institute’s 
after this appointment, in 1939, he was helping 
_ Dr. Compton to organize the Institute’s vast. pro- 
gramme of training and research for war purposes ; 
ten years later, Dr. Killian succeeded Dr. Compton 
as president of the Institute. 


-College of Aeronautics, Cranfield : 
Prof. John Loxham 


: Mr. Jons Loxuam has been appointed to the 
_ chair of aircraft economics and production in the 
<- College of Aeronautics, Cranfield. He will take 
— -üp his appointment on April 1. Mr. Loxham, as 
|. Inanaging director of the Sigma Instrument Co., Ltd., 
- has been responsible for the development of a wide 
_ range of fine measuring equipment specially suited 
_ to the production methods of modern industry, and 
- those of the aero-engine industry in particular. His 
work in this field has earned him an international 
reputation, and machines made to his designs are 
ised in all the industrialized countries of the world. 
-Bofore joining the Sigma Company in 1989, Mr. 
-Loxham was head of the Engineering Production 
Department at the Northampton Polytechnic, Lon- 
lon, where he established the first National Certificate 
ourse in production engineering, and set up the first 
technical college machine tool laboratory. He is 
hairman of the British Standards Institution Com- 
nittee for Limits and Fits, and a member of several 
ther committees. He has lectured in Great Britain 
nd abroad on subjects associated with manage- 
ent, technical education and the control of quality 
1 engineering production. In 1946, he was awarded 
he Sir Joseph Whitworth Prize by the Institution 
f Mechanical Engineers for his paper on “An 
sxperiment in the use of a Standard Limit System”, 
nd the City and Guilds of London Institute has 
ecently conferred upon him the Insignia Award 
1 Mechanical Engineering for 1957 in recognition of 
his work in the field of precision engineering. 
Horticulture at Reading: Prof. O. V. S. Heath 
Dr. O. V. S. Hearn, who has been appointed to the 
hair of horticulture in the University of Reading, 
raduated in botany in 1925 at the Imperial College 



























he Imperial College of Tropical Agriculture, Trinid 


- Dr. Killian is a Fellow of the American Academy 
of Arts and Sciences and a member and former vice” | 
president of the American Society for Engineering » 


officer. During 
“morphogenesis in the onion plant, especially. 
effects of day-length and temperature on. b 
. formation and flowering. Techniques for produc 


of the Army Scientific Advisory Panel and a mem-. onion sets and for preventing bolting by storage trea 


' president, the late Dr. Karl T. Compton. Two years - 


“part in the work of the department both as lecturer 


implementation of the recommendations of the rep 


-Atomic Energy Authority in collaboration with tt 


| information. 
f Science and Technology, London, and proceeded to 
. rinidad, 
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In 1939, he was appointed to the staff of the Res 
Institute of Plant. Physiology at the Imperial € 
and attained the rank of senior principal s 

1940-45 he carried out research 


















































ment were devised, and low-bolting strains selected 
From 1945 onwards Dr. Heath resumed his stomatal 
investigations. The discovery of the effects of carbon 
dioxide concentration led to work on the minimum 
concentration of carbon dioxide in illuminated leaves. 
In the field of stomatal physiology Dr. Heath’s work 
is unrivalled. His recent demonstration of the role _ 
of chelation in the action of growth substances has : 
opened a new line of approach. He took an active 


and supervisor of postgraduate students. 


The Atomic Energy Authority ee 
Repiyine for the Prime Minister to a question in 
the House of Commons on January 24, Mr. R.A. 
Butler said he had no reason to suppose thatthe Prime 
Minister would dissent from the action proposed by —__ 
the Atomic Energy Authority in a letter received —__ 
from its chairman. In that letter, of January 21, __ 
Sir Edwin Plowden said that the Authority endorsed —__ 
and .will follow the principles of organization laid 
down in the report of the Fleck Committee appointed 
to inquire into the organization of certain parts of the 
Authority, and it also accepts in general the scheme 
of organization recommended for the Industrial 
Group and expects, in large measure and over a 
period of time, to implement the Committee 
recommendations. It will endeavour to approac 
as nearly as possible the organization visualized. b 
the Committee, having regard to the individuals wh 
hold or could be found to fill the senior posts. TH 
Authority is already embarking on a programme 
recruitment from outside and of transfer within 
own organization. On January 27, Mr. Maudli 
replying to a parallel question, said that the Go: 
rent and the Authority are still considering 


of the Fleck Committee which investigated the hea 
and safety arrangements of the Authority. 

In reply to a further question about nuclear p 
station contracts, Mr. Maudling said that besides 
four consortia formed in the earlier stages of pre) 
tion for the nuclear programme and trained. by 





Central Electricity Authority, a fifth consortium. ha 
since been formed and trained at its own req 
For technical reasons the design and construction | 
a nuclear power station can best be undertaken a 
present by such groups of companies. No exclusive 
rights are granted to the use of the Authority’s 
The system will be kept under review, 
and more conventional methods bo possible- 
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Exchange of Information on Thermonuclear Fusion 


A jort United States-United Kingdom con- 
ference to exchange classified information on research 
in the field of controlled thermonuclear reactions was 
held during February 3-5 at the Naval Research 
Laboratory in Washington, D.C. The exchange of 
information is under provisions of the agreement for 
co-operation on civil uses of atomic energy between 
the two countries. This is the sixth such meeting 
since the co-operative programme between the two 
nations was inaugurated in October 1956. 

In the British delegation were: J. R. Bickerton 
and G. N. Harding, Atomic Energy Research Estab- 
lishment, Harwell; R. F. Hemmings and B. 8. 
Liley, Associated Electrical Industries, Aldermaston ; 
H. Bodin, Atomic Weapons Research Establishment, 
Aldermaston. The United States were represented 
by teams of scientists led by A.E.C.-supported 
projects, including the Los Alamos Scientific Labor- 
atory, Oak Ridge National Laboratory, Princeton 
University, the University of California Radiation 
Laboratory, New York University and the Naval 
Research Laboratory. Leaders of the groups attend- 
ing were: Dr. James L, Tuck, Los Alamos Scientific 
Laboratory ; Dr. E. D. Shipley, Oak Ridge National 
Laboratory; Dr. Lyman Spitzer, jun., Princeton 
University ; Dr. Chester Van Atta, University of 
California Radiation Laboratory ; Dr. H. Grad, New 
York University ; Dr. W. R. Faust, Naval Research 
Laboratory. 


Development of the Imperial College of Science 
and Technology 
THE revised scheme for the development of the 


central site of the Imperial College of Science and 
Technology, London (see Nature, 177, 723; 1956; 
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and 178, 123; 1956), in the rectangle bounded by 
Exhibition Road, Imperial Institute Road, Queen's 
Gate and Prince Consort Road, has now been placed 
before the London County Council for planning 
approval. The scheme retains the tower of the 
Imperial Institute Building, designed by Colleutt, as 
a central feature in the form of a free-standing 
campanile rising from the central court, in accordance 
with the recommendation of the Royal Fine Arts 
Commission. The Royal School of Mines building 
designed by Aston Webb, and the new building for 
the Departments of Chemical Engineering and Aero- 
nautics designed by Norman and Dawbarn, have 
been incorporated into the scheme together with 
certain other buildings which do not form part of 
the College, notably the Royal School of Music on 
the northern side of the site. When completed, the 
new buildings will accommodate 3,000 students and 
will have a daily working population of more than 
4,000 people. Work on the scheme, recently approved 
by the London County Council, for the development 
of Prince’s Gardens, just off Exhibition Road, as 
halls of residence for the College is due to start this 
year. It will provide, in the first instance, residential 
accommodation for nearly 1,000 students. The plans 
embody a new conception of halls of residence, 
interpreting in contemporary terms the staircase 
system of the older universities. 


Liberal Education in Technical Colleges 


Some useful suggestions about the place of liberal 
studies in technical education were made by Mr. A. A. 
Part, head of the Further Education Branch of the 
Ministry of Education, at King’s College, Newcastle 
upon Tyne, on November 19. The education of a free 
man, he suggested, should be concerned with four 





Model of the revised plan for the development of the Imperial College of Science and Technology: view from the south-west 








dependo ig | ly, € 
it he: fostering” ‘of | the spirit of ‘enterprise 
imagination. ‘Fourthly, the free man, in the 
stances of to-day, when all activities are becomin 
increasingly complex, must “be able to work as 
ember of a team. In addition, many people 












religious instruction in school. 


Institute of information Scientists 


Ag a meeting held at the Institution of Elec 
Engineers on January 23, which some 125. persor 
(mostly graduate information officers) attendo 
Dr. G. Malcolm Dyson took the chair, and openin 









< Lyle, Ltd.) and Mr. C. W. Hanson (British Scientific. 
Instrument Research Association). 








> qualifications for those engaged in the profession" 
owas carried. The new professional body has been 





_ temporary working committee has been appointed to 
devise a constitution for approval by a later meeting, 
“when the permanent officers will be elected. Further 


information about the Institute can be obtained from- 


Mp. J. Farradane, “Torran”, Crofton Road, Orping- 
< ton, Kent. 
international Instrument Show 


> Tae International Instrument Show will be held 
in Caxton Hall, London, during the last week of 




























gore than sixty factories from ten countries will be 
_ participating, and their products will include a number 
of the latest technical achievements in the fields of 
“sprinted circuits, ultra-violet television microscopy, 
electron paramagnetic-resonance spectroscopy and 
telemetry.’ This year greater emphasis has been 
‘placed on the attendance of factory engineers, 


of students and apprentices, the show will remain 


ree to bona fide applicants. 
7 Union Street, London, S.E.1. 


: Humphry Davy Lectures 
Tum London Section of the Royal Institute of 
be called the Humphry Davy Lectures. 


ntitled “Purity and Purification of Chemical Sub- 
tances’, will be given by» Prof. Arne Tiselius 


1 Albemarle Street, London, W.1, on February 19 
+ 6.30 p.m. The chair will be taken by the president 
‘of the Royal Institute of Chemistry, Eroi: WwW 
: Wardlaw. 


r. W. J. Jongmans 


e obitu 






rites: Th 


g baa at "Heerlen in 1927, 193 
holding such a Congress was 

gonsider that to be truly free, a man needs: ‘the Sy 
pport of religion; one of the greatest reforms ofo 


‘Prof. Walther Gothan. ‘Jongmans, howe 
p responsible for practically all the organizat 
the Education Act. of 1944 was to secure for every editing. of- the ‘voluminous Comptes Re 
schoolchild the opportunity for religious weeehip: and 2 
. Carboniferous geology from many parts of 
and. the delegates rece.ved much hospitality 
City of Heerlen and the State Mines. I 
University of Glasgow conferred on Jongi 












g Dose-Rate Effects in Radiation-induced Che 
-- speeches wero made by Mr. J. Farradane (Tate and — a 

~ Rererrine to this article by Dr. H. e. -Sutto 
The proposal- 

“That a professional body be, and is hereby, set up- 

- $0 promote and maintain high standards in scientific 
and technical information work and to establish 


| published (Rad. Res., 6, 424 ; 


. named the Institute of Information Scientists, and & 


- March, opening on March 24. It is expected that 


‘Normal day opening hours will be from 10.30 a.m. to | bagi tne Gold Modal of the Inter ch 


6.30 p.m, but to facilitate the attendance of parties í Benjamin Franklin Society. 


pen until 9 p.m. on March 26 and also until 12 noon 
n the following Saturday morning. Admission is — 
Tickets are available - 
rom the sponsors, B. and K. Laboratories, Ltd., ae 


‘Dehydration of Foodstuffs” will be held: 


` Secretary, Society of Chemical Industry, 14 7 
| Square, London, 58.W.1. s 


Chemistry is sponsoring a new series of lectures, to- 
The first, 


University of Uppsala) at the Royal Institution, 


poe JOHN La fares teas of the Univeraiey = Glasgow, ee £ 










tions between Jongmans, Prof. Armand Rer 







congresses brought together those inter 

























onorary degree of LL.D. 





Reactions 





and Prof. J. Rotblat (Nature, 180, 1332 ; ae 195 


on, Manchester 20) writes: 
1957) an account of 
gome measurements of GE è at 1910 rads/sec. The value 
obtained was 14-3, which is probably not significantly 
different from the value of 15-45 obtained by Schuler 
and Allen (J. Chem. Phys., 24, 56; 1956) for dose- 
rates in the range 10°-108 rads/sec., and values in | 


the region of 15 obtained by other workers at lower _ 


dose-rates. Thus we may conclude:that most of the _ 
fall in the ratio @fe/@Ce, due to electron irradiation _ 
in the range 10°-10'° rads/sec. observed by Sutton : 
and Rotblat was in fact due to an increase in a - 




































Announcements 


Dr. G. E. R. Deacon, director of the N ational 
Institute of Oceanography since its foundation in 
1949, has been elected a foreign member: of the 
Swedish Royal Academy of Sciences. eee 


Dre. Dertev W. Bronx, president of. tha 
National Academy of Sciences and also presiden 


A CONFERENCE on “Fundamental a 


‘University of Aberdeen during March 25-27 
information can be obtained from the 4 


THe Institution of Electrical Engineots. ‘ 
Lecture for 1957-58 will be given at the Cent: 
Westminster, at 6 p.m. on February 12. The 
will be “The Electrification of Railways”: 
Lecture was prepared by the late Mr. G. ar F 
and will be delivered by Mr. R. Ledger. A 
is {free, by ticket obtainable from the asrih { 
of Electrical Engineers, Savoy Place, Lon 
W.C.2. 


Tue title of the book by L. Saunders ‘and - 
Fleming noticed in Nature of January 18, p: 1 
was given incorrectly : it should read “Mathematics 
and selene a for aig in or. Biolog y 











YURING. the latter part of the last. century, the 
LZ great sciontists who studied. acoustics attacked 
nd solved most of the problems of acoustic excitation 
ind propagation, the one notable exception being 
hat: of sound created by moving air. Since that 
ime, partly because of its relative unimportance, 
wut chiefly because of its intractability, the acoustician 


has only tackled the problem in a physical manner to- 


, explain the discrete frequencies which occur when air 
i blows over wires (aeolian tones) or on to è sharp edge 


: (edge tones) and has not at.any time appealed to 
Mathematics to obtain quantitative solutions. ‘Since 


- the Second World War, the greatly increased power 
_ used in civil airliners, made possible by the invention 
_ of the jet engine, has brought forth a noise situation 
in which the enormous power developed. has more 
_. than outweighed the inefficiency of conversion of 
Kinetic energy and has precipitated a major conflict 
- between the flying and non-flying public. A- detailed 
study of jet noise has thus become urgent, and this 
has brought into the field of acoustics those scientists 
who. have, by tradition, been most knowledgeable 
about the details of the source, namely, the fluctuating 
= flow in the jet as it mixes with the surrounding air. 
Since the acoustic output of a typical jet engine 
=- consists of only one-hundredth of 1 per cent of the 
- total engine-power, this has involved a highly 
mathematical treatment. Hence, in Britain, the 
acoustician with his physical interpretation and the 
ao aerodynamicist with his mathematical approach have 
tended to keep apart, even while dealing with the 
same problem. 
= Phus it was that, at the joint meeting of the 
> Acoustics Group of the Physical Society and the 
<o North-eastern Branch of the Institute of Physics held 
© < in Newcastle upon Tyne during November 15-16 
under the joint chairmanship of Prof. E. G. Richard- 
son and Dr. O. P. T. Kantorowicz, the major outcome 
‘was the cross-fertilization of ideas arising from these 
two groups. Indeed, as Prof. E. J. Richards (South- 
© @mapton) pointed out in his introductory address, 
Co oo Boise suppression has now become a study of 
turbulent mixing and has moved some way from 
_. pure acoustics. Thus, whereas the two-day con- 
ference was split into sessions on noise in air and in 
.- swater, respectively, the natural gulf was, in fact, 
~ that between papers on turbulence and on discrete- 
‘equency sound. 
‘In the first category, considerable interest was 
roused by three papers concerned not with noise and 
‘propagation but with the aerodynamics of jet 
ow. In his talk, Dr. G. M. Lilley (Cranfield) 
xamined the terms of Lighthill’s equations and 
om them put forward valuable ideas regarding the 
essential parameters on which jet noise is based. He 
iso examined in more detail than in the past the 
ature of the turbulence of the stream and its sig- 

























of sound. Probably his most interesting proposal 
oncerned a suggestion recently made by Townsend, 
1at eddies emanating from a jet can be likened to 
ng vortices stretching downstream with their axes 
ong the line of the jet. He speculated that since 





presumably by cross-flows az 


nificance in contributing to the quadrupole sources | = 





suppression techniques should be based on the 
deliberate destruction:..of _ these toroidal vortices, 


mn 3 1 quick mixing systems. 

In this category of papers on turbulence and its 
relationship to noise were also two papers from the 
United States: Dr. R. H. Kraichnan, of the Univer- 
sity of New York, talked about the pressure and 
sound fields of turbulence with high Reynolds 
number, while Dr. E. Skudryzk, of Pennsylvania 
State University, presented some most interesting 


` results regarding the noise produced by the boundary- 
layer turbulence of a rotating cylinder. Undoubtedly 


these three papers, involving the relationship between 
wide-spectrum noise and turbulence, indicate the 
direction of future flow-noise researches at least for 
the next five years. 

The other papers presented in this two-day con- 
ference dealt almost exclusively with discrete- 
frequency sound phenomena. Such phenomena are, 
of course, much easier to picture physically and were 
received with considerable interest by the less 
mathematical members of the conference. Edge 
tones in water were described by Mr. M. Gross 
(Newcastle). Dr. J. H. Gerrard (Manchester) 
described his experiments on the singing of wires 
{acolian tones); the hydrodynamic oscillator was 
described by Dr. G. G. Parfitt (Imperial College of 
Science and Technology, London) and the effect of 
nicking on organ flue pipes by Dr. D. M. A. Mercer 
(Southampton). It is impossible in the space avail- 
able to describe these interesting contributions, nor 
the general survey by Mr. M. P. Tulin of the water- 
noise researches being carried out in the U.S. Naval 
Research Laboratories, in any detail.” Dr. Parfitt’s 
description of the work at Harvard in developing a 
hydrodynamic oscillator which provides a sound 
level of 165 decibels in air for the expenditure of 
only 14 watts in energy shows how noise and pressure 
resonances, normally a nuisance, can also be har- 
nessed to provide a very efficient means of energy- 
transfer. 

As would be expected in the study of sound by. 
aerodynamicists, optical schlieren techniques have 
become the accepted method of studying discrete- 
frequency phenomena. One of these phenomena 
arises from the sound which is given out when an 
eddy passes through a shock wave. Since this sound 
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wave proceeds upstream and produces a fluctuating 
flow, it is easy to see that for some frequency & self- 


sustaining system or resonance will occur. Two ' 


somewhat similar papers on this subject were pre- 
sented at the conference, one by Mile. Merle 
(Marseilles) and Mr. M. G. Davies (Liverpool). Both 
authors described their work on the ‘back reaction’ 
or resonance mechanism, Mlle. Merle showing a most 
interesting film of the cellular pattern in the jet. 
Mr. Davies gave more attention to the geometry of 
the system and a method of prediction of the 
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frequency. The standard of photography was excellent 
in both cases; a typical photograph by Mr. Davies 
showing the sound waves emanating from the choked 
jet stream is shown in Fig. l. 

During the conference, members were conducted. 
around the laboratories of the Pametrada Research 
Station and the cavitation tunnel at King’s College, 
Newcastle. It is to be hoped that this meeting will 
be only one of a series drawing together workers 
in acoustics and aerodynamics, separated as they are 
now by the wide gulf of tradition. l 


ENZYME CHEMISTRY 


A: international symposium on enzyme chemistry 
organized by the Science Council of Japan was 
held under the auspices of the International Union 
of Biochemistry in Tokyo and Kyoto during October 
15-23. The president of the symposium was Dr. 
Seiji Kaya, president of the Science Council of Japan, 
and Dr. Keizo Kodama was chairman of the organ- 
izing committee. The meeting was reported to be 
the largest international gathering of scientists held 
in Japan since the War, 108 non-Japanese from 
twenty-one countries and 816 Japanese being present. 
The attendance from Western European countries 
was regrettably small, about half the overseas 
visitors being from North America, eight from the 
Soviet Union and numbers of from one to four from 
other countries. The thoughtfulness of the Japanese 
in presenting their work for the most part in English 
went a long way towards overcoming the language 
barrier, and their friendliness and the very great care 
with which our Japanese hosts had evidently planned 
every detail of the excellent organization made for 
an exceptionally smooth-running conference. Both 
at the University Club at Tokyo and within the 
University buildings at Kyoto, large and well- 
equipped reception and meeting rooms were provided. 
All participants received on arrival a massive volume 
containing the text of some 150 communications ; 
the printed proceedings are to be published later and 
will include the discussions which followed the 
presentation of these papers. 

Special lectures were given by 
cytochromes in living cells, by H. Tamiya on the 
koji as a source of enzymes in Japan, by W. A. 
Engelhardt on enzymology and mechanochemistry, 
and by F. Lynen on the phosphate cycle and the 
Pasteur effect. H. Theorell and F. Lipmann, who 
were to have delivered conference lectures, were, 
unfortunately, unable to attend. i 

The proceedings were grouped under four main 
topics: mechanism of enzymic group transfer ; 
enzyme systems of hydrogen, oxygen and electron 
transfer; formation of proteins and enzymes ; 
enzymes and industry. 

It would be impossible to mention here more than 
a few of the individual contributions, most of which 
maintained a high scientific level. The enzymic 
synthesis of polynucleotides was described in papers 
by A. Kornberg and S. Ochoa; lipoic acid and its 
functions in keto-acid metabolism by L. J. Reed and 
I. C. Gunsalus; pyridoxal-catalysed enzymic meta- 
bolism of amino-acids by E. E. Snell, A. E. Braun- 
stein and K. Ichihara and their colleagues. Japanese 
work on cytochromes was reported by K. Okunuki, 


Britton Chance on 


M. Ishimoto and S. Minakami, among others. A 
striking feature of the exhibition held in connexion 
with the symposium was the display of crystalline 
cytochromes by Japanese workers. In the same 
exhibition was & surprising range of crystalline 
proteolytic and other enzymes, of which some were 
commercially available, large samples being gener- 
ously presented to visitors. Japanese work of indus- 
trial importance on the fermentative production of 
adrenaline and glutamic acid was presented at the 
scientific meetings. i 

Further papers concerned oxidative phosphoryla- 
tions, to which subject outstanding papers were 
contributed by D. E. Green, B. Chance, A. L. 
Lehninger and E. C. Slater ; while various other 
aspects of phosphoryl group transfer were described 
by A. H. Ennor, H. Tamiya and O. Hoffmann- 
Ostenhof. Biosynthesis of peptide bonds in relation 
to cell-structure was described by N. M. Sissakian 
and by T. Poters, and W. E. Knox gave a valuable 
account of adaptive enzyme formation in animals. 
The three members from the United Kingdom (F. 
Dickens, M. R. Pollock and ©. Rimington) also 
presented papers. 

At the closing session, Prof. A. Akabori, chairman 
of the Executive Committee, to whom must go much 
of the credit for a splendid job of organization, 
summed up the events of the symposium, and Prof. 
M. Florkin as president of the International Union of 


Biochemistry eloquently put the appreciation of the 


-~ 


Union. The thanks of non-Japanese members were 
expressed by Prof. A. K. Balls who, on their behalf, 
presented to Prof. Kodama an illuminated. scroll 
containing the signatures of the overseas members 
together with a brief message of appreciation in 
Japanese, offering their thanks and congratulations 
on a remarkably valuable and enjoyable symposium. 

A full and varied programme of social events was 
provided, including & number of receptions, displays 
of Japanese dancing, the tea-ceremony and other 
picturesque traditional Japanese customs. Many 
overseas visitors were also able to enjoy the unique 
experience of life in a ryokan, or Japanese-style 
hotel, a charming and restful contrast with the 
bustle and noise of modern Tokyo. 

Very attractive glimpses of the beautiful Japanese 
countryside were provided by excellent rail and bus 
excursions to the National Park at Nikko, to the 
ancient city of Nara and to the extremely interesting 
pearl-fisheries at Kashikojima. 

After the symposium, three short further meetings 
were held. In Kyoto, Prof. Yas Kuno presided over 
a first-class two-day conference on water-soluble 
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vitamins, organized by the Vitamin B,Committee of 
Japan, which was attended by about fifty people. 
This is, of course, a field of intense J apanese 
activity, and some good Japanese papers were 
presented. 

In Osaka, a one-day meeting on starch and 
amylases was held under the chairmanship of Dr. 
Shiro Akabori. At another informal but valuable 
discussion, on ‘““The Metabolism of Cyclic and Sulphur 
Amino-acids’”’, also held at Osaka on October 26, the 
- contributors included A. Braunstein, [the late] C. 

Fromageot, W. E. Knox and K. Ichihara. Al three of 
those meetings served to confirm the strong impression 
already formed by the visitors of the great energy 
and numerical strength of biochemists in Japan, and 
of their often outstanding technical ability which 
enabled them triumphantly to surmount the rather 
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widespread difficulties due to old equipment and 
laboratories, many of which were not really adequate 
as judged by current European and American stan- 
dards. In spite of these handicaps, to which must be 
added the low salaries of academic workers and the 
difficulty experienced by younger scientists in 
obtaining suitable posts at home and, still more, 
grants for travel abroad, the visitor could scarcely 
fail to be filled with admiration on observing the 
tenacity with which the Japanese workers pursued 
their researches, undaunted by these somewhat 
formidable difficulties. I am grateful to my two 
English colleagues at the symposium for their com- 
ments on this necessarily incomplete report. On the 
whole, this was a most rewarding symposium and a 
unique experience for most Western visitors. 
F. DIoKkENs 


RESTORATION OF AGRICULTURAL AND OTHER 
SOILS ` 


NE of the problems in connexion with the 
restoration of soil that has suffered a major 
disturbance is the length of time which elapses before 
full fertility can be restored. Two papers dealing 
with aspects of this problem were read at a meeting 
of the Association of Applied Biologists in Leeds on 
September 19. The first of these was by R. Holliday 
and D. R. Hodgson on “Restoration of Land covered 
by Pulverized Fuel Ash”. This paper dealt with 
investigations in progress at the University of Leeds 
under a research grant from the Central Electricity 
Authority, which is the main producer of fuel ash of 
this type. 

The ash occurs in lagoons, into which it is washed 
after separation from the spent gases with which it 
is discharged. Utilization or disposal of this deposit 
after the lagoons are full is a major problem ; its use 
for filling quarries involves costly transport, and 
wide-scale industrial use appears unlikely. Possible 
agricultural uses are therefore under Investigation. 

The agronomic. problem posed is one of growing 
plants in material with. the following properties: it 
consists mainly of spherical particles between 0-2 and 
0-002 mm. in diameter, chiefly silica but with various 
metals incorporated ; normal soil structure is lacking ; 
it sets hard when dry but can be eroded by wind 
unless sealed with soil; the pH is high, varying 
between 8:5 and 10:5; it is deficient in plant 
‘nutrients: and contains toxic ingredients ; micro- 
biologically it is completely sterile. 

The problem of making it suitable for crop growth 
at a low cost is being investigated along these lines : 
reclamation through the use of a soil cover and 
fertilizer application ; amending the ash as a growing 
medium by making up nutrient deficiencies, correcting 
toxicities and improving the structure; selection of 
crop plants tolerant to the adverse conditions. 

Results are now available on soil cover trials using 
depths of up to 2 ft. of subsoil and 1 ft. of surface 
soil with four different surface concentrations of 
complete fertilizer. - The crop-yield was affected with 
cover depths of less than 2 ft. of soil plus subsoil, 
but little beyond this Jevel. The highest. yields were 
obtained with a deep soil cover and a high fertilizer 
rate. Moderately good yields. were obtained, how- 
ever, from either a deep soil with moderate fertilizer 


rate or & shallow soil covering with a high fertilizer 
rate. Soil is often a scarce commodity and transport 
is costly, therefore the second alternative is more 
economical, All rates of fertilizer application gave 
poor results where no. soil cover was used. ‘The 
material was found to be deficient in nitrogen and 
phosphate, but potash is generally adequate. 

Different crop plants have shown marked variation 
in the degree of root tolerance to the ash, but it is 
not clear whether this is a toxicity tolerance or a re- 
action to the physical structure of the growing medium. 

Various methods to reduce alkalinity have been 
tried, in most cases with beneficial results. The 
question of cost, however, rules them out for large- 
scale use. 

Dilution of the ash by the addition of bulky 
materials, ` including neutral and acid organic 
materials, shales and sewage sludge has given 
promising results in some cases. 

Field trials on the capacity of various crops to 
grow in the ash have shown some plants of the 
orders Chenopodiaceae, Cruciferae and Leguminosae 
to be reasonably tolerant to the adverse growing 
conditions. Other crucifers and grasses have inter- 
mediate tolerance, while a wide range of economic 
plants, including cereals and pulse crops, are ex- 
ceedingly sensitive. It has been shown that a period 
of weathering makes the growing conditions less 
unfavourable, and allows more of these plants to be 
grown with reasonable success on the ash. 

The second paper, on “Some Biological Aspects of 
Opencast Coal Working”, by H. W. Thompson, dealt 
with changes which occur in surface sgoil during open- 
cast operations, resulting in lowered fertility and 
other undesirable qualities which persist for some 
years. Many factors are involved, some of which 
follow upon changes in the fauna of the soil. 

Biological problems may arise in various ways. 
Many restored sites suffer from wetness, because 
permanent drains destroyed by opencast mini 
cannot be replaced until soil settling has ceased. 
Crops grown on undrained land frequently lack 
vigour and so are more liable to suffer pest injury, 
particularly by such pests as leather-jackets or slugs. 
Similarly, frit fly attack has often ruined spring oat- 
crops which, because of adverse soil conditions, have 
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been slow in establishment, with poor capacity for 
producing tillers. 

Serious loss of crops arising in this way can often be 
avoided by care in cropping or, where appropriate, 
by the use of insecticides. The wetness problem may 
be solved in some cases by mole draining until such 
time as permanent drains can be replaced. 

A different type of problem occasionally arises 
through the introduction of harmful organisms to an 
area, not previously affected. There is an obvious 
risk, for example, of cyst-forming eelworms being 
spread when infested and non-infested soils are stored 
together and later distributed. Cysts of some of these 
eelworms can survive for twelve years or more in the 
soil. This aspect is therefore being studied, par- 
ticularly in the case of the potato root eelworm. 

This problem is not common at opencast sites, but 
has arisen in Lancashire where opencasting is in 
progress in an intensive arable area. Potatoes are an 
important crop and fields free from infestation are 
therefore particularly valuable. * The spread of 
infestation is being studied at one such site. Samples 
of all fields to be worked were taken before scraping 
commenced. These showed some fields to be free 
from measurable infestation while others yielded high 
cyst counts. These fields will be re-sampled after 
restoration has been completed. 

It was thought possible that cyst viability falls off 
more rapidly under spoil heap conditions than it 
would normally in arable land, especially where stor- 
age continues for several years in large heaps. At one 
site there was a definite indication that this does 
occur. Hatching tests on cysts collected from the 
top foot of soil showed moderate viability ; samples 
from 8 ft. depth yielded cysts of very low viability, 
and those from 3 ft. depth showed intermediate 
larval emergence. The evidence so far from this, and 
from other sites where soil from heavily infested 
fields was stored; shows that the risk of spreading 
serious eelworm trouble as è result of opencasting is 
not very great, especially in view of the long rest 
from potato growing which is involved. 

Another factor which is regarded as very important 
in its effect on soil structure and fertility is the great 
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reduction in numbers of earthworms brought about by 
opencast working. Work on this aspect was therefore 
started in 1956. The object is to study the number of 
earthworms during the operation itself and to con- 
tinue to do so after restoration until fertility is re- 
stored or the earthworm population bas reached 
stability. Earthworm collection is carried out by 
hand digging because of the unusual conditions 
prevailing in spoil heaps. 

A site near Wigan is being used, the soil being a 
sandy loam with an earthworm population estimated 
at 609,800 per acre before stripping commenced in 
May 1956. Counts on two spoil heaps and on an 
unworked area alongside have been made at roughly 
monthly intervals since. One spoil heap with a 
surface area, of 1-2 acres is made up of surface soil 
from 11 acres, and the second, of 0-61 acres, from 
4-8 acros. 

Estimates made in August—four months after 
heaping—showed a low survival of earthworms, but 
by the following March numbers had increased to an 
estimated 77,000 in heap 1, and 43,000 in heap 2. 
Apart from a fall during the hot, dry period in June, 
numbers have remained at a relatively high level 
since, the highest estimates.in both heaps and in 
the control area being obtained in March and 
Ostober. A more complete picture of earthworm 
survival will be available after restoration has been 
carried out. 

The opportunity was taken to study the earth- 
worm position at a Barnsley site restored in 1952 
after opencasting and cropped since then under 
twelve experimental rotations. Counts made in 
1956, that is, four years after soil replacement, 
indicated that an earthworm population that could 
be regarded as normal for this type of soil had become 
re-established. The highest estimates were obtained 
from grazed leys with a population of 315,800 worms 
per acre, and nine of the twelve series of plots had 
counts exceeding 150,000 per acre. The information 
obtained from this site therefore suggests that 
re-establishment of earthworms after opencasting can 
be much more rapid than is generally believed to be 


the case. Coli H. W. THOMPSON 
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ANNUAL MEETING 


HE annual meeting of the Science Masters’ 

Association, which was held during December 31, 
1957-January 3, 1958, in the University of Leeds, 
was attended by more than five hundred science 
masters. Among those who came into residence in the 
University Halls were masters and students from 
Canada, South Africa; and Tasmania; the Royal 
Navy also sent its usual numbers from naval 
educational establishments. 

The first evening began with the Association dinner, 
at which the toast of the Association was proposed by 
Prof. F. S. Dainton, chairman of the University 
School of Chemistry ; this was responded to by the 
chairman of the Association, Mr. W. G. Rhodes, 
education and training officer of Arthur Lee and 
Sons, Ltd., steelmakers, of Sheffield. Tho members 
then assembled in the Parkinson Hall, where the 
presidential address was given by Sir Charles Morris, 
vice-chancellor of the University of Leeds. 


Sir Charles was concerned with the faci that the 
external examinations undergone by schoolboys 
tend to be a test of the schoolmaster rather than of 
the pupils ; a good master can cause indifferent pupils 
to pass; and he wondered whether science is not 
being taught too well. He thought also that too 
many facts are being taught, and that it is more 
essential to teach fundamental principles: as @ 
philosopher, he thought that over-reliance on the 
memory is a very grave fault. This over-reliance is 
due largely to the great mass of facts which modern 
pupils are expected to assimilate : it is high time that 
dons and schoolmasters came together to reduce the 
content of the syllabuses. Sir Charles then dealt with 
the problem of what science should be taught to 
those who will not become professional scientists. 
Whereas the training in arts needed by the scientist 
is comparatively easily met by giving him a broad 
education in the use of language and the appreciation 
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of literature, it is not so easy to determine the solution 
of the converse problem. It is not sufficient to let the 
non-scientist do badly some diluted version of the 
scientist’s course; what is needed, it seemed to Sir 
Charles, is the philosophical approach, whereby the 
great steps in the history of science, the modern 
applications of science, and its future possibilities 
are ail freely discussed. He thought that science 
teachers tend to like to teach what they know with 
certainty, and that they are ‘‘deeply unwilling to go 
outside the field of precise knowledge”. It is most 
important that the misunderstandings - between 
scientists and humanists should be recognized as a 
deep and serious problem of education ; it is some- 
thing that we had even begun to think about it. 

The mornings of the three succeeding days were 
occupied by lectures. These were by Prof. J. G. 
Wilson on cosmic ray astronomy, by Prof. L. N. 
Pyrah on scientific methods in urological research, 
Prof. F. W. Spiers on ‘‘Radiation and Man”, Prof. 
J. T. Whetton on science applied to mining problems, 
Prof. E. A. Spaul on hormones and behaviour, Prof. 
E. G. Cox on magnetism and chemistry, Dr. F. E. 
Hoare on low temperatures as a research tool, Dr. 
Dorothy H. Rayner on problems of paleontology 
and evolution, Prof. R. D. Preston on physics applied 
to botanical problems, and Prof. J. B. Speakman on 
the chemical revolution in textile technology. Guest 
lecturers from outside the University were Mr. A. B. 
Thompson, of the Imperial Chemical Industries 
Terylene Council, who dealt with the physico-chemical 
principles underlying fibre-making processes, and 
Prof. L. Rosenfeld, of the University of Manchester, 
who spoke on Hellenistic science; the growth of 
interest in the history of science was shown by the 
size and. membership of his audience. 

The second evening-lecture, held under the auspices 
of the Science and Civilization Lecture Fund, was 
given in the Parkinson Hall by Mr. Ritchie Calder, 
who spoke on “The Presentation of Science to’ the 
Public”. Mr. Calder dealt first with his own experi- 
ences in Israel when he was engaged in making plain 
to the Israeli public that a costly research institution 
was an asset to the State, even at a time when the 
State was fighting for its existence, and when the 
value of the scientific work undertaken might not 
have been immediately obvious. He found that the 
research scientists themselves are all too apt to 
think that any indulgence in publicity would lead to 
& lowering of their scientific standards. He went on 
to give other instances, not in Israel, where famous 
scientists had to be persuaded that it was very well 
worth while to give accounts of their work which 
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could be understood by the ordinary newspaper 
reader, ; 

The afternoons were occupied by visits to university 
departments and to factories and other works near 
Leeds; there were twenty-four of these, a record 
number. On the third evening the University held a 
reception for the Association; at this some three 
hundred members and their ladies were weleomed by 
the Chancellor, H.R.H. The Princess Royal. 

An exhibition by publishers, manufacturers, and 

, members occupied a large space in the chemical and 
physical laboratories; there were also special 
exhibitions by the Atomic Energy Research Estab- 
lishment, the Aluminium Development Association, 
and the Copper Development Association. 

A programme of scientific films, rather larger than 
usual, included one entitled ‘“Galileo’s Law of Falling 
Bodies’, made by Encyclopedia Britannica Films, 
Ltd., in the United States in conjunction with the 
Ford Foundation; this forms part of 2 filmed 
teaching course of physics, which will be obtainable 
in Britain from the Gaumont British Film 
Library. 

The final morning session ended with a demonstra- 
tion and a discussion, which, owing to limitations of 
time,'had to be held simultaneously. 

The very striking demonstration, entitled “Biology 
for Non-Biologists”, was given by Mr. C. H. Bailey, 
senior lecturer in science at Didsbury Training College ; 
his experiments were carried out with simple appara- 
tus and are intended for those teaching in secondary 
modern schools, where only a minimum of equipment 
may be available. i 

The discussion was held by the Association's 
Science and Religion Group, and was initiated by the 
Rev. G. W. Burningham, who acts as chaplain to the 
Anglican students at the University of Leeds. He 
emphasized how much greater was the interest of 
students in religion than it was twenty years ago, 
and that, if anything, the science students were more 
keen than the others; there is now more realization 
of the interdependence of scientific discoveries and 
religious beliefs. The ensuing discussion ranged over 
such subjects as miracles, the nature of the soul, and 
definitions of Heaven and of eternal life. 

At the business meeting, Sir Lawrence Bragg was 
elected president for the ensuing year, and Mr. 
Charles Holt, of Harrow Weald County School, was 
elected chairman. The treasurer, Mr. S. W. Read, 
reported a very favourable balance on the year’s 
working ; end it was announced that the next meeting ` 
would take place in University College, London, 
during December 30, 1958-January 2, 1959. ~ 


THE METEOROLOGICAL OFFICE 
ANNUAL REPORT, 1956-57 


Cone years ago a prominent authority was heard 
to suggest that the annual report of the Meteor- 
ological Office might well provide a splendid subject 
for discussion at a meeting of the Royal Meteor- 
ological Society ; for every year it gives food for 
thought. Englishmen regard the weather as their 
common property; and informed scientists cannot 
but admire the determination with which the public 
service endeavours to remain free from perturbation, 
whatever difficulties attend their efforts to cope with 


the vagaries of atmospheric behaviour. The Meteor- 
ological Office, in the nature of things, is always on 
guard duty. Day by day its actions, like those of 
the sentries at Buckingham Palace, are subject to 
every variety of comment from the bystanders. 
Fortunately there are always some with enough 
knowledge to admire a difficult task well done; and 
to recognize that the demands of a modern com- 
munity contmue to add to the difficulties. Fore- 
casting the winds for a jet bomber at 50,000 ft. is a 
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requirement far beyond the conceptions of those who, 
sixty years ago, were willing to estimate in what 
parts of the country the term ‘muggy’ might apply, 
on the assumption that the. oncoming depression 
would resemble Abercromby’s classical model. 

The annual report of the Meteorological Office for 
the year ended March 31, 1957*, shows admirably, 
with a subdued but unmistakable note of confidence, 
that the public service continues to make that sober 
progress which is to be desired on the part of those 
who study turbulent motion. As Sir Graham Sutton 
says, the meteorological problem is probably the 
most difficult in classical physics, and progress can 
only be made with the utmost diligence. Forecasting 
naturally attracts most attention; and efficient 
accomplishment in dealing with stupendous quan- 
tities of incoming factual material will be greatly 
aided as newly installed electronic computers come 
more into use. The development and direction of an 
active cadre of young research workers will ensure 
that in an accelerating world we shall not only keep 
up with our neighbours, but may here and there set 
the pace. 

* Annual Report on the Meteorological Office for the year April 1, 


1956, to March 31, 1957. Pp. 51+4 pie. (M.O. 633.) “(London : 
H.M. Stationery Otce, 1957.) 3s. net, 
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Readers of the report cannot fail to be impressed 
by the variety of services provided and by the 
diversity of research; for example, ‘‘experiments 
with the release of silver iodide from ground gener- 
ators on Salisbury Plain continue with no result yet 
detectable’. Elsewhere is mentioned the work on 
forecasting the outlook for periods up to & month 
ahead; “the outlook on this stubborn problem is 
rather brighter than hitherto”. 

The British business man is too often insufficiently 
aware of these public services; and the potential 
rewards of successful forecasting offer abundant 
temptation to incautious consultants. There are 
those who, to all appearance, gamble on sunspots ; 
those who believe it has been given to them to dis- 
cover periodicities of various sorts ; those who think 
in terms of singularities, and perhaps some on the 
outskirts who appear to be best described as ‘hunch- 
drunk’, to ‘use the delightful phrase coined by an 
eminent professional meteorologist. But how many 
of our would-be ‘independent consultants’ have the 
temerity to disregard the world synoptic charts, so 
efficiently assembled by the Meteorological Office 
working with other nations in an unostentatious but 
exhilarating daily display of international col- 
laboration ? GORDON MANLEY 


RÉAUMUR 


Baa his thermometer, René-Antoine Fer- 
chault, lord of the manor of Réaumur in the 
Vendée, and of Des Angles and La Bermondieére, 
made many contributions to scientific knowledge. 
In 1708, at the age of twenty-five, he presented a 
memoir to the Academy of Sciences, and in 1709 two 
others concerned with general solutions of certain 
geometrical problems. Having justified his election as 
éléve in geometry, he then turned his attention to 
natural history, and in some highly original observa- 
tions demonstrated that the shells of molluses grow 
by successive external additions of new parts rather 
than by the alternative process of intussusception. 
On the death of the geometer Louis Carré in 1711, 
he was promoted to pensionnaire mécanicien and 
put in charge of the work on trades, arts and crafts ; 
he compiled volumes on the manufacture of anchors, 
of pins and of cast iron. 

In the next few years Réaumur discovered an 
insect living as an internal parasite on the snail ; 
he studied the movements of shell-fish, sea-anemones 
and starfish, and the great variety of organs of 
locomotion in shell-fish and their means of attachment 
to different solid bodies ; he found a hitherto unknown 
fish that gave a purple colouring matter like the 
famous Tyrian purple of the ancient world ; he 
demonstrated the correctness of the popular belief 
that crayfish, crabs and lobsters, having lost a claw, 
could grow another in its place; he studied the 
torpedo fish, or electric ray, known for its property of 
benumbing the hand or limb that touched it, and, 
while the usual explanation was that this was due to 
the emission of ‘torporific corpuscles’, he argued 
that it was produced by the speed and rapidity of the 
blow that the ray could inflict by means of its admir- 
ably constructed muscular system ; he examined the 
native turquoises of Languedoc, showed that they 
were in no way inferior to those imported from 
Persia, supposed at that time to be the only source 


of these gems, and demonstrated by experiments 
that they were petrified fossil-bones coloured by & 
metallic ingredient dissolved in them by firing ; he 
studied pearls and their production and falsification, 
considering the former as due to disease and showing 
that the colouring matter of false pearls was obtained 
from the scales of a fish known as the ablette (in 
English, the bleak) ; he examined the great bank of 
falun, or fossil shell-marl, in Touraine; he was 
interested in the nature and formation of flint, in the 
plant called Nostoc or star-jelly, in the luminescence 
of certain shell-fish, in the ease of magnetization of 
iron and steel by percussion, and in the recovery of 
gold from the sands of various French rivers ; he had 
also already begun to reveal his active interest in the 
practical arts and their relation to the sciences, 
reporting to the Academy descriptions of the prepara- 
tion of slate, and of the gilding of leather, of mining 
for iron-ore, of the manufacture of mirrors, of the 
drawing of gold-wire and the properties of paper and 
other bodies in preventing the passage of air and water. 

Later, Réaumur published a paper describing the 
procedure for the conversion of wrought iron into 
steel: this is a landmark in the history of the iron and 
steel industry and effectively marked the introduction 
of the manufacture of steel into France. 

Réaumur also rendered a similar service to the 
tinplate industry ; he showed that vinegar was the 
cheapest and most effective solvent for the removal 
of the scale from the surface of the iron before 
tinning. 

All this, as well as Réaumur’s outstanding achieve- 
ments with thermometers and in entomology, is 
described in e fascinating article by Prof. D. McKie 
published in Science Progress (45, No. 180; 1957). 
Besides this study of Réaumur, the journal contains 
an article by Prof. W. B. R. King on water supply and 
geology and one by Dr. G. H. A. Cole on the Earth 
and its magnetic field. 
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ORIGIN OF COMETS 


K HE Distribution of the Directions of Perihelia 
of Long-Period Comets” is the title of a paper 
by J. G. Tyror in Mon. Not. Roy. Astro. Soc. (117, 
4; 1957), in which he deals specially with Lyttleton’s 
theory of the origin of comets (see ibid., 103, 465 ; 
1948; and “The Comets and their Origin”, Cam- 
bridge, 1953). This theory envisaged a process of 
accretion of dust particles by the Sun as it passed 
through interstellar dust clouds, and while it ex- 
plained some of the observed features of comets and 
of their orbits, like many other theories it presented 
certain difficulties. If the theory is accepted, then 
comets must originally have come from preferred 
positions in the sky, and although the diffusion of 
the perthelion points of such a family would probably 
occur, it is considered that some traces -of perihelion 
groupings, at least for families born during recent 
cloud passages, could be detected. 
Mr. Tyror examines the distribution of perihelion 
- points of long-period comets with the object of 
determining whether there is any evidence of such 
grouping. Previous investigations by W. H. Pickering 
and others suggested that there was some evidence 
of the grouping of aphelion points, but it has been 
considered advisable to revise these results in the 
light of additional information which has appeared 
since the completion of their work. The present 
survey does not include short-period comets and 
periodic comets because planetary perturbations 
would have eradicated reliable evidence of any 
original grouping; while it is true that all orbits 
would have been affected to some extent, the investi- 
gation has been carried out only for comets suffering 
slight perturbations. The whole subject is beset with 
difficulties because it is inevitable that available data 
must suffer to some extent from observational 


QUALITY 


ING that the supply of meat is approaching the 
level of demand, quality is again assuming 
economic importance. Definitions and tests of 
quality have been examined by D. M. Joubert of 
the Department of Animal Husbandry, University of 
Pretoria, who has also examined the economic 
consequences which follow from changed attitudes 
towards quality (Colonial Plant and Animal Products, 
6, No. 2; 1956), 

Only a few decades ago quality in beef meant well- 
marbled meat covered by a thick layer of fat. Not 
only did the average consumer during those times 


demand more fat owing to the bodily needs Imposed . 


by hard manual labour, but also excess fat was used 
for other purposes, chiefly cooking. At present, 
cooking fats can be obtained from cheaper sources, 
the consumers perform less manual labour and are 
better protected in their homes against cold condi- 
tions, and consequently demand the minimum of fat 
with their beef. Since butchers are concentrating 
on carcasses of young animals, it is not unlikely that 
the optimum carcass weight will become even lower 
in future. 

When considering quality in the case of mutton 
and lamb, the size factor is of primary importance. 
With the size of the average family decreasing all 
over the world and with cooking facilities less spacious 
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selection. A detailed description of the contents of 
the paper is quite impossible in a short note, and it 
will suffice to deal with the data utilized and the 
conclusions that have been reached. 

Investigations of the positions of 448 comets with 
periods greater than 200 years were made, and of 
these 67 had calculated eccentricities groater than l; 
263 equal to 1, and 118 less than 1. There is 
evidence that the perihelion points of long-period 
comets tend to be distributed non-randomly, and it 
is pointed out that this tendency may be due to 
observational selection or to a real grouping phen- 
omenon, or even to a combination of both. The 
first of these has undoubtedly played a prominent 
part in the discovery of comets, and other vitiating 
factors in the analysis are mentioned. The con- 
clusions are summarized at the end of the paper and 
are briefly as follows. 

The departure from randomness in the observed 
distribution of porihelion points of the comets con- 
sidered is strongly suggested, and there is evidence 
indicating a preference for the perihelion points to 
lie near a particular great plane. In addition, the 
centre of the observed distribution appears to be 
significantly displaced towards a point on the celestial 
sphere. The identification of the plane with the 
„Plane of the Galaxy and of the point as that lying in 
a direction opposed to that of the Sun’s motion 
cannot be considered unreasonable. These sug- 
gestions may be interpreted in the light of Lyttleton’s 
accretion hypothesis, according to which the peri- 
helion positions of comets should show a tendency to 
lie near the apex of the Sun’s motion relative to the 
local interstellar cloud, and further, the distribution 
of perihelion points would have a preference for lying 
near the galactic plane. 


IN MEAT 


than they used to be, the general demand is for small 
Joints. Preference is given to a whole joint of small 
size over half a large one since the latter, because of 
its cut surface, does not retain its succulence so well 
and leads to greater wastage through exudation. 
As in beef, a minimum of fat is preferred. With the 
rapid development of the dairy industry in recent 
years and with progress in the manufacture of 
margarine, the excess fat is no longer widely used as 
a substitute for butter and goes to waste. 

Definition of quality in mutton is particularly 
complicated because of the differences in the taste of 
individuals in respect of flavour. Mutton produced, 
from early-maturing sheep (as, for example, South- 
down, Suffolk) raised and fattened in stalls may 
appear extremely attractive and, therefore, be labelled 
as of high quality. On the other hand, mutton 
produced from late-maturing sheep breeds (such as 
Scotch Blackface, and even possibly Merino) off 
extensive pastures may, by comparison, appear un- 
attractive and may be labelled as being of low quality. 

The quality of pork is determined primarily by the. 
amount and nature of the subcutaneous back fat. 
The amount of fat preferred with pork by consumers. 
in Britain at present is considerably less than a few 
decades ago, while in South Africa, for example, 
& large amount of fat has never beon tolerated except. 
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where it was required for purposes other than eating. 
It was not realized that lean pork can be produced 
provided the right type of animal is used and that 
correct feeding is practised, and the consumption 
of pork in South Africa remained extremely low until 
quite recently. On the contrary, in certain, Con- 
tinental countries the general taste demands rather 
more fat with pork, and a certain amount of excess 
fat is required by butchers for the production of @ 
great many varieties of sausage and salami. Conse- 
quently the type of pig raised in the central European 
States (such as Germany and Hungary) differs 
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markedly in its conformation from that which ig 
considered as the ideal type in Great Britain and 
South Africa. 

The final factors determining the quality of a piece 
of meat, and one which often nullifies all factors 
considered, prior to its cooking, centre around the 
purely human element, namely, the ability of the 
cook—either to spoil the good qualities of meat 
through inefficiency, or to improve to such an extent 
the quality of a poor sample of meat through skill 
and knowledge of cooking, per se, that its pre-cooked 
quality remains unquestioned. 


ASSAY OF VITAMIN A OILS 
By Pror. E. BRUNIUS 


National Institute of Public Health, Tomteboda, Sweden 


e 1954 a Vitamin Assay Commission was set up by 
the Food Division of the Applied Chemistry Section 
of the International Union of Pure and Applied 
Chemistry. 

The official members of the Vitamin Assay Com- 
mission are: Prof. E. Brunius (Sweden, chairman), 
Dr. W. F. J. Cuthbertson (Great Britain), Dr. M. 
Kofler (Switzerland), Dr. B. L. Oser (United States) 
and Prof. H. Simonnet (France). The Commission 
has held four Conferences : in London 1954, Zurich 
1955, Amsterdam 1956, and Paris 1957. In all the 
Conferences, besides members of the commission, 


the following participated: Dr. D. W. Kent-Jones . 


(Great Britain, honorary secretary of the Food 
Division), Prof. R. Nicolaysen (Norway, member of 
the Food Division), Mr. E. Hayes (Great Britain), 
and Mr. R. J. Taylor (Great Britain). In addition the 
following were present at the Amsterdam conference : 
Dr. J. Straub (The Netherlands, member of the Food 
Division), and Dr. C. Engel (The Netherlands); and 
at the Paris Conference : Dr. K. Dirrenmatt (Switzer- 
land, chairman of the Food Division), Prof. J. 
Briiggemann (Germany), Dr. C. Engel (The Nether- 
lands), Dr. A. Francois (France), and Dr. J. Tiews 
(Germany). 

One of the Commission’s tasks was to develop a 
standardized method for the assay of vitamin A oils 
which would be acceptable in international trade. 

Current vitamin A assay methods are based on the 
recommendations made by the Subcommittee on 
Fat-Soluble Vitamins of the World Health Organiza- 
tion. In its report! the International Unit of vitamin 
A potency is defined in terms of the activity of crystal- 
line all-trans vitamin A acetate, and the conditions.for 
the spectrophotometric assay of the vitamin are 
broadly set down. The elaboration of methods in 
different countries, however, has led to divergences 
in the assessment of vitamin A potency, and this has 
given rise to difficulties in the international trade in 
vitamin A oils. It was therefore considered an 
urgent task for the Commission to attempt to 
develop a standardized method of assay.’ 

Vitamin A oils vary widely in quality and potency. 
At the outset the Commission decided, on the evidence 
available, to consider them in two categories accord- 
ing as their spectrophotometric characteristics 
approached those of pure vitamin A or not. For 
oils in the first category (comprising most fish-liver 
oils and vitamin A concentrates) a correction pro- 
cedure based on the Morton-Stubbs principle? was 


considered sufficient. For oils in the second category 
(comprising whale-liver oils and other oils having 
a high proportion of irrelevantly light-absorbing 
materials) a chromatographic step should precede the 
determination of extinction and the application of 
correction. All measurements should be made on the 
unsaponifiable matter of the oils. It was suggested 
that this should be isolated by the method described 
in the United States Pharmacopeia. 

The Commission organized three collaborative 
experiments, in which laboratories in Europe, Japan 
and the United States co-operated. Thirty-seven 
laboratories: participated in the first experiment, 
thirty-four in the second and nine in the third. 

The main purposes of the experiments were: (1) 
to ascertain the loss of vitamin A in isolating unsaponi- 
fiable matter of oils according to the method of the 
United States Pharmacopeia; (2) to investigate 
whether isopropanol and absolute ethanol could be 
used as alternative solvents in measuring extinction ; 
(3) to determine the constants for a correction formula 
based on the Morton-Stubbs principle?; (4) to 
ascertain the loss of vitamin A in a chromatographic 
method suggested for samples in the second category ; 
(5) to investigate the selectivity of this method ; 
(6) to compare two techniques for following the 
movement of vitamin A through the chromato- 
graphic column ; and (7) to estimate the experimental 
errors in the vitamin A potencies of oils in both 
categories as assayed by the procedure suggested. 

A vitamin A reference standard containing all- 
trans vitamin A acetate in vegetable oil (nominal 
potency 100,000 I.u. per gm.) and samples of oils 
belonging in the second category were used as test 
materials. 

In the chromatography, the unsaponifiable matter 
of the sample was passed through a column of 
weakened alumina and the vitamin was eluted with 
mixtures of light petroleum and ether. The movement 
of the vitamin was followed by testing aliquots of 
the eluate with antimony trichloride solution and, 
in the third experiment, alternatively by observing 
the column in weak ultra-violet light. Two different 
samples of alumina were used by most participants. 

A statistical screening procedure, based on Chau- 
venet’s criterion?, was applied to' the results. 

The main outcome of the experiments can be 
summarized as follows. The average loss of vitamin A 
in isolating the unsaponifiable matter of the vitamin 
A reference standard was found to be 1-2 per cent in 
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the first experiment and 1:2-1 :5 per cent in the second. 
Isopropanol and absolute ethanol could not be recom- 
mended as alternative solvents, because the respec- 
tive E s10} E a25 and E sgal E acs ratios differed signific- 
antly in the two solvents, which gave rise to system- 
atic errors when correction was applied. The 
correction formula derived for tsopropanol from the 
results of the first and second experiments was : 


E 395 corr. = 6-815 E sa, = 2.555 Bax — 4-260 Hasa 


The average loss of vitamin A in chromatographing 
the unsaponifiable matter of the vitamin A reference 
standard amounted to 2-4 per cent irrespective of the 
kind of alumina used. The average total loss of 
vitamin A, that is, the losses in isolating and chroma- 
tographing the unsaponifiable matter, was 3-5-4 per 
cont. After chromatography the samples of oils 
belonging in the second category readily met the 
specifications laid down for oils in the first category. 
The two procedures for following the movement of 
vitamin A through the column were equally efficient 
and could thus be recommended as alternative 
techniques. The inter-laboratory error (8) af P = 0-95 
for a duplicate assay of vitamin A potency was 
estimated at 6-8 per cent for an oil in the first csto- 
gory and at 10-14 per cent for an oil in the second 
category. The error of the mean of assays performed 

at n different laboratories—each of them making a 
duplicate assay—will accordingly be s/+/n. 

- For vitamin A oils showing negligible amounts. of 
irrelevant light absorption, the corrected Æ value 
should theoretically be identical with the uncor- 
rected E value but, because of the experimental error 
due to the correction procedure, positive. corrections 
must sometimes be encountered. About half the 
assays on the vitamin A reference standard in the 
first and second experiments showed positive correc- 
tions. . In the first oxperiment 14 out of 15 positive 
corrections did not exceed 2-5 per cent and in the 
second 29 out of 30 positive corrections did not 
exceed 3:5 per cent. 

The Commission now makes the following recom- 
mendations for the assay of vitamin A oils : 

1. Al oils shall be saponified, and the assay made 
on the unsaponifiable matter. 

2. The unsaponifiable matter shall be isolated by 
the method of the United States Pharmacopeia XV ‘. 

3. All spectrophotometric measurements shall be 
made in ¿isopropanol as solvent. 
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4. Oils shali be considered in two categories : 

Category 1: those oils the unsaponifiable matter of 
which has an absorption maximum lying within the 
region 323-327 my and an extinction ratio E300) Æ szs 
not exceeding 0-73. 

‘Category 2: those oils the unsaponifiable matter of 
which has an absorption maximum lying outside the 
region 323-327 my or an extinction ratio Hsoo/H 505 
exceed ing 0-73. 

5. For oils in category 1, the Eso Hao and ss, 
velues of the unsaponifiable matter shall be measured 
and a correction applied according to the formula : 


F aa corr. = 6-815 EE 505, = 2-555 sx > 4-260 Hysa 


6. For oils in category 2, the unsaponifiable matter 
shall be chromatographed according to a prescribed 
procedure. Provided the chromatographed unsaponi- 
fiable matter satisfies the criteria for category 1 oils, 
its Haio> Ears and Ess, values shall be measured and a 
correction applied as directed under 5. 

7. Corrected Æ sa value shall be used for calculating 
vitamin A potency, except in the cases mentioned 
under 8. 

8. A corrected Esx value which lies within + 3:0 
per cent of the uncorrected valuo shall be regarded as 
equal to the uncorrected value for the purpose of 
evaluation, and the uncorrected value shall be used 
for calculating vitamin A potency. A corrected Fa 
value which is greater than 1-030 times the uncor- 
rected value shall be re-determined and, if confirmed, 
treated as a special case between buyer and 
seller. 

9. The Æ, value is converted into H/,2 325 mp. 


‘The vitamin A. potency of the sample, expressed in 


LU. per'gm., is obtained by multiplying the E ee 
325 my value by 18305, that is, the factor of the 
reference quoted, taken to three significant figures. 

Detailed reports of the Commission’s collaborative . 
work and of the recommended procedure for assay 
will be published elsewhere. 


1 Report of the Subcommittee on Fat-Soluble Vitgmins, TAES 
, 1 (1949); World Health Org. Tech. Rep. Ser., No. 3 (1950). 

* Morton, R. A., and Stubbs, A. L., Analyst, 71, 348 (1946). 

3 Chauvenet, “Theoretical and Practical Astronomy”, 2. Quoted 
from Brunt, D., “The Combination of Observations”, 130 (Uni- 
versity Press, Cambridge, 1923). 

t‘The Pharmacopeia of the United States of America”, Fifteenth , 


revision, 941 (Mack Pub. Co., Easton, Pa., 1955) 
’ Boldingh, J., et al., Nature, 188, 598 (1951). 


-CORRECTION FOR THE GAMMA-RAY SENSITIVITY OF THE 
BETA-COUNTER IN THE STANDARDIZATION OF COBALT-60 BY THE 
BETA—GAMMA COINCIDENCE METHOD 


By B. OWEN and R. A. LLOYD 
National Physical Laboratory, Teddington, Middlesex 


Ta standardization of radioactive isotopes by 
the bete-gamma coincidence method involves 


correcting the observations to obtain the brue disg- . 


integration rate. Some of these corrections, such 
as the natural backgrounds in the beta- and gamma- 
counters, can be determined without difficulty. The 
correction for the y-ray sensitivity of the beta- 
counter, however, is usually made by screening the 


counter from the source by placing between them an 
absorber of such a thickness that it absorbs all the 
6-radiation. The objection to this method is that the 
absorber usually alters the y-ray sensitivity of the 
beta-counter. 

In an attempt to solve this problem for cobalt-60 
we have incorporated a pulse-amplitude analyser 
following the §-ray detector of the beta-gamma 
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coincidence-counting equipment. This equipment? 
consists essentially of two scintillation counters, one 
containing a thin anthracene crystal as the beta- 
counter and the other a thick crystal of activated 
sodium iodide as the gamma-counter. 

Pulses lying within a voltage-range V to (V + AV) 
are passed by the analyser to the coincidence unit, and 
finally counted in the B-scalers. As V is varied, the 
-counting rate will alter in a manner similar to the 
energy distribution of the original 8-particles. 

The beta-counter will also detect secondary elec- 
trons caused by the interaction of the cobalt-60 
y-rays with the crystal and surrounding material. It 
is the detection of these secondary electrons which 
gives rise to the ‘y-ray sensitivity of the beta- 
counter’. For cobalt-60 the energies of these electrons 
range from zero to 1:33 MeV., which is the energy 
of the higher of the two y-rays. The B-particles 
range in energy from zero to 0-3 MeV. An absorber 
thick enough to absorb electrons up to 0-3 MeV. will 
cut off the B-radiation, but the residual counting rate 
with the absorber will not necessarily be the same as 
the y-counting rate without the absorber. 

We have measured the pulse-output distribution 

from the beta-counter, both with and without an 
absorbing screen in front of the anthracene crystal. 
Fig. 1 shows the result obtained. Without an 
absorber, a curve resembling the usual B-spectrum is 
obtained ; with an absorber, the distribution appears 
flat. Measurements above the end-point energy of 
the 8-spectrum shows that the y-efficieney is in- 
creased by the interposition of an aluminium absorber 
0:5 mm. thick between the source and the counter. 
This would also probably be the case when the 
analyser channel is set to record B-particles. That 
is, the standardization of cobalt-60 with this equip- 
ment, using @ conventional absorber, will be erroneous 
because the y-ray sensitivity of the counter is in- 
‘breased by the use of an absorber. 
It is reasonable to assume that because the pulse 
` distribution appears flat with an absorber, it will 
also be flat without an absorber (although not the 
same in magnitude). If this were so, then a variation 
of the analyser channel position would vary the 
B-efficiency of the beta-counter, but its y-officiency 
would remain constant (channel width AV and 
amplifier gain constant). This can be shown to be 
one of the conditions for the B-counting rate to 
be a linear function of the coincidence-counting 
rate. 

For, considering the decay schome shown in Fig. 2, 
if (Ng +Nying) is the B-counting rate for any par- 
ticular setting of the analyser channel, ep the efficiency 
of the beta-counter for the B-rays, and (e, + ea) the 
efficiency of the beta-counter for the two y-rays from 
cobalt-60, then 


(Counts per sec.) 





Analyser channel position (volts) 


Fig. 1. Output of the anthracene f-detector with (full line) and 
without (pecked line) an absorbing screen 
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0:31 Mev: 


133 Mev. 


1:17 Mev 





Fig. 2. Cobalt-60 a Er tena) equation.5 (neglecting 
(Ne + Ny ing) = No eg + No (€1 + ea) (1) 


where N, is the true disintegration rate. 
Similarly, 

Ny = No (Ly + E) (2) 
where N, is the counting rate from the gamma- 
counter, the efficiency of which is (E, + E.) for the 
two y-reys from cobalt-60. In the experiment, 


(Z, + E.) is kept as constant as possible, that is to 
Bay : 


Ny = No (E + E») el const. (3) 


If (Ng, + Nyy) is the counting rate from the co- 
incidence circuit, 


(Ney + Nyy) = Noep (E, + Ea) +No (#1¢,+E2¢,) (4) 
A re-arrangement of equations (1), (2) and (3) gives 
(Nay + Nyy) = (Ng + Nying) (E: + E) — 

No (Hie: + E, es) (5) 
Equation (5) expresses the relation between the 


B-counting rate (Ng + Nying) and the coincidence 
counting rate (Ng, + N,,). It is assumed that the 


„usual corrections for backgrounds, accidental co- 


incidences and dead-time losses have already been 
made to the observations. 

Equation (5), expressed in the form y = ma + C, 
will be linear when the terms corresponding to m 
and C are constant. It is arranged experimentally 
that m = (E. + E) is constant; but in the case of 
C = No (E, e, + Hy es), No is a constant, allowing ° 
for radioactive decay during the measurement, there- 
fore the required condition is that (Ee; + Eea) 
must be constant. If (H,e, + Eea) = const., all 
terms are finite and E, and Æ, are constant, then 
either Ae,/Ae, = — E,/H, or (e, + e,) = const. If, 
therefore, the y-spectrum of the beta-counter is indeed 
flat, then one of the conditions for (Ng + Nying) to 
be a linear function of (Ngy + Nyy) is realized. 
Furthermore, the slope (Æ, + #,), in conjunction 
with the y-counting rate, will give. N, without any 
necessity for using an absorbing screen. Fig. 3 shows 
& hypothetical plot of this linear function. The 
straight-line plot extends from eg = 0 to an upper 
limit determined by the apparatus. 

Measurements on cobalt-60 so far have shown that 
this line has a slight curvature, the slope varying by 
about 3 per cent over the range of measurement. A 
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| lan @=(E, +£) 


(Ng + Ny in p) 
Fig. 3. Illustrating equation 5 when (Ngy + Nyy) is a linear 
function of (Ng + Ny in p) 


least-squares analysis of the points on the line gives 
a standard deviation of + 0-5 per cent for the slope, 
but in view of the curvature, the disintegration rate 
cannot as yet be determined to better than + 1-5 per 
cent. ‘The curvature appears to be influenced by 
several experimental variables which are at present 
being investigated. 

Equation (5) can be investigated by other methods 
for varying eg. For example, it is possible to vary 
eg by placing absorbers of various thicknesses in 
front of the beta-counter, and it can now be seen 
that a measurement with an absorber which cuts off 
all the B-radiation represents only one point on this 
line; @ measurement without an absorber con- 
stitutes another point, and the usual method of 
evaluating No from these two measurements is really 
a determination of the slope of this line. The apparent 
disintegration rate is less or greater than the true one 
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according to whether the absorber increases or 
decreases the y-efficiency of the beta-counter. This 
can be shown in a similar way to the argument 
involving equations (1) to (5), except that now the 
y-efficiency of the beta-counter (e, + es) is changed 
by the absorber to (e,’ + ex’). 

Another way of varying eg is to alter the distance 
between the source and the beta-counter, when eg 
will vary approximately as the solid angle between 
the source and the counter. But a plot of (Ngy + 
Ny,) against (Ng + Nying) will not then give a 
straight line, because the y-efficiency of the beta- 
counter will also vary with the solid angle. This 
may account for the variation in disintegration rate 
which has been observed in this laboratory using the 
conventional absorber method with varying geo- 
metrical arrangements. Lastly, it may be noted that 
measurements on sources of different strengths should 
not affect the slope of the line, provided that the 
y-efficiency of the gamma-counter remains constant. 

It is hoped to pursue this work on the standardiza- 
tion of cobalt-60, to investigate the method more 
fully, and to apply the method to other suitable 
isotopes. ; 

This work has been carried out as part of the 
research programme of the National Physical 
Laboratory, and is published by permission of the 
Director of the Laboratory. 

* Putman, J. L., “Beta- and Gamma-Ray Spectroscopy”, 823 (North- 

Holland Pub. Co., London, 1955). 


* Perry, W. E., Nat. Phys. Lab. Rep. on Standardization of Radio- 
active Isotopes (1953). 


` Perry, W. E., Strahlentherapie, 102, 3, 372 (1957). 


EVIDENCE FOR A PROTEIN COMPONENT IN THE MIDDLE LAMELLA 


OF PLANT TISSUE: 


A POSSIBLE SITE FOR INDOLYLACETIC 


ACID ACTION 
By B. Z. GINZBURG 


Botany Department, The Hebrew University, Jerusalem 


Wa looking for a method for separating root 
tips into single cells, I attempted to use calcium- 


binders, following Northcraft?. Similar methods have ° 


been used for separating animal tissue?-*. Northeraft 
used ammonium oxalate. Tho actions of ammonium 
oxalate, citrate and ethylene diaminetetraacetic acid 
were compared on the assumption that calcium 
stabilizes the intercellular cement, as cited by Bonner; 
calcium pectate is found in the middle lamella. The 
stabilizing action of calcium might also be due to its 
decreasing the zeta-potential of the colloidal pectins. 
Zwilling* obtained separation in animal tissue within 
20-380 min., using ethylene diaminetetraacetic acid. 
Chelating compounds having high affinity for calcium 
should, therefore, readily and quickly also separate 
plant tissue. 

The following method was used. The J-mm. root 
tips of Alaska pea seedlings grown for 45-50 hr. were 
used. The root tips were immersed in 1 ml. of the 


test solution in small vials, and at the appropriate- 


times they were put on slides in a drop of distilled 
water. By tapping gently on the cover glass separa- 
tion of root tips occurs. Under the microscope the 
percentage of separation may be estimated. 

Some typical results of the first sets of experiments 
are shown in Figs. 1,2 and 3. The following emerges : 


(1) The degree of separation is dependent upon con- 
centration up to 0:1 M ethylene diaminetetraacetic 
acid. At 0-01 M no separation was obtained, even at 
high temperatures. Above 0-1 M the extent of 
separation again decreases. This decrease is being 
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Fig.1. Effect of ethylene diaminetetraacetic acid concentrations 
on separation of cells of Alaska pea root tips at 30° after different 
times. Solution pH 8-0. x,9-hr. treatment; @,16-hr. treatment 
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Fig. 2. Effect of temperature and time on the separation of 
cells of Alaska pea root tips. Ethylene diaminetetraacetic acid 
concentration 0:1 M. pH 8-0 


investigated further. Tho active concentrations are 
very high as compared with those normally used in 
biological experiments and also as compared with 
those used for estimating calcium. (2) The rate of 
reaction is rather slow, compared with other known 
chelating reactions in vitro and in vivo. (3) The 
Qi. of the separation is very high, indicating a high 
‘energy of activation’ which was calculated to be of 
the order of 35-40,000 cal. (4) Dependence on pH 
up to 11-0 is similar to, but not identical with, the 
calcium-chelating power of ethylene diaminetetra- 
acetic acid as a function® of pH. This seems to indicate 
that an additional factor, apart from calcium 
chelating, is involved in the reaction. 

These results cannot be interpreted as the mere 
removal of exchangeable calcium from the inter- 
cellular cement. 

A working hypothesis was assumed as follows. 
The calcium ion is hidden by some structure and is 
therefore: not accessible to ethylene diaminetetra- 
acetic acid chelating action. This stabilized structure 
is part of the intercellular cement. Now, it seemed 
reasonable to assume that such ‘a structure is part of 
a macromolecule existing in the middle lamella. It 
might be a pectic substance or other macromolecule 
that has not yet been identified in the middle lamella 
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Fig. 3. Separation of cells of Alaska pea root'tips at different »H 
values. Ethylene diaminetetraacetic acid concentration 0-1 M. 
Temperature 25° ©. x, 9-hr. treatment; @, 26-hr. treatment ; 
~--, chelating action of ethylene diaminetetraacetic acid for 
calcium at various pH (after Martell and Calvin, ref. 6) 
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of plants, such as a protein or protein-containing 
complex.. If such a macromolecule is involved, the 
use of the known agents breaking intramolecular links 
should modify the effect of ethylene diaminetetraacetic 
acid. Three substances were therefore selected. Urea, 
for breaking hydrogen bonds; thioglycolate, for 
breaking S—S bonds; and butanol, for breaking 
the hydrophobic linkages (Tables 1, 2 and 3). 


Table 1. SEPARATION OF CELLS IN ALASKA PEA Roor Tres AFTER 
TREATMENT WITH ETHYLENE DIAMINETETRAAOETIO AOID AND UREA 
FOR 8 AND 26 HR. SOLUTION pH 8-0 ; 


Ethylene diaminetetraacetic 
acid concentration (mol.) 


Per cent of cells separated 


— Urea 
+ Urea 0:125 M 


— Urea 
+ Urea 0-125 M 26 hr. 





Table 2. SEPARATION OF CELLS IN ALASKA PRA Root TIPS AFTER 
TREATMENT WITH ETHYLENE DIAMINETETRAAOETIO ACID AND THIO - 
GLYCOLATE. SOLUTION pH 8-0 





Per cent of cells separated after 
10:5 hr, 





Concentration of ethylene 





diaminetetraacetic avid No Thioglycolate 
(mol.) thioglycolate 1 per cent added 
0:1 15 32 
© 0-01 1 40 
0-001 0 50 
0:0001 0 á 4 
0 0 0 





t 


Table 3. SEPARATION OF CELLS IN ALASKA PEA ROOT TIPS AFTER 
TREATMENT WITH ETHYLENE DIAMINETETRAAOBTIO ACID AND 


n-BUTANOL FOR 19 HR. SOLUTION pH 8:0. TEMPERATURE 25° C. 
The results are given as per cent of cells separated 








Ethylene diaminetetra- | Ethylene diaminetetra- Butanol 
acetic acid acetic acid 0'1 M + 5 per cent 
0-1 M 5 per cent butanol 
40 100 l 0 





The results of these experiments are in accord with. 
the view that there is a protein component in the 
intercellular cement, as all the denaturing agents 
favoured the destruction of the intercellular cement. 
Particularly the action of thioglycolic acid supports 
this, if its action is indeed only on S—S bonds, which 
are known to occur in proteins. 

Further evidence for this view was obtained from 
the action of proteolytic enzymes. Pepsin gave good 
separation of the cells, cathepsin C gave slight 
separation. Other enzymes, such as papain, trypsin 


. and chymotrypsin, digest the whole tissue; no 


separation could be determined. 

If the action of ethylene diaminetetraacetic acid is 
a chelating one, then other chelating compounds 
should also be effective in the presence of modifying 
agents such as thioglycolic acid (Table 4). 


Table 4. HFFEOT OF THIOGLYCOLATE ON THE EFFECTIVENESS OF 
VARIOUS CHELATING AGENTS IN SEPARATION OF CELLS IN ALASKA 
PEA Roor TIPS. ` PER ORENT SEPARATION DETERMINED AFTER 3 DAYS. 
TEMPERATURE 25° 
The results are given as per cent of cells separated 


Sodium 
diethylthio- | Phenanthroline 
carbamate pH 6-7 
pH 8-0 


8-Hydroxy- 
quinoline 
pH 6:0 


N o thioglycolate 0 0 


Thioglycolate 


1 per cent added. 15 22-5 


400 


Table 6. EFFECT OF 1 PER CENT THIOGLYOOLATE ON SEPARATION OF 
CELLS IN ALASKA PEA Root TIPS BY INDOLYLAOETIO ACID 107? M. 
SOLUTION pH 11:0 
The results are given as per cent of cells separated 


24 hr, 7 days 


Without 
thioglycolate 


With 
thioglycolate 
4 13 22 50 


— Without With 
thioglycolate | thioglycolate 





It will be seen that different compounds having 
different structures and having only chelating action 
in common work on the system in much the same 
way. 

From the work of Heath and Clark’.*, Weinstein 
et al? and Bennet-Clark”, it has been suggested ‘that 
ethylene diaminetetraacetic acid and other chelating 
compounds have a growth-stimulating activity, and 
that the action of indolylacetic acid itself could be 
similarly interpreted as being due to chelating action. 
. Indolylacetic acid, therefore, should also effect the 
separation of cells in the presence of a suitable 
protein-denaturing agent (Table 5). 

If, to accept the old idea of Heyn, which has 
recently been recalled by Bennet-Clark!® and by 
Bonner et al., the effect of indolylacetic acid is 
to plasticize the cell wall or, in other words, to 
decrease the wall pressure of the cell, the following 
might be suggested. The ‘wall pressure’ can be seen 
as having two components—the pressure of the rest 
of the tissue and the tensile properties of the cell 
wall, that is, the wall pressure proper. Now the 
indolylacetic acid might act on the intercellular 
cement, and by partially loosening it, decrease the 
effect resulting from the pressure of the neighbouring 
cells. Alternatively, we may look upon the cement 
as part of the wall and the change of structure caused 
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by chelating of the metal, thus affecting the tensile 


_ strength of the wall. 


It may therefore be concluded that a metal ion is 
in some way bound in the middle lamella, possibly 
by a protein or protein complex. This might explain 
the function of the proteins which occur in the 
middle lamella. In addition, under the extreme con- 
ditions used, indolylacetic acid could be shown to 
have a clear chelating action in the presence of suit- 
able modifiers. These two facts together suggest that 
indolylacetic acid may indeed act as a chelating 
agent. These facts would also be in agreement with 
the views of Burstrém!, that ethylene diaminetetra- 
acetic acid may act by competitive chelating action. 

This paper is part of a Ph.D. thesis to be submitted 
to the Hebrew University, Jerusalem. I am indebted 
to Prof. M. Evenari, Dr. A. M. Mayer and Dr. A. 
Poljakoff-Mayber for their guidance, interest and 
encouragement during the time that this research 
was carried out. 
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RESPONSES OF A FERN APEX TO GIBBERELLIC ACID, KINETIN 
AND a-NAPHTHALENEACETIC ACID 


By Pror. C. W. WARDLAW and G. C. MITRA 
Department of Cryptogamic Botany, University of Manchester 


T reactivity of the shoot apex of Dryopteris 
austriaca (D. aristata) to the direct external 
applications of physiologically active substances? 
has been further investigated during treatments with 
gibberellic .acid, kinetin and «-naphthaleneacetic 
acid. These substances have recently been shown to 
produce remarkable physiological and morphological 
changes when applied externally to leaves, etc., and 
in tissue culture®-4. 

Large, bare apices of Dryopteris austriaca were 
treated, as already described!.*, for periods of about 
three weeks with aqueous solutions of gibberellic acid 
(100 mgm./l., 10 mgm./l.), kinetin (100 mgm./L, 
10 mgm./l., 1 mgm./l., 0:1 mgm./l.), and «-naphtha- 
leneacetic acid (1,000 mgm./l., 100 mgm./l., 10 
mem./l., 1 mgm./l.) and closely examined at frequent 
intervals. Control apices were similarly treated but 
with water throughout. The experiments with 


gibberellic acid and kinetin were undertaken in May - 


and July, and those with «-naphthaleneacetic acid in 
January, February, May and July. (During the 
winter months: the apical meristem of Dryopteris is 


x 


inactive ; in May it is becoming active, and in July 

it is more or less at the height of its activity.) 
Gibberellic acid. In May, 10 mgm./l. gibberellic 

acid stimulated the growth and morphogenetic 


. activity of the apex, an average of eight primordia 


being formed as compared with three in the control 
during the same period ; but with 100 mgm./l. only 
three new primordia were formed. In July, 10 
mgm./l. applications had a smaller stimulatory effect 
(an average of six primordia as compared with four 
in the control), whereas an average of eight prim- 
otdia was obtained with 100:mgm./l. The number of 
primordia formed both during and after the gibber- 
ellic acid treatment was always greater than that in 
the controls. The older primordia in treated apices 
showed an increase in size but no marked elongation 
of the rhizomatous stem was obsérved. The normal 
course of tissue differentiation was not modified. 
Kinetin. At 100 mgm./l. kinetin completely in- 
hibited the growth of apices and eventually killed 
them. With 10 mgm./l. and 1 mgm./l. of kinetin, no 
new primordia were formed during @ period of four 





Fig. 1 


= weeks after the cessation of the treatment in either 
< the May or July collections of apices. The apices 
= underwent a considerable general increase in size, 

- with formation of new scales around the base of the 


meristem and a conspicuous growth of the bases of 


the older scales which had been removed. At both 
concentrations, primordia 1 and 2 disappeared during 
the period of treatment and no organ re-formed in 
-> these sites when the treatment was discontinued. 
~ Later in the experiment, when the treatment had 
been discontinued, the growth of primordia 3 and 4 
_ did not continue, and they were gradually trans- 
formed into flattish mounds. Primordia 5, 6, 7 and 8 
dikewise did not increase in size and were overtaken 
by the rapid growth of the surrounding tissues and 
old scale bases. Treatment with 0-1 mgm./I. kinetin 
slightly stimulated the formation of leaves, an 
average of six primordia being obtained as compared 
with four in the control. 
treated apicesit was seen that the normal histo- 
logical organization had been profoundly affected and 
that tissue differentiation, for example, of the pre- 
vascular tissue had not occurred (Fig. 1). The general 


effect could be described as one in which cell division 


had been followed by a more or less uniform 
formation of parenchyma throughout the apical 


< a-Naphthaleneacetic acid. Applications of 1,000 
mgm./l. killed both winter and summer apices. In 
the winter‘experiments, treatments with 100 mgm. jl. 
and 10 mgm./l induced a very marked enlargement 
cand saucer-shaped upgrowth of the subapical region 
= (Fig. 2), indicating that in the so-called ‘dormant’ 
oe apex some growth potential still persists in 

















In microtome sections of 


oe with acntrlled r 


(150-ft. -candles for 16 hr. ee pe one ki < 
after the cossatiott of the treatments. AD 
formation of- aad was observed Ț 
controis 3 





apical mer bia appears ‘to have eset ita. o 
teristic property of self-maintenance in the embryonic 
state and, when the treatment was. discontinued, 
formed an average of three new: primordia in three __ 
weeks, 10 mgm./L did not seem. to affect. the growth 
of the meristem either during or after the treatment, 
Applications of 500 mgm./l. inhibited the growth of 
the meristem in some specimens while in others it 
stimulated growth in the subapical region, but did | 
not induce the saucer-shaped upgrowth. Treatment 
with 1 mgm./l. was slightly stimulatory to the 
formation of leaves by the apex. ie 
The results obtained with gibberellic acid are in. 
general accord. with previous findings with other 
plants, except that there was no notable elongation _ 
either of young primordia or of the stem. .Apices ` 
collected in May and July responded differently to 
the two concentrations ; such seasonal differences ine 
apical reactivity have frequently been noted in this 
laboratory. In the experiments under consideration  _ 
they are especially interesting in respect of thè 
responses of winter and summer apices to different 
concentrations of o-naphthaleneacetic acid... The _ 
reactivity of different regions of the. apex to a-naph- — | 
thaleneacetic acid was also a notable feature and. one See 
which needs fuller investigation. ee 
Kinetin is known to have both inhibitory offocts®.1! 
and stimulatory effects on cell division®.* and en 
largement’. In Dryopteris, kinetin. stimulates cell 
division and parenchymatous enlargement through 
out the whole apical region. As a result, . the api aE 
organization is so modified that it no longer gi 
rise to the characteristic pattern of tissue diffe 
tion that normally. ttends the inception and forma 
tion of organs. 
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: 7 reversible Processes in Physical Theory 









of irreversible processes, has formulated 
‘that the irreversibility of _a simple physical 
ess arises from. the causal impossibility of arrang- 
for coherence between, the independent oscillators 
‘od d the inverse of 





: ired for the operation which is 
Prof. B.L. Hill and A. Grimbaum? believe that 
| phe point raised is sufficiently important to deserve 
- formulation as a general principle in physics. — They 
suggest that the distinction between 
-reversibl and irreversible processes is parallel to 
that between closed and open systems. A closed 
< gystem is quasi-periodic and causally reversible. An 
open. system is aperiodic and irreversible. In par- 
‘ticular this distinction requires that the process of 
radiant heat transfer in an infinite universe be just 
ag irreversible on the quantum theory as on classical 
mechanics. Tho difficulty of this point has already 
| ‘peen stressed by Einstein. : 
Popper casts doubt on the generality of the prin- 
-eiple of Hill and Grimbaum. He. claims, for example, 
-thatthe system of the Sun and a comet moving on & 
“hyperbolic orbit, while undoubtedly an open system, 
js definitely one we should like to regard as reversible. 
‘He then cites two further examples to elaborate his 
` point with regard to the relation between. reversibility 
‘and coherence. A spheroidal reflector with an oscil- 
“ator at each conjugate focus constitutes a reversible 
system. A similar system but with a scattering 
C instead of a reflecting surface, even if perfectly 
externally insulated, does not. This, says Popper, 
arises from the impossibility of arranging for coher- 
< enco between the oscillators on the scattering surface 
yy means of any centrally directed mechanism, there- 
- py claiming that his principle of coherence is of more 
general validity than that of Hill and Griinbaum. 
"There is, however, an alternative way of describing 
the distinction between causally reversible and 
- causally irreversible processes and one which I claim 
‘cis of higher generality than that advanced by Popper. 
Yn the description of a mechanical system by 
 @lassical mechanics the parameters used, namely, the 
: momentum, give a complete do- 
particle of the system, 
is ensured by the 
ariant with 































change from +f to =t 


“is no longer o 
not necessarily: 
-time-scale of the direct process. 
“no longer completely undoes the action of the direct 
and the change is essentially irreversible. Thus, as 

I have pointed out. eleewhere®, a pure radiative 
 : process, with the optical paths of all rays concerned 
-completely determined, is reversible. A conductive 
-process is described. by such statistical terms as mean 















~-aeeordingly irreversible. 


‘Thus, 
_ the properties 
__, Screen can only 


“RB. POPPER’, in several. communications | 


absorbing screen can only be deseribed by statistical 


free paths or mean collision frequencies and is) | 3 
Oconto from which some si 















to define the prec 


one oO8c 


processes are 


< because the intensity of the radiation is progressively. ee 
A DOY. ‘decreased and the 
physically 


finding a quantum, in unit volume of space decreases _ ae 
at the same rate. | 
R. ©. L. Bosworth 


Dept. of Physical Chemistry, 
N.S.W. University of Technology, 
Sydney. 
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Pror. R. C. L. Bosworrn’s view, if I undorstand — 
him properly, is that held by most physicists since 
the time of Boltzmann. It has become famous o 
through Eddington’s metaphor of the arrow of time. 

Tt consists of the following two theses : (1) Every 
non-statistical or ‘classical’ mechanical process is 
reversible ; this, to quote Prof. Bosworth, “is ensured 

by the ordinary laws of motion which are invariant 
with respect to change from Etto =t; (2) irrever> E 
sibility enters into physics “by means of parameters 
which have only a statistical significance” ; or in: 
Eddington’s way of putting it, the increase OEE 
entropy (or of statistical disorder) determines the — 
“arrow of time”. Eoo o 

It was precisely this position, so ably restated in _ 
Prof. Bosworth’s communication, _ which I briofy 
sketched at the beginning of my communication “The — 
Arrow of Time’, which started this correspondence, = 
and which I tried to criticize in that letter by givinga 
counter example to thesis (1).. I did not discuss my 
reasons for disbelieving thesis. (2). ae 

Prof. Bosworth questions my counter example ints 
optical form in which it appears in my reply to. 
communication by Profs. Hill and Grimbaum?, 
asserting that “the properties of the oscillators on the 


















y some confusion here. 
es clear if we revert 







prima facie. 
simplification) : 
that the- 











large number of oscillators, operatin 
which actually reverse it. But if we loo 
ly at the which these oscillato 

are controlled so as to make them “cohere, we fin 
‘that they must, essentially, iD 









more close 













hat spreads from a centre, or something equivalent 
it. If not steered by an expanding wave, the 
contracting wave, though not in itself physically 
impossible, would nevertheless have the character of 
a physical miracle: it would be like a conspiracy, 
indertaken by many people, each carefully acting 
0 as to support all the others, but without any pre- 
rious arrangement, or anything like a prepared plan. 
This explains why, although theoretically possible, 
ipontaneous contracting waves do not in fact occur : 
they are theoretically possible, but causally, and 
therefore physically, impossible. 
Prof. Bosworth’s analyses of my examples are 
nadequate : in the reversible case of the ellipsoid 
mitror (called by Prof. Bosworth my first example) 
contracting waves never occur unless they are excited 
by an expanding wave; and the example was 
_ designed to show, among other things, that even 
_. perfect reversibility is not yet causal reversibility. 
Of course all these experiments are idealizations, 
and, in reality, there would be in all these cases an 
increase of entropy. So much is common ground. 
_ Also, in explaining any concrete mass phenomena, 
we have of course to use statistical methods, 
Although my whole analysis was only intended to 
throw light on (1) by showing that even elementary 
— Classical processes may be in an important sense 
physically irreversible, I may perhaps say, very 
briefly, why I distrust (2). The suggestion has been 
made (first by Boltzmann himself) that the arrow 
of time is, either by its very nature, or by definition, 
= connected with the increase in entropy; so that 
entropy cannot decrease in time because a decrease 
would mean a reversal of its arrow, and therefore an 
increase relative to the reversed arrow. Much as I 
admire the boldness of this idea, I think that it is 
absurd, especially in view of the undeniable fact that 
_ thermodynamic fluctuations do exist. One would have 
“to assert that, within the spatial region of the fluc- 
tuation, all clocks ran backwards if seen from outside 
hat region. But this assertion would destroy that 
ery system of dynamics on which the statistical 
1cory is founded. (Moreover, most clocks are non- 
entropic systems, in the sense that their heat pro- 
duction, far from being essential to their function, 
inimical to it.) | | 
‘Ido not believe that Boltzmann would have made 
is suggestion after 1905, when fluctuations, pre- 
iously considered no more than mathematically 
alculable near-impossibilities, suddenly became the 
wrongest evidence in favour of the physical reality 
f rnolecules®. (I am alluding to Einstein’s theory of 
rownian motion.) As it is, a statistical theory of 
he arrow of time seems to me unacceptable. The 
urpose of my first communication was to propose 
n example of a non-statistical process such that no 
hysicist who finds a film strip of this particular 
rocess would need to doubt where the film begins and 
-here it ends: he could determine its arrow of time. 
| Kart R. POPPER 





















































University of London. 


Nature, 177, 538 (1956). 

Nature, 179, 1297 (1957). 

Brit, J. Phil. Sei., 8, 151 (1957) 

Einstein, A., Ann. Phys., 17, 549- (1905); 19, 371 (1906). 





eccentrici 
















Alpha Satellite). 
possible to show that their formule are. accurati 
long as the eccentricity is not too large. 
A strict application of first-order portu 
theory to the motion of a satellite subjecte 
purely axial force with constant drag coefficien 
that the rate of descent of apogee per revol 
given by ba 











dig _ 
dn 
id i ea aa a NETO aes 
2 1+ 2ecosO+e? =... 
m 3H | (1 -+ cos 6) are ewer? (8) dé 
—_ AE 


where H, is the height of apogee above the centre _ 
of the Earth, 8 = SCp/m in the usual notation, 9 is 
the anomaly, e the eccentricity, n the number of 
revolutions, and p the density. The rate of descent _ 
of perigee dH,/dn is given by a very similar formula. 
If e is small enough and if a simple exponential 
atmosphere is an adequate model, the integral (1) _ 
may be evaluated exactly (as was noted by Scott) to — 
give ns 
dig 

dn 


— 2r3H apo oxp{B(H,—H) — Bhoy [E (8h) + F (2h)] (2) : 


where H = (Ha + Hp), h = (Ha — Hp), Po is the _ 
density at height Hpo B the lapse-rate of the atmo- 
sphere, and a suffix o denotes an initial value. Zy and __ 
I, aro Bessel functions of the first kind and imaginary _ 
argument. The formule given by Fejer and Scott 
are the asymptotic forms of this equation for large Bh. 
Thus the Scott-Fejer analysis seems to require that — 
e should be both large and small. E 
Equation 2 and the very similar formula fo 
dH,/dn may be regarded as equations of motion fo 
H, and Hp (or H and h) as functions of n. Since BE j 
is large, they may be integrated when e is sma 
to give eee 


rane 
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hol (Bho 
exp{B(H, — H) } ee 


and 
hot — h? = 4n8Ho%p9 « ho exp(—Bho) « 11(Bho) 
From equation 4 it follows that : 3 

eo? — e? = 4809. hy exp(—Bho) . 11(Bho) -n 
The linear variation of e? with n also follows fror 
analysis of Fejer and Scott. The fundamental re 
for the success of their work is that the relati 


in fact valid down to e = 0. From it, we may d 
that the remaining life-time of the satellite i 

4 ines is 

t = feg — dT /dt)o Be 

To being the initial period, and (—dT'/dt), the initial 


rate of decrease of the period; if this decreas 
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ificance for Satellite 1957 Beta, with its 
id high initial eccentricity, and an attempt 
being made to evaluate it. 

oo i : D. ©. M. LESLIE 
ral Aircraft Establishment, 

arnborough, Hants. 
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> Remanent Magnetization of Ancient 
aren Bricks 
=o In-has recently been suggested that, in the values 
of remanent magnetization of clay bricks fired in 
-.  ancient..times, there exists evidence of a secular 
decrease in the strength of the Earth’s magnetic 
_. field*. It has been further suggested that the 
effect of such a change in magnetic field on the 
intensity of cosmic radiation incident upon the 
Earth would tend to falsify radiocarbon dating 
procedures based on an assumed constant intensity 
Of cosmic radiation’. 
The conclusions based on the magnetization of 
- ancient bricks have presupposed that this magnetiz- 
_ ation is proportional to the intensity of the Earth’s 
- magnetic field at the time the bricks received their 
original firing, provided that no high-temperature 
firings have intervened. In the procedure of E. 
Thellier!*;4, the magnetization, M, of the brick, as 
found, is measured at a standard temperaturë 
(60° ©). 
< higher temperatures to 670° C., apparently in an inert 
. atmosphere’, and then allowed to cool fram 670° to 
60° in the present Earth’s field, H’. The resulting 
ioo magnetization of the brick, M’, is then measured. 
The value of the Earth’s field, H, at the time of the 
< original firing, is assumed to be related to the above 
values by the equation : 












E. Thellier® 
constant magnetic field of 13 gauss, can increase 


zed from nitrogen to illuminating gas. 
6 1, taken from ref. 5. 
temperature.) 















in effect to illuminating gas. 


SPECIFIC MAGNETIZATION oF FIRED CLAY (o x 104) 
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The brick is then fired at successively 


‘However, it has been shown in an earlier paper of _ 
ke Ehel that the specific magnetization, o, — 
acquired by a given baked clay, when fired at 670° — i Be “ 
in a ¢ _ A typical record of the processing ellipses with five 
cor six straight lines bunched within a small angi 
along ‘with the record of the wave-form of th 
atmospheric pulses simultaneously taken with th 
- automatic atmospheric recorder! is shown in Fig. 


ionospheric reflexion. A reversal in the direction of 


a factor of 200 when the firing atmosphere is- 
: (CE: 
T is the maximum — 


proposed, therefore, that the apparently high- 
lue of remanent magnetization of ancient bricks 
have been the result of the use of fuel-heated — 
is during their original firing. The presence of - 
completely burned products of combustion in such —. 
‘ins could provide a reducing atmosphere comparable _ 
This would tend tọ -t 1 tO ) p ADE 
=; the phase-difference between the normal and abn 
-= mal components, as calculated from the obser 
-+ ellipses, was found to increase steadily from abo 
~ 40° to about 67° after six successive reflex: 

| the ionosphere. ee 


followed by a series of ‘successive. ionospheric reflex 


| _ Tt is suggested that the several straight lines 
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Abnormal Polarization of the Atmospheric a 
Pulses reflected successively from the 
lonosphere 


WHILE engaged in the determination of the direc- 
tion of arrival of atmospherics by the conven. 
tional cathode-ray tubs direction-finder, it was ee 
observed that, on occasions; for atmospherics of — 
comparatively distant origin, there were elliptic 
patterns of gradually decreasing eccentricity and _ 
tilt-angle along with one or more linear responses, 
although when tested with the audio-frequency _ 
oscillations from a signal generator fed into the 
aerial system of the cathode-ray. tube direction. 
finder, the fluorescent screen exhibited only the usual 
linear responses. It appears certain that these elliptic 
patterns are evidences of abnormal polarization of = 
the atmospheric pulses reflected successively from __ 
the ionosphere, the linear responses being due to the — 
direct (or ground-wave) atmospheric pulses. More 
than forty oscillograms showing the elliptic patterns 
and lines were recorded during the monsoon months 
of 1955. Usually the tilt-angle of the ellipses was 
found to decrease with the increasing order of 







precession was noticed in few cases. _ 

















The wave-form record reveals quasi-periodic pulse 






ions. The distance of the lightning discharge yieldin 
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(a) G) 


2 Fig. 1. Oscillograms of (a) the elliptical patterns with gradually varying eccentricity and 
= filt-angle and (6) the corresponding wave-form recorded pionna y with the suto- 
Time, evening 


matic atiiospherics recorder. Date, October 19, 1955. 


-radiation which originated at the branching points 
of a long horizontal or slightly inclined lightning 
_ discharge from one cloud. to another and reached 
-= the direction-finder directly. The quasi-periodic 

pulses observed in the wave-form pattern wero clue 

to the current variations at the branching points, 

— and they were followed by the different orders of 

ionospheric reflexion. The horizontal length of the 

lightning channel responsible for the oscillograrns, 
shown in Fig. 1, has been calculated and found to 
be about 7 km. This seems to be consistent with 
the observations of Shipley’, who reported long 
horizontal channels along the lower edge of the cloud, 
-. The possibility that abnormal polarization might 
be shown by the atmospheric pulses due to the 
= zigzag path of the lightning discharge was first 
pointed out by Adcock and Clarke*. The observed 
regular pattern of the processing ellipses with con- 
tinuously changing eccentricity and tilt-angle, how- 
ever, strongly suggests that the effect of the random 
zig-zag path of the lightning discharge cannot be 
appreciable. 
The experimental work was carried by Dr. B. A. P. 
- Tantry and Mr. R. 8. Srivastava under my guidance, 
as a part of the programme of a research project 
sponsored by the Council of Scientific and Industrial 
_ Research, New Delhi, to whom our thanks are due. 
-A detailed paper will be published elsewhere. 
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: Temperature Coefficient of Ultrasonic 
<. Absorption in Organic Liquids | 











the observed ultrasonic absorption and its ratio 









nd Kirchhoft’s theories, the various organic liquids 






our attention to temperature variation 
this classification, 






absorption with: those- calculated accordin, 
— classical. theory it is seen that in every 
“measured value is larger. : 1 ki 
: theory is able uniquely to explain the excess 
tion in all the liquids. : 
-< advanced so far are. based on thermal 
From the data heretofore available in regard.. 


© the coefficient calculated on the basis of Stokes’s’ 


ave been broadly classified’* into four groups. — 


ng of non-associated 


investigation carried out in. th 
laboratory on the temperature va 
iation of absorption coefficient 
a large number of liquids 
ing several homolog series, - 
has been noticed that some liquids _ 
which fall in group A show a _ 
negative temperature coefficient of _ 
absorption instead of positive as _ 
expected. Aniline, hexadecane, _ 
l-dodecene and amyl acetate are . 
some of the liquids showing this _ 
behaviour. Further, in some of the homologous _ 
series such as the saturated hydrocarbons and | 
1-olefines it is seen that the temperature coefficient 
is positive for the lower members but becomes _ 
negative for the higher members, passing through | 
a stage where the absorption coefficient is prac- | 
tically independent of temperature over the range 
of observation (15-60°C.), as, for example, for — 
n-decane in the case of the saturated hydrocarbons — 
and for i-nonene in the case of l-olefines. Some of 
the measurements are given in Table 1. ă = < o 
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The object 





of this communication is to report on — 
the anomalies between our observations and the _ 
classification. and to direct attention to the inade- — 
quacy of the present theories to explain them. The _ 
observation regarding negative temperature coe- | 
cient of absorption in some of the above-mentioned 
liquids, and also the reversal of temperature coefficient _ 
from the lower to the higher members of the homo- _ 
logous series, is not. consistent with the. present _ 
classification of liquids according to their soun 
absorption, nor is it accounted for by the Stokes 
and. Kirchhoff’s theory of classical, absorption 

By comparing the above observed values of 




























As is well 








The various. 


structural relaxation and bulk viscosity. - 
lately given correlates the observed absorp 
classical absorption in terms of a functior 

ratio of specific heats, as 2 
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It may be remarked here that the existing cl 
fication of liquids into various groups is of an ad 
nature and has to be examined closely. ooon > 



















n which is positive fo: wer members 
.o negative for higher members is. being 
in terms of the available theories. 

` Detailed discussion of the topie will be published 
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Soe ee 3 3 dne g 100 1,000 
Influence of Moisture upon the Dielectric Erogueney (x0:/8.) 
Properties of 


oli i , i “Fig, 1. Dependence upon frequency of « and e” for dispersed 
Sol id Powders dispersed di < systems of titanium oxide (© rutile, @ anatase and @ dried 
OREN A BT Liquid Paraffin specimens) in liquid paraffin at 20° C, Particle size, molature. o 
(ae Saka ber en r re -content and volume concentration of powders are: about Qed 
dr is known that various colloidally or coarsely micron, 0-7 per cent and Phe Tt cent reapenelyely for both types. 
of titanium oxide ae, A E E TATATA 


_ dispersed systems show anomalous dielectric beha- 
<o viour. Fricke reported that an aqueous dispersion 
of solid particles or macromolecules showed a striking 
. dielectric dispersion in the audio- and radio-frequency 
<- ranges, and he ascribed these effects to the polariza- 
-tion of oriented water molecules bound loosely at. or- 
near the surfaco of the dispersed phase. But the 
<> exact nature of the effect has not been established... 
“We have measured the dielectric constant and loss, 
ef and g”, of various suspensions or pastes consisting 
of inorganic or organic powders dispersed in liquid 
paraffin, over a frequency-range of 0-5-3,000 ke./s._ 
by means of a conductance-capacitance bridge. As = 
3 shown in Fig. 1, pronounced dispersion was found 
nsions of titanium oxide in both its crystal- 
ns, anatase and rutile. The titanium oxide | 
“had been air-dried. and contained about 
oisture by weight ; the content of the 
about 13 per cent by volume, and th 



























tems remained. sufficiently stable 

















e limiting value of ¢’ at high freque 





m the empirical constants characteristic 
spersed systems, and œ the angular frequency 
shows the linear relation between ©” and €” 

in be expected from relation 3. In the case: 
we, the experimental results. showed some. 
from these relations. Similar dielectri 
vas observed also for a suspension O 


bonate. powder. 
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“A more complete account of this work will be 
¿© published elsewhere. We thank Prof. E. Suito and 
- Prof. 8. Ono for gifts of samples. 
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Electron Micrographs of a Crystalline 
Lattice Structure in Yolk Platelets of 
the Amphibian Embryo 


York platelets are ons of the cytoplasmic inclu- 
= gions characteristic of embryonic cells, and constitute 
_ the most important reserve material for these cells. 
_ A weak birefringence has been reported from fresh or 
_ fixed yolk platelets of various amphibian embryos’. 
However, no further information is available con. 
cerning the physical organization of these inchi- 
_ sions. In the course of our electron microscopic 
_ studies of embryonic cells, regular fringe systems 

have been found over the whole area of yolk plate- 
lets, indicating a erystalline structure of the yolk 
matrix. 

Small pieces of the ectoderm were isolated from 
embryos of the newt, Triturus pyrrhogaster, at various 
stages? from the gastrula (stage 11) to the tail bud 
(stage 26). 1 per cent osmium tetroxide in Holtfreter 
_ solution buffered with veronal acetate at pH 78 
was used as the fixative. After fixation at 4° ©. for 

2 hr. and subsequent washing in Holtfreter solution 
_. for a few minutes, the fixed material was dehydrated 
< in a series of graded ethanols,.and embedded in a 
mixture of methacrylates. Sections were made on 
_ an ultramicrotome at a thickness less than 50 mu, 
_ picked up on a collodion-coated grid and examined 
a. teal the Hitachi electron microscope HU-10 at 
FB kV. | 








Fig. 1. Electron micrograph haves Be group of yolk platelets 
Ra 


ïo seattered in the cytoplasm of an ectoderm cell of a late gastrula, 
ne mitochondrion and the on poundary are visible (below, left), 





-o appreciable moisture of more than 0-1 per cont by ~~ 


the electron micrograph. 








Pig. 2. High-power electron micrograph and selected are 
diffraction diagram (inset) of a yolk platelet. The granularlayer 
attached to the surface of the yolk platelet is visible below in < — 
the main picture. Note the fringe system in the yolk platelet 
proper, x 250,000 ae 


In the embryonic ectoderm cells, the cytoplasm is _ 
moderately laden with yolk platelets. Under the 
electron microscope, the platelets appear as sharply | 
outlined dark ovals varying from 0-3 to 64 in © 
diameter. The platelets are surrounded by a dense — 
layer of fine granules of about 100 A. (Fig. 1). This 
layer disappears during the tail-bud stage, when 
significant changes take place on the surface of the 
yolk platelets’. Reema oom 

Fig. 2 shows a high-magnification electron micro- coe 
graph of the yolk platelets at the neurula stage, ino. 
which a system of fringes with spacing of 70 A. ig. _ 
evident. Careful observation reveals another system 
of weak fringes which is oblique to the main system. —__ 
Similar fringe systems were observed in yolk platelets __ 
from the gastrula to the tail-bud stage. It should _ 
be noted that these fringes are always straight 
and no dislocation has so far been observed 
in them. The regular arrangement of fringe _ 
systems proves that the matrix of yolk platelets is 
crystalline. . oe e 

In the electron diffraction pattern of the yolk 
platelet, two pairs of spots can be observed (inset 
Fig. 2). One pair is fairly strong and the other ve 
weak. The presence of two pairs of spots wo: 
expected from the existence of two systems: o 
intersecting each other in the electron 1 
The distance between these spots corresp 
fringe-spacing of 72 A. in both pairs. Th 
is in good agreement with that measured 





















During the period of yolk resorptior 
platelets were found to split into paralle 
rodlets*. A similar phenomenon of lame 
was observed also tm vitro when the yolk 
were exposed to weak acid or alkaline- 
These observations support the view that the 
line structure seen in the fixed sections is no 
by the fixative but exists in the living cells. 

We thank Profs. T. Yamada, R. Uyeda 
Y. Sakaki for valuable suggestions, and the 
of the Hitachi Central Research Laboratory 
generous assistance. The investigation was par 
supported by grants from the Rockefeller Founda 
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-An Instrument for measuring 
Evaporation from Natural Surfaces 


is "Tan need has long existed for a direct method of 
T meria evaporation from natural surfaces for 
~ application in a wide range of problems connected 
>o with agricultural science, hydrological engineering 
= and the like. The only method hitherto. generally 
available has been that of isolating and weighing a 
me portion. of the evaporating body-—a procedure which 
= is cumbersome and often seriously interferes with 
: the process it purports to measure. Reliance has 
therefore often been placed on formule, usually of 
< doubtful validity, relating evaporation with other 
a meteorological variables. 


We have constructed prototype equipment which _ 


$ “permits the automatic, direct determination of natural 


< evaporation by equating it to the vertical turbulent. 


: - fluxof water vapour in the layers of air near the 
~ ground. The validity of this equation demands that 
_ there be no vertical transport of water vapour by 





apour between the ground, and the level of the 
strument, and that a measurement of turbulent flux 














made within a few metres of the ground. 
that these conditions are. f full filled, ther 
tort the nature of ue artaco. Ce a 





0 prea at first oy h hand methods: and ke 9 
differential analyser. 







i ef Sa roue use. 





. Zool., 108, 81 (1946). Gallera, J, | 
kada, TA X., and Ichikawa, M., Ann. Rep, Exp. Morph., 3, 1 ae 
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“tions of multiplication and integration automatically: 


covariance in the form 


the flux made by the smallest eddies (1-2 sac. period) o 


iean vertical motion nor accumulation of water bridge, this voltage can be made linearly dependent 
perpendicular to the instrument. 
point be representative of an area. Prac: “meters are arranged at equal and opposi 
s means that the area must be one of good. i 


uniformity and that the measurement 










This method, though a 
cuits each consist of a chain of ten diodes actiz 
function generators, four such chains being req 
: on four quadrant multiplication... ae 


shing the usefulness of the eee is Ener 
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is tpw- allg- by l 


MULTIPLIER 
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Fig. 1. 
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Block diagram of evaporimeter 


Since the mean values of pw and q cannot be known 
in advance, it is necessary to evaluate the required 


(ew)’g’ = (pw — a) (q —b) — (pw — aj- =b a 


where a and b are arbitrary zeros from which pwr 
and q are measured. A block diagram of the instru- | 
mental arrangement is shown in Fig. l. Se 

A height. of 1-5 m. above the ground has been. 
found suitable for mounting the sensing devices, and, 
at this height, response times of about 0-3 set. ateo 
needed in the anemometer, hygrometer and multi- _ 
plier in order to take account of the contribution to — 





which are important at that height. A minimum 
period of observation of 5 min. is needed to accom- 
modate the largest contributing eddies. RT 

The anemometer, which is of an entirely new a ue 


design?, is linear and has a sufficiently rapid response. < o 
It depends in its. operation on measuring the tenm- 
perature in the wake of a heated wire by resistance- = = 
bridge thermometry and, by means of an amplifier o 








feedback circuit controlling the input voltage to the 






upon the product of p and the velocity component 
Two such anemo- 




















the horizontal, and the difference of their ir outputs ia 
obtained as a measure of pw. - o 
The hygrometer. is based on fine wire wot- and 

yulb resistance. thermometers of a design due to. 
Tees are. : constructed. of : a AAI wi 
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quare. t cobain sai “use ae “the 
mn = Pu (m+ n) — (m — n)?} The squaring 













Addition 





compounds: with potassium, 


13.00 


yO 80° 


ig. 2. Observed values of evaporation-rate, September 24, 1957 


11,00 


The integrators are of the electromagnetic type 
suggested by Gilbert’, but with considerable modi- 

cation of the original: design to obtain greater 

ecuracy and ruggedness. Special circuit, arrange- 


The final results of the integrations appear on counters 7 


from which the total evaporation over the observa- 
tion period is easily computed. — 
The complete equipment has been tested in the 
field, and some. checks against Swinbank’s method 
have been carried out with satisfactory results. A 
typical series of measurements is shown in Fig. 2, in 
which are plotted the results of a number of five 
minute runs. The increase in evaporation during 
he morning is evident, and the results demonstrate 
he inherent variability of the evaporation as a result 
f chance fluctuations in  wind-speed, incoming 
adiation and other such factors. = ć 
urther field trials are now 1 
mt work is proceedin, 
he results of fu 


umental details 
: ations: will be. 
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- ‘glove-box’. 


oo Graphite 

Tr is well known that graphite forms lame 
but hitherto it has seemed likely, both on. e 
mental'-* and theoretical* grounds, that s 
not behave in this way. Recent work 
reported here has, however, provided evi 
the existence of a lamellar compound. 
with graphite. l Been 

The compound was prepared very sim 
helium atmosphere (less than 20 p.p.m. oxyg 
Powdered graphite was heate 
about 3 per cent sodium (commercial purity 
through sintered glass at about 150° C.) at 
400° C. for 1 hr. with continuous stirrir 
conditions are not at all critical, since the cor 
has been formed with heating times betwe 
and 6 hr. and at temperatures between 120 
600° C. (although mixing is bad below about. 
The product, virtually pure sodium-graph 
pound, is very similar in appearance to t 
graphite but has a deep violet tinge. The analog 
potassium, rubidium and cæsium compounds 
similar strong colours ; for example, C,K is coppe 
coloured. Seen 


t. 


- graphite, 


most sharply 


0002 and 0004 lines) are absent from the lif fracti: 
photograph of the product; as little as 5 pe 


free graphite should be detectable in. th 
Secondly, the product has a definite compo 


compounds since the potassium content of t 


was certainly less than 0-1 per cent. 


These diffraction results seem to fit best a 

in which sodium atoms le in interstitia 
separated by eight carbon layers (that is, ak 
compound) as indicated in Fig. 2,4. At ever 
layer, therefore, the spacing is increased in ti 
from 3-35 A. to about 4-6 A., which is consist 


(a) Graphite 





ue a. zt) 
(b) Sodium-graphite compound Ei 





a 





ue when immersed in liquid sodium, but only by about 
= 0-5-1-0 per cent. The smaller magnitude of this 


oe swelling. compared with the increase in the ¢ spacing , 


: is due mainly to the fact that the crystallites in an 
. artefact are anisotropically oriented. Since it is 


. possible to estimate the degree of this anisotropy- 
=o from the thermal expansion, we have been able to. 
= relate, at least approximately, the swelling to the 


: : Change i in the c spacing. 


ae he: detailed analysis of the X-ray photographs is 
inn not yet complete.. At present, therefore, it is possible- 


©" to make only a tentative suggestion for the arrange- 
mènt of the sodium atoms within the interlayer gaps. 


- That indicated in Fig. 2b would account for the 


n The compound with the suggested formula C, N a i 
es is the only sodium-graphite compound which has 


-o been detected in our work in spite of the range of 
experimental conditions used. Thus sodium appar- 


aS a ently differs from the heavier alkali metals ; potas- 


, oe sium, for example, is reported? to form a range of 
-compounds between C,K and C,,K. 
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-Ferric Perchlorate Complex lon 


s SUTTONS, and later Sykest, have reported associa- 
= tion constants for the formation of ferrie perchlorate- 
complex ion, FeClO,++, although other investigators ` 
shave been unable to find evidence for the existence . 

of this species*+. Inasmuch as perchloric acid and 
e -porohlorate outs are eooni used for. AE 










; a simple ei of this) aiid: the a eoomes b : | : cay ae 
iyor spacing is now 3:50 A., that is, 5 per cent greater ==> ae 
nan in the parent graphite. Graphite artefacts swell =. 005e" 


: ky is the specific reaction-rate. constant: for. the : 


< Wahl’ have assumed that ke the specifie reaction: ae 


_ Indieate that. the situation is more. complicated than’ 
“initially supposed, noes 


assuming a value for k,, the specific reaction-rate 
- constant for the exchange process involving FeClO ++. 


ion can be estimated from available. kinetig anon or 
- Fuller reports, including the results of the more - | 


, . physical effects of sodium on graphite, will A p 


and the rate pcitieibiciions’ of hydrolysed ferric specie 
g known. A 
Ar Wrrson : < Dodson’, at 21 68°C. and Ah ioti s sti me th of 0+. 


_4 es. kisa specific ET 
: by Silverman and Dodson 
with dipositive. ferric: complexes have specific rate 


ni Proc. Ist and and Conf. on Carbon, University of | 
k Bulla, U U$. f by analogy with the values of 14, 20, 29 and 


- fluoride? ions respectively, then the resulting. for 


N 4 4 f. ~A * respectively, all Tie w H withi 





Ip ty 
Me “aqueous ‘solution, | the 1e s 
-= existence and extent. E per ‘chlorate 
complexing is a matter, of some im- 





















* might play a part in the kinetics of the — 
/. dron(IT)—-iren(ITT) electron-exchange re- 
action. For reaction paths involving 
< hydrated but otherwise „uncomplexed 
ferrous ion and ferric species the rat of 
— -this exchange reaction, generalizing: th 
ro sof Silverman and Dodson‘, may be arep esented 


T -© portance. k 
-f4 Both Sutton! and Myors® Tavs in 
Ca gested that perchlorate complexing — 
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where: R is the rate of exchange, X is any complexing 
ligand ( including hydroxide ion) of charge m; and — 


exchange process in which Fe++ and FeeX, smn are k 
“reactants. Silverman and Dodson® and Hudis and 


rate constant for the exchange process involving _ 
“uncomplexed ferric ion, has.a value other than. Zero, 
that is to say, that exchange occurs between ferrous. r 
and uncomplexed ferric ion. Experiments which _ 
substitute heavy water for water as solvent’, however, 


Alternatively, if k, is naarly zero, and if FeClO,++ — 
is the only. ferric perchlorate complex formed, — 


on. the. basis of the values for: other monovalent. 
complexing anions, the value of the formation con- 
stant, Ki, for the ferrie monoperchlorate complex 


the exchange reaction since, 


(HoXqimm) = Ky (Fot +4) a = 





According to the data of Silverman 





“hey Ki - = RCO) = g 3/0: 55 = a 6: 0 see. pa @ 
rate constant T 
and equated by them t 
Except for FeOH++, the reactions of ferrous ior 





constants of comparable magnitude and apparent. Ly 
related to the size of the complexing anion. If the 
value of k is estimated to be between 1 and. 10 see. 





40 see.™t fit for bromide, thiocyanate’, chlorides 





tion constant for the ferric monoperchlorate comple 
ion is between 6 and 0:6 f.-1, The values reported 
by Sykes? on the basis of his own studies and ce 
culated by him from data of others and from. 
Bjerrum’s theory, corrected to an ionic strength of 
0-55 using the semi-empirical equation® and ignoring 
small temperature differences, namely, 2-8, 2 
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Differential Thermal Method for 
determining Reactivity of Calcium Oxide 


Tr has been reported! that the extent to which the 
reaction. 


CaO + MgCO, — CaCO, + MgO 


proceeds is influenced by the reactivity of the 
calcium oxide. The possibility that both this and 
the analogous reaction, 


might be used for determining the reactivity of cal- 
cium oxide was systematically investigated, using 
differential thermal analysis. A hydration calori- 
metric technique and ‘determinations of specific 
surface area by nitrogen adsorption were used for 
comparative purposes. 

On the basis of the established fact that the 
reactivity of calcium oxide decreases as the tempera- 
ture of calcination increases’, samples of calcium 
oxide-of widely differing reactivity were prepared. by 
heating reagent quality calcium hydroxide at 100 deg. 
C. temperature intervals over the range 500—1,400° C. 
and precipitated calcium carbonate over the range 
900-1,400° C. Thermograms for mixes of equi- 
molecular quantities of such calcium oxides and 
magnesite are presented in Fig. l as curves (a) to (e) 
inclusive. Only one curve, (e), is given for the oxide 
from the carbonate because the curves were virtually 
identical for all such oxides prepared. The thermo- 
grams for the mixtures containing calcium oxide 
derived from calcium hydroxide at temperatures up 
to 1,100° C. show an exothermic peak at about 
380° C., due to the net exothermal effect of the 
reaction. Tho subsequent endotherms represent 
respectively the decomposition of the remaining 
magnesite and the calcium carbonate formed as & 
result of the interchange reaction. The fact that, 
for the comparatively inactive forms of oxide where 
no interchange exotherm was found, considerable 
amounts of calcium carbonate were nevertheless 
formed, shows that its formation also proceeds as & 
result of reaction between the calcium oxide and the 
carbon dioxide formed during the magnesite decom- 
position over the range 600-700° C. 

Three trends can be seen from these results. First, 
as the reactivity of the calcium oxide decreases, so 
the extent of the exothermal interchange reaction 
decreases until, for the oxide obtained from calcium 
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Temperature (° O.) 


Fig. 1. Thermograms for equimolecular mixtures of magnesite or 
magnesium hydroxide and calcium oxide of origin indicated : 
(a)-(d), Magnesite and CaO derived from Ca(OH;) at o) 500° © 
(b) 900° C., (c) 1,100°C., (d) 1,400° C.; (e), magnesi 


e+ Cad 

dertved from CaCO; at 900° C.; NL» magnesium hydroxide + 

CaO derived from Ca(OH;) at (f) 500° C., (g) 900° ©., (A) 1,100° ©., 

(i) 1,400°C.; (j), magnesium hydroxide + CaO derived from 
CaCO, at 900° C. 


hydroxide at 1,200° C. or higher, and for all oxide 
obtained from calcium carbonate, it is absent. 
Secondly, the area of the magnesite peak increases as 
the reactivity of the oxide decreases, and thirdly, the 
calcium carbonate peak area shows æ corresponding 
decrease. The relationship 
reactivity as reflected by the ratio of thermoactive 
reaction product and reactant peak areas and its 
temperature of preparation is presented in Fig. 2 
in curves (a) and (a,) respectively for the oxide 
obtained from the hydroxide and the carbonate. 
Thermograms for the magnesium hydroxide— 
calcium oxide mixes are shown in Fig. 1 as curves 
(f)-(7) inclusive. For the most reactive oxides the 
exothermal peak above 300° C. is evident; as the 
oxide reactivity and the extent of reaction decreases, 
the subsequent magnesium hydroxide peak increases 
and the calcium hydroxide reaction product peak 


decreases. From the peak area ratios illustrated in 


Fig. 2, curves (a), (a1), (b) and (b,) the parallel trends 
of the results for the two reactions investigated are 
evident; the results of the specific surface area 
determinations (curves (c) and (c,)) and the hydration 


between the oxide - 


Ratios of peak areas of reaction product and reactant 
Rate of hydration (° C./min.) and surface area (m.%/gm. x 2) 





Temperature of preparation of calclum oxide (° C.) 


Fig. 2. Effect of origin and temperature of preparation of calcium 

oxide on ratio of peak areas of reaction product and reactant for 

magnesite-calclum oxide reaction (— — —), and magnesium 

hydroxide-calcium oxide reaction ( ); on surface area 

) and on rate of hydration (—-—-—-—-) of the 
calcium oxide 





ee e oe 


calorimetric data (curves (d) and (d,)) demonstrate 
that these latter-established techniques yielded 
somewhat similar results. The decrease in the 
reactivity of the oxide obtained from calcium 
hydroxide with increasing calcination temperature 
' and the virtual independence of reactivity on cal- 
cination temperature for that prepared from preci- 
pitated calcium carbonate emerge clearly. . However, 
by these techniques of differential thermal analysis, 
the reactivity of calcium oxide prepared from calcite 
was found to decrease with increasing calcination 
temperature, as reported by Murray, Fischer and 
Sabean® and others. : 
While the hydration calorimetric technique shows 
marked differences in the reactivity of the oxide 
from calcium hydroxide calcined over the range 
- 900-1,400° C., it does not, under the experimental 
conditions used, discriminate between oxides of 
widely differing reactivity prepared over the range 


500-900° C.; differential thermal analysis, for both’ 


reactions, shows marked differences of reactivity for 
oxide prepared in the range 700-1,100° C. for the 
exothermic reactions and over the wider range 500- 
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1,400° C. for the reaction product-reactant peak 
area ratio. 

Slight hydration of the calcium oxide, correspond- 
ing to an ignition loss of about 5 per cent, profoundly 
reduced its reactivity as evaluated by the hydration 
calorimetric technique. In contrast, with the tech- 
nique of differential thermal analysis, hydration of 
calcium oxide does not reduce the measured reactivity. ` 

A detailed account of this work will be published 
elsewhere. This communication is published by 
permission of the South African Council for Scientific 
and Industrial Research. 

T. L. WEBB 
T. VAN DER WALT 


National Building Research Institute, 
South African Council for Scientific 
and Industrial Research, 
Pretoria. 

Nov. 13. 
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Action of Periodate on some 
Polysaccharides containing Aldoheptose 
Sugars 


INFORMATION about the molecular localities of the 
heptose residues in certain polysaccharides! may be 
obtained by application, in sequence, of poriodate 
oxidation, reduction with sodium borohydride and 
acidic hydrolysis. 

The following experimental procedure was adopted : 
aqueous solutions of polysaccharide (1 vol., 1 per 
cent w/v) and sodium metaperiodate (0-5 vol., 2 per 
cent w/v) were mixed at room temperature (c. 20°). 
At suitable time-intervals, aliquots (2 ml.) were with- 
drawn and treated immediately with ethylene glycol 
(0-5 ml.). After standing for 15 min. a fresh aqueous 
solution of sodium borohydride (2 ml., 1 per cent w/v) 
was added. After a further 15-min. period glacial 
acetic acid (1 ml.) was added to each aliquot, which 
was diluted to 8 ml., dialysed overnight against 
running tap-water and freeze dried. Samples of 
these products were used for aldoheptose and hexose 
determination by the Dische methods’, further 
samples of 3-10 mgm. were hydrolysed in ampoules 
with 2 N hydrochloric acid (0-5 ml.) at 100° for 3 hr., 
the hydrolysates diluted to 5 ml. and neutralized 
by di-n-octylmethylamine®. The hydrolysates were 
freed from amino-sugars by ‘Amberlite JR-120’ (H+), 
neutralized®, concentrated and analysed by zone 
electrophoresis (enclosed strip method‘, borate buffer 
pH 10) and paper chromatography’. The results are 
summarized in Fig. 1 and Table 1. 

The heptose content of the Chromobacterium 
violaceum polysaccharides was rapidly reduced by 
90 per cent or more whereas about 30 per cent of 
that of Pasteurella pestis polysaccharide remained 
intact (Fig. 1) and could be detected by paper 
chromatographic and zone electrophoretic analysis 
(Table 1). There was & corresponding increase 
in the hexose content in the initial stage of the 
reaction. 

Thus in the polysaccharides studied it appears that 
there may be at least two modes of linkage of the 
heptose units, in one of which the heptose is very 
rapidly attacked by periodate. 
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Table 1. CHANGE IN NITROGEN-FREE SUGAR CONTENT OF soa BA 
BDU 
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COTERIAL POLYSACOHARIDES ON PERIODATE OXIDATION FOLLOWED BY 
OTION 













Time of 
































Polysaccharide source | periodate oxi- D-Glycero-p- | D-Glycero D- | L-Glycero-D- 
dation (min.) | Glucose | Galactose | Mannose Rhamnose | galactoheptose | mannoheptose mannoheptose 

Pasteurella peatis* 0 ++ — +++ 

ai | tt tt 

hromobacterium violaceum 0 + +++ — ++ 

N.O.43.C. 7917 (ref. 7)T re + T ++ ++ + 
C. violaceum (BN)* 0 T T a TE 

(ref. 8) 8 +++ 

+ +-+, Major component; ++, moderate amount; +, trace; —, not detected. 


* Also contains W-acetyl-D-giuco ne. 
+ Also contains W-acetyl-D-fucosamine. 


In the reaction sequence adopted the heptose was 
converted to a hexose which, in each instance, was 
different from that originally present in the poly- 
saccharide (Table 1) and, moreover, was that anticip- 
ated from the structures allocated (only tentatively 
for P. pestis and O. violaceum 7917) to the parent 
heptoses. 

A possible structural arrangement which would 
account for the above observations would involve 
the presence of heptopyranose units with unsub- 
stituted Ce- and Cy)-hydroxyl groups, as terminal 
or internal units in the polysaccharide chains. 

Conversion of the heptose units in the polysacchar- 
ides to hexose units may offer a means of simplifying 
structural determination of the polymers. 

An attempt to relate the structural changes in- 
duced to loss of serological specificity could only be 
attempted with the C. violaceum (7917) polysacchar- 
ide. Serological activity was tested by inhibition of 
hemagglutination using red cells sensitized with the 
parent lipopolysaccharide®. In this instance all 
serological activity appeared to have been lost after 
exposure to periodate for 30 sec.; reduction with 
sodium borohydride alone, however, caused. no detect- 
able loss of serological activity. This agrees with the 
widely held view that the reducing end residue does 


0°6 


0°65 


0°4 


0'1 





0 3 6 9 12 15 18 
Time of exposure to periodate (min.) 
Fig. 1. Loss of aldoheptose sugars from bacterial polysaccharides 


on periodate oxidation. Heptose estimated colorimetrically 
(ref. 2) and expressed as extinction 505-540 mu. O, P. pestis 
polyno T T @, C. violaceum (7917) polysaccharide; the 
dentity of the heptose sugars has not been rigorously estab shed 
but they are believed to be 1-glycero-D-mannoheptose and 
p-glycero-D-mannohepfose respectively 


not contribute significantly to the serological speci- 
ficity. ' 
A. B. FOSTER 
Department of Chemistry, 
University of Birmingham. 
D. A. L. DAVIES 
M. J.-CRUMPTON 
Microbiological Research Establishment, 
Porton, Wilts. 
, Nov. 20. 
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Formation of >C=O Bonds in the 
Radiation-induced Oxidation of Protein 
in Aqueous Systems 


A SERES of observations recently made indicate 
that formation of the >C==O bond is a principal 
chemical effect of the attack of hydroxyl radicals on 
protein in oxygenated solution. Irradiations were 
made in a neutron flux produced by bombardment 
of beryllium with 24-MeV. deuterons in the Crocker 
Laboratory 60-in. cyclotron. Solutions were exposed 
under one atmosphere of oxygen in sealed ‘Pyrex’ 
cells mounted in a motor-driven reel situated 15 cm. 
from the beryllium target. One of the cells in each 
exposure contained a formic acid-oxygen dosimeter?. 
(We employed the formic acid—oxygen dosimeter to 
obtain an estimate of the relative number of water 
molecules decomposed via (1) H:O = H + OH and 
(2) H,O = 4H, + 3$H,0,. Absolute yield values 
could then be calculated in terms of G(molecules/ 
100 eV.), since in dilute solutions at pH values above 
2-5, the sum G(1) + G(2) = G(H,0) is to a first 
approximation independent of the quality of the 
absorbed radiation?. With our standard geometry 
for neutron exposures, we obtained G(1) = 2-68, 
G(2) = 0-97 on the basis of G(H,O) = 3°65 3.) 

The following procedures were found applicable to 
the study of carbonyl formation in aqueous pepsin 
(twice crystallized, Lot No. 9477 Nutritional Bio- 
chemicals Corporation, Cleveland, Ohio) solutions 
(6-0 mgm./ml., 0:5 M in sodium sulphate, 105 M 
in sulphuric acid)®. Immediately after irradiation, 
platinum black was added to destroy hydrogen 
peroxide, and the ‘solution was heated to obtain the 


414 


two fractions, precipitate (I) and supernatant (II). 
Each was treated with 2,4-dinitrophenylhydrazine— 
hydrochloric acid ‘solution’ and dialysed to remove 
excess reagent and any products of low molecular 
weight. An appropriate aliquot of the dialysed 
protein was then added to methanol—potassium 
hydroxide solution for spectrophotometric analysis 
after the method of Lappin and Clark’. These 
authors have shown for monocarbony] 2,4-dinitro- 
phenylhydrazones that the position of the absorption 
maximum, as well as the value Emax. is nearly 
independent of the structure of the carbonyl com- 
pound. We found that the absorption spectrum of 
fraction I (Emax. = 480 my) corresponded to the 
spectrum of authentic monocarbonyl hydrazones and, 
by using the formaldehyde derivative as a standard, 
obtained the value? G=1:2 for monocarbonyl 
production at a dose equivalent to 2-5 x 1028 eV./ml. 
Fraction II showed a blue colour and absorption 
spectrum (Emax. = 550 mp) which can be attributed 
to 1,2-dicarbonylhydrazones. Using an authentic 
glyoxal derivative as a standard, we obtained G=0-02 
for dicarbonyl production. The pepsin in unirra- 
diated control solutions showed no retention of 
2,4-dinitrophenylhydrazine. The position of carbonyl 
formation in the radiation-induced oxidation of 
pepsin is now under investigation; the relative 
importance of the various main and/or side-chain 
bonds is being determined. 

Independent evidence for formation of carbonyl 
groups through processes induced by attack of 
hydroxyl radicals at the peptide linkage has been 
obtained in a parallel study of the oxidation of 
gelatin (purified pigskin, Lot No. 60-6657, Eastman 
Organic Chemicals solution) (40 mgm./ml. in air- 
saturated solution) by Fenton’s reagent in which 
case hydroxyl radicals are formed by the reaction® 
Fe?+ + H,O, = Fe*+ + OH- + OH. Wehave found 
in this system (a) that the dialysed protein contains 
approxumately one carbonyl group for every two 
hydroxyl radicals formed and (b) that glyoxylic, 
pyruvic, and «-ketoglutaric acids are among the 
carbonyl compounds liberated on hydrolysis of the 
dialysed fraction with 2 N hydrochloric acid solution 
under oxygen-free conditions. Identification of the 
keto-acids is based on the observation that the 
2,4-dinitrophenylhydrazone derivatives could not be 
distinguished chromatographically? from the corre- 
sponding authentic material. (Formation of these 
keto acids is consistent with a previously suggested 


mechanism for the radiation-induced rupture of the 


peptide linkage*; RCONHCR, > RCON—ocR, 2° 


RCONH, + RCO. We have recently found that 
irradiated solid pepsin on dissolution in water also 
yields high-molecular-weight products containing 
carbonyl! groups and suggest that imino intermodiates 
are also involved in direct action: RCONHCR, > 
RCON==CR, + H.) 

The possible biological importance of carbonyl 
formation is indicated by the observation that the 
addition of 2,4-dinitrophenylhydrazine to irradiated 
{4 x 101" eV./ml.) rat liver homogenate? (50 mgm. jml. 
in water) gave a non-dialysable hydrazone fraction 
that exhibited an intense magenta colour on mixing 
with methanol-potassium hydroxide. (We estimate 
that this technique, with slight modification, could be 
used for measuring an X-ray dose of a few hundred 
roentgens.) Control tests with unirradiated homo- 
gonate showed a negligible background colour. The 
literature’ indicates that radiation-induced oxidation 
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of a number of different types of chemical linkages 
may contribute to carbonyl production in a biological 
system. l 

A. detailed report of this work will appear in a 
forthcoming paper. 

This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 


MiomaEL E. Jayko 
è WARREN M. GARRISON 


Crocker Laboratory, 
Radiation Laboratory, 
University of California, 
Berkeley. 
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Acetylation of Trypsin in Organic 
Solvents 


PREvi0vs work in this laboratory has shown that 
treatment of trypsin with various anhydrides results 
in the formation of the corresponding acyltrypsin 
derivatives, each possessing some interesting proper- 
ties of its own, while all retained their original proteo- 
lytic activity’. From the derivatives so far prepared, 
acetyltrypsin is the best-characterized chemically 
modified enzyme’, while succinyltrypsin is the most 
stable of the derivatives so far obtained’. The use 
of water as a solvent in investigating enzyme modi- 
fication sets some definite limitations as to type of 
reagent usable and as to reactions possible. It was 
with these experiences in mind that the study of 
acetylation of trypsin was pursued in two organic 
solvents, formamide and dimethylsulphoxide, Rees 
and Singer* having indicated the compatibility of 
these systems. 

The dissolution of trypsin in the two solvents 
results in an immediate loss of about 50 per cent of 
the enzymic activity, when it is assayed in the 
conventional way, that is, in aqueous solutions, using 
either urea-denatured hemoglobin or benzoylarginine 
ethyl ester as substrates. On prolonged incubation 
in the two solvents, no further decrease in activity is 
observed. The loss in activity is not diminished by 
distilling formamide twice over calcium or barium 
oxide, at a pressure of | mm. Effective purification 
can be, however, obtained by treatment of the solvent 
with a cation exchange resin (‘Amberlite [R-120’). By 
this manipulation, more than 85 per cent of the tryptic 
activity is retained. The addition to the solvent of 
minute amounts of acetic or citric acids, acetyltrypto- 
phan and hydrochloride of benzoylarginine ethyl ester 
also results in the stabilization of the enzyme. The 
addition of alkali destroys proportionately tryptic 
activity, while the temperature at which the experi- 
ments. are carried out is without noticeable effect. 
The dissolution of trypsin in organic solvent—water 
mixtures with increasing water content does not 
stabilize the enzyme. On the contrary, there is a 
relatively narrow region containing about 55-65 per 
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Fig. 1. Inactivation of trypsin by acetic anhydride in formamide. 

Trypsin concentration: 5 mgm./ml. of formamide: acetylation 

for 1 hr. at 22°0. Two stoichiometric points are indicated, 

corresponding to the total number of amino- and hydroxyl-groups 
present in trypsin 


cent of organic solvent, in which the enzyme loses 
up to 80 per cent of its activity on dissolution 
in ‘Amberlite’-untreated formamide. In treated 
formamide, or dimethylsulphoxide, this is not 
observed. 

The acetylation of trypsin in the two solvents is 
accompanied by a loss of enzymic activity in propor- 
tion to the amount of anhydride employed. While 
in buffered aqueous solutions huge excesses of the 
anhydride are without detrimental effect, a total loss 
of activity is observed in formamide, at 22° C., when 
about 50 equivalents of anhydride are employed per 
mole of trypsin. This amount corresponds approxi- 
mately to the total number of hydroxyl groups in 
trypsin. The correlation of activity and amount of 
anhydride is recorded in Fig. 1. 

The extent of substitution of amino- and hydroxyl- 
groups in trypsin, acetylated with an amount of 
anhydride corresponding to the total hydroxy] groups 
of the enzyme, was found to be 95 per cent and 
7-5 per cent respectively. This proportion is essen- 
tially identical with that observed in the course of 
acetylation of the enzyme in aqueous solutions’. 
Therefore, the degree of substitution by itself does 
not explain the loss in activity. At higher propor- 
tions of anhydride, a complete acetylation of the 
hydroxyl groups occurs in formamide, but not in 
water. It would therefore appear that the difference 
in specificity of the reaction is responsible for the 
inactivation of the enzyme. The inactivation is 
irreversible, and activity cannot be regained by mild 
hydrolytic treatment. 

This study was carried out under the auspices of 
the U.S. Atomic Energy Commission. 


SPYROS VRATSANOS 


M. BIER 
F. F. Norp 
Department of Organic Chemistry 
and Enzymology, 
Fordham University, 
New York 58, N.Y. 
Nov. 7. 


1 Sri Ram, J., Terminiello, L., Bier, M., 
Biochem. Biophys., 52, 484 (1954); 57, 252 (1955). Bier, M., Sri 
Ram, J., and Nord, F. F., Nature, 176, 789 (1955). 

1 Nord, F. F., Bier, M., and Terminiello, L., Arch. Biochem. hys., 
65, 120 (1956). Urakl, Z., Terminiello, L., Bier, M., and Nord. 
F. F., Arch. Biochem. Biophys., 69, 644 (1957). 

* Terminiello, L., Bier, M., and Nord, F. F., Arch. Biochem. Biophys., 
73, 1/1 (1988). 

‘ Rees, 


bobs D., and Singer, S. J., Arch. Biochem. Biophys., 68, 144 


NATURE 


M., and Nord, F. F., Arch. 


415 


Carotenoid-sensitized Fluorescence of 
Chlorophyll in vitro 


It is well established that light absorbed by 
carotenoids can contribute to photosynthesis, photo- 
taxis and the red fluorescence shown by chlorophyll 
A in the intact chloroplast. In Chlorella, independent 
measurements of both fluorescence: and photo- 
synthesis* indicate a 40-50 per cent efficiency of 
energy transfer from B-carotene and lutein to chloro- 
phyll A. In brown algae*.4 almost complete transfer 
of energy from fucoxanthol to chlorophyll A is 
reported. 


Table 1 
Approximate 
Carotenoid Porphin transfer efficiency 
(per cent) 

B-Carotene transfer to SY at Pas A 10 
j3 » s» Phæophytin A 0 
Lutein »» » Chlorophyll A 60 
5 » s» Chlorophyll B 10 
şi » » Phæophytin A 0 
. Fucoxanthol » » Chlorophyll 4 100 
š » »„» Chlorophyll B 20 
” 3 ve Phæop in 0 


This transfer has now been observed in artificial 
systems, in which the concentration of pigments 
approaches that found in chloroplasts. Pure plant 
pigments, freshly prepared by chromatography, were 
dispersed in detergent micelles® to give local concen- 
trations of about 0-1 M. In this way, equimolecular 
mixtures of carotenoid and chlorophyll or phzeophytin 
were prepared. Electronic energy transfer was 
measured by comparing the fluorescence excitation 
spectra of chlorophyll or phzophytin in the presence 
and absence of carotenoid. The exciting wave-lengths 
ranged. between 380 and 670 my. Two of the resulting 
spectra are shown in Fig. 1, together with the differ- 
ence spectra representing the contribution of fuco- 
xanthol and lutein respectively to chlorophyll A 
fluorescence. Table 1 shows approximate transfer 
efficiencies for several pairs of pigments all at roughly 
0-1 M concentration. 

These results show that for lutein and fucoxanthol, 
transfer to chlorophyll A in micelles is similar in 





Relative chlorophyll fluorescence/quantum absorbed 


460 


500 
Wave-length (mp) 
Fig.1. Electronic energy transfer from carotenoids to chlorophyll A 


540 580 


in detergent micelles. A and F + A, Fluorescence excitation 
spectra of chlorophyll A alone, and an equimolecular mixture 
of F, fucoxanthol and chlorophyll A; Fand L, difference spectra 
measuring electronic energy transfer from fucoxanthol and 
lutein respectively to chlorophyll A. Ordinate: Relative numbers 
of quanta absorbed which ap as chloro eke A fluorescence ; 
abscissa, wave-length of exciting light in mgs : 
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magnitude to that reported for chloroplasts. The 
value for §-carotene may be too low, as difficulty was 
encountered in dispersing this material in micelles. 

The low value for carotenoid-chlorophyll B 
transfer, and zero transfer to pheophytin A are 
surprising, if only the intermolecular distance and 
estimated overlap of absorption and emission spectra 
are considered. These are similar for both the 
chlorophylls and phzophytin A. It is evident’, 
however, that proximity and overlap are not the 
only factors necessary for transfer. The ratio of the 
fluorescence polarization measured with radiation 
absorbed mainly by fucoxanthol, to that excited by 
radiation absorbed only by the red band of chloro- 
phyll A, was determined. In chlorophyll 4 alone 
this ratio is 23 per cent, while in the fucoxanthol— 
chlorophyll A system this value is increased to 70 per 
cent. This increase in positive polarization illustrates 
the preferred coupling of fluorescence and absorption 
oscillators which the transfer involves. High positive 
polarizations are only found in chlorophyll A beyond 
600 mu.’, so that the fluorescence spectrum of 
fucoxanthol presumably extends into this region. 
It is tempting, in view of the high efficiency of 

transfer to chlorophyll A compared with chlorophyll 
B and phezophytin A, to assume a specific complex to 
exist. 

However, an approximate calculation indicates that 
the observed transfer values could exist in a random 
array of pigment molecules. By an absolute method’, 
the carotenoids can be shown to have quantum 
yields not greater than 10-*. If this value is taken 
as a maximum value, the fluorescence lifetime must 
be of the order of 10-1? sec. For a normal lifetime 
of 10-8 sec. we can assume a half-transfer radius 
of about 40 A., taking into account the overlap 
integral and the transfer radii reported for xanthydrol 
dye molecules’. Assuming transfer by the mechanism 
of coupled oscillators, d the half-transfer radius for a 
fluorescence lifetime of 10-1? sec. is given by 

10-8 
ord = 864A. 


Bal 9 
d 10-17 


In an equimolar mixture of pigments at 0-1 M 
concentration the average intermolecular spacing d 
is 10 A., while many intermolecular distances will be 
smaller. The higher efficiency of fucoxanthol com- 
pared with lutein could be due to higher absolute 
quantum yield, or a more efficient overlap of its 
fluorescence spectrum with chlorophyll A absorption. 

Complex formation usually produces changes in 
position of absorption maxima. No such changes, 
however, were observed in the systems showing 
transfer. Carotenoids, on the other hand, show very 
marked flattening and broadening of the absorption 
bands. Fucoxanthol and lutein, which in dilute 
solutions do not absorb beyond about 500 my, show 
absorption up to 560 my and 520 my respectively. 
Similar broadening can be seen in concentrated 
solutions of the pure carotenoids. The extension of 
fucoxanthol absorption to about 560 my is observed 
in brown algae and is responsible,for their character- 


istic colour. When the grana are disintegrated by 
heating, the algae become green, as the absorption - 


limit of fucoxanthol returns to about 500 mu. 

In brown algae, fucoxanthol is an efficient substi- 
tute for chlorophyll B, filling in the region 460- 
540 mu. where chlorophyll A is relatively transparent, 
and in thesé plants the fucoxanthol-chlorophyll A 
ratio approaches unity. In green plants however, 
where the fractional absorption of carotenoids is 
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small, it is probable the energy transfer is only a 
manifestation of the proximity of these pigment 
molecules, the full significance of which remains to 
be determined. 

F. W. J. TEALE 


Department of Biochemistry 
The University, 
Sheffield, 10. 
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Effects of Orotic Acid on Coenzyme A 
and Pantothenic Acid of Liver in 
Vitamin Bı2 Deficiency 


OROoTIO AcID was found to reduce the vitamin Bz 
requirement for growth and for the betaine-homo- 
cysteine transmethylase activity of liver in rats fed 
corn/soybean meal ration deficient in vitamin B,,'. 
These results suggested a metabolic relationship 
between orotic acid and vitamin B,,. To ascertain 
whother this metabolic relationship was limited or 
more extended, we have directed our research 
towards other biochemical modifications reported in 
vitamin B,, deficiency. 

Since an increase in concentration of liver panto- 
thenic acid? and coenzyme A? was observed in 
animals deficient in vitamin B,,, we have extended 
our investigation to the effect of orotic acid on 
content of total pantothenic acid and coenzyme A 
of liver in rats deficient in vitamin B12- 

To this end, fifteen weanling male rats of the 
Sprague-Dawley strain, weighing 40-45 gm., were 
employed. ‘The animals were divided into three 
groups, all of which were fed the basal corn/soybean 
meal ration deficient in vitamin B,, as proposed by 
Register et al.4. Iodinated casein or desiccated 
thyroid was omitted. Group 1 served as control and 
received only the basal ration.. Group 2 was fed the 
basal ration supplemented with vitamin By. -(2y/ 
100 gm. of diet). Group 3 received the basal ration 
supplemented with orotic acid (1,000y/100 gm. of 
diet). The animals were maintained on their respec- 
tive ration for 8 weeks and weighed weekly. Feed 
and water were supplied ad libitum. At the end of 
the experiment the animals were killed by decapita- 
tion and bled. Total pantothenic acid and coenzyme 
A were evaluated in the liver of each animal. To 
liberate pantothenic acid from liver tissues, a weighed 
portion of each liver was homogenized in a Potter 
glass-homogenizer with four volumes of water. 2 ml. 
of this homogenate were placed in:a 125 ml. Erlen- ~ 
meyer flask with 40 ml. of water and 1 ml. of toluene. 
The materials were incubated for 16 hr. at 37° C. 
After incubation the samples were boiled, cooled, 
adjusted to 100 ml. and filtered. Total pantothenic 
acid was assayed, according to the method of Skeggs 
and Wright’, in aliquots of the filtrate, utilizing L. 
arabinosus 17/5 ATCC 8014 as a test organism. For 
evaluating coenzyme A, a weighed portion of the 
same liver used for studies on pantothenic acid 
content, was homogenized with ten volumes of ice- 
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Table 1 


Pantothenic acid 
(yigm. liver fresh 
weight) 


Supplement to 
100 gm. basal 
Tation 


Coenzyme A 
(units/gm. liver 
fresh weight) 
207 + 12-7 
81 + 3:3 
148 + 88 


Group 
No.* 
1 None 


2, 2y vitamin By, 
3 1,000» orotic acid 


377 + 27'6t 
864 8-1 
284 + 16:2 





* Five animals per group. 
+ Standard error of the mean. 


cold water. The homogenate was boiled in @ water 
bath, then cooled and centrifuged. In the aliquots 
of the supernatant, coenzyme A was determined by 
the usual procedure of Kaplan and Lipmann’. 

The results for liver pantothenic acid and coenzyme 
A are presented in Table 1. A striking increase in 
content of pantothenic acid and of coenzyme A 
concentration in the liver of rats kept on the vitamin 
B,,-deficient diet (group 1) for 8 weeks, is evident. 
These values appear much lower in rats of group 2 
fed vitamin B,,.. These results confirm the results 
previously reported in the chick and in the rat®?. 
Orotic acid fed to vitamin B,,-deficient rats (group 3) 
exerts a vitamin B,,-like action in lowering the con- 
tent of pantothenic acid and coenzyme A in the liver 
of male rats. Nevertheless, the effects of orotic acid 
are less, under our experimental conditions, than 
those shown by vitamin B,, itself. Therefore, orotic 
acid is not to be considered only as a factor in pro- 
moting growth and stimulating liver betaine—homo- 
cysteine transmethylase activity in rats deficient in 
vitamin B,,1, since it also participates in the regula- 
tion of pantothenic acid and coenzyme A in the liver 
of male rats. These findings may point to a more 
extended metabolic relationship between vitamin Bj, 
and orotic acid. 
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Enzymatic Formation of Aminomalonic Acid 
from Ketomalonic Acid 


Recent work in this laboratory demonstrated the 
occurrence of a new enzyme, aminomalonic acid 
decarboxylase, in the posterior silk-gland of silkworm 
and in rat liver'. The fact that this enzyme was first 
observed in silkworm, which has a remarkably high 
activity of glycine synthesis*, seems to suggest a 
physiological significance of the enzyme in the 
biosynthesis of glycine, although natural occurrence 
of this amino-acid has hitherto not been reported. 

In the present communication, we report the 
formation of aminomalonic acid by an alanine- 
ketomalonate (mesoxalate) transaminase from silk- 
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worm and animal tissues. The first observation of 
this enzyme activity was reported by Braunstein in 
1939 with pigeon-breast muscle; however, no 
attempt was made to identify the reaction product, 
aminomalonic acid, nor to characterize the enzyme 
further’. Later, Green et al. found that the purified 
glutamate—aspartate transaminase of pig heart showed 
a slight activity toward ketomalonate in place of 
oxalacetate*. 

The enzyme solution was prepared by homogenizing 
the posterior silk-glands of silkworms at the fifth 
instar stage with 3 vol. of 0-15 M potassium chloride 
solution (pH 7:8) and centrifuging off the undissolved 
material. The incubation mixture contained 1:0 ml. 
of the enzyme solution (approximately 1-0 mgm. N), 
30 umol. of disodium ketomalonate, 60 pmol. of 
pi-alanine, and 200 umol. of borate buffer (pH 9-0) 
in a total volume of 3-0 ml. The mixture was 
incubated for 40 min. at 37° and deproteinized with 
sulphuric acid and sodium tungstate. 

For the determination of the aminomalonate formed 
a simple method was devised: an aliquot taken 
from the supernatant solution was diluted with 
hydrochloric acid to give a final concentration of 
0-1 N and heated for 30 min. in a boiling water-bath. 
This treatment proved to be sufficient for converting 
aminomalonic acid to glycine quantitatively. The 
glycine thus formed was determined by the method 
of Krueger’, Aminomalonic acid was also identified 
by paper chromatography and paper ionophoresis. 
The keto-acids were identified as their 2,4-dinitro- 
phenylhydrazones by the method of Cavallini’. 

The activity of this enzyme solution (on the seventh 
day of the fifth instar stage), expressed as pmol, of 
the aminomalonate formed under the above condition, 
was about 9:2. 

The pH optimum for the transamination of 
alanine—ketomalonate was found to be at 9-0-9-2. 
This is markedly different from those for the reactions 
of alanine-glutamate or alanine-aspartate, which have 
been reported to be 7-5 or 7-4, respectively’. This 
fact is interesting and may suggest that there might 
be a separate transaminase for this reaction from the 
alanine—glutamate or the alanine—aspartate enzymes. 
Transaminases with alkaline pH optima have been 
recently reported, namely, alanine-glyoxylate enzyme 
in silkworm (pH 9-0-9-5)*, in Pseudomonas (pH 8-0- 
9-0)8, and ornithine-«-ketoglutarate enzyme (pH 8-2— 
9-0)*. i 

Of 17 different amino-acids studied in the presence 
of ketomalonate, alanine was the most active in 
forming aminomalonate. Glutamate, «%-aminobuty- 
rate, and aspartate also could act as amino-donors in 
decreasing order of reactivity. In the case of 13 other 
amino-acids there was no appreciable formation of 
aminomalonate from ketomalonate. l 

The activity of this enzyme preparation was 
99 per cent inhibited by p-chloromercuribenzoate 
(10-? M), 84 per cent by benzoquinone (10-° M), 
58 per cent by hydroxylamine (2 x 10- M), and 
38 per cent by potassium cyanide (10-5 M). 

Of all tissue homogenates tested for this enzymatic 
activity, the posterior silk-gland of silkworm showed 
the highest activity. Besides, it was observed 
that the activity of this tissue increased with time 
in the fifth instar stage. It may be noted that 
this tissue also exhibited the highest activity of 
aminomalonic acid decarboxylase; thus the distri- 
butions of these two enzymes in this tissue seem to be 
associated with each other. These facts may suggest & 
possible role of this transaminase in the biosynthesis 
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of glycine, participating in the following metabolic 


pathways : 
(tartronate—~.->) ketomalonate ENNE 
aminomalonate ae glycine 

The transaminase activity was also demonstrated 
in the homogenates of rat liver, rabbit liver and 
rabbit heart. The highest activity was observed with 
the rat-liver enzyme. 

The enzyme was partially purified from the rat 
liver homogenate by fractionating with ammonium 
sulphate. The preparation was about 18 times as 
active as the starting material, but pyridoxal phos- 
phate had no effect on the activity at this stage of 
purification. 

Full details of this work will be reported in a 
future publication. Our thanks are due to Miss Aiko 
Kikuchi for her skilful technical assistance in this 
work. 

Hrpro Nacayama 
Micurxo Muramatsu 
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Insulin - Cortisone Relationship in 
Experimental Teratogenesis 


Ir is well known that the administration of large 
amounts of cortisone to experimental animals is 
associated with the production of hyperglycaemia}, 
There is also evidence from clinical cases that in 
diabetes the therapeutic use of cortisone increases 
considerably the daily amount of insulin required to 
maintain the blood-sugar within normal limits?. The 
nature of this contra-insulin effect of cortisone ig 
uncertain, but it has been suggested that it may be 
due to excessive destruction of insulin since there is 
no definite evidence that contra-insulin factors are 
responsible for a marked increase in the peripheral 
requirements for insulin’. 

In a series of experiments reported recently we 
used the teratogenic effects of hypervitaminosis A as 
a base line for the study of the action of cortisone 
during pregnancy*,®, In these experiments one group 
of pregnant female rats of the Wistar strain received 
60,000 Lu. vitamin A acetate daily by gastric intuba- 
tion from the eighth to thirteenth days of pregnancy. 
Another group received the same treatment with, in 
addition, 20 mgm. of cortisone acetate daily by 
subcutaneous injection from the. ninth to twelfth 
days. A third group received only the cortisone 
treatment. It was found that in the young obtained 
from these rats on the twentieth day of gestation 
there was an incidence of deformities of the brain 
and calvaria of 7-8 per cent when the rats had 
received vitamin A alone during pregnancy, and of 
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Table 1 


Total No. 
of young 


No. 


No. of young | Percentage of 
Treatment of 


with brain | young with brain 
deformities deformities 


Vitamin A 7°8 


Vitamin A, 
cortisone 


36-6 
Cortisone 0 





36-6 per cent when they had received both vitamin 
A and cortisone. There were no deformities in the 
young from those mothers which received cortisone 
alone (Table 1). These results were interpreted as 
suggesting that the cortisone potentiated the terato- 
genic effects of the hypervitaminosis A, and it 
appeared that this potentiating action might in some 
way be related to a disturbance of carbohydrate 
metabolism. 

We decided therefore, in view of the known 
contra-insulin effects of cortisone, to carry out 
further experiments in order to examine the possibil- 
ity that insulin might exert a contra-cortisone effect 
in relation to the production of malformations. Tn 
these experiments one group of pregnant female rats 
was given vitamin A for the same period and in the 
same doses as in the earlier experiments. In addition, 
they received 1-5 units of protamine zinc insulin by 
subcutaneous injection, daily from the ninth to 
twelfth days of pregnancy. Another group received 
both vitamin A and cortisone in the same quantities 
as previously administered, but were also given 
I-6 units of protamine zinc insulin daily by sub- 
cutaneous injection from the ninth to twelfth days. 
The results of these experiments are shown in Table 2. 
It will be seen that the incidence of deformities in the 
young fell from 36-6 to 1-2 per cent when insulin 
was given in addition to vitamin A and cortisone : 
and that while there was an incidence of 7:8 per 
cent in the young of dams which received vitamin A 
alone, no young with brain deformities were obtained 
from the dams which received insulin in addition to 
vitamin A. 


Table 2 


No. 
Treatment of 
da 


Total No. 
of young 


Percentag 
young with brain 
deformities 


No. of young 
with brain 
deformities 


Vitamin A, 
cortisone, 
insulin 





These findings indicate that the potentiating action 
of cortisone in relation to the production of mal- 
formations by hypervitaminosis A is wholly prevented 
by the administration of insulin. Further, it appears 
possible that insulin may have some effect in protect- 
ing the young against the teratogenic effects of 
hypervitaminosis A. 

We acknowledge with gratitude the assistance of 
& grant from the Nuffield Foundation. 


J. W. MELEN 
D. H. M. WoorLam 
Department of Anatomy, 
University of Cambridge. 
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Reversibility of the Inactivation of Rous 
Sarcoma Extracts by Detergents 


THE infectivity of an aqueous extract from a 
Rous sarcoma is lost if cetyl trimethyl ammonium 
bromide (‘Cetavlon’), a cationic detergent, is added 
to the active extract’. By further addition of an 
acid colloid substance, like ribonucleic acid? or 
heparin, to the non-infective system infectivity is 
restored. 

From the results obtained by Pirie and co-workers?-* 
on some plant viruses, including the tobacco mosaic 
virus, treated with anionic detergents, and by Pfan- 
kuch and Kausche’ on tobacco mosaic virus with 
cationic detergents, the mechanisms of the actions 
of the two types of detergents on tobacco mosaic 
virus appear to be different. We have explored 
the possibility of an analogous behaviour of Rous 
sarcoma extract towards the two types of 
detergent, with particular reference to the revers- 
ibility of inactivation. The results are given in 
Tables 1 and 2. 

The extract was prepared with a Miller and Golder’s 
buffer? 0:14 M, pH 7:0. The initial concentration of 
extract was 5 per cent. After centrifuging at 1,500 g 
for 60 min., hyaluronidase, 5 U.V./ml. (LIalovis 
Vister) was added as solubilizer, and after 30 min. 
the extract was centrifuged at 15,000 g. Al opera- 
tions were carried out at 3° C. 

In the experiments with ‘Cetavlon’ the proportion 
detergent/infective extract, was 2 mgm./ml., and the 
amount of acid colloid (heparin) needed to restore 
infectivity was equal by weight to the amount of 
‘Cetavlon’. In the experiments with the anionic 
detergent (sodium lauryl sulphate), the proportions 
were 0:4 mgm./ml., and the amount of basic colloid 
(protamine) added was equal to the weight of anionic 
detergent. Inoculations (standard amount, 2 ml.) 
were made in the breast muscles of 8-week-old 
chickens, all from the same breed. They were killed 
between the thirteenth and fifteenth day of the 
experiment, at which time the first control animals 
were beginning to die. 

It appears from the results obtained that, whereas 
the cationic detergent has a reversible action, as 
is shown by the restoration of infectivity in the 
inactivated system (extract + “‘Cetavlon’), such a 


Table 1. 


Extract + heparin 










Mean Mean Mean 
Inocula- Positive weight Inocula- Positive weight Inocula- Positive weight 
tionsin | Developed! inocula- {| developed | tionsin | Developed} inocula- | developed | tionsin |Developed| inocula- | developed 
chickens | tumours tions tumours | chickens | tumours tions tumours | chickens | tumours tions ours 
(per cent) (gm.) (per cent) (gm.) (per cent) (gm.) 
28 25 89 28 57 20 5 30 26 86 16 
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reversibility does not occur with the anionic detergent, 
even after addition of a basic colloid, like protamine. 
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Effect of Creatine Phosphate Administra- 
tion on the Cardiac Adenosine Triphos- 
phate of Thyroxinized Rats 


THE amounts of adenosine triphosphate, creatine 
phosphate and inorganic phosphorus in the heart 
of hyperthyroid animals are below normal. These 
amounts are restored to about the normal level 
by administration of adenosine triphosphate, whereas 
with cocarboxylase and organic phosphates restora- 
tion is incomplete’. Moreover, thyroxin intoxication 
reduces the creatine content of the skeletal muscle 
and the rate of creatine synthesis by liver’. 

We have sought to establish if creatine phosphate, 
which is essential in oxidative phosphorylation, 
affects the reduction of this process in the heart, 
induced wm vwo by thyroxin in doses of 0-0] mgm. 
per animal. 

0-01 mgm. D,z-thyroxin was daily injected 
intramuscularly into each of twenty-four rats, which 
were then divided into four lots. Lot B received no 
further treatment ; lot C daily received 0-1 mgm. of 
buffered creatine phosphate per animal injected 
intramuscularly ; lot D received daily 5 mgm. of 
buffered creatine per animal, injected intramuscularly ; 
the rats in lot E each received a single injection of 
both creatine phosphate and creatine at the same 
doses as above. A fifth lot (4) of normal animals 
was used as control. After fifteen days the animals 


INACTIVATION AND REACTIVATION OF EXTRACTS FROM ROUS SARCOMA TREATED WITH CATIONIO DETERGENT (‘CETAVLON’) 






Extract + ‘Cetavlon’ -+ heparin 












In the control chickens the ratio, developed tumours/inoculations was 70/76, with a positive inoculation of 92 per cent. 


Table 2. INACTIVATION AND REACTIVATION OF EXTRACTS FROM ROUS SARCOMA TREATED WITH ANIONIC DETERGENT (SopIuM LAURYL SULPHATE) 








Extract + heparin 


—— 









Mean 









Extract + sodium lauryl sulphate 





Extract + sodium lauryl sulphate -+ 
protamine 





Mean 

















Inocula- Positive weight Inocula- Positive Inocula- Positive weight 

tionsin | Developed} inocula- | developed | tionsin | Developed! inocula- tionsin | Developed} inocula- | developed 

chickens | tumours tions tumours | chickens tions chickens | tumours tions tumours 
(per cent) (gm.) (per cent) (per cent) (gm.) 





14 12 24 
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In the control chickens the ratio, developed tumours/inoculations was 70/76, with a positive Inoculation of 92 per cent. 
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Table 1. ADENOSINE TRIPHOSPHATE, CREATINE PHOSPHATE, INORGANIO 

PHOSPHORUS CREATINE AND GLYCOGEN CONTENT OF RAT HEART 

TISSUE AFTER DALY ADMINISTRATION OF THYROXIN AND OTHER 
SUBSTANCES 


Adenosine Creatine Inorganic 
triphos- phos- phos- 
phate phate phorus 
(ugm./gm. fresh tissue) 
308 + 23 | 521 + 46 
< 10 8 
167 + 19 


< 10 
165 + 21 


Creatine Glycogen 
(mgm./100 gm. fresh 
tissue) 


408 + 16 | 183 + 11 
293 + 33 | 149 + 18 
166 + 22 
151 + 17 
376 + 41 | 164 + 14 


Lot 


| $31 + 27 
| 1 


230 + 28 418 4- 46 





Values + standard error 


were killed by bleeding and determinations of 
adenosine triphosphate, creatine phosphate, inorganic 
phosphorus’, creatine‘ and glycogen® were carried 
` out. 

As shown in Table 1, administration of creatine 
phosphate partially prevents the fall of adenosine 
triphosphate and creatine phosphate content of the 
heart in animals given thyroxin at high dosage. 
Creatine alone cannot do this, and not only the 
adenosine triphosphate content but also creatine 
phosphate content remain low. 
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Phospholipids, Proteins and Platelet-Lipoid 


Tar time taken for Russell viper venom to 
accelerate the clotting of fasting human plasma poor 
in platelets—the Stypven time—is relatively long. 
The addition of very small quantities of some active 
phospholipids?” to this system produces a shortening 
of the Stypven time, and the shortening is propor- 
tional to the quantity added. It may be concluded 
that there is very little available active phospholipid 
in fasting platelet-poor plasma. A simple phos- 
Pholipid extraction of fasting platelet-poor plasma 
yields a material that greatly accelerates the Stypven 
time of platelet-poor plasma. It is concluded that 
there are molecules of active phospholipids in plasma, 
but that they are ‘unavailable’ for this test and 
presumably are bound in the plasma proteins. 

If a critical strength‘ of an isolated phospholipid, 
active in the Stypven system, is added to platelet- 
poor plasma at 37° C. or 10° C. it is found that this 
activity has decreased at the end of 2 hr. (To 
0:5 ml. of fasting platelet-poor plasma is added 
0-5 ml. of a predetermined concentration of an active 
phospholipid in distilled water. 0-1 ml. of this mix- 
ture is transferred to another 0-1 ml. sample of stock 
plasma and the Stypven time determined. This should 
be about 14 sec. if the plasma alone has a Stypven 
time of 20 sec. At the end of 2 hr. a further 0-1 ml. of 
the mixture is transferred to 0:1 ml. of stock plasma 
and the Stypven time recorded. Another 0-5 ml. of 
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plasma and 0:5 ml. of phospholipid are then mixed 
and 0-1 ml. transferred to 0-1 ml. of stock plasma 
and clotted as before to check that the plasma, 
Stypven and original phospholipid activity have not 
altered.) It may be concluded that less phospholipid 
is available after 2 hr. Plasma rich in heparin- 
clearing factor gives the same results as normal 
plasma. It is unlikely that any enzyme system has 
altered the chemical composition of the phospholipid 
since this reaction proceeds equally well at 10° C. 
as at 37° Č. <A possible explanation is that the 
phospholipid has become associated with the plasma 
proteins and is no longer ‘available’ for this test. 

Intact platelets are inactive in accelerating the 
Stypven clotting time of plasma. If they are mechan- 
ically fragmented, a potent accelerator becomes 
available. The properties of fragmented platelets in 
all coagulation tests (except clot retraction) are 
identical with various cephalins including phospha- 
tidyl-ethanolamine, phosphatidyl serine and phos- 
phatidyl inositide? and it has been suggested that 
the activity of platelet-lipoid is due to its content 
of any one or a mixture of these or similar ‘active’ 
phospholipids. 

If platelet fragments are incubated in a critical 
strength with platelet-poor plasma the acceleration 
of the Stypven time caused by their addition does not 
decrease in two hours. A protein-free phospholipid 
extract of platelets behaves like an active phospho- 
lipid extracted from any other source. 

If the two previous conclusions are correct, this - 
last observation may suggest that if platelet-lipoid is 
active in blood coagulation by virtue of a phospho- 
lipid prosthetic group, then there is another part of 
the molecule which prevents the whole molecule from 
becoming associated with the plasma protein and 
thereby losing its activity. In a natural state, 
platelet-lipoid is almost certainly associated with 
protein. The activity of platelets may, therefore, 
depend on a preferred orientation in the platelet- 
protein molecule of a prosthetic phospholipid group 
which is ‘available’, while the phospholipids in plasma, 
proteins are differently orientated and inactive or 
‘unavailable’. 

Further work is in progress to expand and confirm 
these tentative conclusions. 


J. R. O’Brren 


Central Laboratory, 
Milton Road, 
Portsmouth, Hampshire. 

Sept. 12. 
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Adrenocorticotrophic Hormone in the 
Blood of Adrenalectomized Rats 


Ir is well known that stress results in increased 
activity of the adrenal cortex which is caused by an 
increased secretion of adrenocorticotrophin by the 
pituitary gland. However, the exact mechanism 
which controls the secretion of this hormone is not 
fully understood. Sayers and Sayers! suggested that 
stress causes an increased utilization of adreno- 
cortical steroids by the peripheral tissues and the 
resulting low blood level of corticoids acts as a 
stimulus to the pituitary gland to increase its secretion 
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of adrenocorticotrophin. The Sayers hypothesis 
received convincing support from the results of the 
investigations of Taylor, Albert and Sprague’, 
Gemzell, Van Dyke, Tobias and Evans? and Sydnor 
and Sayers’, who found that animals with adreno- 
cortical insufficiency exhibited a high blood level of 
adrenocorticotrophin. On the other hand, Barrett 
and Hodges’ were unable to demonstrate any differ- 
ence in plasma concentrations of adrenocorticotrophin 
between normal and adrenalectomized rats three, six 
and twelve days after the removal of the adrenal 
glands. The explanation of the discrepancy between 
these results was difficult to fnd. However, Barrett 
and Hodges*® did not use the conventional technique 
of Sayers, Sayers and Woodbury! which employs 
hypophysectomized rats for the bioassay of adreno- 
corticotrophin, but a modification of the method 
described by Hodges’? in which normal rats pre- 
treated with deoxycorticosterone acetate were used. 
The possibility exists that the method was not 
sensitive enough to detect differences between the 
plasma-levels of adrenocorticotrophin in the normal 
and adrenalectomized animals or may even have 
been completely unsatisfactory for the assay of the 
hormone in blood. ‘Therefore, it seemed essential to 
repeat and extend the work using hypophysectomized 
rats for determination of the adrenocorticotrophin. 

Blood was collected from normal albino female 
Wistar rats and from similar adrenalectomized ani- 
mals at various time-intervals after the removal of 
their adrenal glands. Plasma was separated and 
assayed for content of adrenocorticotrophin by the 
adrenal ascorbic acid depletion method described by 
Sayers et al.*. It was found that normal rats exhibited 
no detectable circulating level of the hormone, 
neither did animals five days after adrenalectomy. 
Adrenocorticotrophin was just detectable in the 
plasma of rats which had been adrenalectomized ten 
days previously, but its concentration was con- 
siderably less than 5 ygm./100ml. plasma. Twenty- 
three days after adrenalectomy the concentration of 
the hormone in the plasma had risen to 10-6 ugm./ 
100 ml. (with limits of error (P = 0:05) 7-4-15-2 
ugm./100 mil.), and the same high circulating level 
was still present in rats adrenalectomized thirty-four 
days previously. From the results of this experiment 
it appears that no rapid and well-maintained increase 
in the concentration of adrenocorticotrophin in 
plasma follows adrenalectomy in the rat until three 
to five weeks after the operation, when there exists 
a remarkably high circulating concentration of the 
hormone. 

There are no serious discrepancies between these 
results and those previously reported by Barrett 
and Hodges*. The findings also agree with those of 
Brodish and Long’, who demonstrated by a cross- 
circulation technique that the adrenalectomized rat 
did not maintain a high circulating level of adreno- 
corticotrophin until two weeks or more after the 
removal of the adrenal glands. Furthermore, Barrett 
and Sayers (Barrett, personal communication) have 
recently demonstrated similar time-relations in the 
changes in the concentration of adrenocorticotrophin 
in the blood of adrenalectomized rats. These results 
do not contradict the evidence that the release of the 
hormone from the adenohypophysis may be con- 
trolled by the level of adrenal cortical hormones in 
the blood. However, it appears that in the rat there 
is an interval of at least two weeks before the pituitary 
gland adapts itself to secrete and maintain an enor- 
mously increased output of adrenocorticotrophin in 
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response to the complete absence of circulating 
corticoids. 

This investigation was supported by grants from 
the Medical Research Council and the Wellcome 
Trust. Our thanks are due to Miss Dorothy Bathgate 
and Miss Joan Vernikos for technical assistance. 

G. 5. Cox 
J. R. HODGES 
Departments of Pharmacology, 
School of Pharmacy and 
Royal Free Hospital School of Medicine, 
University of London. 
Sept. 17. 
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isomeric Chondroitin Sulphates 


A RECENT communication! claims to “confirm 
Meyer’s hypothesis that chondroitin sulphates 4 and 
C are only two fractions of the same polydisperse 
substance’. Apparent lack of agreement in nomen- 
clature?4 further emphasizes the need for clear 
differentiation of the isomeric chondroitin sulphates 
of connective tissue. These three substances, chon- 
droitin sulphate A, chondroitin sulphate B and 
chondroitin sulphate C, respectively, in the nomen- 
clature of Meyer et al.?, have been found to be linear 
polyelectrolytes with similar chain configuration- 
charge relationships. Chondroitin sulphates A and C 
have been clearly distinguished as molecular indi- 
viduals by comparison of molecular constants and 
physical properties. 

Chondroitin sulphate B may be readily differen- 
tiated from A and C by enzymatic and chemical 
techniques?. The A and C sulphates, however, differ 
only slightly in optical rotation and in solubility, a 
property also dependent upon molecular weight. 
These two, however, may bo easily differentiated by 
their infra-red spectra (Fig. 1) in the 700-1,000 cm.~? 
region where chondroitin sulphate C has unique 
bands at 1,000 cm.-!, 820 cm.-1? and 775 cm.-}. 
Chondroitin sulphate A has bands at 928 cm.-}, 
852 em.-! and 725 cm.-!; B resembles A, with bands 
at 928 em.-1, 855 em.-1, 840 em.-! and 712 cm.-}. 

Spectral measurements on fractionated preparations 
confirm a suggestion? that chrondroitin sulphate C 
is present in human umbilical cord. On the basis 
of published spectra (and optical rotations), the 
mucopolysaccharide from nuclei pulposi called ‘‘chon- 
droitin sulphuric acid-B’’®, and the chondroitin sul- 
phate from shark cartilage’, may also be regarded as 
the C sulphate. In disagreement with a previous 
report®, preparations from rabbit skin® have been 
found to consist of a mixture of A and B sulphates. 
Small amounts of the A sulphate have been detected 
in samples of 8-heparin. 

On the basis of previous assignments of bands’, it 
appears that the sulphate group has an axial con- 
figuration in chondroitin sulphate A and B and an 
equatorial configuration in sulphate C. In agreement 
with recent reports® a possible interpretation places 
the sulphate group on the 0-4 position in the hexos- 
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Fig. 1. Infra-red spectra for isomeric chondroitin sulphates 
obtained on a Perkin-Elmer spectrophotometer, model 21. 
with sodtum chloride prism. 1-0 mgm. of the sodium salt of each 
polysacchuride was mixed with 150 mgm. potassium bromide, 
formed into 2 film of u-45 mm. thickness (nominal) and compared 
with a potassium bromide blank. A was Fa pedi from bovine 
nasal cartilage (ref. 5). Chondroitin sulphate B preparations were 
obtained by fractionation of a sample of 8-heparin from bovine 
lng (ref. 6). One of these fractions, F-6, con ined 20 per cent 
of the A sulphate. The C suiphate was a preparation from & 
human chordoma (ref. 2) 


amine moiety of both the A and B sulphate, and on 
the C-6 position of the hexosamine moiety of the 
C sulphate. 

This work, a fuller account of which is in prep- 
aration, was supported by a grant from the Chicago 
Heart Association and carried out during the tenure 
of an established investigatorship of the American 
Heart Association. I am indebted to Mr. Robert 
Hart for the spectral measurements, to Dr. A. 
Winterstoin for the preparation of B-heparin, and to 
Dr. K. Meyer for the chondroitin sulphate C prep- 
aration. 
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Effect of Hypophysectomy on the Ability 
of Rat Liver Microsomes in a Cell-free 
System to incorporate Radioactive 
Amino-Acids into their Proteins 


Tue incorporation of pt-leucine labelled with 
carbon-14 into the proteins of a cell-free system? 
prepared from rat liver has been compared with the 
incorporation obtained under the same conditions 
with a system prepared in exactly the same way 
from the livers of hypophysectomized rats. The 
system was prepared by homogenizing liver in a 
buffered-sucrose medium? and spinning at 14,0009. 
The unsedimented portion was incubated with the 
sodium salt of adenosine triphosphate, the sodium salt 
of creatine phosphate and pz-leucine-1-“C. The 
incorporation obtained varied with the experimental 
conditions used, but in all cases less amino-acid was 
incorporated into the protein of hypophysectomized 
vats. The specific activity of the protein from hypo- 
physectomized rats in ten experiments was between 
20 and 70 per cent of that found in the normal 
control system.- Treatment of the hypophysectomized 
rats with growth hormone restored almost to the 
normal level the ability of the cell-free system to 
incorporate amino-acids. This im vitro result is 
compatible with the in vivo observations that hypo- 
physectomy results in a fall in liver weight and 
protein content and that treatment with growth 
hormone prevents this fall’. 

Incorporation into the proteins of the cell-free 
system takes place in at least two distinct steps. 
Hoagland, Zamecnik and Keller’ have shown that 
the first step is the activation of the amino-acid by 
adenosine triphosphate and an enzyme present in the 
soluble fraction of the cell. Later the carboxyl- 
activated amino-acid is incorporated into protein on 
the ribonucleoprotein particles of the microsomes*’. 
There may be intermediate steps between these two 
processes, and Hoagland, Zamecnik and Stevenson® 
have some evidence which implicates part of the 
ribonucleic acid of the soluble fraction of the cell in 
such a role. 

The microsomes were separated from the activating 
enzymes and ribonucleic acid in the soluble fraction 
of the cell by centrifugation of the cell-free system 
at 105,000g. Neither the microsomes nor the soluble 
fraction when incubated separately in the presence 
of adenosine triphosphate, creatine phosphate and 
pu-leucine labelled with carbon-14 showed much 
incorporation, but incorporation into microsomal 
protein, to the extent found in the unseparated sys- 
tem, occurred when these two fractions were incu- 
bated together. A similar experiment (Table 1) with 
microsomes and soluble fraction from hypophysecto- 
mized rats showed the expected smaller incorporation 
into these microsomes. The microsomes from hypo- 
physectomized rats were now incubated with the 
soluble fraction (supplemented with adenosine tri- 
phosphate and creatine phosphate) prepared from the 
normal animals and almost the same, smaller, incor- 
poration was found. When normal microsomes were 
incubated with soluble fraction from hypophysecto- 
mized rats, almost normal amounts of radioactive 
amino-acid were incorporated into the microsomes. 
This shows that hypophysectomy was not causing 
changes in the activating enzymes, the energy 
generating system, or the possible ribonucleic acid 
intermediate? to any great extent, for the soluble 
fraction from hypophysectomized rats is capable of 
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Table 1. INCORPORATION OF DL-LEUOCINE LABELLED WITH CARBON-14 
INTO MICROSOMAL PROTEIN OF A CELL-FREE SYSTEM 


c.p.m./mgm., of 
microsomal protein 


Normal microsomes + normal soluble 
fraction 
Hypophysectomized microsomes + hypo- 
physectomized soluble fraction - 76 
Hypophysectomiized microsomes -++ norma! 
soluble fraction 87 
Normal microsomes + hypophysectomized 
soluble fraction 
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4 mgm. of microsome protein and 6 mgm. of soluble fraction protein 
were incubated at 37° in a buffered-sucrose medium (ref. 1) at pH 7'5 
with adenosine triphosphate (6 x 10-* M), creatine phosphate (2°38 x 
10-* M) and DL-leucine-1-*C (1:3 x 10~ M and about 40 He./mgm.), 


causing almost as great an incorporation as the 
soluble fraction from normal rats if it is incubated 
with normal microsomes. Most of the fall in incor- 
poration resulting from hypophysectomy must be 
caused by some deficiency of the microsomes them- 
selves. It-is well known’! that hypophysectomy in 
the rat is followed by a fall in the cytoplasmic 
ribonucleic acid content of the liver which can be 
prevented by administration of growth hormone. 
The observed changes in incorporating ability do not, 
however, depend on the total ribonucleic acid content 
of rat liver. Clark, Naismith and Munro?’ have shown 
that a large fall in the ribonucleic acid of rat liver 
occurs when rats are fasted, yet I have found incor- 
poration of amino-acid into microsomes of cell-free 
systems from both normal and hypophysectomized 
rats fasted for 18 hr. to be the same as in fed animals. 
The ribonucleic acid which is broken down as a result 
of 18 hr. of fasting is not the same ribonucleic acid 
which is responsible for amino-acid incorporation into 
protein, nor is it the same as the ribonucleic acid 
which is lost as a result of hypophysectomy. 

These experiments do not exclude the possibility 
that hypophysectomy also influences protein syn- 
thesis by inhibiting the entry of amino-acids into the 
cell or by decreasing the amount of energy available 
for these processes or by some other mechanism. It 
is, however, clear that hypophysectomy markedly 
reduces the ability of rat-liver microsomes to incor- 
porate activated amino-acids into protein. The 
depression of protein synthesis after hypophysectomy? 
is probably secondary to this effect on the micro- 
somes. 

It is hoped to publish full details of these experi- 
ments in due course. I wish to express my thanks 
to Prof. F. G. Young for his interest and encourage- 
ment, to the Council of the Royal Society for a 
grant-in-aid, to Miss M. B. Thomas who performed 
the hypophysectomies and to Mr. D. C. Gardiner for 
highly skilled assistance. 

A. KORNER 

Department of Biochemistry, 

University of Cambridge. 
Nov. 13. 
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Adrenaline and Noradrenaline Content 
of the Adrenal Gland of the Rat 
following Depletion with Reserpine 


Ir has been shown that reserpine causes a loss of 
catechol amines from cat} and rabbit? adrenal glands. 
In the experiments reported here a study has been 
made of the adrenaline and noradrenaline content of 
rat adrenal glands over a period of a month, reserpine 
being administered for the first 3 days. Thus 
information concerning the loss and replacement of 
amines was obtained. 

Albino rats weighing 150-190 gm. were used, and 
in any one experiment all were of the same sex. In 
all instances groups of 5 rats were used, and every 
group had its own control, also of 5 rats. Each test 
animal was given reserpine (1 mgm./kgm.) sub- 
cutaneously, daily for three consecutive days. The 
control rats were given the reserpine solvent only. 
Groups of rats, with their respective controls, were 
killed at 3, 7, 14, 21 and 28 days following the first 
injection. In all, 170 rats were used. The adrenaline 
and noradrenaline contents of extracts of the glands 
were determined biologically, using the blood pressure 
of the hexamethonium-treated cat and the isolated 
uterus of the rat in dicestrus as test preparations. 
The results were calculated by the formula of Bül- 
bring? and expressed in ugm./gland. 

It was found that, at 3 days, reserpine caused a 
similar percentage loss of adrenaline and noradren- 
aline. This was despite the fact that normal rat 
adrenal glands contain only 10 per cent of nor- 
adrenaline. In all experiments the degree of depletion 
of both amines was of the order of 50 per cent. 
Following the depletion, the adrenaline content of 
the glands slowly returned to its initial, non-depleted 
value by 21 days and afterwards stayed at this level. 
In contrast, noradrenaline increased to several times 
its original value by seven days and then decreased 
to regain its original value by 21 days. Fig. 1 shows 
the typical percentage depletion of amines and their 
subsequent replacement. It may be noted that at 
the peak of the noradrenaline increase, the glands 
contained approximately 30 per cent of noradrenaline. 
All experiments gave similar results, there being no 
difference in this respect between male and female 
rats. 

These results aro further evidence that noradren- 
aline is a precursor of adrenaline in the rat, because 
otherwise it would be expected that the two amines 


Percentage increase 





0 3 7 14 21 28 
Time (days) 


Fig. 1. A composito diagram to show the rate of replacement of 
adrenaline (@), of noradrenaline (©) and of total amine (+) 
in the adrenal gland of the rat, at various time intervals following 
depletion with reserpine. All results are expressed as percent- 
ages of the amine e cantent of the respective control glands 
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would return to their normal levels in a similar 
manner. The transient increase in the noradrenaline 
content, above the normal value, indicates that the 
rate of methylation of noradrenaline to adrenaline is 
slower than the rate of formation of noradrenaline. 
It is of interest that Butterworth and Mann‘ have 
obtained a similar depletion and replacement of 
catechol amines in cat adrenal glands, depleted with 
acetylcholine. Work is now in progress to determine 
whether this action of reserpine is central or peri- 
pheral. 

We wish to thank Mr. C. S. Message, of Ciba 
Laboratories, Ltd., for generous gifts of reserpine. 

B. A. CaLLINGHAM 
Monroa Mann 
Department of Pharmacology, 
School of Pharmacy, 
17 Bloomsbury Square, 
London, W.C.1. 
Nov. 13. 
1 Holzbauer, M., and Vogt, M., J. Neurochem., 1, 8 (1056). 
2 Carlsson, A., and Hillarp, N.-A., Kungl. fysiogr. Sdllsk. Lund Forh., 
26, Nr. 8 (1956). 

2 Bulbring, E., Brit. J. Pharmacol., 4, 234 (1949). 
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Nuclear Transplantation in Xenopus laevis 


Briggs and King! have devised a technique with 
which they were able to transplant nuclei from cells 
of early embryos into unfertilized eggs of Rana 
pipiens from which the female pronucleus had been 
removed. In this way they could test the extent to 
which a nucleus from embryos up to neurula stages 
could produce normal development when transplanted 
into an enucleated egg*. 

We have modified this technique to start similear 
experiments on Xenopus laevis. We have not so far 
removed the female pronucleus because it does not 
usually participate in development. This useful fact 
was discovered through the use of a nuclear marker, 
visible in interphase nuclei (Fischberg, M., Smith, S., 
and Elsdale, F., unpublished). 

A survey of the number of chromosome sets present 
in 70 normal and abnormal tadpoles gave the results 
shown in Table 1. The tetraploid embryos are 
usually due to the doubling of the diploid chromosome 
number of the injected nucleus, and not to the 
participation in development of the female pro- 
nucleus?. 


Table 1 


Diploids 
Tetraploids 


Mosaics, etc. 


Total analysed 





. Table 2 consists of the combined results from six 
of our more successful experiments, and shows the 
number of embryos that appear normal at various 
stages of development up to the feeding tadpole. 
The donor nuclei came from embryos between late 
blastula and late gastrula stages, and between these 
limits the proportions of normal host embryos and 
the types of host abnormalities at different stages 
are similar ; these appear not to be dependent upon 
the developmental stage of the donor nucleus and 
the germ layer from which it derives. Table 2 is 
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Table 2 


Total transfers 
Uncleaved 


Cleaved normal and abnormal 
Normal gastrulæ 

Normal at hatching 

Normal feeding tadpoles 





heterogeneous, because it consists of the results from 
twelve different categories of donor nuclei (four 
temporal stages and three germ layers); we find 
that the numbers in the individual categories are too 
small to relate the abnormalities of transplanted 
embryos to the origin of the donor nucleus. 

We have obtained normal tadpoles from eggs 
injected with ectoderm and endoderm nuclei from 
late gastrule. King and Briggs? obtained 10-12 mm. 
tadpoles from nuclei of ectoderm, chorda-mesoderm, 
and endoderm from late gastrula of Rana pipiens ; 
but the majority of transplants from chorda-meso- 
derm and endoderm gave embryos developing syn- 
dromes of abnormalities specific for the origin of the 
donor nucleus. l 

We are continuing the work along two main lines : 
(a) to find the latest stages that provide donor 
nuclei which give normal development when trans- 
planted into unfertilized eggs; (b) to see if embryos 
develop syndromes of abnormalities specific for the 
origin of the donor nucleus. 

This work has been made possible by contributions 
from the British Empire Cancer Campaign (M. F. 
and T. E.) and the Medical Research Council (J. B. G.). 


M. FISCHBERG 
J. B. GURDON 
T. R. ELSDALE 
Department of Zoology and 
‘Comparative Anatomy, 
University Museum, Oxford. 


1 Briggs, R., and King, T. J., J. Eup. Zool., 128, 485 (1963). 
2 King, T. J., and Briggs, R., Proc. Nat. Acad. Sci., 41, 321 (1955). 


Effects of Heat and Loss of Moisture 
on the Dormancy of Barley 


In a paper on the effects of desiccation on delayed 
germination in barley it is suggested that ripening 
and germination are directly related to the moisture- 
content of the grain}. The observation is made that 
complete germination occurred when the moisture 
content naturally fell to 12-7 per cent or when 
artificial drying was used. 

‘Desiccation’ was the word employed to describe 
drying at 40° C. It is the purpose of the present 
communication to direct attention to the fact that 
temperature can have an effect independent of the 
loss of moisture of harvested samples showing 
dormancy under seed testing conditions’. 

In an attempt to speed germination, treatments 
were given which included heat-sealing in polythene 
bags, some of which contained self-indicating silica 
gel, and oven-drying at 39° C. Room temperature, 
in late summer, varied between 16~24° C. Moisture- 
content was determined with a Marconi 933A meter, 
and checks made with a Carter/Simon oven. From 
each treatment 300 seeds were placed on damp sand. 

Samples of Pioneer barley 427 (moisture content 
16-3 per cent and germination 95 per cent), known 
to be dormant were sealed in polythene with silica 
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gel. Overnight the moisture-content fell to 12:5 per 
cent when kept at 4° C. and to 10-7 per cent at room 
temperature. Germination after 6 days reached only 
60 per cent and 57 per cent respectively ; not sig- 
nificantly different from the control at 51 per cent. 

At the same time samples of A27 were placed at 
39° C. for 4 days. Germination after 6 days reached 
95 per cent whether the sample was sealed (with a 
moisture loss of +1 per cent) or had dried down to 
8-4 per cent moisture. The control, kept in a closed 
but not sealed polythene bag at room temperature 
for the 4 days, grew 75 per cent in 7 days. 

Similar treatment was given to barley A29, 
moisture content 17-5 per cent, germination without 
treatment 60 per cent. After 2 days (or 4. days) at 
39° C. germination reached 95 per cent or more with 
moisture-losses of either +1 or 7:5 per cent. Ger- 
mination was adversely affected when grains on 
damp sand were sealed in polythene at 39° C. for 
2 days. 

It is suggested that, during natural desiccation, 
temperature, and probably time, may be more 
important factors than the precise moisture-content 
in affecting this type of delayed germination. 

P. D. HEWETT 
Licensed Seed Testing Station, 
Christopher Hill, Ltd., 
Poole, Dorset. 


1 Wellington, P. S., Nature, 178, 601 (1956). 
2 Wellington, P. S., Nature, 178, 1359 (1956). 


A Mechanism of Resistance to Parathion 
in Musca domestica (L.) 


THE ease with which the chlorinated hydrocarbons 
give rise to the development of resistance in Musca 
has led to the use of organo-phosphorus insecticides 
for controlling flies. However, development of 
resistance to some of these compounds appears 
possible also, although at present it seems to be less 
serious than in the case of the chlorinated compounds. 
An investigation into the mechanisms causing resis- 
tance to these substances has been undertaken. 

Three strains, namely S, U, and D, with different 
parathion resistances were used in the present 
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Fig. 2. Amount of paraoxon found in flies after injection of 


0:01 vem. of parathion in strains S, U, and 


investigation. S is our susceptible laboratory strain 
which is also susceptible to parathion. Strain U», 
being highly resistant to y-BHC and related com- 
pounds, shows some resistance to parathion, although 
it has never been in contact with organo-phosphorus 
insecticides. Strain D was collected by Keiding* on 
a farm (J79) in Denmark, where parathion had been 
used for a period of three years. It was submitted 
to further selection with parathion in the laboratory. 
Dr. Keiding kindly put this strain at our disposal. 

It is assumed that parathion is oxidized in the 
flies to paraoxon, just as is the case in mammals? 
and in the roach (Periplaneta americana)’, and that 
this compound exerts its action by inhibition of 
an enzyme, probably cholinesterase. As a first 
step, the susceptibilities of the strains to parathion 
and paraoxon wore compared, using a contact method 
and injections (Fig. 1). In the contact experiments 
the flies were exposed in jars for twenty-four hours 
to a residue in a thin film of peanut oil. For the 
injections an emulsion of parathion dissolved in 
peanut oil was used, whereas paraoxon was injected 
as a solution in insect saline. 

Tt was found that there is still a marked difference 
between the strains after injection of parathion. 
Therefore decreased penetration cannot be the cause 
of the resistance, or at least not the only cause. The 
differences found in the contact toxicity of paraoxon 
indicate that a resistance mechan- 
ism must be present that affects the 
susceptibility to parathion only 
through an influence on the toxic 
action of paraoxon. The difference 
after injection of paraoxon is dis- 
cussed below. 

The amount of paraoxon present 
after injection of parathion was 
estimated in the three strains. 
Upon injection the flies were kept at 
25°C. for varying periods of time, 
after which they were homogenized 
and incubated for some time to 
bring the paraoxon in contact with 
the cholinesterase. The cholinester- 
ase activity was estimated by the 
method of Hestrin*. The amount of 
paraoxon was determined by com- 
paring the inhibition found with 
that caused by known quantities. 
Fig. 2 shows the results of inject- 
ing 0-01 ugm. of parathion per fly. 
A very large difference between 
the amounts of paraoxon in the 
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three strains is apparent. The same was found after 
injections with larger doses. Injection of 0-02 pgm. 
resulted after a period of 5 hr. in about 0-017, 
0-005 and 0-003 ugm. in strains S, U, and D 
respectively. 

In another series of experiments 0:01 ugm. of 
paraoxon per fly was injected. After different periods 
of time a number of flies were homogenized, incubated 
and the inhibition of the cholinesterase was determ- 
ined. Paraoxon was found to be eliminated more 
rapidly by the more resistant flies. Elimination of 
about 0:0085 ugm. of paraoxon was found after 64, 
4 and 2% hr. in the strains S, U, and D respectively. 

The fact that only small differences in susceptibility 
of the strains were found after injection of paraoxon 
may be explained by the very rapid action in this 
case. Apparently the elimination process can only 
protect the flies from the action of paraoxon if it 
appears in the body gradually. 

The occurrence of only small differences in sus- 
ceptibility after injection of paraoxon makes it less 
probable that an alteration of the affected enzyme is 
a cause of the resistance. As cholinesterase may 
possibly be this enzyme we estimated its activity 
in. the strains and the amount of paraoxon required 
for its inhibition in vitro. Neither quantitative 
nor qualitative differences were found which could 
contribute to the resistance. 

Tt is remarkable that strain U, —which was selected 
with y-BHC —eliminates paraoxon much faster than 
strain S. This difference is not incidental, for it was 
found that strain U, a substrain of U, that has been 
bred for some years without selection and has lost 
its resistance to y-BHC, has the same susceptibility 
to parathion as strain S and about the same capacity 
to eliminate paraoxon. There seems to be in this 
case some relation between the resistances to these 
quite different types of insecticides. 

F. J. OpPENOORTH 
Laboratory for Research on Insecticides, 
T.N.O., 
Vondellaan 6, Utrecht. 
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3 aires mn L., and March, R. B., Ann. Entomol. Soc., Amer., 46, 63 
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1 Hestrin, S., J. Biol. Chem., 180, 249 (1849). 


Boron Deficiency in Tea 


Tea must be the last commodity crop to show a 
need for boron. This is probably due to its low 
calcium requirement and to the fact that tea gardens 
are very rarely limed. The boron deficiency syndrome 
first appeared accidentally in a pot experiment testing 
five different soils for natural potassium uptake. Al 
plants in two soils when they were about 30 cm. high 
died off at their growing points and developed corky 
excrescences on the undersides of petioles. These 
two soils were known from previous pot tests with 
tomatoes to be deficient in boron. 

Half the plants in the experiment were then 
treated with a complete nutrient solution and half 
with the same solution without boron. Growth 
response to each treatment was rapid; but when 
the new shoots of the plants receiving no boron were 
about 25 cm. long, brown spots appeared, first in the 
petioles and then in the lamine of the flush. As the 
young leaves developed, the brown. spots enlarged in 
the laming and spread along most of the petioles and 
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mid-ribs with considerable suberization. Normal 
growth was severely upset and affected leaves were 
strongly wrinkled and contorted. Cork was particu- 
larly thick on the underside of the petioles and often 
spread to the adjacent stems. Laminz of affected 
petioles drooped to a near vertical position but 
remained quite turgid. Internodes were reduced to 
less than 1 cm. and finally growing-points died. Old 
leaves that had reached maturity before the boron 
deficiency became acute, exhibited suberized cracks 
on both sides of the upper surface of the main veins. 

So far as can be ascertained the above has not yet 
been observed in field-grown tea bushes. 


E. M. CHENERY 
Kawanda Research Station, 
Kampala, Uganda. 


Rate of Calcium Loss resulting from 
Ammonium Sulphate Treatment of a 
Tea Soil 


FULL results of our investigation into the effect of 
treatment with ammonium sulphate on the calcium 
economy of a tea soil will be published elsewhere? ; 
but certain preliminary observations can now be 
made. The soil under study, which is typical of the 
tea soils of north-east India, can be described as a 
highly acid loamy sand of alluvial origin, having 
pH about 4:5 and a low calcium content. 

It is generally assumed? that the loss of bases 
resulting from application of 100 Ib. of ammonium 
sulphate can be made good by applying about 110 Ib. 
of calcium carbonate to the soil. The calculated rate of 
loss under our field conditions is, however, only about 
a third of the above figure. Our results appear to 
provide an indirect proof that tea growing in an acid 
soil and manured with ammonium sulphate absorbs 
nitrogen in the ‘ammonia’ form. It also follows 
from the results that, under our conditions, the tea 
plant takes up a considerable portion. of its nitrogen 
requirement as ‘free nitric acid’. The theoretical 
basis on which this latter deduction is made has 
already been explained by Pierre”. A chemical 
analysis of the tea plant growing in an acid soil 
supports the above deductions. As an illustration, 
the acidic and basic constituents in plucked tea 
shoots are given below (calculated by Truog’s 
method‘). The figures quoted do not refer to the whole 
plant and will not hold good in all cases, but 
they will serve to indicate the nature of the 
balance. 


Total puao ene constituents, approximately 90 m.equiv./100 gm. 
weilgnt, 
Total acid-forming constituents excepting nitrogen, approximately 
38 m.equiv./100 gm. dry weight. 
Nitrogen content, approximately 375 m.equiv./100 gm. dry weight. 


Our results also indicate that the rate of loss of 
calcium is higher in the case of shaded tea (that is, 
tea growing under a canopy of shade trees, in this 
instance, under Albizzia chinensis (Osbeck) Merr.) as 
compared with unshaded tea. Andrews and Cowart 
have calculated the effects of fertilizers on the base 
supply of cotton soils from the unrecovered nitrogen 
percentage and chemical analysis of seed cotton. 
Although our case is complex, the same method can 
be used in the caso of tea also. Under the plains 
conditions in north-east India, 1 lb. of nitrogen 
applied in the form of ammonium sulphate to 
unshaded tea is known. to bring about an ultimate 
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increase in yield of about 8 lb. of made tea. The 
corresponding increase in the case of shaded tea, on 
the other hand, is only about half that amount. 
From the nitrogen content of plucked shoots, an idea, 
can be obtained about the percentage nitrogen un- 
recovered, although not all of it may necessarily be 
lost by leaching. It would appear that a higher per- 
centage of nitrogen remains unrecovered in the case of 
shaded tea, and this, it is suggested, may serve as & 
qualitative explanation for the higher rate of calcium 
loss noted in the case of shaded tea. 


N. G. GoKHALE 


Tocklai Experimental Station, 
Cinnamara, Assam, India. 


1 Gokhalé, N. G., and Bhattacharyya, N. Q., Emp. J. Exp. Agric. (in 
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3 Pierre, W. H., J. Amer. Agron., 20, 254 (1928). 

‘Truog, E., “Mineral Nutrition of Plants”, 38 (Univ. of Wisconsin 
Press, 1951). 

5 Andrews, W. B., and Cowart, R., Proc. S.S.S. Amer., 4, 275 (1989). 


Occurrence of Sex Chromatin in the 
Basal Cells of the Epidermis and in 
Basal Cell Carcinomata 


Tue characteristic mass of sex chromatin, first 
observed by Barr and Bertram? in the nerve cells of 
the female cat, can be identified in the cells of several 
different tissues in the human female”. The method 
of ‘nuclear sexing’ is now & well-recognized technique 
of exceptional importance in the investigation of 
disorders of human sexual development. The tech- 
nique has been applied to the study of human tumours 
and, provided that good histological preparations 
have been available, it has been found, in most cases, 
that sex chromatin was recognizable in the cells of 
tumours of female patients but not in those of males, 
that is, the tumour is of the same sex as the host®-5. 
The principal exception is in the case of teratomata, 
which are always of female nuclear sex if the host 1s 
female, but may be male or female if the host is 
male?-*. Two alternative hypotheses have been 
postulated in explanation of this anomaly: one 
presumes that the tumour arises by parthenogenesis 
of haploid germ cells followed by endomitosis to 
restore the diploid chromosome number; the other 
supposes that the tumour arises by conjugation of 
two haploid germ cells. 

In addition to teratomata the basal cells of the 
epidermis and the basal-cell tumours of the skin have 
been found to be exceptional in this respect. Wein- 
mann, Meyer and Marwah’ found difficulty in 
diagnosing the nuclear sex of basal cell tumours of 
the skin. In a series of 11 such tumours from male 
patients & sex chromatin-like particle could be iden- 
tified in many of the parenchymal neoplastic cells 
and also in many of the cells of the adjacent normal 
epidermis. It was not suggested that this particle 
indicated a sex reversal in these tumours, but rather 
that the chromatin structure of the cell was altered 
during oncogenesis. A similar explanation was 
invoked by Tavares®; he examined ‘undifferentiated 
cell carcinomate’’, a group of tumours regarded by 
him as separate from those showing evidence of 
differentiation, and found that of 18 tumours in 
males two appeared to be female ; while of 35 tumours 
in females six appeared to be male and in 18 instances 
the result of sexing the tumour was equivocal. Sachs 
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and Danon’, on the other hand, reported that the 
basal cells of the epidermis were devoid of sex chroma- 
tin and suggested that this was due to the “high 
frequency of mitosis” in this site. In view of the 
discrepancies reported in these cells and in their 
tumours it was decided to investigate a fresh Series 
of specimens. 

The most critical method of determining the 
presence or absence of sex chromatin in tissue cells 
is to use these cells alone to determine the sex of the 
patient from whom the tissue was obtained. It is 
essential for this type of work that good histological 
preparations and suitable staining methods should 
be used. Al the material used in this study was 
fixed in formalin, paraffin sections were cut at 
5u and were stained in hematoxylin and eosin, 
the staining being controlled by microscopical exam- 
ination during differentiation. 

A series of 37 sections of skin taken from the 
routine surgical material of the hospital was examined. 
The ‘nuclear sex’ was determined, first by exam- 
ination of 100 basal cells and secondly by examination 
of 100 spinous cells of the overlying epidermis. 
Nineteen of the patients were female and eighteen 
male, in every case the ‘sex’ of the basal cells, the 
‘sox’ of the spinous cells and the apparent mor- 
phological sex of the patient were congruous. 

A consecutive series of 24 basal cell carcinomata 
were examined. The sections were first reviewed 
under the low power of the microscope to confirm the 
histological diagnosis and to select an area of tumour 
in which the cells were not too closely packed 
together by the surrounding tissues. The ‘nuclear 
sex’ was then determined by examination of 100 
tumour cells followed by the examination of 100 cells 
in the adjacent epidermis. Nine of the patients were 
male and fifteen female, in every case the ‘sex’ of 
the tumour, of the skin and of the whole patient 
were identical. 

Repeated examinations were made of many of the 
slides at different times; in no instance were 
anomalous results obtained. 

These observations indicate that there is no 
peculiarity in the basal cells nor in their tumours, 
and that, given good histological preparations, sex 
chromatin can be identified in these structures 
as in all others. ‘This point was made by Sohval 
and Gaines'*, who examined 134 tumours from 
female patients and found sex chromatin in only 
33, and is of the utmost importance especially when 
cytological examination of cells and cell nuclei is 
used in the investigation of cases of sexual ab- 
normality. 

I am indebted to Miss C. D. M. McDougall and 
Mr. 8S. E. Wright, who were responsible for the 
excellent histological preparations which made this 
work possible. 

Davip J. B. ASHLEY 


David Lewis Northern Hospital, 
Leeds Street, 
Liverpool, 3. 
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Effect of 2,4-Dichlorophenoxyacetic Acid 
on Pectin Methylesterase in Tobacco 
Pith Sections 


Tax hypothesis by Bennet-Clark! that the degree 
of methyl esterification of the pectic substances of 
plant cell walls would have a marked effect on the 
plastic and elastic properties of such walls has directed 
attention to the role of the pectic substances in 
auxin-controlled extension growth. Ordin, Cleland 
and Bonner* have demonstrated that the methylation 
rate of pectins in the walls of coleoptiles is increased 
by auxin, and Tagawa and Bonner? have shown that 
the effect of various cations and of auxin on the 
physical properties of the walls are consistent with 
Bennet-Clark’s hypothesis. 

Recently, it has been shown!® that the auxins, 
indoleacetic acid, 2,4-dichlorophenoxyacetic acid and 
a-naphthalene acetic acid may control the adsorption 
of pectin methylesterase to cell-wall fractions prepared 
from tobacco pith or Jerusalem artichoke tubers. 
The auxins, up to an optimal concentration of about 
10-1° M, increased the amount of enzyme adsorbed. 
It was proposed that the extent of methyl esterifica- 
tion of the pectic substances of the walls in elongating 
cells could be controlled by auxin-induced adsorption 
of pectin methylesterase. 

Evidence has now been obtained for an auxin- 
controlled mechanism of adsorption of pectin methyl- 
esterase in intact disks of tobacco pith. When pith 
from Nicotiana tabacum v. glauca was placed in a 
solution of 0-5 per cent pectin and 0-1 M sodium 
chloride, considerable pectin methylesterase activity 
could be measured. The rate of hydrolysis of ester 
bonds of the pectin (measured by the rate of acid 
production) gradually increased until a steady rate 
was reached. Vacuum infiltration of the disks with 
the pectin assay solution did not reduce the time for 
the attainment of the steady rate, indicating that 
the initial change of rate was not due to penetration 
of pectin into the disks. 
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Fig. 1. Hydrolysis of pectin by pectin methylesterase extracted 
from tobacco pith disks by the assay solution, (0-5 per cent pectin ; 
0°1 M sodium chloride) 
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Fig. 2. Effect of 2,4-dichlorophenoxyacetic acid on the extraction 
of pectin methylesterase from tobacco pith disks. (0-5 per cent 
pectin; 0'1 M sodium chloride) 
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Fig. 3. Effect of 2,4-dichlorophenoxyacetic acid on the extraction 
of pectin methylesterase from tobacco pith disks. (0°5 per cent 
pectin; 0-2 M sodium chloride) 


Removal of disks from assay solution after the 
steady rate had been reached showed that about 
90 per cent of the measured pectin methylesterase 
activity remained in solution. When sodium chloride 
was omitted, no pectin methylesterase was extracted. 

If disks which had been in pectin and sodium 
chloride until a steady rate of acid production was 
reached were transferred to a fresh assay solution, a 
second lot of pectin methylesterase was extracted. 
Again a steady rate was reached. Tho steady rate, 
therefore, represented an equilibrium position between 
enzyme in the assay solution and enzyme bound in 
the disks. The enzyme in the disks did not contribute 
substantially to the rate at which the pectin of the 
assay solution was de-esterified. This can be seen 
from Fig. 1, which also shows that 2,4-dichloro- 
phenoxyacetic acid had no significant effect on the 
activity of pectin methylesterase when free in solution. 
_ When 2,4-dichlorophenoxyacetic acid was included 
in the assay system, the steady rate of pectin hydroly- 
sis by the disks was greatly affected. In Fig. 2 the 
steady rates are plotted against concentration of 2,4- 
dichlorophenoxyacetic acid. Fig. 3 shows results for 
& wide range of concentrations of 2,4-dichlorophenoxy- 
acetic acid and 0-2 M sodium chloride as the extract- 
ing solution. 
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It is suggested that 2,4-dichlorophenoxyacetic acid 
shifts the equilibrium position for partitioning the 
enzyme between the disks and the external medium 
by controlling the binding of pectin methylesterase 
to sites in the cell wall. 

These observations strengthen the hypothesis for 
the relation between auxin-controlled extension 
growth and auxin-controlled adsorption (inactivation) 
of pectin methylesteraset5. Evidence for the hetero- 
geneity of pectin methylesterase and adsorption sites 
in cell walls, a mathematical treatment of tho 
adsorption process, and full details of experiments 
outlined here will be published elsewhere. 

Acknowledgments are due to Dr. R. N. Robertson 
for helpful advice and criticism and to Miss Sue 
Ingles for technical assistance. 

K. T. Giasziou 

Plant Physiology Unit, 

Botany Department, 

Univeristy of Sydney, 
Sydney. l 
Sept. 20. 
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Radicle Elongation of Pseudotsuga menziesii 
in Relation to Light and Gibberellic Acid 


- ONE of the characteristics of the ‘bakanæ’ disease 
of rice (which is caused by Gibberella fujikurio, the 
fungus which produces gibberellic acid) is its ability 
to stimulate adventitious root formation. Attempts 
to increase root development with artificially supplied 
gibberellic acid, however, have almost invariably 
failed ; indeed, it has been claimed that root elonga- 
tion is inhibited by the gibberellins:?. With fow 
exceptions, observations of root effects have been 
incidental to studies of shoot development and it is 
possible, therefore, that observed effects on roots are 
indirect and result from a re-distribution of material 
within the plant from root to shoot. 

In view of the uncertainty 
relating to the influence of 
gibberellic acid on root elong- 
ation, it seemed of interest to 
test its effect directly, on 


material uncomplicated by n 
the presence of an active Ho-4 
shoot system. In the experi- 4g 
ments reported here, elonga- EI 
tion of the radicles emerging 303 
from germinating Douglas fir p 
seed before the onset of cotyle- % 
don growth was used to & 
measure the effect of the +02 
chemical. At the same time, 2 


a possible interaction between 
gibberellic acid and light was 0-1 
investigated. 

Preliminary tests employed 
a light troatment (continuous 
light at 4,000 lux and con- 
tinuous darkness) and five 
gibberellic acid treatments 
(0, 3, 10, 30 and 100 p.p.m. 
applied in de-ionized water to 


k 


Fig. 2. 
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Fig. 1. The effect of light and gibterellic acid on radicle elongation 


of Ps isuga menziesit as related to initial root length. 
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filter paper and used as a growth medium). Root 
elongation over a 24-hr. period was markedly in- 
hibited by exposure to light, but in both light and 
darkness there was a stimulation by low concentra- 
tions (about 3 p.p.m.) of gibberellic acid. To investig- 
ate these effects more precisely, seeds were germ- 
inated at 20°C. in Petri dishes and treated with 
gibberellic acid in concentrations of 0, 0:01, 0-10, 
1-00 and 5-00 p.p.m. Again, two light treatments 
(continuous light and continuous darkness) were 
employed. Radicle elongation-rate over a 24-hr. 
period was measured on 45 roots from each treat- 
ment, chosen so that three size classes (<5 mm., 
5-10 mm. and >10 mm. in initial length) were 
equally represented. 

In Fig. 1, mean growth-rates are plotted against 
acid concentration by size class and light treatment. 
Roots greater than 5 mm. in initial length show a 
marked response to gibberellic acid treatment, the 
optimum concentration shifting from 10 p.p.m. to 
5 p.p.m. with an increase in initial length of root. 
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The effect of light and gibberellic acid on the time course of radicle elongation 
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The inhibiting influence of light is also demonstrated, 
the effect increasing with increasing root size; and 
there ig an apparent interaction between light and 
gibberellic acid. The response to optimal concen- 
tration of gibberellic acid is greater in light than in 
darkness and the inhibiting effect of light on the 
growth-rate is more than overcome. 

Fig. 2 presents the results of another experiment 
in which the course of root growth in response to 
8 p.p.m. gibberellic acid was followed over a period 
of time. Again there is a marked response to acid 
treatment though it is initially much greater in light- 
than in dark-grown roots. 

In spite of certain difficulties in interpretation of 
these results, it is clear that gibberellic acid can 
stimulate root elongation. It is also apparent that 
light inhibits root elongation, and that, under some 
conditions, gibberellic acid and light interact. Never- 
theless, the results presented are ‘not incompatible 
with Lockhart’s® contention that the action of 
artificially supplied gibberellic acid is specific on 
elongation and not directly connected with light 
responses. With the view of analysing the light 
inhibition of root elongation, studies of its action 
spectrum have been initiated. There are preliminary 
indications that the light-reaction peaks at 5400- 
5800 A. with subsidiary peaks at 3800 A. and 6600 A. 
A full report on this work will be published elsewhere. 

; S. D. RICHARDSON 

Department of Forestry, 

University of Aberdeen, 
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Partial Inhibitory Effect of Plistophora 
culicis on the Sporogonic Cycle of 
Plasmodium cynomolgi in Anopheles 

: stephensi 


DURING some experimental work carried out on 
the cytology of early oocysts of Plasmodium cynomolgi 
in Anopheles stephensi an interesting observation was 
made. Three batches of laboratory-bred Anopheles 
stephensi were fed on a rhesus monkey (M. 172) 
infected with P. cynomolgi. Dissections of 4-10 
mosquitoes on each subsequent day showed that the 
- first and third batches of these mosquitoes were also 
infected with a microsporidian (Plstophora culicis). 
(Such infections have previously been described by 
Garnham! and Canning?.) Nearly 650 per cent 
of the dissected mosquitoes showed a moderate 
infection of P. cultcis in the first batch, a light infec- 
tion of about 5 per cent in the second batch, and 
approximately 100 per cent with heavy infections of 
P. culicis in the third batch. A poor rate of infection 
by P. cynomolgi was found in the first and third 
batches of A. stephensi, and this was considered due 
to the partial inhibitory influence of P. culicis on the 
development of the oocysts in these mosquitoes. This 
view was supported by the findings of good oocysts 
counts in the mosquitoes dissected from batch two 
in which the P. culicis infections were very light. 

Plistophora culicis had not only invaded the fat 
bodies and Malpighian tubules, but also in many mos- 
quitoes the whole surface of the mid-gut was covered 
by the microsporidian. The inhibitory influence on 
the development of P. cynomolg: in such insects was 
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primarily reflected in a low oocyst count; in most 
mosquitoes only one or two oocysts could .be found 
on each mid-gut. The growth of these oocysts was 
also retarded. Thus five-day-old oocysts measured 
19% in diameter compared with the normal oocyst 
size 21u. seen in mosquitoes uninfected with P. culicis 
after this time. Seven-day-old oocysts measured 
only 55u in diameter compared with the normal 
size of 60u. The diameter of mature oocysts in the 
mid-guts heavily infected with P. culicis was only 
84u compared with the usual 90u. The highest rate 
of infection with P. cynomolgi oocysts in the mos- 
quitoes concomitantly infected with P. culicis was 
20 per cent and the lowest 10 per cent. Many 
degenerating oocysts were seen. 

One may conclude that the partial inhibitory 
effect of Plistophora culicis on the sporogonic cycle 
of P. cynomolgi in these batches of A. stephensi may 
be due to the following possibilities : (1) The scarcity 
of essential nutriments in the body of the host may 
be responsible for the retarded growth and degenera- 
tion of fully developed ookinetes and young oocysts. 
These essential substances were presumably taken 
up by P. culicis for its own development. (2) Many 
specimens devoid of oocysts showed the whole surface 
of the mid-gut covered with P. culicis. ‘The presence 
of this microsporidian may have prevented the 
penetration of ookinetes through the stomach wall 
and resulted in the degeneration of these ‘vermicules’ 
inside the lumen. (3) The heavy infection of Mal- 
pighian tubules with P. culicis may cause abnorm- 
ality in their function. Afterwards the deposition 
of toxic substances might interfere with the develop- 
ment of oocysts and sporozoites of P. cynomolgt in 
the insect host. 

L. Bano 

Department of Parasitology, 

London School of Hygiene 

and Tropical Medicine, 
Keppel Street, 
London, W.C.1. 
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Isolation of a Soil Coccus capable of 
utilizing ‘Tween 80’ as a Sole Source 
of Carbon 


Ir is interesting that some organisms can utilize 
as their source of carbon a synthetic substance such 
as ‘Tween 80’ (polyoxyethylene sorbitan mono-oleate). 
My collaborators and I have proved that tubercle 
bacilli can utilize ‘Tween 80’ as a sole source of 
carbon, and Yamane et al.? then devised a simple 
and practicable ‘Tween’-agar medium for tubercle 
bacilli containing ‘Tween 80° as a main source of 
carbon. I wished to investigate? the details of the 
mechanisms of ‘Tween? metabolism, but tubercle 
bacilli aré not suitable for this purpose because their 
growth is so slow, their endogenous substrates are too 
abundant‘, and experiments with the bacilli can be 
dangerous. I therefore decided to try to isolate 
bacteria more suitable for the purpose from the soil. 

The isolation was carried out on Yamane—Minami— 
Yasui agar!, which contained ‘Tween 80’ as a sole 
source of carbon. After incubating the supernatant 
of soil suspension at 37° C. for 24 hr., a few bacterial 
colonies were developed, among which there was a 
coccus. This organism was a Gram-negative coccus 
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Fig. 1. Electron micrograph of the newly isolated coccus grown in 
a synthetic medium containing ‘Tween 80’ as a sole source of car- 
bon for 6 hr. Shadowed with chromium. Flagella-like structures 
around the cell periphery were observed. The electron-trans- 
parent regions immediately inside the cell wall were observed 
only in the cells in the logarithmic growth phase; their nature 
and the mechanism of formation are now under investigation 


of 0-5-1-2u. in diameter, occurring singly, in pairs 
or in clumps. It was non-motile, but flagella-like 
structures were observed by electron microscopy 
(Fig. 1). Growth occurred well on nutrient agar, 
blood agar and especially well on “T'ween’-agar? under 
aerobic conditions, developing smooth, flat and greyish- 
white colonies. Sugar fermentation was very poor: 
glucose, arabinose, xylose and galactose gave slight 
acid formation only after long incubation (2—4 days). 
Simmons’s citrate test was positive; urease was 
negative. Nitrates were not reduced to nitrites ; 
catalase was positive; indole was not formed ; 
gelatin was not liquefied within 2-3 weeks. 

_ In general, taxonomic characteristics of this organ- 
ism resembles closely Neisseria catarrhalis (Frosch and 
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Fig. 2. Growth curves of a newly isolated coccus grown in 


synthetic media containing “Tween 80’ as sole source of carbon. 
The concentration of ‘Tween 80’ was varied from 0-08 to 0:8 per 
cent. The culture was shaken at about 55 strokes per min. at 87° C 
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Kolle) Holland’, but it differs in its habitats and 
some of its sugar fermentations. So this organism 
belongs to the Micrococcaceae rather than to the 

Neisseriaceae, but no description corresponding to 

this organism has been found in Bergey’s system’. 

I believe it is a new strain of Micrococcaceae, and 

propose the name Micrococcus tweenis for it. (The 

details of the taxonomic description will be presented 
elsewhere.) 

Fig. 2 shows the growth-curves of this organism 
grown in synthetic media? containing “Tween 80’ as a 
sole source of carbon. The higher the concentration 
of ‘Tween 80’ used, the more abundant was the 
growth ; and if no ‘Tween 80’ was added, no growth 
was observed. 

‘Tween 80’ (0:05-0°-8 per cent) stimulated the oxy- 
gen uptake of the cell suspension prepared from an 
18-hr. culture grown on “I‘ween’-agar medium. ‘The 
oxygen uptake was also stimulated vigorously by 
such long-chain higher fatty acids and substances 
related to the tricarboxylic acid cycle such as oleate, 
stearate, palmitate, acetate, succinate, malate, fuma- 
late, glutamate and aspartate, and to some extent 
by citrate and lactate. 

Details of investigations with this organism will 
be reported elsewhere. 

_ AZUMORI MINAMI 

Department of Bacteriology, 

Fukushima Medical College, 

Fukushima, Japan. 
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Polyploidy in Bluebells 


In my preliminary account! on polyploidy in 
bluebells (Endymion nonscriptus (L.) Garcke, and 
E. hispanicus (Mill) Chouard), I mentioned that some 
of the huge forms in gardens which I found to be 
triploids looked very much like the central one of 
Turrill’s coloured figures?. Owing to the absence of 
any caption on Turrill’s figures, I was led to take 
this huge central figure as the putative hybrid 
between the two species which Turrill mentions in 
his text. A few months after my publication, Turrill® 
explained his figures and pointed out that the central 
figure was E. hispanicus; he also suggested that 
since I did not examine his own material cytologically 
the material which I examined and found to be 
triploid might be different from his in ploidy. 

I therefore asked for some of his material of E. 
hispanicus, most of which on cytological examination 
I found to be triploid. Thus it seems there is little 
doubt but that the huge bluebell represented by the 
central figure of Turrill’s coloured figures is the 
triploid of E. hispanicus and not the ordinary (diploid) 
form. 

J. YANNEY WILsoNn* 

Botany School, 

Cambridge. 

* Present address: University College of Ghana, Achimota. 
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Micro-fungi in Pine Litter 


ALTHOUGH a certain amount of work has been 
carried out on the microbiological characteristics of 
horizons in podzol soils, there is as yet little relating 
to the subdivisions of the A, horizon. In any such 
work there are obvious advantages in studying litter 
derived from a single species. Plantations of Pinus 
sylvestris have the added advantage that slow decom- 
position of the litter leads to the accumulation of a 
considerable A, horizon readily divisible into distinct 
layers. The A, horizon of forest soils can be sub- 
divided in the following way: L layer, undecomposed 
litter; F layer, decomposing but still recognizable 
litter; H layer, amorphous humus. In cases of 
considerable accumulation the F layer may be further 
subdivided into F1, needles dark in colour, often still 
intact, and F2, needles greyish, fragmentary, 
compressed. 

Samples of the L, F1 and F2 layers of the A, 
horizon of the podzol at Delamere Forest, Cheshire, 
were selected by inspection and transported to the 
laboratory in separate, sterile containers. Preliminary 
work with the standard dilution plate technique 
proved unsatisfactory, and records of the fungi on 
the needles were made therefore by two methods : 
(1) direct observation of freshly sampled needles ; 
(2) observation of needles rigorously washed to 
remove surface-borne spores and maintained on a 
nutritive medium for two weeks. The type of result 
obtained is shown in Table 1. The abundance of the 
different fungi is expressed as the percentage of the 
total number of needles on which each fungus was 
observed. l 

Table 1 demonstrates both qualitative and quan- 
titative differences in the fungal populations of 
the three subhorizons investigated. Direct observa- 
tion showed maximal fungal activity to occur on 
needles of layer F1. Numerous fruiting structures of 
several fungi not represented on nutritive media were 
also seen in this layer. In layer L only Lophodermium 
pinastrt was regularly observed, but in layer F1 
three species other than Lophodermium occurred with 
very high frequency. Verticicladium trifidum has 
been recorded by Hughes’, but the Helicoma species 
will be described elsewhere as a new species, and 
isolate 1/6 will be described elsewhere as a new genus. 
The two new forms are darkly pigmented, and produce 
reticula on the needle surface from which the coni- 
diophores arise. Layer F2 showed mutilated remains 
of these fungi, a result of the activities of mites 
and other microfauna. Basidiomycete mycelium 
was, however, observed most frequently in this 
layer. 

The cultural method of isolation revealed several 
fungi not seen by direct observation. Certain of 
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these, that is, Antennularia, sterile dark isolate 3/10 
and Fusicoccum were seen to occur with decreasing 
frequency from layer L to layer F2, while there 
was a corresponding increase in the occurrence of 
Trichoderma and Penicillium species. Little indica- 
tion of this clear-cut succession was obtained by the 
use of the dilution plate technique. The above data 
are based on isolations carried out in March 1957, 
but comparable differences between the subhorizons 
have been recorded for all other months. 

I wish to express my thanks to Prof. A. Burges 
and Dr. D. Parkinson for their guidance during this 
work, which was carried out during the tenure of an 
Agricultural Research Council Research Studentship. 


W. B. KENDRICK 


Botany Department, 
University of Liverpool. 


1 Kubiena, W. L., “Lhe Soils of Europe” (London, 1953). 


2 Hughes, S. J., Mycological Papers, No. 43 (Commonwealth Myco- 
logical Institute, Kew, Surrey, 1951). 


Protogynous Hermaphroditism in Coris 
julis L. 


Coris julis L. and C. giofredi Risso have long been 
regarded as separate species, although Steindachner? 
claimed julis to be the male and giofredi the femalo 
individuals of the same species. In the Bay of Naples 
Lobianco? found mature male and female individuals 
both in C. julis and in C. giofredt and therefore 
rejected Steindachner’s hypothesis of sexual dimor- 
phism in Corts. 

Work on this subject was resumed in the summer 
of 1956 following reports of transformation of 
giofredi into julis individuals in the basins of the 
Leghorn Aquarium (Razzauti). As hermaphroditism 
has been shown to be widespread among teleosts’, 
researches were undertaken upon the hypothesis of 
the existence of false gonochorism* in Corts. 

Statistical and histological investigations were 
conducted on 329 samples taken during August 1956- 
January 1957 from populations living at a depth of 
between 8 m. and 30 m. in the vicinity of Leghorn. 

Typical, fully grown individuals in the julis livery 


‘have a mean length of 14-81 + 0-32 cm. and they 


are distinguished by a marked prominence of the 
first three rays of the dorsal fin and by a prominent 
tooth at the proximal end_of each upper jaw. Their 
colours are very bright: the dorsal region is blue- 
green, a long deep orange band runs from the oper- 
cular region to the tail and a short black strip extends 
under it from the attachment of the pectoral fin to 
a region below the eleventh dorsal ray. The sides of 
the ventral region are white or shaded with light blue. 


Table 1 
Ii I 
Layer L Layer F1 Layer F2 
Method Spp. recorded Frequency Spp. recorded Frequency Spp. recorded Frequency 
(per cent) (per cent) (per cent) 
Direct Lophodermium pinastri 35 Helicoma sp. 92 Basidiomycete mycelium 55 
~ observation Verticicladium trifidum 89 
Isolate 1/6 89 
Lophodermium pinastri 40 
Basidiomycete mycelium |- 12 
Washing and Antennularia spp. 75 Trichoderma viride 75 Trichoderma viride 100 
plating on Isolate 3/10 60 Antennularia spp. 40 Penicillium spp. - 45 
nutritive agar | Fusicoccum bacillare 35 Penicillium spp. 25 Antennularia spp. 5 
Trichoderma viride 85 Tsolate 3/10 . 10 


Fusicoccum bacillare 10 
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Fig. 1. Frequenoini of Coris individuals in the different liveries 
(above) and in male and female phase (below) at various lengths 
(in millimetres) 


Conspicuous black and red spots are evident between 
the first three rays of the dorsal fin. 

Individuals in the giofredi livery have a mean 
length of 9-29 + 0:57 cm. The above characters are 
missing, the dorsal region is brown and a golden 
band is visible on each side of the ventral region. 

Intermediate characters are found in individuals 
with a mean length of 12-76 + 0:10 em.: the first 
julis character which appears among smaller tran- 
sition individuals is a prominence of the first three 
dorsal rays, and the teeth at the ends of the upper 
jaws are the last character to be established in gulis 
individuals (Fig. 1, above). 

Gonads are reduced during the months from 
August to January and therefore individuals were 
sexed by histological methods. The examination of 
118 paired gonads showed that smaller specimens 
(mean length 10-14 + 0-22 em.) are females, bigger 
specimens (mean length 12-75 + 0:30 cm.) are 
males. A few big individuals in the giofredi livery 
(15-9 per cent) are nevertheless males. Transitional 
individuals are mostly (66-6 per cent) males (Fig. 1 
below). Thus the livery appears to be partly inde- 
pendent of sex-conditions. Only a few specimens 
showed signs of a preceding female phase (small and 
degenerating oocytes) in gonads where most germinal 
cells were beginning spermatogenesis. These indi- 
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viduals (which were clessified in the male phase) 
were either large sized giofredi, transition forms or 
small sized julis. Young individuals were all females 
and they showed the giofredz livery. 

No regional preference of male and female germ 
cells in the reversing gonad has been detected so far, 
and the developing male germ cells rapidly replace 


oocytes after their expulsion or degeneration. For 


this reason gonads appear generally in pure female 
or male conditions. 

Investigations are now being conducted with 
samples both from Leghorn and from the north- 
western coast of Sardinia in order to study the whole 
annual cycle and sex variation in Corts. Nevertheless 
the following conclusions can be drawn from the 
present results: (a) C. giofredi and C. julis are the 
younger and older individuals of a single protogynous 
hermaphrodite species (or intersexual species accord- 
ing to D’Ancona’s terminology) that must be named 
as Coris julis L. ; (b) since the sex change from female 
to male phase runs roughly parallel to the change of 
the livery, the female and the male phases in most 
individuals (but not in all of them) are represented. 
by the giofredi and the julis livery respectively ; 
(c) as a supposed ‘sex dimorphism’ is widespread. 
among members of the Labroid family, it may indicate 
the existence of false gonochorism among other 
species of the group. 

. G. Baccr* 

Istituto di Zoologia, 

Università di Sassari. 

' A. RAZZAUTI 
Acquario Comunale, ` 
Leghorn. 
Oct. 11. 

* Present address: Istituto di Zoologia, Université di Modena, 

1 Steindachner, F., Süz. K. Akad. Wiss. Wien, 57, 701 (1868). 
2Yoblanco, 8., Mitth. Zool. Stat. Neapel, 19, 513 (1909). 

3 D'Ancong, U., Experientia, 6, 381 (1949). 

‘Bacct, G., Pubbl. Staz. Zool. Napoli, 26, 110 (1955). 


Size Variation in Entamoeba histolytica 


Tom human bowel is inhabited by amoebe with 
the morphology of Entamoeba histolytica, but of 
differing mean size. The larger of these can be | 
tissue-invading pathogens or may, usually in a. 
smaller form, remain as a commensal in the bowel’. 
Further, there is considerable overlap in size rango, 
at least in the commensal form, with a still smaller. 
amoeba, of similar morphology which has variously- 
been known as E. hartmannit Prowazek, 1912; E. 
histolytica hartmanné Hoare, 1949; or as the small 
race of Æ. histolytica of Dobell, 1919. Of these views,, 
the latter two have been the most widely favoured, 
but the work of Burrows? has indicated that there. 
are morphological differences which suggest that the. 
small amoeba should be considered a distinct species. 
However, ‘there is, even on Burrows’s criteria, still 
overlap with the large form, certain features being: 
found sometimes in one and not in the other and 
vice versa. 

Recently, we encountered a stool in which there 
were, fairly obviously, two different sizes of amoebe,, 
both with histolytica morphology. In a culture, this 
difference continued over a period-of months. Fig. 1 
shows a histogram based on the diameters of 600 live. 
trophozoites from such cultures and shows a super- 
imposed normal distribution from the hypothetical 
mean (4:6 micrometer units—10 micrometer units = 
25-75u) and its standard deviation (1-89). The. 
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Size (micrometer units) 


Histogram of line Z based on the diameter of 600 live 
trophozoites with a superimposed normal curve based on the 
hypothetical mean and its standard deviation (10 micrometer 
units = 25°75) 


Fig. 1. 


bimodal curve actually found indicates that there 
were clearly two different types present. 

In the course of experimental work to be reported 
elsewhere on the isolation of amoebe from human 
liver abscesses, we noted that the size of these 
amoebe is apparently governed by the type of 
bacterial associate provided. Fig. 2 shows three 
frequency polygons showing the size of lineal descen- 
dants from the same specimen (L) of liver pus. 
£.68 (mean diameter 20-8u; standard deviation 
3:0) was isolated in culture with Clostridium welchii 
as associate ; L.M. (mean diameter 15-4; standard 
deviation 2-9) was isolated by the provision of a 
mixed flora M. The difference in size is significant, 
being more than three times its standard error 
(P < 0-001). When, however, these lines were 

mixed and cultured together the resultant curve was 
- unimodal (mean diameter 16-94; standard deviation 
2:3) and lay between the two parent curves, showing 
that the difference in size was due to environmental 
effects. 


` Frequency 





Size 


Fig. 2. Size-frequency polygons in lines 2.68 and L.M. and in 
' their combined culture L.M. and 2.68, which gives a unimodal 
curve 


Frequency 





Size 
Fig. 3. Size-frequency polygons in lines F and Z.M. and in their 


combined culture F and L.M., which gives a bimodal curve in- 
dicating that F and L.M. segregate 
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We therefore mixed amoebe which would be 
considered as ‘large’ and ‘small’ races. Fig. 3 shows 
the effect of culturing line F (mean diameter, 9:3 ; 
stendard deviation 2-1) with its full associated flora, 
with line L.M. (mean diameter, 15-44; standard 
deviation 2-9), originating from the liver, but asso- 


` ciated with a stool flora M. The mixture shows a 


significantly bimodal curve similar to that found 
with Z. An apparently commensal large line B 
(mean diameter, 19-24 ; standard deviation 3-1) when 
mixed with F also gave a bimodal curve. 

It would thus appear that, although size can be 
varied by changing the bacterial associate of a line 
of ‘large’ E. histolytica; the ‘small’ race is genetically 
different and is distinguishable from the large when 
the two are cultured together in a single test-tube. 
This phenomenon is analogous to reproductive 
isolation in sexually reproducing organisms, a valid 
criterion for specific separation. This would suggest 
that the small amoeba with histolytica morphology 
occurring in human stools, and hitherto known asg 
‘small race’ or FÆ. histolytica hartmanni, should be a 
separate species, Entamoeba hartmanni Prowazek, 
1912 l 


3 L. FREEDMAN 
R. Exspon-Drew 


Amoebiasis Research Unit, 
P.O. Box 1035, 
Durban, 

South Africa. 


1 Hoare, C. A., Hap. Parasit., 1, 411 (1952). ` 
? Burrows, R. B., Amer. J. Hyg., 65, 172 (1957). 


Lapse-time Motion Picture Studies of 
Soil-burrowing Insects 


DuRINnG the past few years, studies of the moye- 
ments of soil-burrowing insects have been made 
using radioactively tagged insects!. Originally, the 
method involved finding the position of maximum 
response of a manually operated portable Geiger 
tube and ratemeter, but later a machine was developed 
which would record automatically the movement of 
a radioactively tagged insect such as a wireworm:?. 
The sensing element in this machine was a thyrode 
tube (Victoreen 1B 85), rotated about a vertical axis 
at the end of a fixed arm. Translatory movements 
of the axis of Geiger revolution were recorded on an 
operating surface by a stylus. 

The possibility of using this machine for obtaining 
motion-picture studies of insect movements has been 
investigated. In effect, the wireworm, by means of 
the tag and the machine, was provided with a pencil. 
The movements of the pencil and machine were 
photographed, using lapse-time technique to give a 
speeded-up picture of the worm movements. 

A wireworm was tagged and liberated in a tray of 
soil placed on the floor. A table was placed over the 
tray and the machine set on the table. A sheet of 
glass was placed over the machine. A piece of grease 
pencil was attached to the machine on the Geiger 
axis and held in contact with the under-surface of 
the glass by a spring. The path taken by the wire- 
worm was thus traced on the lower side of the glass 
sheet (Fig. 1). 

A. 16-mm. ciné camera was mounted above the 
machine so as to view it through the glass sheet. 
The camera was equipped for solenoid-controlled 
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Fig. 1. Equipment used for lapse-time pictures. C, camera; L, 

lights: G, glass sheet; P, wri ing stylus; U, tracking unit; 

T, table ; S, tray of Boll: F, plastic moisture seal; W, tagged 
wireworm ; A, clock; E, camera timing unit 


single-frame exposures. The solenoid was operated 
by a clock-controlled microswitch mounted on the 
tracking unit. The exposure interval chosen was 
30 sec. and pictures were taken over a 3-hr. period. 
The result was essentially a speeded up ciné film of 
the wireworm’s movement in a period of 3 hr. (Fig. 2). 
The particular wireworm involved travelled at the 
rather high speed of 23 in./hr. As it turned out, the 
whole operation was rather abbreviated and the 
exposure interval chosen was too long. However, 
the short film obtained serves to demonstrate the 
value of the technique. 


ve 


CAL 


Fig. 2. Copy of the final trace obtained in lapse-time test. 

Figures give the time in hr. after the worm was introduced. 

The part of the trace indicated by a broken line was outside 

the fleld of view of the camera for a short time. Soil layer 
15 in. x 22in. x Lin. 


We are grateful to the Dominion Department of 
Agriculture, Division of Entomology, for generous 
financial assistance. 

B. ©. GREEN 
J. W. T. SPINES 


Department of Chemistry, 
University of Saskatchewan, 
Saskatoon, Saskatchewan. 
Sept. 23. 


1 Fuller, R. A., Spinks, J. W. T., Arnason, A. P., and MacDonald, A., 
81st Annual Rep. Ent. Soc. Ontario, 7 (1950). j 

2 Qreen, B. C., and Spinks, J. W. 'T., Can. J. Tech., 33, 807 (1955). 
Scott Russell, R., and Middleton, L. J., “Progress in Nuclear 
Energy”, 6, Biological Sciences, 78 (Pergamon Press, 1956). 
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An Assemblage of Arthropod Remains 
from a}Roman Occupation Site at 
St. Albans 


Tw the course of an excavation of a Roman occupa- 
tion site at St. Albans, Hertfordshire, in 1955, a ditch 
was discovered which had been partly filled in, during 
the first century A.D., with a large quantity of organic 
material. Among this mass, bracken, grass, moss, 
leaves, twigs, seeds, etc., could still be recognized, 
and at one point it reached a depth of 7 ft. At 
least one wooden building had been erected on top 
of this; but when it had fallen into disuse the site 


had been levelled off by dumping clay and earth on 


it to a depth of about one foot. Afterwards a suc- 
cession of substantial stone houses had been built, 
between the first and fourth centuries A.D., forming 
a succession of strata about 8 feet thick, which 
sealed this ditch-filling in an undisturbed state until 


-the present time. 


Among the organic material in this deposit there 
was found a colony of living earthworms (Lophila 
oculata Hoff.) which may have persisted there since 
Roman times, and another interesting find was the 
large number of insect and other arthropod remains 
in quite a good state of preservation. Of about 60 
specimens recovered, 40 could be identified at least 
+o the family, and many to the genus, and, tentatively, 


to the species. The following is a shortened list of 
the specimens, identified as nearly as possible : 


Insecta 
Dermaptera : Labia minor L. (many specimens) 
Lepidoptera : Arctia caja L. (puparium) 
Coleoptera 

Carabidae : 
Clivina fossor L. 
Nebria brevicollis F. (several specimens) 
Feronia madidus F. 
Hydrophilidae : 

Megasternum obscurum Marsh. 
Beane : A ys 
ister spp. È s 

Onthophihis striatus Forst a S GA 
Abraeus granulum Er. v 

Staphylinidae : 
Staphylinus sp. 
Homatota sp. 


Monoto 
Tenebrionidae : 

Tenebrio (cf. obscurus F.) 

Hymenoptera: Fragments of an ant 
Acarina 

Fuscuropoda marginata Koch. 
Tectocepheus velatus Mich, and George. 
Gupta nitens Koch. 
Scheloribates laevigatus Koch. 


Fine structures such as setæ, wing scales of Lepi- 
doptera, and tracheæ were well preserved, and 
although pigmentary colours had either blackened 
or faded, structural colours were as bright as ever. 
The ditch contents presented a very moist and 
strongly reducing environment, as shown by the 
presence of quantities of vivianite (a hydrated ferrous 
phosphate), and such conditions may be important 
for the preservation of chitinous arthropod parts. 

The layer of clay and earth which had been dumped 
on top of the deposit had trapped an ecological 
assemblage of insects, etc., from which conclusions 
about the nature of the deposit may be drawn. First 
of all, it represents what one would expect to encoun- 
ter in a refuse heap, with incidental species entering 
by chance from neighbouring grassland habitats. 
Insect remains were found at all levels in the deposit, 
although they were most plentiful in the upper part. 
This suggests that the deposit was accumulated 
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during a fairly short period of time, a few years at 
the most, as the arthropod cuticle does not with- 
stand prolonged weathering. 

The species found in the lower levels suggest the 
presence of rotting vegetation ; but at the top large 
numbers of puparie of Lucilia and Calliphora (the 
bluebottle and greenbottle flies) indicated the presence 
of carrion and dung. It is interesting to note that 
the layer of clay which sealed the whole deposit was 
probably dumped on a day in late summer. The 
assemblage of species trapped immediately under it 
would suggest this, and also, although most of the 
fly puparia were vacated, a few clusters still contained 
remains of the immature flies. 

For the identification of the specimens I am 
indebted to Mr. J. Balfour-Browne, and Dr. Owen 
Evans of the British Museum (Natural History), and 
Prof. F. E. Zeuner of the Institute of Archzology, 
University of London. I must also thank Mr. John 


Lunn of the Verulamium Museum for making the ` 


material available to me. 


P. L. BRADLEY 
69 Manor Road, 
Barnet, Herts. 


1 Dobson, R. M., and Satchell, J. E., Nature, 177, 796 (1956). 


A Case of Limitation of Phenotypic 
Variation 


JINKS! suggests that where phenotypic variation 
is caused by a cytoplasmic system, the range of 
phenotypic expression attainable by the system 
would have quite definite limits imposed by the 
system itself (cytoplasmic limits) or, by the non- 
viability of phenotypes lying outside these limits 
(physiological limits). Cytoplasmic limits would 
result where further changes in cytoplasmic content 
are impossible, as when all cytoplasmic elements 
involved in the change are lost. Physiological limits 
would result where although more extreme changes 
in the cytoplasm are possible they would lead only 
to non-viable phenotypes. Jinks’s results suggested 
a physiological basis to limits of variation obtained 
in Aspergillus glaucus. 

Results from Neurospora crassa provide an example 
of a physiological limit to what appears to be cyto- 
plasmically determined variation in the expression of 
a certain genotype. This genotype, which differs 
from the wild type by at least two genes, can show 
two different extremes of expression. At one extreme 
the culture forms no protoperithecia and instead 
produces many discrete areas of dark brown pigment 
(bk phenotype), while at the other extreme there is 
no sign of the dark pigment and weakly developed 
protoperithecia, which may be functional, are 
produced in limited parts of the culture (S phenotype). 
Stages intermediate between these two are formed. 
Cultures initiated from ascospores can show any stage 
in the range of phenotypes ; but subcultures derived 
from them almost invariably show intermediate or 
S phenotypes only. The bk phenotype can be induced 
to appear, or reappear in subcultures by certain 
treatment, when its appearance, and later dis- 
appearance after the treatment are typical of the 
behaviour of a dauermodification. This and other 
evidence suggest that the phenotypic range results 
from the interaction of the genotype with varying 
cytoplasmic states or conditions. Prolonged con- 
tinuation of the treatment used for inducing the 


NATURE 


February 8, 1958 vou. 181 


appearance of phenotype bk intensified formation 
of the brown pigment and was accompanied by a 
reduced growth rate and decreased viability. It 
appears that the induced cytoplasmic state led to the 
production of an abnormal phenotype, and that 
increase of the cytoplasmic state was limited by its 
causing an increasingly abnormal phenotype that 
led to the death of the cultures. In other words, 
there was a physiological limit to the extent to which 
ae cytoplasmic state could be produced or selected 
or. 

This view is supported by the results of a number 
of crosses involving these mutant strains. The 
crosses were first made after both strains had been 
subjected to the treatment leading to induction of 
phenotype bk and again seven months later with the 
same strains, but from stocks which had never been 
subjected to the induction treatment. At both times 
crossing was carried out by simultaneous inocula- 
tions of parent strains in the crossing tubes. There 
was a marked difference in the results obtained from 
the two sets of crosses, and these are illustrated in 
Table 1 with data from a typical cross. 


Table 1. ASOUS TYPES PRODUCED BY CROSS 3-1 A x 5-7 a 


Ascus types No. of asci 


First crossing bk 
bk 
bk 


Second crossing 





L, Wild type protoperithecia; bk, bk phenotype ; S, intermediate 
and S phenotypes; —, non-viable ascospore. 

The cross was such that a 1:1 segregation of wild 
type to mutant would be expected. The mutant 
segregants in the progeny from the first crossing all 
had a strongly expressed bk phenotype, and 50 per 
cent of the mutant ascospores were non-viable. In 
the progeny from the second crossing 87:5 per cent 
of the mutant segregants showed an intermediate or 
S phenotype, while the remaining 12:5 per cent 
showed phenotype bk. There were no non-viable 
ascospores. 

In all the crosses strong expression of phenotype 
bk was associated with high ascospore non-viability, 
while expression of phenotype S was associated with 
low ascospore non-viability. It appears that in the 
first series of crosses the cytoplasmic state of the 
progeny was such as to produce the extreme bk 
phenotype, and that in many of the ascospores this 
cytoplasmic state was intensified to beyond the limit 
of phenotypic viability. In the progeny of the second 
series of crosses a more normal cytoplasmic state 
existed and led to a considerable amount of proto- 
perithecial formation in the mutant segregates, and 
complete ascospore viability. 

This work was carried out largely at the Department 
of Genetics, University of Adelaide, while I held a 
New Zealand National Research Fellowship. 

P. H. FrrzGeRaLp 
Crop Research Division, 
Department of Scientific and 
Industrial Research, 
Private Bag, 
Christchurch, New Zealand. 


1 Jinks, J. L., Proc. Roy. Soc., B, 146, 527 (1957). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, February 10 


BRITISH SOCIETY FOR THE HISTORY OF SOIENCE, PHILOSOPHY OF 
SCIENCE GROUP (in the Joint Staff Common Room, University College, 
Gower Street, London, W.C.1), at 5.30 p.m.—Prof. M. Ginsberg: 
«Evolution, Development, Progress”. 


INSTITUTION OF ELECTRIOAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 p.m.—Discussion on “The Herbert Report and the 
1957 Act”, opened by Mr. E. R. Wilkinson. 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at Norwood 
Technical College, Knight’s Hill, West Norwood, London, 8.4.27), 
at 7 p.m.—Dr. J. Green: “Recent Advances in the Chemistry and 
Function of the Vitamins”. 


Monday, February 10—Saturday, February 15 


DEPARTMENT OF SOIENTIFIC AND INDUSTRIAL RESEARCH (at the 
Institution of Civil Engineers, Great George Street, London, .W.1), 
at 10 a.m. daily—Exhibition—‘Road Research in the Colonies”. 


Tuesday, February || 


INSTITUTION OF CIVI: ENGINEERS (at Great George Street, London, 
S.W.1), at 5.30 p.m.—Mr. A. R. Collins and Mr. D. R. Sharp: “Design 
and Construction of Concrete Roads Overseas”. 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SEOTION (at the 
Royal Society of Tropical Medicine and Hygiene, 26 Portland Place, 
London, W.1), at 5.30 p.m.—Mr. J. Mann: “Moulding”. 7 pm 
Mr. B. Ellis and Mr. G. N. Welding: “Characteristics of Accelerate 
Sulphur Vulcanization of Natural Rubber”. 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meet- 
ing with the SIR JOHN Cass COLLEGE CHEMICAL SOCIETY, at the Sir 
John Cass College, Jewry Street, London, Be at 6.30 p.m.—Prof. 
C. K. Ingold, F.R.S.: “An Organic-Chemica Contribution to the 
Inorganic Chemistry of Nitrous Acid”. 


Wednesday, February 12 


ROYAL SOoleTy oF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.80 p.m.—Sir Gavin de Beer, F.R.S.: “The Inhabitants 
of Switzerland”. 


UNIVERSITY OF LONDON (at Guy’s Hospital Medical School, Ste 
Thomas’s Street, London, S.B.1), at 6 p.m.—Prof. C. D. Waddington, 


F.R.S.: “Evolutionary Adaptation to Environmental Stress’’.* 


GEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—General Meeting. 


BEDFORD COLLEGE (at Regent’s Park, London, N.W.1), at 5.15 p.m. 
—Dr. D. M. MacKay: “The Brain as an Information System’’.* 


INSTITUTH OF PHYSICS, EDUCATION GROUP (at 47 Belgrave Square, 
London, 8.W.1), at 5.30 p.m.—Discussion on “The Graduateship 
Examination’. Speakers: Prof. J. G. Wilson, Mr. A. B. De Barr 
Prof. M. R. Gavin, Mr. J. Yarwood and Mr. N. Clarke. 


CEMENT AND CONORETE ASSOCIATION (at the Institution of Struc- 
tural Engineers, 11 Upper Belgrave Street, London, 8.W.1), at 6 p.m. 
—Dr. S. Champion: “Grouted Concrete Construction”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at the Central Hall, West- 
minster, London, 9.W.1), at 6 p.m.—Mr. R. Ledger : “The Electrifica- 
tion of Railways" (Faraday Lecture prepared by the late Mr. G. H. 

etcher). 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL, 
(at 14 Belgrave Square, London, 8.W.1), at 6.15 p.m.—Third Mean 
on “Some Nutritional and Allied Problems Confronting the Foo 
Manufacturer”. Dr.C. G. Sumner and Dr. F. Aylward: “Emulsifying 
and Dispersing Agents”. 


BRITISH ASSOCIATION OF CHEMISTS, LONDON SECTION (at the Well- 
come Building, 183 Euston Road, London, N.1), at 7 p.m.—Assistant 
Divisional Officer Dennett (London Fire Brigade): “Fire Prevention”, 


RADAR ASSOCIATION (in the Anatomy Theatre, University College, 
Gower Street, London, W.C.1), at 7.30 p.m.—Sir Robert Watson 
Watt, F.R.S.: “The Early Days of Radar”. 


SOCIETY FOR VISITING SOLENTISTS (af 5 Old Burlington Street, 
London, W.1), at 7.30 p.m.—Discussion Meeting on ‘‘Science in General 
Education’, Speakers: Dr. A. W. Barton, Mr. Richard Fort, M.P., 
and Sir Frank Ewart Smith, F.R.S. 


BRITISH PSYCHOLOGICAL SOCIETY, SOCIAL PSYCHOLOGY SECTION 
(at Birkbeck College, Malet Street, London, W.C.1), at 8 p.m.— 
Papers on “Recent Developments in Advertising”. Dr. Donald Melvon : 
ie itd rer Research”; Dr. N. F. Dixon: “Sub-threshold Ad- 
vertising”’. 


Thursday, February {3 


ROYAL Socrery (at Burlington House, Piccadilly 
at 4.30 T B. C. Abbott, Dr. A. V. Hill 
Howarth: “The Positive and Ne 
with a Nerve Impulse”. 


UNIVERSITY COLLEGE, LONDON (in the Physiology Theatre, Gower 
Street, London, W.0.1), at 5 p.m.—Dr. H. F. © “The Nucleic 


London, we 
F.R.S., and Mr. J. V, 
gative Heat Production Associated 


; . F. O. Crick: 
Acids”.* (Further Lectures on February 20 and 27.) 


UNIVERSITY OF LONDON (in the Hatton Lecture Theatre, Queen 
Mary College, Mile End Boad, London, E.l), at 5.30 p.m.—Prof. 
M. W. Humphrey Davies: “Electrical Engineering in the Future” 
(Inaugural Lecture).* 
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ROYAL AERONAUTIOAL SOCIETY (at the Institution of Mechanical 
Engineers, Birdcage Walk, Westminster, London, oo E at 6 pa 
Mr. H. L. Cox: “The Application of the Theory of Stability In 
Structural Design’. 

SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (in the 
Department of Botany, Imperial College, London, S.W.7), at 6.30 p.m. 
—Meeting on “The Enzymic Degradation of Carbohydrates”. 


CHEMICAL SoorEty (in the Large Chemistry Lecture Theatre, Imperial 
College of Science and Technology, South Kensington, London, 8.W.7), 
at 7.30 p.m.—Prof. B. Lythgoe : “Some Recent Advances in the Chem- 
istry of the Vitamins D” (Tilden Lecture). 


Friday, February 14 


INSTITUTE OF PHYS810S, NON-DESTRUCTIVE TESTING GROUP (at 47 
Belgrave Square, London, 8.W.1), at 6 p.m.—Mr. E. L. Ripley: 


“The Analysis of Wreckage in Aircraft ecident Investigation”. 


ANTIQUARIAN HoROLOGIOAL SOOIETY (at the Sclencé Museum, 
South Kensington, London, 8.W.7), at 7 p.m.—Mr. W. J. Gazeley : 
“Clock Escapements”. 


SOGIETY oF CHEMICAL INDUSTRY, FINE CHEMIOALS GROUP (in the 
Chemistry Lecture Theatre, King’s College, Strand, London, W.C.2), 
a a ee F. W. Thomas: “Fine Chemicals in the Textile 

ndustry”. 


BRITISH GLACIOLOGIOAL SOCIETY (in the Geology Department, The 
University, Oxford), at 8.80 p.m.—Mr. W. H. Ward: “Glaciology 
and Mountaineering”. 


BOYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Prof. J. Z. Young, F.R.S.: “The Structure of Cells”. 


Saturday, February 15 . ` 


BIOCHEMICAL SOCIETY (in the Beveridge Hall of the Senate House, 
eres of London, W.C.1), at 10.30 a.m.—Symposium on “Gluta- 
one”. 


BRITISH PSYCHOLOGICAL SoorerTY (in the Gustave Tuck Theatre, 
University College, Gower Street, London, W.C.1), at 2.30 p.m.— 
Dr. Desmond Morris: “An Analysis of Paintings and Drawings by 
Chimpanzees”. 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT SEORETARY (graduate of a British university, preferably 
in science or engineering, with some experience of industry) to the 
UNIVERSITY APPOINTMENTS Boarp—tThe Registrar, The University, 
Liverpool (February 15). 

PHYSICIST, Senior grade (with an honours degree in physics and 
previous experience in hospital physics, preferably in the application 
of radioisotopes to clinical problems), IN THE ISOTOPE LABORATORIES 
—The Personnel Officer, St. Thomas's Hospital, London, S.E.1 
(February 15). 

LECTURER (Grade I or IT) IN APPLIED MATHEMATIOS—The Registrar, 
The University, Bristol 8 (February 21). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF AERO- 
NAUTICAL ENGINEERING—The Secretary and Registrar, The Univer- 
sity, Southampton (February 22). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF ZOO- 
LoGy-—The Secretary and Registrar, The University, Southampton 
(February 22). 

LECTURER (preferably with experience with electrical machines 
and an interest in physical phenomena in machines) IN THE DEPART- 
MENT OF ELECTRIOAL ENGINEERING—Prof, A. Tustin, Electrical 
puemegns Department, Imperial College, London, 8.W.7 (February 


). 

SoreNTIFIO OFFICER (with an honours degree in zoology) IN THE 
NEMATOLOGY DEPARTMENT—The Secretary, Rothamsted Experi- 
mental Station, Harpenden, Herts (February 22). 

SENIOR LECTURERS or LECTURERS (2) IN PHYSICS at the University 
of Melbourne, Australia—The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, February 28). 

CHAIRS OF PHILOSOPHY, BIOCHEMISTRY, PHARMACOLOGY, AGRI- 
CULTURE and MECHANICAL ENGINEERING in the University of Ceylon 
—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Ceylon, March 1). 

LECTURERS or ASSISTANT LECTURERS (2) IN THE DEPARTMENT OF 
poe Secretary and Registrar, The University, Southampton 

are : 

TUTORIAL RESHAROH STUDENT IN MATHEMATIOS (PURE OR APPLIED) 
eae Royal Holloway College, Englefield Green, Surrey 

arc : 

FARM DEMONSTRATOR (with a degree in agriculture or an honours 
degree in pure science followed by an adequate postgraduate qualifica- 
tion in agriculture, and preferably with some training in field experi- 
mentation), for duties which will include farm classes on the Univer- 
sity Farm to undergraduate and postgraduate students—The Secre- 
tary, School of Agriculture, The University, Cambridge (March 5). 

LROTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF PHILO- 
A a Secretary and Registrar, The University, Southampton 

arc J 

LEOTURER (with appropriate qualifications in chemistry, and pre- 
ferably a working knowledge of geology and mineralogy) IN GEOLOGY 
(GEOCHEBISTRY)—The Secretary, The University, Edinburgh (March 


LECTURER IN GEOLOGY at the University College of Ghana—The 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W.C.1 (March 10). 


438 


LECTURER IN PHYSIOLOGY—The Secretary, The Queen’s Universit 
Belfast (March 15), F a 

RESEARCH ASSISTANTS (2) (with research experience) IN THE DE- 
PARTMENT OF THEORETICAL PHyYsics, for special research in funda- 
mental particle and nuclear physics—The Registrar, The University, 
Liverpool (March 15). 

LECTURER IN TROHNICAL MATHEMATICS—The Secretary, The 
University, Edinburgh (March 28). 

LECTURER IN AROHMOLOGY; ASSISTANT LEOTURER IN SoolaL 
ANTHROPOLOGY and a DEMONSTRATOR IN PHYSICAL ANTHROPOLOGY— 
The e parcel y Of the Appointments Committee, Faculty of Archmol- 
(Moreh Bis opology, The University, Downing Street, Cambridge 

a ; 

LECTURER or ASSISTANT LROTURER IN THE DEPARTMENT OF 
ELEOTRONICS—The Secretary and Registrar, The University, South- 
ampton (March 31). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEMISTRY 
PHYSICS, ENGINEERING, PHARMACY, CHEMOTHERAPY and related 
subjects—The Secretary, Academic Council, Queen’s University, 
Belfast (April 1). 

PROFESSOR AND HEAD OF THE DEPARTMENT OF DAIRYING—The 
Dean, Faculty of Agriculture, University of Alberta, Edmonton, 
Alberta, Canada (April ae 

IMPERIAL CHEMIOAL DUSTRIES FELLOWS FOR RESEAROH IN 
PHYSICS, CHEMISTRY, COLLOID SOIENCH, BIOCHEMISTRY, ENGINEER- 
ING, METALLURGY, PHARMACOLOGY, CHEMOTHERAPY or related gub- 
jects—The Secretary-General of the Faculties, The Old Schools, The 
University, Cambridge (April 30). 

LEOTURER IN FUEL TECHNOLOGY AND CHEMICAL ENGINEERING— 
The Registrar, The University, Sheffield (May 1). 

EOTURER IN FOREST BoTaNy—The Secretary, The University, 
Edinburgh (May 15). 

AGRIOULTURAL EOONOMIST (with a university degree in agricultural 
economics, agriculture, or economics, and practical experience in the 
organization of the export of horticultural produce, local marketing, 
and distribution problems) to act as Marketing Adviser to the Maltese 
Government—The Director of Recruitment, Colonial Office, London, 
S.W.1, quoting BCD.63/19/04. 

ASSISTANT LECTURER IN PHYSICS—The Registrar, The University, 
Nottingham. 

BIOCHEMIST, Basie grade (with a science degree preferably with 
honours in biochemistry or chemistry)—The Secretary, Horton General 
Hospital, Banbury, Oxon. 

EXPERIMENTAL OFFICER (with a degree in chemistry or agricultural 
chemistry or equivalent gualifications) to carry out chemical analyses 
of soils and plants—The ecretary, Rothamsted Experimental Station 
Harpenden, Herts. 

FISHERIES OFFICER (with a university degree in biology with 
emphasis on zoology, and experience of fisheries work) in the N. orthern 
Region of Nigeria, to execute plans for the development of river 
fisheries, and the demonstration and organization of peasant fish 
culture—The Director of Recruitment, Colonial Office, London, &.W.1, 
quoting BCD.65/408/01. 

NATIONAL RESEAROH COUNCIL OF CANADA Post-DocToRAL FELLOWS 
IN THE DEPARTMENT OF CHEMISTRY—Dr. R. P. Graham, Chairman, 
Department of Chemistry, McMaster University, Hamilton, Canada. 
_ RESEARCH ASSISTANT (preferably graduate in chemistry, biochem- 
istry or physiology) IN THE DEPARTMENT OF PATHOLOGY, for work 
1n connexion with steroid investigation —Tho Clerk to the Governors, 
St. Bartholomew's Hospital, London, E.C.1, marking envelope 
“Research”, 

RESEARCH OFFICER Solus) with a university degree in geology or 

least two years postgraduate experience in 


Federation of Nigeria, to initiate and carry out investigations and 
studies of forest soils—The Director of Recruitment, Colonial Office, 
London, S.W.1, quoting BCD.61/14/07. ~ 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


j Great Britain and Ireland 


Scottish Home Department. Marine Research, No. 3 (1957): The 
Food and Feeding Habits of Laryal and Post-Larval Herring on the 
Northern North Sea. By Dr. R. N. Bhattacharyya. Pp. 15. (Edin- 
burgh and London: H.M. Stationery Office, 1957.) 7s. net. [1811 

British Broadcasting Corporation. B.B.C. Engineering Monograph 
No. 14: The B.B.C. Riverside Television Studios—Some Aspects of 
Technical Planning and Equipment. By H. C. Nic els and D. M. B. 
pean: Pp. 82. (London: British Broadcasting Corporation, 1957.) 


s [2011 
Full Automation of the Telephone System. Pp. 14. (Cmnd. 303.) 
(London: H.M. Stationery Office, 1957.) 9d. net. (2011 
Society for Freedom in Science. Occasional Pamphlet No. 17 
(November, 1957): Freedom in Research. By John R. Baker. Pp. 8. 
(Oxford: Dr. John R. Baker, Dept. of Zoology, University Museum, 
1957.) 1s. 8d. [2011 
Ministry of Pensions and National Insurance. Digest of Statistics 
Analysing Certificates on Incapacity, 1954/55. Pp. xxii+1 chart +76 


wee (London: Ministry of Pensions and National oe 
: 2 

The Registrar General’s Statistical Review of England and Wales 

for the year 1952. Supplement on Cancer. Pp. x +153. (London: 


H.M. Stationery Office, 1957.) 8s. 6d. net. 
The Survival of Animals in Hot Deserts. , y. 
(An Inaugural Lecture given in the University College of Rhodesia and 
Nyasaland.) Pp. 32. 

ás. net. . [2 
Planning, Vol. 23, No. 416 (25 November 1957): Plans for Oxrord’s 
tee $ pT P. 213-238. (London: Political and Economic Planning, 
.) Qs. 6d. 
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Royal Institute of Chemistry. Lectures, Monographs and Reports, 
1957. No.2: Cereal Carbohydrates. B i 
(London : Royal Institute of Chemistry, 1957.) 4s. net. 

European Brewery Convention. 


1956 Trials. Pp. 110. (London: Institute of Brewing, 1957.) [2511 


Other Countries 


University of Natal, Pietermaritzburg. Wattle Research Tnstitute 
(South African Wattle Growers’ Union : University of Natal; Union 
Department of Forestry). Report for 1956-1957 (Tenth Year). 
iP. 33. (Pietermaritzburg: Wattle Research Institute. University of 

atal, 1957.) [1811 

Bechuanaland Protectorate. Annual Report of the Geological 
Survey Department for the year ending 31st December, 1956. Pp. 30. 
(Lobatso: Geological Survey, 1957.) 2s. 6d. 1811 

Coalin South Africa. By Edna P. Plumstead. Pp. i1+25. (Johan- 
nesburg : Witwatersrand University Press, 1957.) 4s. (1811 

Twelfth Annual Report of The Council of the Queensland Institute 
of Medical Research. Pp. 18. (Brisbane: Queensland Institute ‘of 
Medical Research, 1957.) AA ht 

Hanunoo Agriculture: a Report on an Integral System of Shifting 
Cultivation in the Philippines. By Harold C. Conklin. (FAO Forestry 
Development Paper, No. 12.) Pp. xli+209+42 plates. (Rome: 
Food and Agriculture Organization of the United Nations; London: 
H.M. Stationery Office, 1957.) 10s.: 2 dollars. (2011 

Journal of Ultrastructure Research, Vol. 1, No. 1 (November, 1957). 
Pp. 108. Subscription rate: Vol. 1 (4 issues), 15 dollars. (New York: 
Academic Press, Inc., 1957.) {2011 

Indian National Scientifle Documentation Centre. Insdoc Report, 
1956-57. Pp. ii+21. (New Delhi: Indian National Scientific Docu- 
mentation Centre, National Phy; ical Laboratory of India,1957.) [2011 

New Zealand Forest Service. Annual Report of the Forest Rege1rch 
Institute for the year ending 31 March 1957. Pp. 76. (Wellington : 
Government Printer, 1957.) [2511 

University College, Ibadan. Calendar, 1957-58. Pp. 66. (Ibadan: 
University e oega, 1957.) : 2511 

New Zealand Forest Service. Annual Report of the Director of 
Forestry, 1 April 1956 to 31 March 1957. . 131. (Wellington: 
Government Printer, 1957.) 12511 

Indian Central Cotton Committee: Technological Laboratory. 
Technological Bulletin, Series A, No. 92: Technological Reports on 
Standard Indian Cottons. By Dr. R. L. N. Iyengar. Pp. ili+108. 
Rs. 2. Technological Bulletin, Series B, No. 54: The Moisture Rela- 
tions on Indian Cottons Under Normal Testing Conditions in a 
Laboratory. By Harirao Navkal. Pp. 13. (Bombay: Indian 
Central Cotton Committee, Technological are 1957.) [2611 

World Health Organization. Technical Report eries, No. 130: 
Juvenile Epilepsy—Report of a Study Group. Pp. 44. (Geneva: 
World Health Organization: London: H.M, Stationery Office, 
1957.) 1 Swiss franc; 1s. 9d.; 0.80 dollars. (2511 

Zoology Publications from Victoria University College Wellington, 
New Zealand. No. 21: Some Amphipoda, Isopoda and Tanaidacea 
from Cook Strait. By D. E. Hurley. Pp. 20. (Wellington: Victoria 
University College, 1957.) {2511 

Buletinul Institutulut Politehnic din Iasi. Serie Nova, Tomul IT 
(VI), Fasc. 3-4. Pp. viiit+640. (Iasi: Institutului Politehnic din 
Iasi, 1956.) [2511 

Organization for European Economic Co-operation. Agricultural 
Policies in Europe and North America: Price and Income Policies. 
(Second Report of the Ministerial Committee for Agriculture and 
Food.) Pp. 439. (Paris: Organization for European Economic 
Co-operation; London: H.M. Stationery Office, 1957.) 1,400 French 
francs; 28s.; 4.50 dollars. [2511 

Kungl, Lantbrukshdgskolans Annaler, Vol. 23, 1957. (Annals 
of the Royal Agricultural College of Sweden.) Pp. vi+529. (Uppsala: 
Kungl. Lantbrulsahégskolans, 1957.) 20 Swedish kronor. — [2511 

Organization for European Economic Co-operation. Fatis Review 
Supplement: Agricultural Education, 1 (Up to University Level). 
Pp. 68. (Paris: Division for Productivity in Food and Agriculture of 
the European Productivity Agency, O.E.E.C.; London: H.M. 
Stationery Office, 1957.) 250 French francs; 58.; 1 dollar, [2511 

Federation of Nigeria. Annual Report of the Geological Survey 
Department for the year 1956-57. Pp. 15. (Lagos: Government 
Printer, 1957.) 9d, net. , [2511 

Archives de l'Institut de Paléontologie Humaine, Paris. Mémoire 
28: La Grotte de Fontéchevade. Premiere Partie: ore 
Fouilles, Stratigraphie, Archéologie. Par G. Henri-Martin. i 
288 +10 planches. (Paris: Masson et Cie., 1957.) [2511 

British Honduras. Annual Report of the Forest Department for the 
year 1956. Pp. 29. (Belize: Forest Department, 1957.) [2511 

United States Naval Observatory. Circular No. 81 (October 3, 
1957): Positions, Areas, and Counts of Sunspots, March, 1957. By 
Winifred Sawtell Cameron. Pp. 8. (Washington, D.C.: U.S. Naval 
Observatory, 1957.) {2511 
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Acridan (9,10-dihydroacridine) 
2-Aminochrysene 42 
Anthanthrene (m.p.265° C.) (10 mgm. amps) 20 
Anthanthrone 69 
[1,2-2’,1’]-Anthracenoanthracene 

(m.p.400° C.) (10 mgm. amps) i 


1,1’-Azonaphthalene 

2,2’-Azonaphthalene 25 
Azulene 42 
2, 3 Beroia (95%) 30 
1 '12-Benzperylene (10 mgm. amps) 25 
3-Chloropyrene (m.p.118° C.) 65 
Coronene 36 


3,4-9,10-Dibenzpyrene (m.p.280° C.) 
carcinogenic 10 mgm. amps 15 
9,10-Dihydroanthracene (m.p.110° C.) 12 
9,10-Diphenylanthracene (m.p.248-250° C.) 33 
isoDurene 145 


Hexahydrocarbazole 17 
1,2,3,6,7,8-Hexahydropyrene 12 
unsym-Hexahydropyrene 9 
sym-Octahydroanthracene 15 
Octahydrophenanthrene (octanthrene) 68 
Pentacene 38 
2-Phenylanthracene (m.p.216° C.) 23 
Picene 16 
Tetrahydroacenaphthene (tetraphthene) 11 
1,2,3,4-Tetrahydro carbazole 25 
I ,2,6,7-Tetrahydropyrene 7 
Tetrophane 35 


rood OanZtDUOPUDUOUr aar yaJ Mee 


Violanthrene (m.p.500° C.)(10 mgm. amps) 22 


Unusual organic chemicals— 
from LIGHTS, of course 


L. LIGHT & CO. LTD., POYLE 
Colnbrook, Bucks, England 


Retirement Annuities 


(Finance Act, 1956) 


The “Old Equitable’s” new participating 
plan gives the policy holder freedom to 
decide each year how much, within the 
terms of the Act, he will contribute as a 
premium. The Society pays no commis- 
sion and therefore quotes exceptionally 
favourable terms. 


Enquire for details 


The Equitable Life 


Assurance Society 
(founded 1762) 
19, Coleman Street, London, E.C.2 








CHEMISTRY of the STEROIDS 


By C. W. SHOPPEE, D.Phil., D.Sc., F.R.S. 
` University of Sydney 


This volume sets out to portray concisely the present 
state of knowledge of the chemistry of the steroids, the 
widely occurring group of natural products possessing the 
tetracyclic cyclopentenophenanthrene carbon skeleton. 


The structural investigation of the sterols and the bile 
acids is accordingly given only in brief outline, but the 
later structural investigations dealing with the steroid 
hormones, the cardiac glycosides and aglycones, and the 
sapogenins are presented in full; steroid stereochemistry, 
partial syntheses, and total syntheses are also described in 
some detail. 

An attempt has been made to cover the literature up to 
the end of 1955, and to include a few of the more im- 
portant papers appearing in 1956. 


Price 50s. 


NATURALLY OCCURRING 
QUINONES 


By R. H. THOMSON, D.Sc., Ph.D., F.R.LC. 
University of Aberdeen 


This book presents, for the first time, a comprehensive 
account of the quinone pigments which form the largest 
group of natural colouring matters. 


The quinones are considered mainly from a chemical 
stand-point with emphasis on their actions and constitu- 
tion, and, with biologists in mind, the data on natural 
sources have been carefully compiled. The literature is 
completely covered up to the end of 1956, and there are 
many references to papers published in 1957. 


Price 50s. 


DYNAMICS 


By C. E. EASTHOPE, M.Sc., Ph.D. 
University College of Wales, Aberystwyth 


This textbook is intended for second- and third-year 
students reading for a University Honours course. It will 
serve aS a useful introduction to the vectorial study of the 
motion of a particle and of a rigid body when developed 
from first principles and when treated vectorially. 


Since tensors are not so vital to the study of three 
dimensional dynamics as are vectors, they have been 
omitted ; the theory of moments of inertia and that of 
Euler’s equations are thus treated, in the main, by the 
traditional methods. 


February, 1958. Price 42s. 


MECHANICAL RESOLUTION 
of LINGUISTIC PROBLEMS 


By A. D. BOOTH, D.Sc., L. BRANDWOOD, 
B.A., and J. P. CLEAVE, Ph.D., B.Sc. 


The present book contains an account of some of the 
results which have been obtained by Dr. Booth and his 
colleagues at Birkbeck College Computational Labora- 
tory on the application of digital calculators to linguistic 
problems. It is a record of the actual details of the trans- 
lating techniques achieved with the APEXC computer. 


No reference has been made to detailed programming, 
as a full account may be gained from the companion 
volume to this book, PROGRAMMING FOR AN 
AUTOMATIC DIGITAL CALCULATOR by K. H. V 
Booth, scheduled for publication in March, 1958. 


February, 1958, Price 50s, 


BUTTERWORTHS 


o SCIENTIFIC PUBLICATIONS 
e e 88 Kingsway, London, W.C.2 e 
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LECTURES AND COURSES 


MIDDLESEX COUNTY COUNCIL 


EDUCATION COMMITTEE 


BRUNEL COLLEGE OF TECHNOLOGY 
WOODLANDS AVENUE, ACTON, W.3 
DEPARTMENT OF CHEMISTRY 
(BIOLOGY DIVISION) 

A short full-time course on ‘* Food Micro- 
biology ” will be held in the Department during 
the week commencing Monday, March 3 to 
Friday, March 7, 1958. The course is designed 
for scientific staff engaged in the food industries 
who require some training and experience in the 
field of food microbiology. The course will in- 
clude food poisoning and spoilage organisms ; 
laboratory organization and method; use of 
statistical and mathematical methods; plant sani- 
tation and the food hygiene regulations. Fee: £4. 

Further particulars can be obtained from the 


Principal. 
C. E. GURR, M.Sc., Ph.D., 
Secretary to the Education Committee. 


UNIVERSITY OF BIRMINGHAM 
POSTGRADUATE COURSE IN FOUNDRY 
SCIENCE AND ENGINEERING 

A course of Postgraduate Training in Foundry 
Science and Engineering begins in the Department 
of Industrial Metallurgy on October 6, 1958, and 
will be completed in three terms. The course is 
open to men holding degrees or equivalent quali- 
fications in metallurgy, physics, chemistry or en- 
gineering and it will lead to a Diploma or to a 
M.Sc. degree. The inclusive fee for the course is 
£81 and in suitable cases maintenance allowances 
may be given. 

Full particulars may be obtained from the 
Reeistrar, The University, Birmingham, 15. 
a A IRS LN ER ES EE 2 

UNIVERSITY OF LONDON: A COURSE 
of three lectures on ‘* Methods of Establishing 
Computer’s Programmes in the Field of Business 
Administration and Statistics °” will be delivered 
by Professor J. Engelfriet (Amsterdam) at 5 p.m. 
on February 14, 17, and 21 at the London School 
of Economics and Political Science, Houghton 
Street, Aldwych, W.C.2. Admission free, without 
ticket.—James Henderson, Academic Registrar. 
bei aad A ei ac aS A UY AR ATR OPP ee eee ER REE, 

UNIVERSITY OF LONDON: A COURSE 
of three lectures entitled ‘* Physiological Mechan- 
isms in the Protozoa ” ; (i) ‘ Somatic Regulation ’ ; 
(H)>* Cell and Environment’; (iii) ‘ Problems of 





-` Behaviour,’ will be delivered by Dr. J. A. Kitching 
` Bristol) at 5.45 p.m. on February 17, 19 and 


21°-at Birkbeck College, Malet Street, W.C.1. 
Admission free, without ticket.—James Henderson, 
Academic Registrar. 


OFFICIAL APPOINTMENTS 


UNIVERSITY OF BRITISH 


COLUMBIA 
DEPARTMENT OF PHYSICS 
Applications are invited for appointments as 
Lecturer, Assistant Professor, Postdoctorate Fellow 
and Research Assistant in the Department of 
Physics. The vacancies have been created by the 
rapid expansion of the university. They are 
mainly in the fields of nuclear physics. optical 
spectroscopy, solid state physics and geophysics. 
Applicants should have an honours degree in 
physics and, except in the case of Research Assist- 
ants, a Ph.D. degree. They should not be more 
than 30 years of age and should be available in 
September, 1958. ‘There are also Teaching Assist- 
antships available to help students who wish to 
pursue graduate work towards a Ph.D. degree. 
Applicants wishing fuller information regarding 
any of these positions or awards should write to 
G. M. Shrum, Head, Department of Physics, Uni- 
versity of British Columbia, Vancouver, B.C.. 

Canada. 


SCUNTHORPE HOSPITAL 


MANAGEMENT COMMITTEE 


RADIATION MONITORING SERVICE À 

Vacancy for Technician or Technician in Train- 
ing. Work mainly concerned with radiation 
measurement to ensure safe working conditions in 
X-ray and Therapy Departments of Lincolnshire 
Hospitals. Qualification for Technician in engin- 
eering or appropriate apprentice including experi- 
ence in applied physics or design of instruments 
or O.N.C. in approved subjects, minimum age 21. 
Salary scales: Technician, £475 to £600 ; Trainee, 
£155 at age 16 rising to £380 at 25 or over. 
Whitley Council conditions of service. 

Application form from Group Secretary, War 





Memorial Hospital, Scunthorpe. 


UNIVERSITY OF CEYLON 

Applications are invited for the Chairs of: 
Biochemistry, Agriculture, Mechanical Engineering, 
of the University of Ceylon. Preference will be 
given to experienced university teachers. The 
salary scale attached to the post of a Professor 
is Rs.15,000, rising by four annual increments of 
Rs.600 and four annual increments of Rs.900 to 
a maximum of Rs,.21,000 per annum. The Council 
may appoint at any point on this scale according 
to qualifications and experience. Rent allowance 
(15 per cent of salary in the case of a married 
man and 74 per cent of salary in the case of an 
unmarried man subject to a maximum of Rs.140 
and Rs.70 per mensem, respectively) will be paid. 
First-class passage for the Professor, his wife, and 
not more than three children will be provided. 
The posts are not pensionable but the Professors 
will become contributors to the University Provi- 
dent Fund contributing £ per cent of salary and 
the University adding 10 per cent. The appoint- 
ments will be for a period of four years in the 
first instance but may be renewed up to the age 
of 55 or 60. 

Further particulars and information as to the 
method of application may be obtained from the 
Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, Lon- 
don, W.C.1. The closing date for the receipt of 
ae in Ceylon and London, is March 1, 





CARLETON UNIVERSITY 
OTTAWA, CANADA 
DEPARTMENT OF GEOLOGY 
Vacancies exist at the Lecturer, Assistant Pro- 
fessor, and Associate Professor level in the fol- 
lowing fields: Stratigraphy ; Palaeontology ; Sedi- 
mentation ; Micropalaeontology ; Sedimentary 
Petrology ; Mineralogy (Advanced); Petroleum 
Geology. Duties: to institute courses at the 
honours and graduate levels. Qualifications: in 
addition to their particular specialization, candi- 
dates must possess a wide geological background 
and training. The minimum of a Commonwealth 
(or European) master’s degree or an American 
Ph.D. is required. Salary scales (1957): Lecturer, 
$3,500 to $5,000; Assistant Professor, $5,000 to 
$7,000; Assoclate Professor, $7,000 to $9,000. 
(Salaries subject to revision.) Academic year: 

September to April. 
Direct applications to Chairman, Department 
of Geology, Carleton University, Ottawa, Canada. 


Deadline for applications: February 28, 1958. 





UNIVERSITY OF LEEDS 
HOULDSWORTH SCHOOL OF APPLIED 
SCIENCE 
Two temporary Research Assistants are required 
in the Ceramics Group of the Houldsworth School 
of Applied Science for a study of permeability of 
ceramics to gases at high temperature. The work 
will be mainly physics and physical chemistry and 
may lead to a higher degree. Salary within the 
range £400 to £750 according to age, qualifications 

and experience. 

Applications should reach Professor A. L. 
Roberts, The University, Leeds, 2, not later than 
February 28. 


UNIVERSITY OF TORONTO 


DEPARTMENT OF PHYSICS 
GEOPHYSICIST 

Applications are invited from geophysicists (not 
over 35 years old) for appointment to the teach- 
ing staff of this Department. Duties to commence 
September 1, 1958. Salary and rank to be 
arranged according to qualifications and experi- 
ence, and consistent with the University’s salary 
scale. Applicants should have research interest 
and experience in some aspect of the physics of 
the Earth. 

Write not later than March I to the under- 
signed, stating age, marital status, academic record 
and scientific career and naming two referees. 

W. H. WATSON. 
Professor and Head of the Dept. of Physics. 


LOUGHBOROUGH TRAINING 


COLLEGE 
Principal: J. W. Bridgeman, B.Sc. 

Applications are invited for the following ap 
pointment, to date from September 1, 1958. 
Principal Lecturer in Anatomy and Physiology. 
Candidates should have high qualifications in 
physiology and preferably some experience as a 
university lecturer. This new post offers scope 
or research related to the teaching of physical 
ducation. Salary scale: £1,400 by £50 to £1,550 
per annum. 

Further details of this appointment may be 
obtained from the Principal, to whom applica- 
tions should be sent on or before February 21. 








UNIVERSITY OF CEYLON 


Applications are invited for a Lectureship 
(Grade II) in Electrical Engineering (Electrical 
Machinery) on the salary scale Rs.6,600 by Rs.36¢ 
to Rs.8,400 per annum. Appointment may bt 
made at a suitable point on the scale according tc 
qualifications and experience. Qualifications! . 
honours degree in engineering. Two years o 
training or experience ‘specially devoted to th 
design of electrical machines. Four years’ teach- 
ing experience in a university. Corporate men 
bership of an Institution of Engineers, researc 
publications. Conditions of service: the appoint 
ment will be for a period of four years in tb. 
first instance but may be extended at the discre 
tion of the University Council. The post is no 
pensionable but the holder will become a contri 
Sutor to the University Provident Fund contri: 
buting 5 per cent of salary and the Universit 
adding 10 per cent. À 

Further particulars and information as to th 
method of application may be obtained from thr, 
Secretary, Association of Universities of th, 
British Commonwealth, 36 Gordon Square, Lon' 
don, W.C.1. The closing date for the receipt o‘ 
PTP aie in Ceylon and London,'is March 1: 

š ł 


UNIVERSITY OF CAMBRIDGE 
I.C.I. FELLOWSHIPS 
Applications are invited-for Imperial Chemic: 
Industries Fellowships, value under review but £ 
present within the range £600 to £900 a yea: ' 





‘+ tenable in the University and available for re 


search in Physics, Chemistry, Colloid Sclence, Bio- 
chemistry, Engineering, Metallurgy, Pharmacology, 
Chemotherapy, or related subjects. Applications 
must be received not later than April 30, 1958. ` 

Regulations governing the award of the Fellow- 
ships may be obtained from the Secretary Genera] 
of the Faculties, The Old Schools, Cambridge, 
to whom all applications should be addressed. 


MEMORIAL UNIVERSITY OF 


NEWFOUNDLAND 

ST. JOHN’S, NEWFOUNDLAND, CANADA 

Applications are invited for the position of Pre 
fessor and Head of Department in Geology, o 
the scale $6,800 by $100 to $8,400, to take effe. 
at September 1, 1958. Assistance towards tran 
fer expenses is contributed by the University. 

Applications (in duplicate), with complete curr 
culum vitae and the names and addresses of thr< 
referees, should be sent to the Secretary, Assc 
ciation of Universities of the British Commor 
wealth, 36 Gordon Square, London, W.C.1, b 
March 15, 1958. In addition, candidates shoul 
send one complete copy of application to th 
President, Memorial University of Newfoundland 
St. John’s, Newfoundland, Canada, to reach hir 
by the same date. 


CARDIFF HOSPITAL 
MANAGEMENT COMMITTEE 


Hospital Biochemist (Senior Grade) require 
for Group Laboratory, St. David’s Hospital, Ca: 
diff. N.H.S. salary and conditions. 

Form of application from Group Secretary, 4 
Cathedral Road, Cardiff. 


TEACHING FELLOW 
APPOINTMENTS 


Appointments at $2,400 for the academic year 
are available in chemistry to qualified student: 
proceeding to M.Sc. and Ph.D. degrees. Nint 
hours per week of undergraduate laboratory in- 
Struction are required. 

Applications should be sent to Professor Harry 
E. Gunning,’ Chairman, Dept. of Chemistry, Uni 
versity of Alberta, Edmonton, Alberta, Canada. 


ee e e 
PLYMOUTH, S. DEVON, AND E. CORN- 
WALL GENERAL HOSPITALS MANAGE- 
MENT COMMITTEE 
AREA PATHOLOGY LABORATORY 

Applications are invited from suitably qualifies 
persons for the post of non-medical Biochemis: 
basic grade, in this Laboratory, at the Greenbar 
Road Hospital, Plymouth. 

Applications, stating age, nationality, qualific 
tions, and experience, with names and address 
of three referees, to be sent to the Group Sec 
tary, 7 Nelson Gardens, Stoke, Plymouth. i 


EAR A 

HORTON GENERAL HOSPITAL, BA 
bury, Oxon. Applications are invited for the : 
pointment of a Biochemist (Basic Grade) vaci 
on April 1. Candidates should possess a scier 
degree preferably with honours in biochemis 
or chemistry.—Apply, with names of two referee 
to the Secretary. 
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ESCO (RUBBER) LTD. 


Manufacturers of Rubber and 
Silicone Rubber Products 


34/36 SOMERFORD GROVE LONDON NI6 


High Vaenuin ancl General Purpose 


ST OPCOCKS 


ted & Gunrant: 


i * EX-STOCK delivery 


j (over 10,000 stopcocks now available from stock) 


Catalogue on request 


| G. SPRINGHAM & CO. 


Harlow New Town, Essex 
j| 
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"The Stopcock Propls ” 


í Harlow 24108 
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THE ARROW — 7 
PROJECTION TORCH 


The Arrow Projection Torch is de- 
signed for use wherever teaching 
is accompanied by screen illustra- 
tion. An arrow of high intensity 
illumination is projected, and may 
be focused to any distance from 
6 to 40 feet. 


er —— 


A descriptive and illustrated pam- 
phlet is available and this will be 
gladly sent on request. 


RAYNER 


100 NEW BOND STREET, LONDON, W.1 
Telephone GRO 5081 a 





The international pipe couplings 


of proved efficiency ae : 


ERMETO high pressure couplings have several outstanding 
qualities, not the least of which is their trouble-free service even in 
conditions of extreme vibration. Beyond the removal of burrs 

no work is necessary on the pipe ends. Joints are made ina 

matter of moments and when 
required can be broken and 
re-made any number of times 
without impairing the pressure 
tightness. 

Because of our specialized 
knowledge we have created a 
range of fittings to suit almost 
every conceivable purpose, but 
we are always prepared to 
supply fittings to suit 
individual requirements. 
Literature and catalogues 
gladly sent on request. 





PARALLEL MALE STUD COUPLINGS 
to suit N.B pipe sizes 4” to 14” 





BRITISH ERMETO CORPORATION 


LIMITED 


Hargrave Rd. Maidenhead - Berks 


Telephone: Maidenhead 22714 
Telegrams: Grambon » Maidenhead 


EQUAL CROSSES to suit 
O.D pipe sizes ¥;" to 1?’ and 
N.B pipe sizes 4” to 13” 
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Stage micrometer 


' ° We proudly announce that our S.12 Stage Micro- p 


‘meter is now in production. This divides 100 microns’ ‘ 
into 50 parts of 2 microns each, numbered every tenth |g 


line. 





; We have taken great pains to ensure ‘the’ highest 
accuracy for this new scale which should be invaluable . i 
for calibrating with top power objectives. a j n > f; 
i Price eg ‘each ” 
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Use Muirhead D-845 Reference Cells. Reproducible, tough 
and reliable. Automation and other scientific applications 
require voltage standards which stay put. D-845 cells re- | 

main unaffected by ambient temperature: changes. Voltage 
variation is less than 3 millionths of a volt per °F over an f 
ambient range of at least 40-100°F. 


MUIRHEAD, 


MUIRHEAD & CO. LIMITED - BECKENHAM - „KENT - ENGLAND. k 
PRECISION ELECTRICAL INST. RUMENT: ‘MAKERS 
Phone: Beckenham4888. Telegrams & Cables:, MUIRHEAD, BEC KENHAM l; 
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MODEL IV GLASS WORKING LATHE 


36 IN. SWING, 6 BORE THROUGH CHUCKS 6 FT. BETWEEN 


; a new microscope for the SPINDLE FLANGES. INFINITELY VARIABLE SPEEDS. 
assessment of surface finish pO 


The Baker Surface Finish Microscope enables the surface 
under examination to be seen magnified in three dimen- 
| sions : the normal linear magnification of a microscope 
plus the heights and depths of surface contour mapped 
out by the interference fringes to an accuracy of one 
micro-inch. 

U The microscope is equally suitable for examining metallic 
and non-metallic surfaces of high finish. 





echnical tea 
Technical | fet On TEAHESR: May we send you leaflets of our range of lathes? 


d ; HEATHWAY MACHINERY CO. LTD. 
C.: BAKER OF HOLBORN LTD UXBRIDGE ROAD, HILLINGDON, MIDDLESEX 


+ Metron Works * Factory Estate * Purley Way * Croydon: Surrey oo ante: URGRIDOS S585 














Th BIL i Covers 30°C to 300°C, with 

e WI -range oven excellent heat-up and recovery 
| ~ characteristics. Three uses—as.a 

tf ee a PE mi convection oven, as a fan-circulated 

closed oven, and as a forced-draught 

oven. B.S. 2648 readily achieved— 
conditions easily reproduced for 
repeat tests—stainless-steel chamber 
with removable shelves—supplied 

with or without fan. 


pow ty ae Write for technical leaflet T.82.-_. 
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complete laboratory service W 


weet 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND. 


rg Branches in London, Manchester and Glasgow. Agents throughout U.K. and all over the world 
TAS/BT.24 - 
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WATER JET.. PUMP 


Produces a vacuum of I2 mm. 
Hg direct for the water tap. 
Ideal for 7 


e EMPTYING AND 
VACUUM FILLING OF 
VESSELS. 
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Diagnostic reports to hand hours earlier than they would be 
with manual processing and in far greater numbers—the 


- release of a valuable technician for other duties... these are 


the outstanding.advantages of the Histokinette Automatic 
Tissue Processing machine. Once the Histokinette has been 
put into o tion, it’ will rotthour Supervision go through the 
entire cycie of fixation, dehydration, impregnation im wax 

or alternatively can be set up for the washing or staining of 
tissues. It can handle large numbers of specimens at the 
same time and while staff is off duty—speed up almost any 
technique by ensuring quicker and more thorough penetra- 
tion by reagents. 


A 24-hour clock is fitted as standard, Change over 
to x hour or 7 day cycles (the latter of great value 


tn double embedding and bone decalcification tech- 
niques) is simple and rapid. 








NATURE’ : 


The Three 


Instruments In Any -<$ 
Vacuum Laboratory !! 





For better vacuum service... 


EDWARDS HIGH VACUUM um 


CRAWLEY 1500 (10 LINES) 





: stays on the job 


Write for illustrated brochure 


HENDREY RELAYS LTD., BATH ROAD, SLOUGH, BUCKS. Tel. Burnham 609/610 
MANUFACTURING ELECTRICAL ENGINEERS : 
“ o Sole Export Distributors : Measuring and Scientific Equipment Ltd., Spenser Street, London, S.W.! . 
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HIGH FREQUENCY 
TESTERS 


For testing scientific glass- 
ware. . . e Rough vacuum 
indication and leak detec- 
tion... testing insulation 

layers . . . exciting 
gas-dischargelamps... 
etc, 
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MINIATURE McLEOD 


Available in TWO 
ranges ... 10.0 to'0.0] 
and 0-001 to l-Omm. 
Hg. F 
Can be stood on the 
bench, fused to all 
glass systems, builtinto 
control panels. Ex- 
tromely accurate. 
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Histokinette 
special features 
include :—~ 

@ Up to 24 hours‘delayed start 
@ Double processing capacity 

@ One or more motor members and baskets 
@ Unbreakable tissue basket and container 





The Hendrey Histokinette is in general use at home and overseas : 
. « « to quote a few in U.K. + «+ and some of our export, 


Aberdeen Edinburgh Newcastle- , Argentine Eire Mexico 
Belfast Glasgow on-Tyne Australia. Egypt New Zealan 
“Birmingham Greenock Newport Belgium Finland Nicaragua 
Bristol Hereford Nottingham | Brazil France Norway 
Canterbury Liverpool Sheffield Canada Ghana S. Africa 
Cardiff Llanelly Swansea Ceylon Holland Singapore 
Dundee London Torquay Chile India Sweden 
Manchester China İsrael Switzerland ^, 
Cuba Italy Thailand | 


Denmark Japan 


CONTROL & LABORATORY APPARATUS 
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Two new cine-films 
for user processing 


.. -are now available for laboratory photographers. One is ex- 
tremely fast, with moderate grain; the other is a high-resolution 
film with very fine grain. Both provide exceptional image 
sharpness. 


lómm Cine-Kodak ‘Tri-X’ Negative Film (36°...320 to daylight: 
35°. ..250 to tungsten) is particularly useful for high-speed work. This 
film is available with normal 16mm perforations and also, to special 
order, with double-8mm perforations for use in certain high-speed 
cine-cameras. $ 


lómm Cine-Kodak ‘Plus-X’ Negative Film (30°... 80 to daylight: 
29°... 64 to tungsten) is a fine-grain high-resolution film, and is the 
best all-round material for laboratory use. . 


lease send for leaflet and Data Sheets giving full details. 


These negative films are sold at a price which does not include 
processing. Users may either process films themselyes or send them to 
a trade laboratory. A list of such laboratories will be sent on request, 
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RE easily carried out by the E.I.L. Automatic 
Titrimeter, Model 24. This instrument is fully 
automatic, switching itself off on reaching the 
pre-set end point. 

Either the volumetric or the coulometric 
method may ‘be used, and separate titration 
units for each type are available. Duplicated 
connections are provided on the Control 
unit. 

The endpoint setting dial is calibrated in . 
pH and in millivolts, and the equipment can be used for any 
type of chemical reaction producing a determinate change 
of e.m.f. The accuracy of titration 
is 0.05 c.c. in 50 c.c. 




















the pH people 


ELECTRONIC INSTRUMENTS LIMITED RICHMOND SURREY 





` No, 4607 February 15, 1958 


NATURE 


439 


MAN-POWER IN THE ATOMIC ENERGY AUTHORITY 


N its first annual report, published in October 
1955, the Atomic Energy Authority discussed its 
difficulty in recruiting sufficient staff, particularly 
senior staff and the younger engineers and technicians 
needed to form the base of the pyramid to-day and 
to provide the leaders in years to come; it also 
recognized that inadequacy of staff is a constant 
threat to achievement of the Authority’s programme 
and admitted frankly that, even if dates continued to 
be achieved, details might be skimped which would 
cause operating troubles in future. That report was 
written in the context of the nuclear power pro- 
gramme outlined in the White Paper of February 
1955. Since then, as’ Lord Mills announced in 
February of last year, the programme has been 
further expanded to provide almost treble the 
capacity of nuclear power; and although it is not 
expected that the number of nuclear power stations 
originally contemplated will be increased, the demands 
made upon scientific and technical man-power for 
such accelerated development as well as for operating 
will be appreciably greater. 

It is therefore scarcely surprising that the Com- 
mittee set up by the Prime Minister, under Sir 
Alexander Fleck’s chairmanship, to examine the 
organization of certain parts of the United Kingdom 
Atomie Energy Authority should conclude that the 
continuous pressure on the Authority’s Industrial 
Group to take on new tasks has strained: its resources 
to the utmost, and left those responsible for operating 
factories within the Group with insufficient technical 
staff and inadequate technical assistance*. The many 
and varied commitments of the Group are fully 
recognized and also its remarkable success in bearing 
the tremendous load piled upon it. None the 
less, there are limits to what can be achieved with 
limited man-power, and the Fleck Committee is clear 
that the weaknesses in the Group’s present organ- 
ization arise primarily and noticeably from an 
insufficiency of senior technical staff in the Operations 
Branch. The Committee was impressed by the speed 
and success with which the Industrial Group has 
been built up; but the Group’s ever-widening com- 
mitments have left it considerably under-manned, 
particularly in the more senior posts. In consequence, 
those in charge of operating existing plant have had 
inadequate technical assistance and advice, while 
haison between the various branches of the Group 
and with the Research and the Weapons Groups at 
Harwell and Aldermaston is poor. Such factors as 
these were emphasized by the Windscale accident, 
which led to the appointment of the Committee, as 
was recognized at the time by the chairman of the 


* Report of the Committee erpolntse by the Prime Minister to 
examine the Organization of certain parts of the United Kingdom 
Atomic Energy Authority. Pp. 40. (Cmnd. 338.) (London: H.M. 
Stationery Office, 1957.) 2s. net. 


Authority, and the Committee rightly considers it is 
essential to remedy them. 

The recommendations of the Committee in this 
connexion have implications which extend far beyond 
the activities of the Atomic Energy Authority itself ; 
but before considering them, the Committee’s full 
terms of reference should be noted. It was first to 
review the organization and staffing of the Operations 
Branch of the Industrial Group of the Atomic Energy 
Authority and to make any recommendations neces- 
sary to ensure that the Branch is able adequately 
to discharge its responsibilities. It was to review 
similarly the staff engaged on the operation of 
reactors in the Authority’s Research Group. It was to 
review the relation of the Operations Branch to the 
other branches and directorates of the Industrial 
Group and to the technical advisers in the Research 
Group, and to make any recommendations necessary 
to ensure that this relation is the one that best 
enables the Operations Branch to fulfil its functions, 
and that the division of responsibility between these — 
various parts of the Authority is clearly defined. 
The relation of the staff engaged on the operation of 
reactors in the Research Group to other parts of 
organization was to be reviewed similarly. 

The report begins by outlining general principles 
which the Committee considers-should guide the 
organization of a large technological production group 
and then reviews the development of the Industrial 
Group and its present organization. On this basis 
are formulated the proposals for the reorganization 
of the Industrial Group Headquarters and for the 
reorganization at the works, and recommendations 
regarding the duties of the technical sections of the 
Operations Branch, the operation of reactors in the 
Research Group, and the special problems of Doun- 
reay. Although in these latter respects the report 
enters into more detail than that of the Advisory 
Committee on the Organization of the Coal Board, 
it can fairly be placed with that report as an out- 
standing paper on administrative management, as 
well as one of profound importance for the efficient 
and economic use of scientific and technical man- 
power in general, 

The Committee summarizes the present position in 
the Operations Branch by suggesting that the Branch 
has become seriously out of balance with the Engin- 
eering and the Research and Development Branches, 
and it insists that nothing should interfere with the 
provision of adequate staff, both for the safe and 
efficient operation of existing plant, and the develop- 
ment of completely safe-and efficient plant for the 
nuclear power programme. These are the primary 
tasks of the Industrial Group, and the Committee 
points out that to ensure that the first stations for 
the nuclear power programme are designed and 
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operated with the maximum efficiency and safety 
requires that those responsible for design, con- 
struction and subsequent operation have the benefit 
of full advice from the whole of the Authority, as 
well as full information based on the experience 
gained by the Industrial Group in operating its own 
reactors. The advancement of new techniques, while 
of high national importance, is secondary to this; 
and the Committee considers that should it become 
necessary to concentrate the Authority’s develop- 
ment effort on fewer projects ; this must be accepted. 
as an inevitable consequence of the national shortage 
of suitably qualified technical staff. 

The Committee is clearly right in this view ; but 
before considering its various implications, the 
recommendations may be briefly noted. First, as 
regards the headquarters of the Industrial Group, no 
major change in the organization of the Group is 
recommended ; after stressing the paramount im- 
portance’ ofthe two major tasks already indicated, 
the Commiftée-emphasizes the importance of the 
principle ‘of collective responsibility of board mem- 
bers and 'thë vital role of the personnel branch in 
advanced technological work of the character on 
which the Group is engaged. A sound policy of 
recruitment, training and promotion of technical 
staff is so important that the director of personnel 
should be recognized as holding a key position in 
the organization, and in particular he should be 
responsible for ensuring that the available technical 
staff are distributed so as to ensure the proper 
functioning of the Group as a whole. It is also sug- 


gested that it should be his duty to press within the. 


Authority for an active policy on staff recruitment, 
training and the interchange of staff. 

The changes recommended with such conditions in 
mind are designed to give more time to think, 
Appointment of two deputy managing directors to 
assist the managing director, and, like him, sub- 
stantially free from routine duties, is the first recom- 
mendation. Next, the board of management should 
include a director, appointed for a limited period and 
chosen for his scientific ability, specifically responsible 
for ensuring liaison with other Groups and appro- 
priate external bodies, as well as a few visiting 
members from other Groups. In the detailed pro- 
posals for re-organizing the headquarters of the 
Operations Branch, stress is laid upon the importance 
of the senior posts being occupied by men of proved 
technical ability, while the need to strengthen the 
Administration Branch, which should be renamed 
Personnel and Administration Branch and its status 
enhanced, is also recognized. A new director, with a 
seat on the Board, should be appointed to take 
charge of the Dounreay site, while a review of the 
committee’s structure relating to Industrial Group 
operations is also recommended. 

The responsibilities of the director of the new 
Health and Safety Branch will be discussed fully in 
the report of the Health and Safety Committee, the 
third of the three Committees appointed by the 
Prime Minister following the Windscale accident ; 
they are briefly summarized in this report as providing 
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supervisory services both to the health and safety 
organizations at the works and to the Engineering 
and Research Development Branches in the design 
of all new plant and installations. At the works 
level, the Committee recommends that the existing 
practice of appointing works general managers to the 
major establishments, supported by works managers 
responsible for individual plants, should be con. 
tinued. In particular, a separate works general 
manager, responsible direct to headquarters, should 
be appointed for Chapeleross. Emphasis is again laid 
on the importance of clearly laying down the chain 
of command at the works, and of encouraging inter- 
change of staff between the Operations Branch and 
the Engineering and Research and Development 
Branches and the other Groups of the Authority ; 
and it is pointed out that a works general manager 
should himself be a good technologist, and that the 
number of scientists and technologists available to 
him should be substantially increased. 

The organization at the Research Group responsible 
for the operation of reactors is regarded as correct in 
principle and adequate for the present purposes ; 
but it will require constant review as the complexities 
of the reactors operated by the Group increases. 
Besides the creation of a new post of director of 
Dounreay, as already noted, the Committee recom- 
mends that the functioning of this site should be 
reviewed in two or three years time, and it suggests 
that this experience may be of great value when. the 
Winfrith Heath organization is being considered. 
Further, it suggests that the Authority should care- 
fully review the time-scale and staffing problems of 
the Dounreay project in the light of its other commit- 
ments, and it points out that the very high fuel 
ratings of the fast reactor and the nature of the 
other facilities at Dounreay call for exceptional 
technical competence in its management. 

These proposals involve the creation of numerous 
new senior technical posts, and although tho filling 
of such posts is a matter for the Authority and not 
for the Committee, the latter recognizes that some 
of the posts can only be filled by transfer, and 
that time will be required to make such transfers 
and the related adjustments. None the less, it is 
emphatic that the posts must be created and filled, 
even if this necessitates some curtailment of the 
work at present being done. N othing must interfere 
with the provision of adequate staff, both for the 
safe and efficient operation of existing plant and the 
development of completely safe and efficient plant 
for the nuclear power programme. 

Tt is obvious that the Fleck Committee is not 
optimistic about the prospect of the Authority re- 
cruiting in the near future the substantial number 
of highly qualified men it requires to fill these new 
senior posts and to strengthen the technical staff of 
the Operations Branch at a lower level. It is possible 
that the Fleck Committee is too optimistic as to the 
possibility—or practicability—of finding the men 
from within the organization. Personal qualities 
and preferences can be a decisive factor in determining 
the choice of a post by a scientist or technologist, 
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` quite as much as ability; and it should not be 
assumed too readily that those who find satisfaction 
in research and advanced development at Harwell or 
Risley will necessarily be attracted to running & 
production plant. There are, moreover, the actual 
conditions to be considered : isolation itself will be a 
deterring factor to those keen on technical progress 
or creative work, unless a good deal of care is taken 
to offset such disadvantages as are inherent in sites 
like Dounreay. . 

The Fleck Committee does not doubt that, given 
the right leadership, the business of plant operation 
can be made attractive to highly qualified men, and 
it suggests that such posts may well become a good 
recruiting ground for men with both technical back- 
ground and ability and some experience in Manage- 
ment. None the less, it is fully alive to the plain 
truth that, on the whole, industry pays its men 
better; and that the Government decision that 
salaries of senior staff should not be seriously out of 
scale with those paid by public corporations, and 
the inheritance of a Civil Service grading structure, 
may continue to hinder both the recruitment from 
within established industry of sufficient senior staff 
and the grading of scientific and technical staff so as 
to cause the minimum obstacles to movement. The 
present difficulties will scarcely be settled so easily, 
and they demonstrate once more the relation of the 
whole problem to an adequate supply of scientific 
and technical man-power, to the esteem. and status 
accorded to the technologist and to the far- 
reaching effects of a really adequate system of 
selection and training for the highest managerial 
positions. 

Very clearly, although the problems lay outside 
the survey of the Fleck Committee, the Atomic 
Energy Authority cannot leave the matter there. It 
must reconsider its whole organization from the level 
of the main Board downwards. Only in the light of 
decisions as to the extent of its ever-growing 
responsibilities and what responsibilities in the long 
run can be transferred to industry or to other public 
bodies is @ clear idea possible as to the magnitude 
and balance of the staff it needs. 

The greatest importance of the report may well lie, 
however, in the wider implications that arise in this 
connexion. First, it is a convincing demonstration 
of the dependence of Britain’s economic and indus- 
trial development upon the condition of scientific 
and technological education. -It is our neglect to 
attend to this that is responsible for the present 
handicap under which the Atomic Energy Authority 
labours and which may cause us to miss some of the 
opportunities now opening to us. 

Secondly, such weaknesses in education cannot be 
remedied quickly, but require the study and imag- 
inative pursuit of a long-term policy, not only in 
educational circles but also in industry. Moreover, 
the report indicates once more that such a policy 
is unlikely to be formulated and implemented in 
industry, or for that matter in Government circles, 
unless there are men at the board and other high 
administrative levels who have themselves scientific 
and technical experience as well as vision and sound 
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judgment. Such men are unlikely to be found in 
these positions except as & result of deliberate policy 
involving the careful search for talent and. its selec- 
tion, testing and training from early years. The 
extent to which the Government and industry in 
general ponder and apply the lessons to be learnt 
from this report, and bring & new understanding and 
urgency to the expansion of technological education, 
and to the selection and training of managers and 
administrators, will determine the speed with which 
the present difficulties of trained man-power which 
hinder the progress of Britain’s nuclear power pro- 
gramme will be relieved—either by an increased 
intake at lower levels from the universities or colleges 
of technology, or at more senior levels from elsewhere 


supported by 
assistance, and that it is not wasted on tasks that 
could be done as efficiently or even better by less 
highly trained workers. It will be alert to eliminate 
misunderstandings and to check any tendency to 
disparage a post and so deter people from filling 
it; and in this matter of status, management will 
need, and should receive, the full support of all those 
who appreciate the nature and worth of the work of 
the scientist, the technologist ‘and the technician 
in industry. The Fleck report could provide an 
admirable text for lecturers in the new pro- 
gramme of activities which the British Association 


has announced. 


BREWING | 


A Textbook of Brewing 

Vol. 1. By Prof. Jean de Clerck. Translated by 
Kathleen Barton-Wright. Pp. xx+587. (London: 
Chapman and Hall, Ltd., 1957.) 84s. net. 


F the two volumes which this translation will - 
comprise, the present one is concerned primarily 
with the various sections of the brewing process, 
including malting, and with commercial equipment 
for that purpose, but it rightly incorporates consider- 
able discussion and numerous references to relevant 
topics in pure science. A reviewer soon becomes 
keenly aware, as he reads this book, of the wide 
scholarship and great achievement of the author when 
in 1948 in the original French edition he brought 
together so many diverse facts and opinions from the 
different worlds of science and commercial brewing. 
In the present instance, œ reviewer must indeed. 
attempt to see the outcome from at least four points 
of view ; in short he must regard the book as & text- 
book of brewing, as @ contribution to science, a8 a 
translation and lastly as an attempt on the part 
of the translator to bring the original text up to 
date. 
Clearly it would not be reasonable to expect this 
to be a text-book of brewing in the sense that it 
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might take the place of practical experience. The 
object of the author has rather been to add to a general 
account of brewing practice a discussion of various 
modifications adopted in the major beer-producing 
countries of the world; and indeed the comparative 
differences encountered in malting and brewing 
procedure form a valuable feature of the book.- The 
emphasis is, perhaps naturally, on Continental 
practice, and, although British and American usage is 
not forgotten, the unwary reader could sometimes be 
misled. For example, even remembering the possible 
injustice of quoting isolated statements, the assertion 
that.in Great Britain certain types of wood are used 
as fuel in kilning malt so that the smoke may impart 
@ special flavour is literally true but is scarcely a fair 
summary of British methods. As a translation the 
English version of the brewing sections is in every 
way excellent ; practically no indications remain of 
the original having been in French. Valuable efforts 
have been made to bring the technical aspects up to 
date. In particular the section on malting is notable 
because of the paucity of modern texts on this topic, 
while other chapters like those on filtration and 
bottling will also be generally welcomed. Perhaps 
some readers will expect a rather less superficial and 
descriptive approach or will be disappointed that 
certain aspects, such as the formation of haze in beer 
and the related topics of the amount of air included 
with bottled beer, have not received the detailed 
critical appraisal which they would often seem to 
demand. 

Turning to scientific content, the account is primar- 
ily factual and, probably unavoidably, gives much 
weight to empirical rules which are sometimes based 
on little or no scientific evidence. For example, hand 
evaluation of barley is said to lead only rarely to 
mistakes, but obviously this can be justified only by 
experience of those relatively few varieties which 
have been under long observation, and it does not 


necessarily apply to new hybrids such as are now. 


commonly grown and which have been developed for 
special characteristics. Again, the unwary reader 
could sometimes be misled, perhaps to some extent 
as a result of restriction of space. Thus on p. 60 an 
erroneous structure is given for colupulone, it is 
wrongly stated that humulone and lupulone are 
derivatives of quinone, while in some respects the 
discussion of hard and soft resins of hops is scarcely 
consonant with modern thought on this topic. It 
must be added that these considerations mostly arise 
in connexion with recent advances in rapidly moving 
subjects, and that they arise at all must be set against 
the fact that recent work on the science of brewing, 
especially since the Second World War, has been 
more exhaustively covered than technical advances 
over the same ‘period. These are, in any event, only 
minor deficiencies, for the main object of the book is 
not to turn the scientist into a brewer but to explain 
to the latter something of the scientific basis of his 
craft so that technical improvements can be devised 
more surely than by guesswork alone. If that basis 
were to concern one department of science alone, the 
task would have been formidable enough. Actually 
it involves many quite widely separated sciences 
such as agronomy, structural organic chemistry, 
colloid chemistry and the genetics of micro-organisms, 
to mention only a few. It is the more remarkable, 
therefore, that the author and translator have jointly 
succeeded in producing the most comprehensive 
international work of its kind to have appeared for 
a long time. A. H. Coox 
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DEMOGRAPHY OF AN UNDER- 
DEVELOPED TERRITORY 


The Population of Jamaica 
By George W. Roberts. Pp. xxii+356. (Cambridge : 
At the University Press, 1957. Published for the 
Conservation Foundation.) 40s. net. 


A NOTABLE feature of the progress of demo- 
graphy in recent years has been the increasing 
attention paid to the under-developed—that is, poor 
and relatively non-industrial—territories. Typically, 
these have a high birth-rate and a mortality which 
is decreasing owing to famine control and improved 
hygiene and medical services. As a consequence, 
there is steady, and often rapid, population growth 
which is a major factor in any attempts to raise 
living standards. Only a few full-length studies of 
such areas have appeared, and this account of the 
demographic history of Jamaica is an important 
addition to their number. It was written as part of 
& research project sponsored by the Conservation 
Foundation, an American organization formed to 
promote knowledge of the Earth’s resources, and is 
the first of three reports on Jamaica’s population 
problems. The others are to be about a field study 
of family relationships and attitudes as they affect 
reproduction and the use of land and resources, 
respectively. 

In some ways Jamaica is a particularly useful 
choice for such a study. The population of one and 
a half million is sufficiently homogeneous for the 
overall demographic characteristics to have meaning. 
A further advantage is the existence of fairly early 
records. In addition, the main trends are of almost 
text-book form. Fertility has been stable and fairly 
high over a long period but is now declining, while 
mortality has fallen steeply since about 1920; the 
rapid population growth is associated with serious 
unemployment. Mr. Roberts has made a very 
thorough study of the demography of the island from 
the early eighteenth century to the present day. 
Most of the data on which the account is based come 
from censuses (held since 1844) and birth and death 
registration, but other records, particularly for the 
earlier periods, are used skilfully, including those 
relating to importations of slaves and indentured 
labour. The nine chapters of the book are divided in 
the following way. After an opening chapter on the 
demographic material there are one each on the 
growth of population and its major charactoristics, 
two on migration, one on mortality and two covering 
the inter-linked subjects of fertility, mating and 
reproduction. The final chapter gives some pro- 
jections of the population up to 1971. Throughout, 
considerable attention is paid to details for regions, 
as well as for the island as a whole, particularly in 
relation to urban development. 

Data for studies of this kind are always faulty and 
incomplete and one of the main criteria of their 
merits is how these difficulties have been handled. 
The book is very strong here. Wherever possible, 
the accuracy of records is cross-checked and a number 
of ingenious methods of analysis are applied. Inter- 
esting use is made of the survivorship table approach 
to illuminate problems. Mr. Roberts’s judgment is 
always sound, but in a few places his close knowledge 
of Jamaican conditions leads him to tentative 
explanations which are not too convincing since they 
are a product of personal experience rather than of 
the evidence presented. He never, however, confuses 
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speculation with reasoned conclusion. The discussions 
and presentation are clear, but some of the descrip- 
tions of analysis techniques are too cursory, and 
careful reading is needed to determine exactly how 
they were applied and the assumptions made. 

The records for Jamaica have the great advantage 
of fair accuracy but, in many respects, they are very 
limited. In particular, there is little break-down of 
the number. of births and child deaths by the charac- 
teristics of the parents. Thus no close study of 
differentials in fertility and mortality—the most 
satisfactory approach in the search for causes—is 
possible. This is a serious restriction, notably in 
connexion with the complex pattern of mating which 
involves ‘keeper’ unions and consensual and legal 
marriages ; here differentials can only be guessed at 
by indirect means. It seems possible, then, that the 
weaknesses of the basic material will greatly reduce 
in scope the studies of further aspects of Jamaican 
demography. Some small-scale sample surveys of 
the mating and reproductive histories of women 
would surely give results of enormous value in this 
area. W. Brass 
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A BROAD VIEW OF ECOLOGY 


Agricultural Ecology 
By Prof. Girolamo Azzi. Pp. xv+ 424. 
Constable and Co., Ltd., 1956.) 46s. 


HE ecology of agricultural crops is a subject 

which is well worked and yet little known. There 
is a mass of undigested information about an enor- 
mous range of crops. In fact, much more is available 
than for wild plants, which are the plants with which 
ecologists usually deal. For this reason, a new book 
is very welcome, especially so since it is written by 
someone who has been intimately connected with the 
subject for thirty-five years. 

With such a wide field it would be possible to 
write a safe, factual, rather prosaic book. However, 
Prof. Azzi has preferred to write differently. ‘“Agri- 
cultural Ecology” is a book of imaginative ideas, 
around which is woven a considerable amount of 
information, most of which has not been available in 
English before. While to some Prof. Azzi’s treat- 
ment may be annoying, it is both stimulating and 
provoking, and sorts out some of the tangle of factors 
affecting the growth of plants in the field. 

The author begins with climate. Looking at it 
from the point of view of the plant, he shows very 
clearly the division of the growth of plants into 
periods. As the plant passes from one period to 
another, so its climatic needs—cold, heat, water, 
etc.—vary. In each period a different factor is 
critical and may be limiting to growth and final 
yield. A mass of data is given for a considerable 
variety of crops, both tropical and temperate, and 
it includes critical estimates of crop needs in each 
period. Of panticular interest are the figures for 
rainfall need and the passing references to the 
critical factors concerned in such things as different 
as wheat rust and cotton boll weevil. 

With the help of the critical factor concept, the 
normal maps of climatic factors are converted into 
maps of crop physiographic zones, and polygon 
figures combining factors together are used for 
representing crop climatic ranges diagrammatically. 

Soil is treated in the same cavalier but provoking 
fashion. Soils are classified on the basis of an index 
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derived from chemical content, water balance and 
workability, and not on a more classical pedological 
basis. As a result, it is possible to correlate pro- 
ductivity with soil characteristics. 

The last part of the book is concerned with the 
yield of the plant as such, and its relation to specific 
ecological factors.. Quality is linked to quantity, and 
seed quality and the effects of vernalization are not 
forgotten. Out of it all Prof. Azzi develops a general 
concept of the inter-relations of velocity of growth, 
size and structure of crop plants, and again he is 
able to relate it to productivity. 

Here then is a curious book, both delightful and in- 
furiating. The publishers say that it is the definitive 
text-book in agricultural ecology. I cannot agree 
with them. In one romantic sweep, Prof. Azzi. has 
turned inside out every conceivable aspect of the 
growth of plants. He has thrown on one side almost 
every traditional approach, omits almost completely 
references to work published in English, and makes 
no use of statistics. Many will think his ideas are 
not so proper as classical ones. Yot perhaps they are 
nearer to fundamentals. It is remarkable but true 
that we still know very little about crop yields and 
that most of us are content to accept variations in 
yield as we find them or to explain them piecemeal in 
terms of individual factors. Prof. Azziis not. Perhaps 
his book will stimulate others to enter this field and 
to continue his good work. A. D. BRADSHAW 


WOMEN GRADUATES 


Wives Who Went to College 
By Judith Hubback. Pp. viii+164. (London: 
William Heinemann, Ltd., 1957.) 12s. 6d. net. 


OMEN who have had a university education 

want to use their capacities to the full and to 
make a contribution to society. How can they com- 
bine this with marriage and motherhood? Mrs. 
Judith Hubback, herself a graduate mother, tried to 
find this out by sending out, in 1953, a questionnaire 
to 2,000 married women graduates (of whom 58 per 
cent replied) asking about their types of training, 
marital status, domestic and social circumstances, 
number of children, incomes, professional careers and 
their state of overtiredness or satisfaction. She 
wanted facts to refute prejudice and to establish 
whether these women were actually mis-employed, 
what types of part-time work they followed and what 
form. of education really intelligant girlsshould be given. 


- As a control, 420 non-graduate wives with a similar 


social background were asked the same questions. 
The first account of this research, financed partly 
by the Leche Charity, appeared as a Political and 
Economic Planning broadsheet entitled ‘‘Graduate 
Wives”. The present book analyses the answers and 
discusses the issues raised. It is found that the 
marriage-rate for women graduates is almost up to 
the normal, that they tend to be more fertile than 
average, that it takes some fifteen years before the 
last child is at school, that circumstances during the 
period of raising children give little opportunity for 
systematic intellectual pursuits or for an outside 
career, but that part-time teaching is the career most 
easily combined with family life, although many 
other paid or voluntary occupations are followed by 
some of the sample. At the time of the survey 64 per 
cent are at home full-time, but a large proportion of 
the graduates intend to follow a career later, in 
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contrast to the control group. A whole chapter is 
devoted to overtiredness, due to diffuse, routine 
domestic work, which leads to frustration, and it is 
found that work outside the home, even part-time, 
results in a freshness of outlook and not in extra 
fatigue. 

In the discussion, the need is stressed for a sane 
compromise between the biological aspects of a 
woman’s life, as a mother carrying on the race, and 
the intellectual side developed by a university 
education. 

It is suggested that modern emphasis should be 
on the diversity, rather than the identity of the 
sexes, and that a girl’s education should enable her 
to evolve from the exclusive femaleness of the family 
stage, where, however, intelligence is not wasted, to the 
fulfilment of a wider personality later in life, given 
sufficient stamina, patience and a sense of proportion. 

Practical issues are dealt with, and it is shown 
that the effect of the change in the balance of the 
population from a surplus of women to a surplus of 
men with the present early marriage-rate will lead 
within the next twenty years to a shortage of un- 
married women of professional status, so that it will 
be more and more necessary to adapt conditions to 
the employment of married women. One essential 
change will be in the system of assessing income-teax 
paid by a married woman. 

By collecting actual facts, Mrs. Hubback has done 
valuable work in raising this subject one step above 
the surmise and prejudice usually associated with it. 
From the trends observed, although the sample is 
small and not claimed to be statistically perfect, she 
draws valuable information leading to the conclusion 
that, while admitting the educational dilemma due to 
her probably dual role in life, an intelligent girl 
should be educated to the highest level of which she, 
as an individual, is capable and that she should con- 
tinue her education to qualify for professional status. 
Because the author herself and the majority of her 
sample are at the family-raising stage she puts, 
perhaps, too low a value on the potentialities of 
highly educated women. It would be interesting and 
possibly more encouraging to career-minded girl 
students to have a further survey of the careers 
followed at the next stage, later in life, when so many 
professionally trained married women are tending to 
return to outside work. C. E. ARREGGER 
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THE SCIENCE OF COSMETICS 


Cosmetics 

Science and Technology. Edited by Edward Sagarin. 
Pp. xix+1433. (New York: Interscience Pub- 
lishers, Inc.; London: Interscience Publishers, 
Ltd., 1957.) 25 dollars. 


HE avowed intention of the editors of this volume 


is “to bring together a number of authorities ` 


each of whom has acquired a thorough familiarity 
with some special phase of cosmetics or of some 
related science or technique’. In this object they 
appear to have succeeded since sixty-one men and 
women have written fifty-three chapters covering 
the whole range of cosmetics. 

This very large quantity of material is subdivided 
into five parts: 1, The Scope of Cosmetics ; 2, Toilet 
Preparations; 3, Manufacture and Technology ; 
4, Physiological Considerations ; 5, Legal Considera- 
tions. 
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Part 1 includes a chapter on the origin and develop- 
ment of cosmetic science from the days of the Egyptian 
and Babylonian Dynasties until the nineteenth 
century when the basis of modern cosmetic formula- 
tion begins to appear. 

The major part of the book is to be found in Part 2. 
Fifty types of cosmetic preparations are grouped 
into thirty-five chapters, two or more allied prepara- 
tions being incorporated together in some chapters. 
Each chapter is prefaced by a discussion of the 
requirements of the preparation to be- compounded. 
This discussion involves a consideration of pharma- 
cology, of presentation and of storage problems. 

A lengthy chapter is included on aerosol cosmetics. 
This contains a discussion on the various types of . 
propellants, the advantages and disadvantages of 
each, with numerous graphs showing the vapour 
pressures of various mixtures of these propellants. 
Types of containers and production methods are also 
considered. The chapter also includes a glossary of 
terms used in the aerosol industry—terms approved by 
the Chemical Specialities Manufacturers Association. 

The numerous and varied formulz are well set out 
in the text with the reasons for the inclusion or 
exclusion of any particular ingredient. Manufactur- 
ing instructions are given for nearly every formula, 
and where they are not included they can be deduced. 
from similar formule. 

Part 3 includes a very useful chapter on quality 
control emphasizing the necessity of statistical 
analysis. The subject of statistics is treated in as 
simple a manner as possible—formule are given but 
not proved. Consideration is given to the standard 
deviation, the Student t test, confidence limits, correla- 
tion and regression lines, analysis of variance. Useful 
information on the design of experiments is supplied. 

Part 4 includes chapters on “The Physiology of 
Olfaction’’, “Hormones in Cosmetics” and ‘“Sensi- 
tivity Testing’. Part 5 includes a chapter on Ameri- 
can patents and trade marks and a copy of the relevant 
parts of the Federal Food, Drug and Cosmetic Act, 
1955. 

The editing of the book has been extremely good, 
and little overlapping of information occurs in its 
many chapters. Each chapter is fully and widely 
referenced. The theoretical knowledge given, where 
it is required in each chapter, is generally good, 
although occasionally it is a little ambiguous when 
emulsions are being considered, but as the book is 
essentially one of cosmetic practice, these statements 
do not interfere with its usefulness. 

The line diagrams are clear and well annotated ; 
the graphs and tables self-explanatory. The photo- 
graphs are good, although pictures of large-scale plant 
are not very enlightening. In the photographs of the 
mineral oil emulsions, two reference letters are missing. 

An index of trade names is given, including details 
of chemical composition and manufacturers’ names 
and addresses. The author index appears to be 
complete and is certainly well cross-referenced. The 
subject index is extensive, but, and this is probably 
the most serious fault with the book, it is not com- 
plete. Many substances are mentioned in several 
places in the text but only receive one reference in 
the index. Some substances are, unfortunately, 
mentioned in the text but not in the index. 

These faults apart, the editors can congratulate 
themselves and the authors on producing a book 
which cannot help but be of great use to every cosmetic 
manufacturer (or would-be manufacturer) throughout 
the world. Cyr W. Ripout 
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l'Énergie Nucléaire dans le Monde 
Programmes et Développements Prévus. Par T. Reis. 
Pp. x+296. (Paris: Dunod, 1957.) 2,900 francs. 


HIS book provides a useful summary of the 
world’s energy consumption and its distribution 
among available sources. It provides statistics of the 
energy consumption of most of the countries of the 
world and summarizes the predictions that have been 
made about the future growth of energy requirements: 
The second chapter describes the atomie energy 
organizations of more than forty countries, lists their 
reactors of different types and gives their nuclear 
power programmes—where they exist. The informa- 
tion given is as accurate as could be expected when 
programmes change rapidly. 

The third chapter summarizes the conclusion about 
the world’s future requirements and predicts that in 
Western Europe nuclear energy will be providing 
between 15 and 20 per cent of all electricity generated 
by 1975. This would still only be 18 per cent of the 
indigenous energy deficit of the Organization for 
European Economic Co-operation countries. 

A final table classes eight countries in order of 
nuclear power output by 1960, 1965 and 1970/75. 
According to this, Britain will take third place in 
1960 and second place in later years, Canada being 
credited with second place in 1960. These predictions 
are of little value in the present shifting phase of 
national programmes. J. D. Cooxcrorr 


Contributions to the Flora of Venezuela ` 

By Julian A. Steyermark and Collaborators. (Field- 

lana: Botany, Vol. 28, No. 4.) Pp. ii+512. (Chicago, 

Aa : Chicago Natural History Museum, 1957.) 7.50 
ollars. 


HIS volume is the final instalment of new 


records, notes on range extensions, and descrip- 
tions of new species based on Dr. Steyermark’s 
notable botanical collections on the mountains of 
Venezuela, especially on those of the Guayana High- 
lands, some of which had never before been explored 
by biologists. These contributions are of absorbing 
interest for the taxcnomist and plant geographer, 
but the promise to include special notes on geology, 
topography, floral zones and ecological aspects in the 
sections devoted to certain mountains can scarcely 
be said to have been fulfilled. This final volume 
closes with a list, in taxonomic order, of all the new 
plants which have been described in the contributions. 
A complete set of Dr. Steyermark’s specimens is 
placed in the Chicago Natural History Museum. 


BBC Handbook, 1958 
Pp. 288. (London: British Broadcasting Corpora- 
tion, 1957.) 5s. 


HE B.B.C. Handbook 1958 includes the balance 

sheet and accounts for the year ended March 31, 
1957, as well as a brief analysis of income and 
expenditure for that year among the regions, an 
analysis of both sound and television programmes 
and a comparison of programme services costs. It 
algo gives @ comprehensive account of the Corpora- 
tion’s activities prior to the recent changes in the 
sound programmes. Following Sir Alexander Cado- 
gan’s foreword, a chapter on the constitution of the 
Corporation ‘refers briefly to the ‘fourteen-day rule’ 


forbidding the anticipation of Parliamentary debates, 


but neither there nor elsewhere is there any discussion 
of live issues. The Handbook is essentially factual 
and descriptive : besides a review of the year’s broad- 


a 


NATURE 


445 


casting, there are chapters on the domestic broadcast- 
ing services; the external services; the work and. 
responsibilities of the engineering departments and. 
their technical facilities and installations ; programme 
policy and practice; and relations with the public, 
the latter including some advice on how to get the 
best reception. The texts of the Corporation’s charter, 
licence and agreement and supplementary agreement 
are given, and the Handbook includes a useful select 
bibliography. 


‘The Terpenes 

By the late Sir John Simonsen and Dr. W. C. J. 
Ross. -Vol.4: The Triterpenes and their Derivatives : 
Hydrocarbons, Alcohols, Hydroxy-aldehydes, Ketones 
and Hydroxy-ketones. Pp. ix+524. (Cambridge: 
At the University Press, 1957.) 70s. net. 


HIS is the fourth volume of a series, so it needs 

httle in the way of general introduction. It 
contains accounts of the structures, degradations 
and general reactions of the compounds listed in the 
title, and some indication of stereochemistry. Refer- 
ences are given up to 1956, but there are indications 
that some sections were substantially completed 
rather earlier than this, which is a disadvantage, 
although perhaps an inevitable one in a rapidly 
moving field. The volume is otherwise a very clear 
and complete account of the subject. The one quarrel 
which the reviewer has with it is the inadequate 
consideration given to stereochemistry. The results 
are stated in most cases, it is true, but without much 
account of the way they are derived. Conformations 
are not given. This is clearly a matter of deliberate 
policy, but.the result is rather like raspberry jam 
without the seeds, wholesome and nourishing but a 
trifle unreal. It is a definite drawback to the use of 
the single volume. However, nobody who has the 
earlier volumes or who is interested in research or 
teaching in this field can afford to be without this book. 

A. J. BRON 


Kandelman’s Krim 
A Realistic Fantasy. By Prof. J. L. Synge. Pp. 175. 
(London: Jonathan Cape, Ltd., 1957.) 15s. net. 


N Orc, a Kea, a Unicorn and a Plumber, meeting 
to discuss the nature of infinity and the attri- 
butes of God, are joined by a sky-blue Goddess ; her 
knowledge of arithmetic resembles Sam Weller’s 
knowledge of London, but she does not understand 
why the debaters appear to be so interested in 
mathematics. Instruction is thrust upon her— 
integers, fractions, complex numbers, sequences, 
limits. Controversy is enlivened by flashes of wit 
and chunks of Carrollian nonsense. f 
Temptation to see an allegory is strong. Surely 
the Plumber, with his strong constructive sense, 
his appreciation of mathematical techniques and his 
deprecation of formalism and academic subtlety, is 
the modern mathematical physicist, while the 
sceptical and pedantic Ore is the orthodox pure 
mathematician, roused only orce or twice to a 
passion which suggests descent from the Ore of 
William Blake. But the allegory is obscure, and the 
long preface, with its discussion of meaningful and 
meaningless statements, its references to Berkeley 
and to the author’s ancestor, Bishop Hugh Hamilton, 
may be @ veiled warning against seeking a meaning 
where none exists. The. fun is there to be enjoyed, 
and only the careless reader will miss the implication ' 
that real mathematics is as much the product of 
imagination as of logic. T. A. A. BRoaDBENT 
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A NEW HERBICIDE 


[ : l’-ETHYLENE-2 : 2’-DIPYRIDYLIUM DIBROMIDE 


By R. C. BRIAN, R. F. HOMER and J. STUBBS 


Imperial Chemical Industries, Ltd., Jealott’s Hill Research Station, Bracknell, Berks 
AND 
R. L. JONES 


Imperial Chemical Industries, Ltd., Pharmaceuticals Division, Alderley Park, Macclesfield, Cheshire 


D > G the early spring of 1955, in the course 
of an investigation at Jealott’s Hill Research 
Station into the herbicidal properties of a series of 
quaternary ammonium compounds, one chemical 
showed exceptional activity. This was originally 
prepared by R. J. Fielden at Blackley by the 
quaternization of 2:2’-dipyridyl with ethylene 
dibromide ; a reaction which gives rise to a single 
well-defined crystalline product which has been shown 
to be 1 : 1’-ethylene-2 : 2’-dipyridylium dibromide 
(X). l 


+ 
_N 


pS 


H,C — ĈH, 
(X) (Y) 

Elementary analysis agrees with the empirical 
formula C,.H,.N;,Br,, in which all the bromine is 
ionic, and hydrogenation over Raney nickel in the 
presence of sodium acetate gives a fully saturated 
base C,.H,,N.(Y), b.p.. 74—76°/0-2 mm., which has 
molecular weight (eryoscopic in benzene) 186. 
C,,H»,N, requires 194. This eliminates possible 
dimeric or polymeric structures. 

l: 1’-Ethylene-2 : 2’-dipyridylium dibromide forms 
a pale yellow monohydrate from water m.p. > 320° 
decomp. having in aqueous solution Amax. 308,311 
my; e~ 18,000. The material is readily soluble to 
the extent of 70 gm. in 100 c.c. of water at 20° C. 
and is stable in acid or neutral solution. In alkaline 
solution coloured complex products are formed 
which appear to arise from the opening of one of the 
pyridine rings, a process associated with the uptake 
of one molecule of alkali. 

In the greenhouse, aqueous solutions of X with 
added wetter (0:3 per cent ‘Agral LN’), applied ag 
foliage sprays at the rate of 100 gal.jacre, gave 
complete kill of wheat, sugar beet, white mustard, 
marigold (Calendula sp.), red clover and cleavers 
(Galium aparine) at dosages down to + Ib./acre. At 
+ Ib./acre, there was 100 per cent kill of marigold, 
almost complete kill of mustard and serious damage 
to the remaining species. Even at } lb./acre, X 
seriously damaged all the plants other than cleavers. 
In the absence of wetter, the chemical was almost 
equally effective, though it was less damaging to 
wheat and clover. Similar results were obtained 
with low-volume (20 gal./acre) applications. The 
action of the chemical was very rapid. 


>= OD 
\ @ N+ A 
XY N J N N 
VA on NZ 


From general observations on tho effects of the 
treatment, and because the volume of application 
had so little effect on the activity, it seemed likely 
that X was acting systemically. Proof of the 
uptake and translocation through the aerial parts of 
broad bean and oat was readily obtained. Further, 
it was found that entry through intact bean leaves 
was very rapid, taking place within five minutes of 
application. Root uptake by oats growing in culture 
solution also occurred, though soil drenches had no 
effect on pot-grown plants. This apparent anomaly 
was explained when it was found that X 
was rapidly and completely adsorbed by 
soil. 

Subsequent greenhouse tests showed that 
X was highly active against several common 
weeds at 3-4 lb./acre, including the species 
resistant to 2,4-D and MCPA, chick- 
weed (Stellaria media), groundsel (Senecio 
_ vulgaris), mayweed (Matricaria spp.) and 
speedwell (Veronica spp.). Russian thistle (Salsola 
pestifer), a’common arable weed of North America, 
was highly susceptible, being killed at rates as low 
as $ lb./acre. 

Because of its high activity in these initial tests, 
X was clearly worthy of further evaluation as a 
herbicide. Preliminary field trials confirmed that 
there was generally little difference between high- 
volume and low-volume application. For this reason, 
in most of the later trials the treatments were applied 
at 20 gal./acre. l 

Excellent potato haulm destruction was given by 
X at l-2 lb./acre in a series of fourteen trials carried 
out in the period 1955-57, haulm kill being equal to 
that given by the standard sulphuric acid and sodium 
arsonite treatments and fastor than the latter. Kill 
of common annual weeds, including fat hen (Cheno- 
podium album), red shank (Polygonum persicaria), 
annual nettle (Urtica urens), chickweed (Stellaria 


' media) and black nightshade (Solanum nigrum) by 


the new chemical at these rates was usually superior 
to that given by either sulphuric acid or sodium 
arsenite. Rain falling shortly after application had 
no effect on the herbicidal activity of X although. it 
reduced that of the arsenite. The storage properties 
of the potato tubers were unaffected by the X 
treatments. 

Indications that X was of value as a pre-harvest 
desiccant of red clover seed crops were obtained in & 
preliminary trial in 1956. This finding was confirmed 
in a more detailed trial later in that season and again 
in 1957, when it was shown that low-volume ‘appli- 
cation of X at 1—2 lb./acre desiccated the crop at 
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least as well as sulphuric acid (15 per cent B.O.V.) 
applied at 100 gal./acre. 

Damage to cereals by X in the field was less than 
had been anticipated from the greenhouse observa- 
tions. Oats proved to be the most resistant, and 
rates of up to 2 lb./acre mainly caused only localized 
foliar scorch. Wheat, maize and barley showed 
increasing damage in that order. Temporary chlorosis 
of the younger leaves sometimes developed, par- 
ticularly with the more susceptible species. Grain 
yields in weed-free stands of spring oats and wheat 
in 1956 were not reduced following spray application 
at the 2-3 leaf stage of up to 1 lb./acre, but were 
affected by later treatments. Yields of spring barley 
were reduced in all cases; maize was not taken 
through to yield. In a series on weed-infested crops 
in the same season the treatments had no effect on 
yield in one trial on winter wheat and two on winter 
oats. Significant yield reductions, however, were 
recorded at two other centres where spring wheat 
and oats had been sprayed at later stages of develop- 
ment at 40 and 100 gal./acre, respectively. 

Most species of broad-leavéd annual weeds present 
in these cereal trials were adequately controlled by 
X at 1 lb./acre, exceptions being corn poppy (Papaver 
rhoeas), corn marigold (Chrysanthemum segetum) and 
parsley piert (Aphanes arvensis), which were markedly 
resistant. The activity shown by X in greenhouse 
tests against cleavers, chickweed, groundsel, mustard 
and speedwell was confirmed in these field trials. In 
addition, knotgrass (Polygonum aviculare), black 
bindweed (P. convolvulus), redshank (P. persicaria), 
charlock (Sinapis arvensis), runch (Raphanus raphan- 
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istrum), cut-leaved dead- nettle (Lamium hybridum), 
many-seeded goosefoot (Chenopodium polyspermum), 
fat hen (C. album), orache (Atriplex spp.) and scarlet 
pimpernel (Anagallis arvensis), all proved to be 
susceptible at rates of 1 Ib./acre or less. 

In these, and other trials, X gave good kill of top 
growth of several broadleaved perennial species, 
including dock (Rumex spp.), creeping thistle (Cirsium 
arvense), mint (Mentha spp.), field bindweed (Con- 
volvulus arvensis), ox-tongue picris (Picris hieracioides) 
and ground elder (Aegopodium podagraria). Basal 
regeneration in these perennials, however, quickly 
nullified the effect of the treatment. Similar responses 
were given by a range of grass species. 

Low-volume applications of X at 2-5 Ib./acre gave 
good top kill of various brushwood species, including 
bramble (Rubus spp.), briar (Rosa spp.), hawthorn 
(Crataegus monogyna), elder (Sambucus nigra), elm 
(Ulmus spp.). In all cases, however, the initial dieback 
was followed by basal regeneration. 

Clearly, 1: 1’-ethylene-2 : 2’-dipyridylium dibrom- 
ide is a very potent, translocatable,. rapid-acting, 
non-persistent, post-emergence herbicide. Potential 
outlets seem to lie mainly in the field of potato haulm 
destruction, crop desiccation and non-selective weed- 
killing, -though it may find some application as a 
selective weedkiller in cereals. More research is 
needed before the full potential of this new herbicide 
can be defined. 

Considerable assistance with the field trials reported 
here was given by H. C. Mcllvenny and L. G. Spencer. 


1 Imperial Chemical Industries, Ltd. (Fielden, R. J., Homer, R. F., 
and Jones, R. L.), British Patent Specification No. 785.732. 


NON-CONSERVATION OF PARITY 


HE situation in the field of elementary-particle 
decay interactions altered profoundly during 
1957. With experiments demonstrating violation of 
parity in B-decay' and m—y-e-decay? early in the 
year a new phase began in experimental work as 
well as in theoretical understanding of these weak 
interactions. A symposium, organized by Prof. R. E. 
Peierls, was held at the Royal Society on December 5 
to assess the present situation in the field. The 
meeting was organized in two formal and one dis- 
cussion session. An introductory talk by Prof. 
Peierls was followed by one from Dr. D. L. Pursey 
(Edinburgh), who gave a summary of §-devay and 
u-decay theory. Dr. M. A. Grace (Oxford) surveyed 
the experimental situation in ®-decay, and Prof. J. 
Cassels the situation in m-y-e-decay. Drs. P. E. 
Cavanagh and E. C. Ridley described experimental 
techniques for measuring electron polarization and 
electron—neutrino correlation, and Prof. A. Salam 
(Royal College of Science, London) spoke on 
‘strange’ particle decays. This article offers a brief 
discussion of some of the material presented. 

The principle of space-reflexion symmetry asserts 
that.there is no fundamental difference between right 
and left; that the results of any experiment look 
the same to an observer viewing the experiment 
directly as to one looking at its reflexion in a mirror. 
In elementary-particle physics this implies that 
transition probabilities for any reaction must not 
involve any pseudoscalar quantity. Pseudoscalar 


quantities are those which change sign on reflexion 
(r > — r). Simple examples of these are products 
such as Pı A Pe. Pa, Where py, Pa, Pa are three 
(momentum) vectors, or J.p., where J is an angular- 
momentum vector. (It may be recalled that angular 
momenta behave similarly to r A p for reflexions. 
For r>—r, p> — p, J —J and thus both 
Pi A Pz. Ps and J.p chango sign.) 

The principle of space-reflexion symmetry is known 
to hold in classical physics as well as in atomic and 
nuclear physics to all measurable accuracy. Yang 
and- Lee? were the first to point out, in the summer 
of 1956, that no experimental confirmation had been 
obtained whether pseudoscalar quantities do in fact 
occur in expressions for transition-rates of decay 
processes. . The ‘first experiments performed with 
polarized neutrons! and u-mesons? showed unmis- 
takably that these rates are proportional to a + 
b <J> . Pe where <J> is the vector representing 
neutron or -meson spin and pe is the momentum of 
the electron emitted. These experiments also showed 
one other characteristic which has proved extremely 
valuable for their theoretical interpretation. This 
was the observation that in all neutron (n) decays 
the emitted electrons spin in the opposite sense to 
their direction of motion‘ (left-polarization) with 
a polarization of magnitude v/c, while in the 
inverse transitions and in uwt-decay® the emitted 
positron possesses right-polarization of the same 
magnitude. 
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All decays can be classified into two categories : 
Category (1). Decays involving neutrinos (vy) as 
one of the decay products: (1) yt ~e+ + 2v; (2) 
n>pte-+v;3 (8)x+ opt + vy; (4) (a) K+ > 


pt +y; (b) Kt>pt +y +n; (e) Kt> et + 
v + m. 
Category (2). Decays not involving neutrinos : 


(5) A >p +77; (6) (a) Et >p 4-79; (b) Et >n + 
mt; (7) E= —>n +x; (8) (2) Kt ort +m’ 
(0-mode); (b) Kt—>nt + n+ + rt (t-modo). 

The decays in the second category involve ‘strange’ 
particles only and violate ‘strange-ness’ conservation. 
Thus these present the deeper problem. 

Before considering experimental results, “we wish 
to make some theoretical remarks regarding decays 
in c tegory 1. From experience, one has learnt that 
the simplest procedure in neutrino theory is to con- 
sider only Majorana neutrinos (4). A Dirac (4-com- 
ponent) neutrino, ~p, is simply two Majorana neu- 
trinos, ¥, and b, with a definite phase-relation 
between them (bp = p, + %.). There are two in- 
dependent basic assumptions which have been made 
in all present theoretical thinking, namely, (1) that 
the neutrino mass and self-mass are identically zero ; 
and (2) that there is a conservation law for light par- 
ticles (u-mesons, electrons and neutrinos). In any 
process the total number of light particles minus 
anti-particles remains unaltered. 

Specializing to the case of single Majorana neu- 
trino, these two assumptions, lead to the so-called 
2-state theory’. In this theory: (a) Both parity as 
well as charge-conjugation invariance must be 
violated. (b) Neutrinos are polarized, either along (vp), 
or opposite (vz) to their direction of motion. vy, 
may be considered as the anti-particle of va (vz = 
vr). (c) The electron (or positron) accompanying yR 
is right-polarized (with polarization of magnitude 
vje) if the interaction is of ‘vector’ (V) or ‘axial. 
vector’ (A) type; itis left-polarized if the interaction 





is of ‘scalar’ (S), ‘tensor’ (T) or ‘pseudoscalar’ (P) 


type. 

One may consider two completely independent 
Majorana neutrinos, p, and ¥,, or a Dirac neutrino, 
vp =, + iba, obtaining further generalizations of 
the theory. In the latter case the distinction between 
& neutrino and anti-neutrino does not depend on the 
state of polarization of these particles (vz and vR 
are both right-polarized but not identical). 

Consider briefly the experimental data for processes 
in category 1 and their theoretical interpretation : 

(1) u >e + 2y. 

(a) Experiments with electrons emitted. by polar- 
ized. -mesons show a backward-forward asymmetry, 
demonstrating parity non-conservation*. - 

(6) The most accurate determination’ of the 
Michel parameter, p, in the u-decay spectrum 
gives a value of 0-68 + 0-02. The 2-state theory 
predicts a value of 0-75 provided that, in u-decay: 
ut >et + vy + ve. À 

(c) In the 2-state theory, writing the decay inter- 
action in the form gy Hy + ga H4, where V and A 
refer to vector and axial-vector couplings, {Hy = 
(ut Vet) (vk Vyr), ete.}, the asymmetry para- 
meter mentioned in (a) corresponds to equal V and 
A(|gv|=|ga|). The measurement of positron 
polarization and the result that these are right- 
polarized gives gy = — ga. 

(d) The u-mesons in these experiments were pro- 
duced from x-decays at rest, and (in accordance 
with the expectation from 2-state theory) were 
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nearly 100 per cent polarized. From the experimental 
observation that positrons from these p.+-decays ere 
emitted predominantly in the direction opposite to 
the ut-direction of motion’, one may infer that 
u+-mesons from ~+-decay are also right-polarized. 

(e) Assuming light-particle conservation, from 
ut => et + vp + vr, and mt >utR + vr (neces- 
sarily so from the conservation of angular momen- 
tum) one would infer that ut, e+, vz form the set of 
‘particles’ and u~, e-, Yr the set of ‘anti-particles’. 

It is to be noted at this stage that the 2-state 
theory gives no explanation of why ga = — gy. 

(2) B-Decay : 

As mentioned before, experiments with polarized 
nuclei demonstrate unmistakably that parity is 
not conserved. The fact that electrons and posi- 
trons emitted in ßB-decay possess a high degree of 
longitudinal polarization provides a new tool for the 
determination of the fundamental f-interaction. If 
the 2-state theory with lepton conservation is 
assumed, the experimental result that positrons are 
right-polarized implies that positrons are always 
emitted together with vp-neutrinos. This would 
mean that the §-interaction is A and V. 

The experimental situation on this question is in 
confusion. First, most experiments seem to agree on 
the interaction being S or V plus A or T. This 
follows from the absence of Fierz-interference terms 
(plus the assumption ‘of time-reversal invariance). 
The detailed distinction between S or V and T or A 
is made by electron—neutrino correlation experiments ` 
which have nothing to do with, violation of parity as 
such. Experiments with argon-35 seem to show V, 
experiments with helium-6 show T; neon-19 and 
neutron data are compatible with either (S,T) or 
(V,A) combinations. It would appear that if the 
helium-6 experiments? stay firm, the 2-state theory 
with lepton. conservation will have to be abandoned, 
notwithstanding its successes. 

Turning to a consideration of decays in category 2, 
data, have recently become available which demon- 
strate violation of parity in these processes also. The 
most conclusive evidence comes from A > p + T7. 
For a sample of polarized A-particles at rest, with spin 
pointing along <J>, it is sufficient to show that the 


decay probability, W, depends on <J> . Pout (Fout is 
the direction of m-momentum). It transpires, provi- 
dentially, that in the production reaction m— + p > 
A + K, the A-particles produced by m-mesons of 
about 1-BeV. energy possess a high degree of polar- 
ization. Since, quite generally, 


<J> & pin A Pa 


where pi, is incident m--momentum and p, the 
A-momentum in the centre-mass frame, it is sufficient 
to look for an asymmetry in the number of decay 
7's in @ direction normal to the A-production plane 
and in the opposite direction. Writing 


W =1 +a <I>: pow 


the combined results of the Columbia, Bologna, Pisa, 
Michigan, Brookhaven and Berkeley groups give 
a<J,> = 0-52 + 0-10. Here <J,> is an average 
taken over a number of production angles. From 
angular distribution data in A-production it has 
been estimated that <J,> %0.68+0-03, so that 
the fundamental asymmetry parameter’, « > 0-774 
0-15. The corresponding results for 2+ and X- 
particles give 
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a <J>.4 = — 0:36 + 0-20 
a <J>e = — 0:13 + 0-26 


The two decay modes of K+-meson (0-mode, m+ +- 
x’, and t-mode, nt + 2+ + 7°) provide additional 
evidence for violation of parity. The final state con- 
sisting of mt + 7° mesons has. spin-parity assign- 
ments 0 +, 1 —, 2 +, etc. It is easy to show that 
corresponding assignments for the (m+ + m+ + 7-) 
state are 0 —, 1 +, 1 —, 2 +, ete. There is consider- 
able evidence that the spin of the K-meson is zero. 
Thus, K-particles decay through two modes, with 
opposite intrinsic space-reflexion properties. 

For the theoretical interpretation of ‘strange’- 
particle decays there is nothing analogous to the 
neutrino to carry the blame for violation of parity. 
It may be recalled that it was the possibility of 
making the gauge transformation Y, > yap, for 
the neutrino (on account of its zero-mass) which led 
to the 2-state theory. One would like to have some- 
thing analogous to this transformation for ‘strange’- 
particles. 

Already in neutrino physics there are indications 
that the transformation, Yp —> y,,, is not enough. 
There is the obstinate fact in u-decay that g4 = 
— gy. One can perhaps find a natural explanation 
for this by generalizing the neutrino gauge to elec- 
trons or p-mesons, in the following manner. We 
postulate that all p-interactions or electron-inter- 
actions are invariant for the transformations 

be > Yhes Me > — Me 
Or Pu > YsPus Mu > — Mp 
In so far as the electro-magnetic interaction is not 
changed by these (mass-reversal) transformations, 
invariance for mass-reversal appears as & universal 
law for all light particles. 

Unfortunately, the current theories of strong 
interactions are not mass-reversal invariant. J. 
Sakurai’*® has, however, proposed that as a start 
towards obtaining the interaction for ‘strange’- 
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particle decays one may postulate that all ‘strange’- 
particle decays arise from weak couplings of the 


type (A N) (N N), where N stands for nucleons, and 
that mass-reversal applies to these. One then obtains 
the result that there exists a universal 4-field inter- 
action between Fermi fields with equal mixtures of 
A and V. In the particular case of A-decay, this 
gives « = 0:89. This unified point of view appears 
attractive although it suffers from a number of 
theoretical objections. The chief experimental 
evidence against it, however, is the result of e — v 
correlation experiments on helium-6 decay, men- 
tioned before. 

This discussion would not be complete without 
some mention of the so-called PCT theorem. It can 
be shown that invariance of a theory for Lorentz 
retations automatically implies its invariance under 
each of the six products PCT, TPC, PTO, ete., 
where P stands for parity, C for charge-conjugation 
and T for time-reflexion invariance. It is clear that 
—besides parity—at least one other invariance must 
be violated in weak decays. It can be shown that 
all experiments imply C-violation. Weak interactions 
are not charge-conjugation symmetric. It is still an 
open question whether or not time-reflexion sym- 


metry holds in these processes. A. SALAM 
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VACANCIES AND OTHER POINT DEFECTS IN METALS AND 
ALLOYS 


N recent years‘there has been considerable interest 

in the behaviour of lattice vacancies, interstitial 
atoms and other more complex point defects in 
metals. In order to survey this subject, the Metal 
Physics Committee of the Institute of Metals invited 
six papers which would form the basis of a sym- 
posium. By kind permission of Sir John Cockcroft, 
the symposium was held at the Atomic Energy 
Research Establishment, Harwell. On December 9, 
following visits to the reactors DIDO and PLUTO 
and some laboratories, an introductory lecture was 
given by Prof. R. W. K. Honeycombe (University of 
Sheffield). He showed that a knowledge of the 
characteristics of point defects is necessary for the 
understanding of a wide range of metallurgical 
phenomena, including quench- and irradiation- 
hardening, fatigue and creep. 

On December 10 the six invited papers were briefly 
presentedjto an audience of about three hundred, and 
general discussion followed. Dr. A. H. Cottrell 


(Atomic Energy Research Establishment, Harwell) 
considered how point defects can cause or contribute 
to hardening and softening processes in metals at 
temperatures lower than those at which conventional 
high-temperature creep occurs. The most spectacular 
hardening is that produced by quenching very pure 
metals from temperatures near the melting point. If 
the quench is sufficiently rapid, the high-temperature 
equilibrium concentration of vacancies remains ran- 
domly dispersed, and there is little or no hardening. 
Then if the metal is warmed sufficiently for the 
vacancies to agglomerate or migrate to dislocations, 
considerable hardening can occur. The detailed 
interpretation of quenching experiments was re- . 
peatedly shown to be of crucial importance for the 
understanding of the behaviour of lattice vacancies. 
When a metal is bombarded by energetic particles, 
occasional collisions lead to the knocking of atoms 
from lattice sites and the consequent production of 
equal numbers of vacancies and interstitials. The 
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hardening produced by irradiation is often consider- 
able, but the processes are apparently complex. It 
appears that both the initiation of plastic deformation 
and its continuation are usually made more difficult, 
indicating that point defects do interact with dis- 
locations to give ‘source hardening’, and with each 
other to give general lattice hardening. During 
plastic deformation of annealed metals, lattice 
vacancies are produced and in certain circumstances 
can lead to readily observed increases in loca] diffusion 
rates. This is particularly prominent in fatigue, and 
it is probable that there is also a characteristic 
fatigue-hardening produced by point defects which 
more resembles quench- and irradiation-hardening 
than work-hardening. 

The effects of point defects on some physical 
properties afford means for the study of their gener- 
ation, movement and disappearance. Tho existing 
theoretical and experimental evidence was sum- 
marized by Dr. T. Broom and R. K. Ham (University 
of Birmingham). It was concluded that while the 
measurement of electrical resistivity is often experi- 
mentally simple, the uncertainties in interpretation 
are often such as to render more desirable the rather 
difficult measurement of stored-energy. The other 
properties considered were density, thermo-electric 
power, magnetic behaviour, thermal conductivity 
and nuclear magnetic resonance. The most useful 
experiments are obviously those in which the changes 
of many properties are studied simultaneously. 

Dr. W. M. Lomer (Atomic Energy Research 
Establishment, Harwell) considered the transport of 
atoms through metallic lattices in various types of 
diffusion processes, of which vacancy diffusion is the 
most important. In many face-centred-cubic metals 
the details are well understood, but in other lattices 
the ‘structure’ of a vacancy and of other point defects 
remains uncertain and hinders agreement between 
theory and experiment. Vacancies in alloys usually 
associate preferentially with one species of atom, and 
useful information can be gained about this indirectly 
from quenching experiments and directly from tracer 
diffusion measurements in homogeneous alloys. It is 
probable that non-equilibrium concentrations of 
vacancies introduced into homogeneous alloys, for 
example, by irradiation, can only lead to accelerated 
diffusion over very small distances because of the 
density of vacancy traps. Chemical diffusion in 
inhomogeneous systems is more complex on account 
of the complication of the gradient of chemical 
potential. Briefly, each species of atom will migrate 
at a different rate along the gradient leading to 
shifting of diffusion interfaces, to “vacancy pumping’ 
and frequently to formation of porosity due to local 
vacancy supersaturations. The detailed behaviour of 
sinks (and sources) for vacancies is important not 
only in such systems but also in vacancy-creep and 
in sintering. 

The activation energy for creep at high tem- 
peratures has frequently been found to be very close 
to that required for ‘self-diffusion. In a general 
account of high-temperature mechanical properties, 
Dr. D. McLean (National Physical Laboratory) 
showed how this is accounted for by mechanisms 
involving climb of dislocations caused by their 
absorption of thermal vacancies. The relative rates 
of creep in various metals can be qualitatively 
explained by considering the structure of the dis- 
locations involved and whether they can readily act 
as sinks for vacancies. Alloying usually reduces the 
rate of secondary creep, and it is possible by simple 
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calculations to indicate what modifications to the 
dislocation climb model may occur in particular 
cases. During the later stages of creep tests, voids 
frequently appear at grain-boundaries. The hypo- 
thesis that these are formed by the condensation of 
vacancies is confirmed after critical examination of 
the conditions for nucleation and growth. 

Dr. P. L. Pratt (University of Birmingham) con- 
tributed a paper discussing the role of point defects 
in determining the mechanical properties of ionic 
crystals. Historically, there is good precedent for such 
studies casting light on similar properties in metals, 
and it was shown that quench-hardening, generation 
of vacancies by moving dislocations, dislocation- 
pinning and vacancy cluster hardening all occur in 
crystals of sodium chloride. However, an important 
contribution to hardening in ionic crystals arises 
from the positive charge carried by dislocations 
which itself is a consequence of differing energies of 
formation of positive and negative ion vacancies. 
The line charges are screened by clouds of oppositely 
charged vacancies and this causes additional dis- 
location-pinning. 

The last paper of the symposium, by E. C. Williams 
and P. C. S. Hayfield (Imperial Chemical Industries, 
Metals Division, Birmingham), dealt with the char- 
acter of the metallic surface conceived of as containing 
an abnormal concentration of point defects and the 
influence that this has upon dry corrosion. Many 
new experimental results were presented from work 
in progress, and it was considered that they could 
best be explained by introducing into the theory of 
oxidation the concept of the trapping of electrons by 
localized structural defects. 

In opening the general discussion, Prof. R. Maddin 
(University of Pennsylvania) gave new results for the 
hardening of polycrystalline copper by quenching. 
Specimens which had been rapidly quenched to room 
temperature could be hardened by slight warming, but 
heating at a higher temperature caused softening. 
Both processes occurred with an activation energy of 
0:7 eV. and were believed to be associated with the 
movement of single vacancies. In a new theoretical 
interpretation of the effects of quenching on the 
electrical resistivity of gold it was proposed that 
quenching from low temperatures (~ 500° C.) 
produced single vacancies but that during quenching 
from high temperatures (~ 900° C.) some pairs, 
clusters and collapsed clusters (sessile dislocations) 
were created and then later modified appreciably the 
kinetics of annealing-out of the extra resistivity. 
Other experimental results were presented on the 
effect of straining and rate of strain on self-diffusion 
in silver single crystals. At appreciable rates of 
strain the activation energy for diffusion fell to 
~ 0-7 eV., indicating this value as that required for 
the diffusion of vacancies produced by straining. 
Dr. M. C. Inman (National Physical Laboratory) 
gave some results for the effects of straining on the 
diffusion of antimony in copper and Dr. B. 8. Berry 
(Fulmer Research Institute) for the energies for 
diffusion in quenched aluminium 4 per cent copper 
alloy. 

Quenching of aluminium was discussed by M. M. 
Wintenberger (Vitry, France) both with reference to 
hardening and effects on electrical resistivity. Evid- 
ence was given which showed that annealing after a 
rapid quench gave a large residual resistivity and, 
because slight deformation reduced this, it was likely 
that it could be attributed to clustering of vacancies. 
The importance of clustering of vacancies in the 


No. 4607 February 15, 1958 


hardening and subsequent softening of quenched 
sodium chloride crystals was emphasized by Dr. B. H. 
Kear (Tube Investments Research Laboratories). 
Describing work done at the University of Birming- 
ham, he showed the effects of various quenching 
media, specimen sizes and quenching temperatures. 
After eliminating effects due to quenching strains there 
remained features closely analogous to those produced. 
by single vacancies and vacancy clusters in metals. 

Dr. T. H. Blewitt (Oak Ridge, temporarily at 
Harwell) referred to recent results in his own labora- 
tory. Tensile tests on copper single crystals had been 
carried out at 20° K. in a nuclear reactor after main- 
taining the specimens at that temperature throughout 
a bombardment of 4 x 101 neutrons. The hardening 
produced remained unchanged by pulse anneals up 
to about 250° K. despite the large drop of extra 
resistivity at ~ 36° K. and its subsequent slow fall. 
Some slight decrease in critical shear stross occurred 
at ~ 250° K. but complete annealing did not occur 
until higher temperatures. New measurements of 
the energy associated with the 35° K. resistivity- 
annealing process yielded 0:3 cal./mole for a bombard- 
ment of 4 x 101 neutrons. Dr. Blewitt suggested that 
these results, taken in conjunction with his own 
previously published work on the effects of alloying 
on the 35° K. process in copper, precluded any simple 
interpretation of hardening as due to dispersed single 
vacancies and interstitial atoms. The annealing 
kinetics at 35° K. were apparently first order with a 
range of activation energies, and might provisionally 
be ascribed to the migration of crowdions. 

The mechanisms of irradiation-hardening of copper 
after neutron bombardment were discussed by 
Dr. M. J. Makin (Harwell). His experiments on 
single crystals and polycrystalline copper showed 
that there is a large and temperature-dependent 
increase in the stress required to generate dislocation 
loops; this must originate from the interaction of 
one or more of the products of bombardment (vacan- 
cies, interstitials, etc.) with dislocations. In addition, 
there is @ general lattice hardening (independent of 
temperature) which makes it difficult to maintain the 
movement of dislocations ; this could be attributed 
to the clustering of point defects or to the formation 
of sessile dislocations. Some preliminary results were 
given for the effects of electron irradiations on the 
strength of copper single crystals. Evidence for the 
dual nature of irradiation-hardening was also given 
by Dr. A. T. Churchman (A.E.I. Research Labora- 
tories, Aldermaston) in an analysis of the dependence 
of neutron-bombardment hardening of mild steel 
upon grain size and temperature, and by Dr. A. D. 
Whapham (Atomic Energy Research Establishment, 
Harwell), who showed photomicrographs illustrating 
the propagation of slip in lithium fluoride crystals 
hardened by electron bombardment. Dr. R. E. 
Smallman (Atomic Energy Research Establishment, 
Harwell) gave results showing how X-ray measure- 
ments indicate that a change occurs in the neutron 
bombardment of lithium fluoride at a critical dose of 
about 1017 nvt. Below this dose the lattice parameter 
increases with dose, but it remains constant above it ; 
below, there are no diffraction streaks from single 
crystals and there is no line broadening and little 
low-angle scattering, but above 10" nvt all these 
increase. Again, this may indicate condensation of 
point defects at high doses. _ 

Various considerations suggest that such alternat- 
ing strain as occurs during fatigue tests may be & 
prolific source of vacancies. R. K. Ham (University 
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of Birmingham) presented new results which showed 
that the fatigue hardening of copper single crystals at 
room temperature is somewhat analogous to that 
produced by irradiation. Plastic flow in a tensile 
test following a fatigue treatment starts in the fatigue 
striae, and then at a stress some 30 per cent higher 
than the fatigue stress (and typically, about 50 times: 
higher than the critical stress of the virgin crystal) 
there is a small yield drop and a Liiders band passes 
through the crystal. The temperature-dependence 
of this fatigue hardening is high. Less-detailed results 
obtained for zinc crystals were described by Dr. 
G. B. Greenough (U.K. Atomic Energy Authority, 
Windscale). Dr. H. M. Rosenberg (University of 
Oxford) considered that electrical resistivity 
changes during fatigue of copper suggest thet many 
more defects are created than during, unidirectional 
deformation. The production of vacancies by 
unidirectional deformation is believed to be respons- 
ible for discontinuous flow in strain-ageing alloys: 
previous work has been done on dilute alloys, but 
$. G. Harris (University of Birmingham) showed how 
the Portevin—Le Chatelier effect in concentrated 
commercial and high-purity binary aluminium alloys 
is modified by a strain-induced precipitation process. 
This in. turn can result in strikingly unusual ‘shear’ 
fractures after considerable plastic extension. 

Recent experiments on copper bombarded with 
-particles were described by Dr. R. S. Barnes 
(Atomic Energy Research Establishment, Harwell). 
On subsequent heating, bubbles of helium only appear 
where there is a prolific source of vacancies. The 
major sources of vacancies thus revealed are free 
surfaces and grain boundaries, with apparently only 
occasional dislocations. Dr. J. Nutting (University 
of Cambridge) suggested that, in technical creep- 
resisting alloys, vacancies could be produced as a 
result of the volume changes involved in the dissolu- 
tion of small precipitates or their change in composi- 
tion. 

The analysis of new results for.the creep of copper 
between 400 and 750° C. was discussed by, Dr.yP. 
Feltham (University of Leeds). Below a critical 
stress the rate of creep is controlled by the climb of 
edge dislocations, occasioned by the condensation. of 
vacancies at jogs, and the activation energy is about 
1-4 eV.; above the critical stress (identified as the 
strength of Cottrell—Lomer barriers) creep is controlled 
by the movement of screw dislocations containing 
jogs and the activation energy is about 2-2 eV. 

Dr. A. B. Lidiard (University of Reading) con- 
tributed a discussion of diffusion in ordered alloys, 
and Dr. R. W. Cahn (University of Birmingham) 
indicated how in such alloys creep phenomena depend 
markedly upon the degree of order near the critical 
temperature. : 

Some criticism of the theory of Williams and Hay- 
field was offered by Dr. T. P. Hoar (University of 
Cambridge), who thought that their derivation 
of logarithmic oxidation rates could depend on other 
rate-controlling processes. New evidence for the 
effects of point defects on physical properties was 
given by Dr. H. M. Rosenberg (heat conductivity in 
strained «-brass single crystals) and by Dr. E. O. 
Hall (University of Sheffield) concerning effects of 
neutron-bombardment on the magnetic behaviour of 
single crystals of 2 per cent silicon ferrite. Fairly 


, detailed analysis of the magnetic results was possible, 


and interpretations were offered in terms of an increase 
in density of dislocations and jogs and the creation of 
ageregates of point defects. T. Broom 
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INTERNATIONAL COMMISSION ON 
ENZYMES 


T the second general assembly of the Inter- 
A national Union of Biochemistry, held in Brussels 
in August 1955, it was agreed to establish an Inter- 
national Commission to consider those problems of 
enzymology in which international co-operation 
would be useful, and especially to make recom- 
mendations for a more logical and a more generally 
satisfactory system for the nomenclature and 
classification of enzymes. 

In the following year, Prof. M. Florkin, the 
president of the International Union of Biochemistry, 
called an ad hoc committee together in Paris. At this 
meeting it was finally agreed that the terms of 
reference. of this Commission should in the first 
instance be: “To consider the classification and 
nomenclature of enzymes and co-enzymes, their 
units of activity and standard methods of assay, 
together with the symbols used in the description of 
enzyme kinetics’. It was further agreed that the 
Commission should consist of ten ordinary members 
and two corresponding members. Dr. Malcolm 
Dixon was appointed president of the Commission 
and Prof. O. Hoffmann-Ostenhof secretary. Prof. 
E. Cherbuliez was present at this meeting as a repre- 
sentative of the Section of Biological Chemistry of 
the International Union of Pure and Applied 
Chemistry. 

As a result of this meeting the following people 
agreed to serve on the Commission: Ordinary 
members: A. E. Braunstein (U.8.8.R.), S. P. Colo- 
wick (United States), P. A. E. Desnuelle (France), 
M. Dixon, president (United Kingdom), W. A. 
Engelhardt (U.8.8.R.), E. F. Gale (United Kingdom), 
O. Hoffmann-Ostenhof, secretary (Austria), A. L. 
Lehninger (United States), K. Linderstrgm-Lang 
(Denmark), F. Lynen (Germany); Corresponding 
members: F. Egami (Japan), L. F. Leloir (Argen- 
tine). ` 

The work of the Commission was begun shortly 
after the appointment of members was com- 
pleted, and a number of documents dealing with 
various different topics were circulated by the 
president and secretary for the consideration of the 
members. i 

‘The next meeting of the Commission took place in 
Paris in July 1957. One of the first pieces of business 
to be taken up at this meeting was a proposal by Dr. 
Gale that a philologist should be invited to participate 
in the work of the Commission. This somewhat 
novel and highly acceptable proposal was welcomed 
by the Commission, and Mr. H. S. Davies, Fellow of 
St. John’s College, Cambridge, has now agreed to 
serve as a corresponding member. Although the 
work of the Commission is still in its early stages, a 
number of important decisions have been reached, 
and it is possible already to see the shape of the 
final recommendations. For example, it was agreed 
that a dual system of nomenclature should exist in 
enzymology, in which each enzyme should be given 
an exact systematic name, which in most cases will 
be a new name coined by the Commission, and also 


a short, trivial name, using for this, whenever possible, 
the present-day name. The systematic name for a 
given enzyme should as far as possible be descriptive 
of the reaction catalysed by the enzyme ; thus,. in 
the case of transferring enzymes the systematic name 
would be in accordance with the scheme ‘donor— 
acceptor—group transferred—transferase’, for example, 
alanine-«-ketoglutarate-amino-transferase, although 
‘transaminase’ might well remain as a permissible 
trivial name. Enzymes catalysing oxido-reductions 
would be named oxidoreductases in the systematic 
nomenclature, according to the scheme ‘donor— 
acceptor oxidoreductase’, although again for every- 
day use it would probably be recommended that the 
terms ‘dehydrogenase’ and ‘reductase’ should be 
retained. A special sub-commission was set up to 
consider the nomenclature of cytochromes. 

A preliminary discussion also took place on the 
question of the units of enzyme action and on the 
kinetic symbols to be used in the description of 
enzyme-catalysed reactions. 

A joint meeting of the Commission on Enzymes 
with the Commission on Biochemical Nomenclature 
of the International Union of Pure and Applied 
Chemistry was also held in July, at which the 
nomenclature of ‘pyridine nucleotides’ was raised. 
It was agreed that the International Union of Pure 
and Applied Chemistry Commission should be asked 
to bring forward recommendations as to the naming 
of these compounds, so that the Commission on 
Enzymes would be provided with an internationally 
agreed terminology for this group of co-enzymes, and 
would therefore be in a position to deal with the 
nomenclature of enzymes functioning with these 
co-factors. 

It would be misleading at this early stage in the 
work of the Commission to attempt to set down in 
any detail the recommendations that have been put 
forward. Much more work remains to be done, and 
in suggesting new proposals relating to nomen- 
clature and classification of any group of compounds 
it is clearly necessary to view the field as a whole. 
One important practical point that faces any nomen- 
clature Commission has already been discussed, 
namely, the means of bringing into general use the 
newly proposed names. Here it will, at some stage, 
be necessary to seek the help of the major biochemical 
journals in different countries, and it is to be hoped 
that the final recommendations of this Commission 
will be given the widest publicity in order to facilitate 
their adoption by working biochemists and so 
minimize the existing confusing and reduplication 
of names that exist in this field. 

The Commission will welcome suggestions from 
non-members and from outside bodies on all aspects 
of the field. These should be sent to the president or 
to the secretary of the Commission, but it is hoped 
that they would not be published before being con- 
sidered by the Commission. 

O. HOFFMANN-OSTENHOF 
R. H. S. THOMPSON 
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OBITUARIES 


Mr. D. L. Chapman, F.R.S. 


Davin LEONARD CHAPMAN, who died on January 
17 at the age of eighty-eight, was little known per- 
sonally outside the Universities of Manchester and 
Oxford, but the scientific work he quietly pursued 
for so many years was of the highest quality. 

From Manchester Grammar School he went as an 
Open Exhibitioner to Christ Church, Oxford, and 
graduated with, first-class honours in natural science 
in 1893. After teaching for a period at Giggleswick, 
he was appointed lecturer and demonstrator in 
chemistry under Prof. H. B. Dixon at the University 
of Manchester. In 1907 he was elected a Fellow of 
Jesus College, Oxford, to take charge of a new 
laboratory built by the College, which, because of the 
inadequacy of University laboratory accommodation, 
played a full part in the general teaching of chemistry 
in the University. The College laboratory remained 
open. until his retirement in 1944. 

In 1899 Chapman, who had excellent mathe- 
matical ability, published a paper of fundamental 
importance on maximum explosion-rates. Five years 
later similar results were obtained by Jouguet, and 
the two names have usually been associated in this 
field. The theory was a development of the mathe- 
matical results of Riemann and of Hugoniot, which 
showed that a discontinuity or ‘shock wave’ of very 
high velocity is set up in an explosion. This theory 
has proved both sound and valuable, and is still 
basic for modern work on explosion velocities. 
Chapman. used it for calculating velocities for mix- 
tures of nitrogen with electrolytic gas which were in 
excellent agreement with the experimental findings 
of Dixon; but since the theory required the know- 
ledge of the magnitudes of high-temperature specific 
heats, which were then not obtainable directly, it 
did not for some years receive adequate recognition 
of its importance. 

Karly in the present century Chapman took up 
the study of the photochemical combination of 
hydrogen and chlorine, where investigators had 
found confusing results due to mysterious inhibiting 
effects. Long ‘induction periods’ were observed 
which appeared to vary in @ very capricious manner 
from experiment to experiment. These were traced 
by Chapman to the presence of minute amounts of 
ammoniacal or other nitrogenous compounds in the 
water used in the reaction vessels, and a technique 
of high-temperature chlorine treatment was devised 
to minimize the irregularities. During the following 
forty years he continued a systematic study of this 
very difficult reaction, assisted by his wife Muriel 
(née Canning) and his research pupils. The effect of 
surface-area, of the reaction vessel in affecting the 
dependence of the reaction-rate on the light intensity 
was carefully analysed. He also worked out the 
‘sector-technique’ for finding chain-carrier lives by 
measuring the change of rate with sector speed, and 
applied it to the photochemical combination of 
hydrogen, with bromine. In all this photochemical 
work he showed very great experimental skill in the 
planning and technique. 

His approach to research was one of equal parts of 
penetration and caution; he was intensely honest 
and fair-minded, with a very clear vision of what 


had and what had not been proved. Although 
almost a recluse in scientific work, and indifferent 
to its reception by others, he was personally most 
friendly and approachable, and beloved by all his 
students. His high mathematical and experimental 
powers were recognized by his being brought into 
secret work on gaseous diffusion during the Second 
World War as part of the ‘Tube Alloy’ programme. 
Chapman’s absorption in scientific work did not 
prevent him from taking a part in College and 
University affairs. He never sought office or power, 
but in such positions he showed himself a practical 
administrator of great ability and common sense. 
For ten years he undertook bursarial duties in Jesus 
College, and acted as vice-principal from 1926 until 
his retirement. He also served as senior proctor and 
was from time to time a member of University 
boards and committees, including the Hebdomadal 
Council. E. J. BOWEN 


Prof. Bjørn Helland-Hansen 


Bory in Oslo on October 16, 1877, Bjørn Heland- 
Hansen’s advent to oceanographical science, in which 
he soon became a leading international figure, was 
almost fortuitous. The loss of most of his fingers 
by frostbite, while he was still a medical student in 
Oslo, induced him in 1898 to turn to the natural 
sciences. These he pursued in Oslo and, with oceano- 
graphical bias, particularly towards physical oceano- 
graphy, also in Stockholm, where he sat under 
Vilhelm Bjerknes on dynamic meteorology and 
hydrography and where he met his life-long friend, 
V. W. Ekman, and in Copenhagen, where he worked 
with the already well-known Danish oceanographer, 
Martin Knudsen. Thus early, too, began his friend- 
ship and collaboration with Fridtjof Nansen, which 
produced two notable treatises on ““The Norwegian 
Soa” and “The Eastern North Atlantic”, in 1909 and 
1927, respectively. 

In 1900, Helland-Hansen was appointed assistant 
at the Norwegian Fishery Directorate in Bergen and 
for ten years participated in the cruises of its research 
ship, Michael Sars, the outcome of which, in 1912, 
was the oceanographical classic, “The Depths 
of the Ocean”. In 1903, however, he made his 
own significant contribution to the developing science 
when, in collaboration with J. W. Sandstrom, he 
derived the method which has since been extensively 
used for the dynamic computation of ocean currents.. 

In this same period, until 1914, Helland-Hansen 
was the brilliant leader of international courses in 
ocean researches which attracted marine scientists 
from far and near to Bergen ; and in 1906, although 
primarily a physicist, he became director of the 
Marine Biological Station in Bergen. Four years later 
he was given the status of a university professor and 
approval to build a new research ship according to 
his own ideas. The Armauer Hansen, superseded only 
in 1957 by the appropriately named Helland-Hansen, 
was paid for entirely by the people of Bergen. 

In 1917, as the result of his advocacy, the Geo- 
physical Institute of Bergen, now part of the 
University of Bergen, was founded, and it is further 
significant of Helland-Hansen’s sterling qualities 
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that once again the new building occupied by the 
Institute in 1928 was paid for by citizens of Bergen. 
Besides being professor of oceanography, Helland- 
Hansen, until he resigned his professorship in 1946, 
was head of the Institute, which houses also Depart- 
ments of Meteorology and of Cosmic Physics and 
Terrestrial Magnetism. 

The scope and range of Helland-Hansen’s enter- 
prise and achievement embraced yet another project. 
In 1925 he was one of three trustees nominated by 
the testator to administer the residual estate of more 
than five million kroner of the late Christian Michel- 
sen, a former Prime Minister of Norway and million- 
aire shipowner. As the Chr. Michelsen Fund, the 
estate endowed the establishment in 1930, and the 
maintenance, of a Chr. Michelsen Institute of Science 
and Intellectual Freedom. Besides compiling the 
statutes for its administration, Helland-Hansen, as 
chairman of the Board of Administrators, was for 
twenty-five years the presiding genius in its conduct. 

He was the recipient of many honours, among which 
may specifically be cited the honorary rank of a 
Commander, with Star, of the Order of St. Olav, and 
the Portuguese Order of the Great Cross of St. Jago. 
He was doctor honoris causa of several universities 
and a fellow of numerous scientific and learned 
societies in Europe and America. Medals, in com- 
memoration mostly of oceanographical research 
expeditions or investigators, were awarded him on 
many occasions. He was elected president of the 
International Association of Physical Oceanography 
in 1936 and president of the International Union of 
Geodesy and Geophysics in 19465. 

Holland-Hansen died in Bergen on September 7, 
1957, and the sympathy of countless colleagues, 
friends, and admirers the world over is offered to his 
_ widow, Anna Marie Krag, of Copenhagen, whom he 
married in 1902, and their family of one daughter 
and five sons. J. B. Tarr 


Prof. M. Damodaran 


Pror. ManayvatH DAMODARAN, who died after a 
prolonged illness last December, was a graduate of 
the University of Madras, and after some preliminary 
training in research at the Indian Institute of Science, 
Bangalore, he was awarded a Government of Madras 
Research Studentship. He spent his first year in 
Germany with Abderhalden at Halle a.S., where he 
worked on the preparation and enzymic digestion 
of myristic acid peptides, and his last two years with 
me at the Imperial College of Science and Technology, 
London. He was then, as he always remained, a 
quiet unassuming scholar, and he already possessed 
the connoisseur’s appreciation of research, a quality 
that his friends always found so attractive, and 
which inspired his own students later in Madras and 
Poona. Until recent years his main interest was in 
protein chemistry and metabolism, a field in which 
he was a pioneer in India and by far its best exponent. 
At heart he was an analyst and never happier than 
when. applying his great experimental skill to prob- 
lems concerned with amino-acid analysis of proteins. 

At the Imperial College he was responsible, during 
1929-32, for the isolation of asparagine and glutamine 
from enzymic digests of edestin and gliadin respec- 
tively, an achievement which provided the first 
direct proof of the ‘amide hypothesis’ in proteins and 
gained him the degree of D.Sc. (London). On his 
return to India at the end of 1932 he was made first 
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reader and then professor in his old University at 
Madras, a post he held for sixteen years. There, in 
spite of very limited laboratory equipment, he em- 
barked on a series of researches which soon made 
him one of the foremost biochemists in India. One 
may mention his work on phosphopeptone from 
casein, the isolation of canavanine from many seeds, 
new sources of urease, and the proteins of local 
foodstuffs. He also demonstrated for the first time 
the presence of glutamic dehydrogenase in plants, 
which he found in germinating seedlings. The results 
of all these valuable researches were accepted for 
publication in the Biochemical Journal. 

In 1948 came the call to the new National Chemical 
Laboratory in Poona, where he was invited to 
assume directorship of the Biochemical Department 
and later the deputy-directorship of the Laboratory. 
At first the task was rather an uphill one, as accom- 
modation was limited and equipment scarce. But in 
the early 1950’s, with the new building in operation, 
conditions improved, and during his last five years 
or so Damodaran had at his disposal a laboratory as 
well equipped as any in Europe or America. The 
National Chemical Laboratory had been created to 
full a national need, and Damodaran never lost 
sight of this aspect of his job. In the early stages of 
its development, proteins had to be relegated to the 
background and prominence given to problems that 
might have economic or medical application. For 
example, he bred a remarkably active and reliable 
strain of Aspergillus niger for the production of 
citric acid from sugar, and his process based on it is 
now in commercial operation. The synthesis of 
ascorbic acid from sorbitol, with a 99 per cent inter- 
mediary yield of sorbose, has also passed the pilot 
stage. Another important line he introduced was a 
gelatin plasma substitute preparation, based on a 
tryptic digestion, which has already been tested 
clinically with excellont results. Damodaran entered 
whole-heartedly into the work of the National 
Chemical Laboratory, and his retirement through 
ill-health in the summer of 1956 was deeply regretted 
by the Director and all his staff. All who knew him 
in Britain and India will mourn the passing of & 
very lovable colleague. A. C. CHIBNALL 


Prof. Claude Fromageot 


CLAUDE FromaGxotT, director of the Laboratory of 
Biological Chemistry at the Faculté des Sciences, 
Paris, since 1946 and professor of biochemistry at 
the Sorbonne since 1954, died on January 10, at the 
age of fifty-eight. The unexpected loss of this dis- 
tinguished scholar comes as a great shock to his 
many friends all over the world. 

Fromageot received his early scientific education 
at the Institut National Agronomique. After a year 
at the Collège de France, he spent a further year as 
assistant to Victor Henri at Zurich. In 1928 he went 
as a Rockefeller Fellow to Berlin-Dahlem, where he 
worked in the laboratory of Carl Neuberg. In 1929 
he became director’ of the Biochemical Laboratory at 
the Faculté des Sciences at Lyons, and there he 
remained (with an interruption of ten months in 
1933 spent at the University of Wisconsin, in Madison) 
until he went to Paris in 1946. 

His early work was devoted mainly to the study of 
bacterial fermentations, particularly to the relation 
between fermentation and respiration in Proptone- 
bacterium pentosaceum. In later years he became 
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interested in the study of the chemical composition 
of proteins endowed with biological activity ; for 
example, of lysozyme and of the pituitary hormones. 
Some of his more recent results in this field were 
presented at Bristol in April 1956, when he took 
part in the Colston Research Society Symposium on 
the neurohypophysis. 

Fromageot’s name is most intimately connected 
with our present knowledge of the metabolism of 
sulphur, both in micro-organisms and in higher 
animals. Much of this work was reviewed in his 
Harvey Lecture, given in New York in 1953. One 
of the main advances that we owe to him and his 
colleagues isthe recognition of the central position 
held by cysteinesulphinic acid in the degradation of 
cysteine. They discovered and investigated a number 
of enzymic reactions in which this important inter- 
mediate metabolite takes part. The role of vitamin 
B, in these reactions and the action of hormones on 
the enzymes involved have been studied in his 
laboratory. Many of these results are embodied in 
the “Colloque sur la Biochimie du Soufre”, the out- 
come of a gathering held in May 1956 at the Station 
Maritime, Roscoff, under the auspices of the Centre 
National de la Recherche Scientifique, where From- 
ageot and his colleagues discussed outstanding 
problems with other workers in this field. Here his 
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unique mastery of the subject was evident, and. this 
volume will now serve to remind us of some of his 
more recent achievements and of his aims. At the 
time of his death, Fromageot was busy planning 
another session on sulphur metabolism for the 
Fourth International Congress of Biochemistry, to 
be held at Vienna this year. 

Fromageot did much to strengthen international 
co-operation in research. He travelled widely and 
lectured in many countries, helped by his great 
linguistic abilities. Biochemists everywhere owe him 
a debt, as one of the founders of Biochimica et Bio- 
physica Acta, and as the president of the Organizing 
Committee of the Second International Congress of 
Biochemistry, held at Paris in 1952. 

In the remarkable development of French bio- 
chemistry in the post-war years, Fromageot played his 
full part. Some of his earlier colleagues followed him 
from Lyons to Paris; later his name attracted an 
ever-increasing number of workers from France as 
well as from many other countries. He was able in 
recent years greatly to develop his laboratory from 
its modest beginnings and to provide it with modern 
equipment. It is sad to think that his untimely 
death did not allow him to direct for a longer period 
what had grown into one of the world’s leading 
_H. BLASCHKO 


NEWS and VIEWS 


Entomology at McGill : Prof. E. M. DuPorte 


Pror. E. M. DuPorte, who is retiring from the 
chair of entomology at MacDonald College, McGill, 
was born on the island of Nevis in the British West 
Indies and received his first college education at 
Basseterre on St. Kitts. He went to Canada in 1910 
as a student at Macdonald College and has been 
attached to that institution either as a student or as 
a member of the staff throughout his academic 
life. He took his Master’s degree in 1914 and his 
Ph.D. in 1921. Morphology became his principal 
interest, and his world-wide reputation was earned 
in this field. Prof. DuPorte has played an important 
part in establishing and maintaining the reputation. 
of Macdonald College as a graduate school. He 
taught a remarkably wide range of subjects : ecology, 
protozoology, histology, parasitology, insect taxo- 
nomy, morphology, physiology, comparative verte- 
brate anatomy and embryology, and was one of the 
two members of the committee responsible for the 
establishment of the present Institute of Parasitology 
at Macdonald College. In spite of his wide range of 
interests in his own subjects, he has still found time 
for other activities, and is a keen golfer as well as a 
puppet player who builds and handles his own 
puppets. His friends and students thoroughout 
Canada will wish him a happy and enjoyable retire- 


ment. ; 
Dr. D. K. McE. Kevan 
Tar appointment of Dr. D. K. Mc. Kevan to 
succeed Prof. DuPorte at Macdonald College, MeGill, 
will be welcomed by his many friends in Britain and 
Europe. Dr. Kevan graduated from the University of 
Edinburgh with first-class honours in zoology in 1941, 
and proceeded to the Imperial College of Tropical 


Agriculture, Trinidad, where he obtained his associate- ` 


ship in 1943. He was then appointed to the Colonial 
Service, and stationed in Kenya, where he became 


interested in the problems of the taxonomy of locusts 
and other bush hoppers. These have remained his 
abiding interest, and in & series of able papers he has 
undertaken considerable revision of the classification 
of certain Orthoptera, especially Chrotogonus, and 
has brought some degree of order to what had been 
a confused and tangled field. 

He returned to England in 1948 as the senior 
member of the agricultural zoology section of the 
youngest Faculty of Agriculture in Britain, at the 
newly established University of Nottingham. In 
this, his first teaching post, he quickly established a 
reputation as an able teacher, and he played an 
active part in developing the curriculum for the new 
structure of the degree. He has been active both in 
the prosecution and in the encouragement of research, 
and a remarkable stream of papers has flowed from 
his department. His work in taxonomy has been 
assisted by a wide knowledge of foreign languages 
which is becoming unusual in a scientist, and papers 
in both German and French testify to his fluency. 
More recently he bas become interested in soil 
zoology and has developed an effective undergraduate 
course in this field, while his own key for the identifica- 
tion of soil-inhabiting fauna, published with the 
Proceedings of the Second Nottingham Easter 
School in Agricultural Science, constitutes something 
of a classic. A critical and independent mind, he 
has been an admirable tutor, whose succinct reports 
on the vagaries as well as the virtues of both male 
and female students will be sadly missed by his 
colleagues at Sutton Bonington. 


Civil Engineering at Nottingham : 
Dr. R. C. Coates 


Dr. R. C. Coates, who was appointed to the newly 
established chair of civil engineering in the University 
of Nottingham on January 1, began his education at 


s 
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New Mills School and the Herbert Strutt School, 
Belper, Derbyshire. After a period of articled pupil- 
lage with Waude Thompson, borough engineer and 
surveyor, Mansfield, Nottinghamshire, Dr. Coates 
entered University College, Nottingham, and read 
for a degree in civil engineering. He then worked 
with Messrs. Lehane, Mackenzie and Shand, Ltd., as 
an engineer on factory construction for the Ministry 
of Supply, before joining the Corps of Royal En- 
gineers during the Second: World War, in which he 
served in the Mediterranean theatre. On demobil- 
ization, he worked as an engineering assistant to 
Mansfield Corporation, until appointed lecturer in 
civil engineering at U: iversity College, Nottingham, 
late in 1946. 

He has carried out research on the fatigue strength 
of compression-type coil springs, and was awarded the 
Ph.D. degree of the University of Nottingham in 
1953. In the same year he was appointed senior 
lecturer responsible for civil engineering in the joint 
Departments of Civil and Mechanical Engineering. 
Dr. Coates’s research has included the fatigue of 
metals and structural analysis. In recent months he 
has co-operated with Mr. C. E. E. Gibson, county 
architect of Nottinghamshire, in the design of 
buildings to resist mining subsidence, and with Mr. 
L. E. Richardson, 
Midlands Division of the Central Electricity Auth- 
ority, on the design of the experimental power 
station using coal gasification at Newman Spinney. 


National Physical Laboratory, Ship Division : 
Dr. F. H. Todd 


Dr. Freprerick Henry Topp has been appointed 
superintendent of the Ship Division of the National 
Physical Laboratory, in succession to the late Dr. 
J. F. Allan (Nature, 180, 68; 1957). Dr. Todd, 
who graduated from King’s College, Newcastle upon 
Tyne, was at the National Physical Laboratory for 
twenty years before going to the United States in 
1948 to become chief naval architect at the David 
Taylor Model Basin, Washington, D.C. Before the 
Second World War, Dr. Todd did much work on hull 
and propeller design and hull vibration for all classes 
of merchant ships and among his war-time activities 
were the testing and development of units of ‘Mul- 
berry’ harbour. While in the United States he was 
responsible for the technical direction of the U.S. 
Bureau of Ships’ hydrodynamics research programme 
in & variety of fields, including research into the hull- 
form of single-screw ships. Dr. Todd is returning to 
‘the National Physical Laboratory at a time of great 
activity in the Ship Division. The new Ship Hydro- 
dynamics Laboratory, now under construction at 
Feltham at a cost of £2 million, together with present 
facilities, should- mako the National Physical Labor- 
atory one of the best-equipped establishments in the 
world for ship research work. Dr. Todd spent his 
last year at the National Physical Laboratory before 
going to Washington working on a preliminary 
design of the main features and layout of this 
Laboratory. 


British Trust for Ornithology : Mr. K. Williamson 


Tae British Trust for Ornithology has received a 
five-year grant from the Nuffield Foundation, enabling 
it to appoint a migration research officer to carry out 
the work of analysing past observations and to make 
recommendations for the future. Mr. Kenneth 
Williamson, who has accepted the appointment, was 
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during 1948-56 the director of the bird observatory 
on Fair Isle (between Orkney and Shetland) and last 
year spent a season on St. Kilda as warden for the 
Nature Conservancy. Previously he had extensive 
museum experience and served during the Second 
World War in the Faeroe Islands. During his time 
on Fair Isle, Mr. Williamson not only carried out 
extensive bird-ringing activities and day-to-day 
observations, but also made a particular study of the 
effect of the weather on migratory movements. He 
also studied. the ectoparasites of birds as providing a 
possible clue to their place of origin and for several 
years he followed the fortunes of a breeding colony 
of the parasitized Arctic skua, a bird of great interest 
to biologists because of its two plumage phases. 
Mr. Williamson’s first task will be to arrange for the 
copying by some photographic method of the massive 
observations accumulated by the bird observatories. 
In June he, with other officials of the British Trust 
for Ornithology, will attend the twelfth Inter- 
national Ornithological Congress in Helsinki and will 
read æ paper on the work of the British bird 
observatories. 


The International Atomic Energy Agency 


A NUMBER of offers of fissionable materials, radio- 
elements and special materials for reactors, and 
fellowships and training facilities, have been officially 
communicated by member States to the headquarters 
of the International Atomic Energy Agency at Vienna, 
for use in atomic energy programmes to be carried 
out under its auspices. The prices and conditions on 
which the materials are to be made available to the 
Agency have yet to be determined. Canada has 
informed the Agency that, for several years at least, 
it could provide the natural uranium necessary for 
its atomic energy programmes, while India states 
that it could supply all the thorium needed ; Ceylon 
has offered 30 tons of refined monazite of about 9 per 
cent thorium content ; Norway has offered to supply 
isotopes produced in the N orwegian reactor at 
Kjeller, which is operated in collaboration with the 
Netherlands, and special reactor materials such{as 
niobium, aluminium and molybdenum ; Portugal has 
made available to the Agency 100,000 kgm. of uran- 
ium oxide in concentrate form ; South Africa is 
prepared to supply uranium oxide concentrates, 
beryllium, lead, tantalum, cadmium, lithium, vana- 
dium, chromium and nickel; the U.S.S.R. has 
offered 50 kgm. of contained uranium-235 in any 
concentration up to 20 per cent, and is prepared to 
make available further supplies of fissionable and 
other materials; the United Kingdom has offered 
20 kgm. of contained uranium-235 ; and the United 
States of America has offered 5,000 kgm. of contained 
uranium-235, and will also make available nuclear 
materials equal in quantity to the total amount of 
such materials supplied by other members of the 
Agency, and on equivalent terms, up to July 1, 1960. 
Contributions of 250,000 dollars have also been offered 
to the fellowships fund and several member States 
havo placed at the disposal of the Agency fellowships 
and training facilities to be taken up in the countries 
offering them. The United States has also announced 
its intention of presenting a technical library to the 
Agency. 


Molecular Physics 


THe editor, Prof. YH. C. Longuet-Higgins, and the 
associate editor, Dr.J. H. van der Waals, of the new . 
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journal, Molecular Physics (1, No. 1; January 
1958. Pp. 98. Published quarterly. Annual sub- 
scription: 95s.; 13.30 dollars. Single issues: 25s. ; 
3.50 dollars. London: Taylor and Francis, Ltd., 
1958), state in their brief editorial to the first number 
that the subject of molecular physics occupies a key 
position in modern science and that the frontier 
between physics and chemistry is disappearing as 
the methods of physics are brought to bear on the 
problems of chemistry. Probably not all chemists 
and physicists would agree with this rather bold state- 
ment; nevertheless they would agree that the intro- 
duction of a periodical devoted solely to contributions 
on the structure and physical properties of molecules 
is timely. Papers on molecular structure and 
dynamics, the electric and magnetic properties of 
molecules, and the processes of molecular excitation, 
ionization and dissociation, and the equilibrium 
transport and relaxation properties of molecular 
assemblies, will be particularly welcome, in addition 
to research notes. ‘The first number contains ten 
articles and one research note. These deal with such 
subjects as nuclear magnetic resonance in sub- 
stituted ethanes; dipole moments of azines ; critical 
opalescence in solid solutions; and six papers are 
devoted to theoretical problems, mainly of a mathe- 
matical nature, in quantum and statistical mechanics. 
One paper is in German, but all have abstracts in 
English, French and German. The format is similar 
to, and of the high standard associated with, other 
such scientific journals as the Philosophical Magazine 
published by Taylor and Francis, Ltd. 


Science and Education 


An important statement on policy has been issued 
by the Committee of the Science Masters’ Association 
(pp. 12. London: John Murray (Publishers), Ltd., 
1957). Recognizing that science must be taught as a 
major human activity and as 4 cultural study of 
supreme importance because of its effects on human 
life and thought, the Committee suggests that the 
aims of science teaching should be three-fold: to 
lead pupils to observe, and to solve problems by 
controlled experiments, to draw conclusions from 
observations, and to appreciate the systematic laws 
and principles of science; to give knowledge and 
understanding of the origins and development of 
science, of the achievements of scientific pioneers and 
of the implications, now and in the future, of modern 
scientific and technological developments; and for 
science specialists, to provide a suitable preparation 
for further scientific or technological education. The 
Committee recommends that all pupils should devote 
the same time to science subjects up to the end of 
the fifth-form year; that all sixth-form pupils 
should follow a cultural course in science and that 
subject-specialization should be retained in sixth 
forms and that science syllabuses at Advanced Level 
should be reduced in factual content. The recom- 
mendations raise many problems of syllabuses, of 
teaching methods, of suitable training for science 
teachers, and of examinations which will be examined 
in a future report. 


Clouds on Filmstrip 


Two filmstrips entitled ‘‘Clouds”, accompanied by 
a 20-page booklet of lecture notes by F. H. Ludlam 
and Dr. R. S. Scorer of the Imperial College of 
Science and Technology, London, have been produced 
by Diana Wylie, Ltd. (18 Pont Street, London, 
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S.W.1), in co-operation with the National Committee 
for Visual Aids in Education. In recent years much 
has been learned about the motions of the air and 
properties of the water droplets and ice crystals which 
compose the clouds, the growth and decay of which 
can be used to exemplify many branches of physics. 
The filmstrips, which are in colour, and made in 
many cases from photographs of great beauty, are 
chosen principally to illustrate the process of develop- 
ment of various types of cloud rather than their 
classification. The colour suffers slightly in the 
reproduction process, which, however, also tends to 
increase the contrast between cloud and sky, with 
advantage. The filmstrips, which deal respectively 
with haze (in relation to condensation nuclei), con- 
vection clouds and ice clouds (24 frames) and with 
layer, wave and billow clouds, with three explanatory 
diagrams (25 frames), are intended chiefly for use in 
schools and universities. l 


Nucleonic Thickness Gauge 


BALDWIN INSTRUMENT Co., Lrp., Dartford, Kent, 
has published details of a new nucleonic thickness 
gauge for use in the cold-rolling of copper, brass or 
steel strip. The instrument can be used for thick- 
nesses of steel up to 0-40 in., which is claimed to be 
about twice the upper limit for the normal B-ray 
gauge. This increased range is obtained by using 
bremsstrahlung emitted when#-rays from strontium-90 
impinge on a metal target. The intensity of the radia- 
tion after passing through the strip, which is related 
to strip thickness, is moasured by the intensity of 
the scintillations produced in a sodium iodide crystal. 
The instrument would appear to be well suited to 
automatic gauge control, for which it feeds a bridge 
circuit that indicates the deviation of thickness 
from any desired value. When this deviation reaches 
a predetermined level, the screw-down mechanism of 
the mill is brought into operation. The intervals 
during which no strip is passing through the mill are 
utilized for automatic standardization: 


Bibliography of the Mysidacea 


A vusErut “Bibliography of the Order Mysidacea”’, 
which is carried up to the end of 1955, has recently 
been prepared by Joan Gordan (Bull. Amer. Mus. 
Nat. Hist., 112, 279; 1957). It is divided into three 
sections; the first, containing about 1,180 entries 
going back to O. F. Muller (1776), is a list of references 
arranged alphabetically. The second part is a list of 
the recorded species arranged in alphabetical order 
in their genera, which again are arranged alphabetic- 
ally and grouped under five families. Under each 
species are listed the relevant page references in 
order of their date of publication. This arrangement 
makos it very easy to refer to the literature of any 
species for it includes the synonymy by cross-reference. 
The author points out that the work is not intended 
as a contribution to the systematics or taxonomy 
of the order and accepts the works of W. M., and 
W. M. and O. S. Tattersall (both of 1951) for these 
purposes. The third part arranges the literature under 
ten arbitrary but acceptable headings. That for 
distribution is subdivided into “Fresh and Breckish 
Water” and “Oceanic”, and then each category 
is further’ divided into geographical regions. The 
printing and format are of the usual excellence of the 
Bulletin and the author is to be congratulated on a 
commendable contribution that will save future 
workers on the order a great deal of time. 
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Mond Nickel Fellowships 


THe Mond Nickel Fellowships for 1957 have been 
awardedtoMr. E. J. Williams (John Summers and Sons, 
Ltd.) and Mr. R. J. D. Acheson (Mufulira Copper Mines, 
Ltd.). The Committee now invites applications for 
Fellowships of an approximate value of £900- 
£1,200 for 1958. Fellowships will be awarded to 
selected candidates of British nationality with degree 
or equivalent qualifications to enable them to obtain 
wider experience and additional training in industrial 
establishments, at home or abroad. Further infor- 
mation can be obtained from the Secretary, Mond 
Nickel Fellowships Committee, 4 Grosvenor Gardens, 
London, S.W.1. Completed application forms are 
required by June l. 


Progress in Atomic Power 


Tun United Kingdom Atomic Energy Authority is 
to hold a Conference at Harwell on June 11, at which 
recent developments in nuclear reactor technology 
will be discussed with representatives of British 
industry. Accommodation will be available for about 
two hundred representatives from industry. Requests 
for further details and. for reservations should be 
made to -the Director (Industrial Liaison Office), 
Building 329, Atomic Energy Research Establish- 
ment, Harwell, Nr. Didcot, Berkshire, not later than 
March 15. 


Gordon Research Conferences 


TuE Gordon Research Conferences for 1958 will 
be held during June 9-August 29 at Colby Junior 
College, New London, New Hampshire ; New Hamp- 
ton School, New Hampton, New Hampshire; and 
Kimball Union Academy, Meriden, New Hampshire. 
The Conferences, established to stimulate research in 
universities, research ‘foundations and industrial 
laboratories, consist of informal meetings, scheduled 
lectures and free discussion groups intended as & 
means of disseminating information and ideas which 
otherwise would not be realized through the normal 
channels of publication and scientific meetings. No 
publications are prepared as emanating from the 
Conferences, attendance at which is limited to one 
hundred persons. The programme includes ceramics, 
chemistry, structure and physiology of bones and 
teeth, magnetic resonance, nuclear chemistry, radia- 
tion chemistry, toxicology and safety évaluation, and 
corrosion. Requests for additional information, or 
applications to attend, should be addressed to W. 
George Parks, Director, Department of Chemistry, 
University of Rhode Island, Kingston, Rhode Island. 


Aeronautical Research 


Tue Combustion and Propulsion Panel of the 
Advisory Group for Aeronautical Research and 
Development, North Atlantic Treaty Organization, 
will hold its third colloquium in Palermo, Sicily, 
during March 17-21. The meeting will be largely 
devoted to consideration of current propulsion 
problems. Five themes will be developed during the 
meeting, with one day devoted to each. They are: 
power plant requirements related to aircraft mission ; 
interaction of the combustion systems with other 
engine components; noise; combustion; aero- 
physical chemistry. 

The Group’s Wind Tunnel and Model Testing 
Panel will also sponsor a meeting, in Freiburg im 
Breisgau, Germany, during April 22-25. The sub- 
jects which will be discussed during the four-day 
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meeting will include the historical development of 


‘ballistics, high-velocity guns, range techniques and 


long-range missiles. 


Lady Tata Memorial Trust Scholarships and Fellow- 

ships 

Tue Trustees of the Lady Tata Memorial Fund 
invite applications for grants, scholarships or fellow- 
ships for research on diseases of the blood, with 
special reference to leukemia, in the academic year 
beginning on October 1. In view of the affinity 
between leukemia and other forms of neoplastic 
disease, candidates with programmes of research on 
any aspect of malignant disease which may throw 
incidental light on problems of leuksemia will be 


` eligible for consideration. Grants of variable amount 


are made for research expenses or to provide scientific 
or technical assistants for senior workers. Scholar- 
ships are awarded for the personal remuneration of 
workers carrying out approved research under suit- 
able direction; their normal value will be £600 per 
annum. In addition, the Trustees may award one or 
more Lady Tata Memorial Research Fellowships to 
workers with considerable research experience, with 
stipends of £1,200 per annum. Further particulars 
and forms of application may be obtained by writing 
to the Secretary of the (European) Scientific Advisory 
Committee, Lady Tata Memorial Trust, Chester 
Beatty Research Institute, Fulham“ Road, London, 
S.W.3. Applications must be submitted before 
March 31, and the awards will be announced by the 
Trustees in June. The grants, scholarships and 
fellowships offered by the Trust are open to suitably 
qualified investigators of any nationality, working in 
any country in which it will be possible to make 
payments in the coming academic year. 


Oversea Service Division, Colonial Office 


Tue following appointments have recently been 
made in the Oversea, Service Division, Colonial 
Office: H. B. Ambrose (agricultural officer, Kenya), 
research officer, Nyasaland; A. de K. Frampton 
(agricultural adviser to the controller, Development 
and Welfare Organizations, Barbados), deputy 
director of agriculture, Barbados; V. E. Gale 
(principal agricultural officer, Western Nigeria), 
assistant director of agriculture, Western Nigeria ; 
L. Green (field officer (agriculture), Uganda), senior 
field officer (agriculture), Uganda; V. R. James 
(assistant superintendent of public gardens, Jamaica), 
superintendent of public gardens, Jamaica; G. 8. 
Scott (provincial tsetse officer, Tanganyika), agri- 
cultural officer, Uganda ; W. 8. Steel (entomologist, 
Game and Tsetse Control Department, Northern 
Rhodesia), chief entomologist, Game and Tsetse 
Control Department, Northern Rhodesia; W. E. 
Lewis (assistant conservator of forests, Nyasaland), 
conservator of forests (Division of Afforestation), 
Nyasaland; J. L. Masson (assistant conservator of 
forests, Northern Nigeria), senior assistant con- 
servator of forests, Northern Nigeria; ©. A. M. Nash 
(assistant conservator of forests, Northern Nigeria), 
senior assistant conservator of forests, Northern 
Nigeria; I. Paul (assistant conservator of forests, 
Sierra Leone), senior assistant conservator of forests, 
Sierra Leone; J. D. Todd (assistant conservator of 
forests, Mauritius), assistant conservator of forests, 
Northern Rhodesia; L. H. Myers (assistant director 
of surveys, Jamaica), supernumerary deputy director 
of surveys, Jamaica; P. D. L. Guilbride (veterinary 
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investigation officer, Jamaica), deputy chief research 
officer, Uganda; M. A. Petris (veterinary officer, 
class 2, Cyprus), veterinary officer, class 1, Cyprus ; 
P. J. Sheehy (veterinary officer, Northern Rhodesia), 
deputy director of veterinary services, Northern 
Rhodesia; E. Jones, chemist, Agricultural Depart- 


ment, Northern Nigeria; Lieut. Col. C. H. Keenly-. 


side, land settlement officer, Nyasaland; B. H. 
Kenten, biochemist, West African Cacao Research 
Institute, Ghana; J. F. Longworth, agronomist, 
West African Cacao Research Institute, Ghana ; 
W. I. Powell, agronomist, Somaliland; W. Smith, 
supernumerary agricultural engineer, Mauritius ; 
D. G. Thomas, senior botanist, Uganda; W. J. 
Evans, assistant conservator of forests, Northern 
Nigeria; C. S. Feilberg, assistant conservator of 
forests, Northern Nigeria; B. J. Rushton, chemist, 
Geological Survey, Tanganyika; R. ©. Sansom, 
assistant geologist, British Guiana ; S. S. Brunton, 
veterinary officer, Northern Rhodesia; P. B. Cap- 
stick, veterinary research officer, Kenya ; J. Dickson, 
veterinary research officer, Federation of Nigeria ; 
D. G. Erskine, veterinary research officer, Federation 
of Nigeria; O. G. H. Karst, veterinary officer, 
Northern Nigeria; K. A. Ross, veterinary officer, 
Northern Rhodesia; L. A. Stephens, veterinary officer, 
Kenya. 


University News : Glasgow 


Pror. J. MONTEATH ROBERTSON has been granted 
leave of absence to enable him to hold a visiting 
professorship in the College of Chemistry at the 
University of California, Berkeley. He will give a 
short course of lectures on the chemical significance 
of recent developments in crystal analysis, and will 
be away for about one month from the middle of 
March. Leave of absence has also been granted, to 
Dr. E. Gelles for six months, during which time he 
will hold a research fellowship at Brandeis University, 
Waltham, Massachusetts. Dr. G. A. Sim has been 
appointed to a lectureship in chemistry, and Dr. 
W. M. Fairbairn has resigned his lectureship in 
mathematics in order to take up a lectureship at 
the Manchester College of Science and Technology. 


London 


Dr. H. G. Eaaueston, lecturer in the University 
of Cambridge, has been appointed to the University 
chair of mathematics tenable at Bedford College. 
Dr. Mary Barber has been appointed to the University 
readership in clinical bacteriology tenable at the 
Postgraduate Medical School of London and the title 
of reader in mathematics in the University of London 
has been conferred on Dr. M. A. Jaswon, in respect 
of his post at the Imperial College of Science and 
Technology. 


Announcements 


Dr. H. R. C. Pratt has recently taken up an 
appointment as leader of the chemical engineering 
section in the Division of Industrial Chemistry, 
Commonwealth Scientific and Industrial Research 
Organization. Dr. Pratt was formerly chief scientific 
officer at the U.K. Atomic Energy Research Estab- 
lishment at Harwell and was senior group leader of 
the Chemical Engineering Division. 


Tue Trustees will consider in June applications for 
a Ramsay Memorial Fellowship for advanced students 
of chemistry. The value of the Fellowship will be 
£600 per annum, to which may be added a grant for 
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expenses of research not exceeding £100 per annum. 
The Fellowship will normally be tenable for two 
years. Further information can be obtained from the 
Joint Honorary Secretaries, Ramsay Memorial 
Fellowships Trust, University College, Gower Street, 
London, W.C.1. Completed applications must be 
received not later than April 18. 


A SYMPOSIUM on “The Design of Teaching Labor- 
atories in Universities and Colleges of Advanced 
Technology” will be held at the Royal Institute of 
British Architects on March 14. The chairman will 
be Sir Keith Murray. Further information can be: 
obtained from the Secretary, Royal Institute of 
British Architects, 66 Portland Place, London, W.1- 


AN informal discussion on ““The Practice of Light 
Scattering? will be held in the Chemistry Lecture 
Theatre, Chemistry Department, University of Bir- 
mingham, on April 25. The discussion is intended to 
be entirely informal and to consider the experimental 
techniques employed in applying the light-scattering 
method to the study of solutions of both synthetic 
and biological macromolecules. Further information 
can be obtained from Dr. F. W. Peaker, Chemistry 
Department, The University, Birmingham 15. 


AN international congress on nuclear physics will be 
held in Paris, during July 7-12, under the patronage 


of the International Union of Pure and Applied 


Physics and of Unesco. The title of the congress is 
“Low Energy Nuclear Interactions and Nuclear 
Structure”. Its purpose is to gather theoretical and 
experimental information in the energy range lower 
than the threshold for meson creation. Further 
information can be obtained from the Congrès 
International de Physique Nucléaire, Institut du 
Radium, rue Pierre Curie, Paris, 5 ème. 


Tue Linnean Society of London is to hold a sym- 
posium on the biological uses of the electron micro- 
scope on March 28, with a possible extension to the 
morning of March 29. The object of the meeting is 
to enable biological workers (including those engaged 
in the cognate medical sciences) who are not them- 
selves experts in the use of the electron microscope 
to learn something of the biological applications of 
that powerful research tool. Biologists who are not 
members of the Society should inform the General 
Secretary, Linnean Society, Burlington House, 
London, W.1, before February 28 if they desire to 
attend. 


Tar Federation of British Industries is to hold @ 
Conference on Nuclear Energy under the chairman- 
ship of Sir Claude Gibb (managing director, C. A. 
Parsons and Co., Ltd.) at the Grand Hotel, East- 
bourne, during April 10-12. The Conference, which 
aims at conveying an understanding of the indus- 
trial potentials and applications of nuclear power to 
directors of firms in fringe industries, will include a 
visit to the Atomic Energy Research Establishment 
at Harwell. Further details can be obtained from the 
conference secretary, Mr. P. J. C. Perry, Federation 
of British Industries, 21 Tothill Street, London, 
S.W.1. 


Erratom. In the communication entitled “Action 
of Ethylene Dibromide on Hen Gonadotrophic 
Hormones” by Dr. Eugenia Olomucki, published in 
Nature (180, 1858; 1957), the daily amount of 
follicle-stimulating hormone injected into hens was 
1-4 mgm. (and not 14 mgm., as printed). 
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BRITAIN’S COAL AND ITS FUTURE 


fi pace at which the material conditions of 
civilization are changing at the present time is 
unique in recorded history. Prof. Arnold Toynbee 
has contended that throughout the 5,000 years up to 
the past century these conditions, and the human out- 
look, remained fundamentally the same. But the rapid 
acceleration that began with the industrial revolution 
is now so far-reaching that it may herald a change 
in kind rather than of degree in the affairs of man- 
kind ; accompanied, it is to be hoped, by an increased, 
capacity for understanding and controlling the new 
environment. Though this general picture is true 
only of the industrial nations, none can. long continue 
unaffected whether it participates in the process of 
industrialization or not. Prof. P. M. S. Blackett, in 
his recent presidential address to the British Associa- 
tion, has suggested that an investment of. about £1 
per head of population per annum is required initially 
to enable a society to ‘take off’ in this sense and 
gather the necessary momentum. 

Nowhere is this acceleration more apparent than 
in the basic activities of fuel production and con- 
sumption. Industry has developed chiefly on energy 
from coal over some 200 years; oil has become 
important during the past forty years and nuclear 
energy is providing the latest example of rapid 
growth. Other sources of energy have been, and are 
likely to remain, relatively unimportant in the broad 
picture. Oil has natural advantages, such as its 
convenience in use whether in the mobile internal 


combustion engine or as furnace fuel; and, in 


addition to its energy value, the demand for certain 
fractions as lubricants is by no means negligible. It 
is thus the coal industry that may be most affected 
by the changing relative importance of these three 
sources of energy. 

There is considerable misconception about the 
likely effects of these changes within the present 
century ; the quantity of coal used is very great,-and 
nuclear energy, however rapidly developed, seems 
unlikely to shoulder a major part of Britain’s power 
load before the final decades. Recent authoritative 
forecasts have predicted that the use of coal in the 
United States may be at least doubled over the 
next twenty years, though ultimately there may be 
some decline in consumption. In Britain, the change 
is unlikely to be spectacular, but an increase is to be 
expected in the immediate future. The large uncer- 
tainties that necessarily attend even the most careful 
attempts to foresee the overall trends and the detailed 
shifts in the modes of coal consumption thus pose 
many problems, not least to those responsible for 
both long- and short-term research on coal utilization. 

Jt was in relation to this background that Dr. J. 
Bronowski, director of the Coal Research Establish- 
ment of the National Coal Board, delivered to the 
Royal Institute of Chemistry the tenth Dalton 
Lecture, entitled “Coal and Coal Chemicals in the 
National Economy”, at the Manchester Town Hall 
on October 25. The large audience comprised, as 
well as scientists, a wide cross-section of the public 
led by the Lord Mayor; and a well-designed exhibi- 


tion relevant to the subject was arranged in the 
nearby public library by the Institute and the 
National Coal Board with the support of other 
organizations. 

Dr. Bronowski’s lecture consisted of a thoughtful 
analysis of trends in the material basis of life with 


` gpecial reference to fuel, their extrapolation into the 


future, and their bearing on current research policy. 
He demonstrated that the standard of living of a 
society is related in precise detail to its degree of 
mechanization ; as measures of mechanization, steel 
and energy consumption per unit of population, 
representing respectively indices of material being 
processed and of energy used in processing it, are 
both satisfactory. For reasons that are obvious, 
food consumption as a measure of standard of living 
tends to rise to a maximum, whereas the rate of 
increase of income with increase in mechanization 
shows no slackening. The position of the United 
Kingdom on the food-graph lies near the maximum, 
whereas on the income curves it lies well below that 
of the United States and Canada, though it is high 
among the European countries. With each additional 
ton of coal or its equivalent used annually by the 
individual, the average income rises by approximately 
£60 a year. 

The acceleration in energy consumption is well 
illustrated by the fact that half the coal used in the 
history of mankind has been consumed in the past 
twenty-five years, and half the petroleum in the past 
ten. Coal had traditionally been used in two ways : 
to provide energy, and to produce coke for steel- 
making—the latter a crude chemical use. 

In Great Britain, only two forms of coal consump- 
tion are still increasing rapidly : electricity generation 
by about 80 per cent over the past ten years and 
metallurgical coke production by about 60 per cent ; 
other uses are for the most part either falling, 
stationary, or if still increasing, decelerating rapidly. 
Coal production is inflexible, the increase over the 
whole world since 1910 having been only 40 per cent, 
smaller than the increase in population. Considering 
the two accelerating demands in this context, elec- 
tricity production at its present rate of increase can- 
not for long continue to be based solely on coal ; 
demand could not be met, and to attempt it would be 
inimical to the best use of the three main fuels. The 
nuclear fuels have no other large-scale application, 
but coal has its considerable chemical value. More- 
over, the contribution of fuel to the total cost of 
manufactured goods is falling. This is. due to the 
general shift from heavy towards light industry in 
which skill and therefore Jabour costs are relatively 
more important. A parallel tendency is from solid 
fuels towards the more flexible fluid forms, oil and 
gas. Dr. Bronowski emphasized that, owing to the 
exhaustion of the older seams and increased mechan- 
ization, the trends in the types of coal available are 
towards the following: coals yielding more volatile 
matter on heating but of less value in coke making ; 
an increased proportion of small coal; and coals of 
increased ash content. Such lower-grade coals should 


No. 4607 February 15, 1958 


be regarded progressively, in planning for the future, 
as raw material for making refined fuels and chemicals 
rather than as fuels per se. 

The chemical by-products of coal carbonization 
now of greatest importance are benzene, naphthalene 
and phenols; these are linked with gas and coke 
production. From present tendencies, Dr. Bronowski 
estimated a need in 1975 for 50 million tons [an 
estimate perhaps on the high side] of coal to make 
metallurgical coke, a development that will make 
available considerably larger amounts of these 
chemicals. Thus the only use of coal likely to expand 
considerably will—in opposition to the pattern of 
production—demand selectively the better classes of 
coking coal unless the range of coals that can be 
used for this purpose can be widened—an important 
research objective. Even with this increase, the 
production from coal of the three chemicals men- 
tioned will probably be inadequate—barely half 
the estimated needs of their users. Moreover, the 
coke oven is a most expensive plant requiring a 
capital investment of £7-7 for each £1 of value added 
in the product, as compared with £2-2 average in 
industry. The remainder of the lecture was therefore 
concerned with alternative methods of producing 
chemicals and coke or coke substitutes from a wider 
range of coals. 

The chemical structure of oil is more suited to 
flexibility in the production of raw materials for 
chemical industry than that of coal; moreover, 
research in the past has been pursued more energetic- 
ally in the oil industry. Nevertheless, the constitution 
of coal gives it a natural advantage for the production 
of aromatic chemicals; and though the hydrogen/ 
carbon ratio in coal is low, carbonization leads to 


disproportionation reactions, yielding volatile pro-. 
ducts of higher ratio and a carbonaceous residue. 


Fluid-bed conditions are more favourable to high 
yields of liquid products than those in the fixed bed 
of a coke oven, which favour secondary cracking of 
the products. The former type of process converts 
coal to a powdered char, with good yields of tar, and 
a rich gas; these novel tars are less suited to the 
current market for tar chemicals, though there is a 
low-price outlet in the expanding market for coal-tar 
fuels. Dr. Bronowski mentioned the processes, being 
developed at the National Coal Board’s Coal Research 
Establishment, designed to convert such chars by 
briquetting to smokeless fuels for domestic use [see 
also Sir Charles Ellis, Nature, 175, 274; 1955). 
Such processes are envisaged only as an interim 
measure, since the demand for solid smokeless fuels 
may well prove ephemeral. The next step would 
be gasification of the char, made as described above 
by fluidized carbonization with production from the 
tar of medium oil. The gasification stage could 
produce alternatively ‘a rich gas for heating or a 
synthesis gas for production of oil—especially the 
gas and Diesel oils increasingly in demand as fuels 


_ rather than light oil'of high octane number, pre- 


viously the main objective of the Fischer-Tropsch 
process. Some of the simplest and most flexible 
chemical raw materials now made from petroleum, 
such as the olefines, could also then be made as 
by-products during production of oil from coal. 
Another potential use for the char is for production 
of calcium carbide simultaneously with gasification 
at high temperature using oxygen. 

Looking still farther ahead to the end of the 
century, the possible availability of electricity at 
very low cost from nuclear reactors might make 


NATURE 


461 


available cheap electrolytic hydrogen, so that the 
question of direct hydrogenation of coal to fuel oil, 
at present uneconomic owing to the high cost of 
hydrogen and power, might be reopened. 

Dr. Bronowski concluded by emphasizing that 
these were his personal views on the future of coal. 
In brief, the post-war energy famine is ending; the 
industrial energy demand will ultimately be carried 
chiefly by atomic energy; small and high-volatile 
coal thus set free could be used for making solid 
smokeless fuels, and later, fluid fuels and chemicals. 

In broad perspective, Dr. Bronowski’s review of 
trends and portents corresponds closely with views 
increasingly coming to be accepted in Britain, and 
indeed in other European countries (see, for example, 
D. W. van Krevelen, Chem. and Indust., 546 ; 1957). 
It will be conceded that there is likely to be an import- 
ant shift in the use of coal within a few decades to- 
wards gasification and the production of oil. Opinions 
may differ, however, as to the advantage of a two- 
stage process, in which fluidized carbonization of 
coal precedes gasification of the char, over gasification 
of the coal in a single stage ; this will depend partly 
on the commercial value of the tar produced by the 
first method. It may also be expected that for many 
years an appreciable amount of small coal of high 
ash content will be burnt in boiler plant, increasingly 
automatic, to provide heat and power for small 
industries. The extent of this will be affected by the 
siting of industry : for much of the heat inevitably 
wasted in a nuclear power station could ultimately 
be used as process heat in neighbouring factories. A 
large-scale outlet for higher-grade waste heat might, 
in fact, be provided by the gasification of coal or 
char, as suggested especially in the United States ; 
the external source of heat would lead to many 
economies if it could be provided at not less than 
900° C., to maintain an endothermic reaction. between 
carbon and steam. The prospects‘ of success appear, 
however, to be small (see J. V. Dunworth, “The 
Future of Nuclear Power”, Inst. Gas Eng. Copyright 
Publ. No. 513; 1957). . 

One other point should be mentioned: not only-is 
the coke oven, as Dr. Bronowski stated, a most 
expensive plant ; the whole present sequence of steel 
making, using coke oven, blast furnace and open- 
hearth furnace, is costly and indirect, since it em- 
bodies three major stages and excess carbon intro- 
duced in the second has to be removed in the third 
(though for making special steels retention of this 
stage in some form would probably be necessary). It 
is quite possible that a successful single-stage process 
(se Sir Charles Goodeve, Advanc. Sci., 13, 23; 1956) 
might be developed before the end of the century; 
and if such a process proved effective and economic 
on an industrial scale it would seem likely that from 
that time onward only sufficient coke ovens to main- 
tain supplies of foundry coke might be replaced. 
Their normal life being of the order of twenty years, 
one must envisage a possibility—no more at present 
—that the demand for metallurgical coking coals 
might then fall to a small fraction of its maximum 
level within some twenty years. Whether this will 
happen, and when, will determine whether a shortage 
(other than local) of coking coals is likely to develop, 
and therefore the importance of research—necessarily 
in the immediate future—on the production of metal- 
lurgical coke from coals at present unsuitable. In 
the writer’s judgment, such research should be con- 
tinued but regarded as an urgent and possibly 
short-term activity. I. G C. DRYDEN 
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SITING OF NUCLEAR POWER STATIONS 


I. a debate on the siting of nuclear power stations 
initiated in the House of Commons on December 19 
by Mr. A. Blenkinsop and Mr. T. W. Jones, the 
Parliamentary Secretary to the Ministry of Power, 
Mr. D. Renton declined to comment on the project 
for a nuclear power station in Merioneth because the 
Minister had alrəady decided to hold an inquiry ; but 
he gave a full account of the procedure for preserving 
the amenities of the countryside so far as the Ministry 
of Power is concerned which was distinctly reassuring. 
Mr. Renton recognized the serious conflict and 
dilemma which arises, and assured the House that the 
limited possibilities of using land already developed 
or waste were not overlooked. In selecting the four 
sites already chosen and in choosing the remaining 
eight before the end of 1966, a preliminary general 
suggestion by the Central Electricity Authority is 
followed in each case by the search for a particular 
site by the Authority, and then by application to the 
Minister of Power, usually with a public inquiry 
before the Minister gave his decision. 

Throughout the three stages there are certain 
limiting factors. First is the purely economic one, 
requiring nuclear power stations to be sited where 
the greatest economic benefit may be secured— 
in regions where the cost of coal is highest, remote from 
coalfields. Second are safety considerations, and the 
Government is adhering to the policy of avoiding 
built-up areas. Furthermore, such power stations 
require large quantities of cooling water, as much as 
35 million gallons an hour for the stations now 
contemplated, solid foundations for the very heavy 
buildings and plant, and an area of about 300 acres. 

It is with these considerations in mind that the 
Central Electricity Board—and from J anuary 1, 1958, 
the Central Electricity Generating Board—make 
preliminary studies in each area, where a power station 
appears to be needed. These studies include a 
thorough consideration of the development plans of 
local planning authorities, of the maps of the national 
parks and areas of outstanding natural beauty, both 
of which must be avoided if possible, and a geographi- 
cal study of basic physical features, such as wator 
supplies. On the basis of these general studies, the 
team of technical experts of the Authority proceed to 
what they call site selection. This may take three 


to twelve months, involving consideration of every ` 


possible site in the area of search and sometimes 
survey before provisional selection. Besides the local 
planning authority, the Ministry of Housing and 


Local Government, the Ministry of Agriculture, the 
Home Office, the Air Ministry, the Ministry of 
Transport and Civil Aviation, if necessary the 
Admiralty and the War Office, the National Parks 
Commission and the Nature Conservancy are con- 
sulted and, after a site has been provisionally selected, 
the Royal Fine Art Commission. Moreover, Mr. 
Renton pointed out, under Section 37 of the Electri- 
city Act, the Board, the Electricity Council and the 
Minister of Power must have regard “‘to the desira- 
bility of preserving natural beauty, of conserving 
flora, fauna and geological or physiographical features 
of special interest, and of protecting buildings and 
other objects of architectural or historical interest”. 

They must take into account the effect of their 
proposals on the natural beauty of the countryside 
and on any such flora, fauna, features, buildings and 
objects. Furthermore, it is not until these studies 
and consultations are completed that formal applica- 
tion is made to the Minister for his consent. When 
the Minister receives such an application he is now 
obliged to hold a public inquiry whenever a local 
planning authority objects and he may do so when 
there is any other objection. In such an inquiry he 
receives expert advice from his Ministry’s inspector, 
who sometimes sits with an inspector of the Ministry 
of Housing and Local Government. 

Observing that æ conflict of public interests could 
only be resolved by a Minister or Ministers, Mr. 
Renton said that the aim was to provide a flexible 
system of planning. Each planning authority had 
the duty of formulating a county development plan 
and the Minister of Housing and Local Government 
has certain statutory duties in respect of development 
plans. He and other Ministers concerned were 
consulted by the Minister of Power before he gave his . 
decision on each application, and the Minister’s 
decision, which was that of the Government, could be 
questioned in Parliament. Mr. Renton said that the 
Minister of Housing and Local Government had 
overall responsibility for preserving amenities under 
the Planning Acts and his Ministry provided the 
information, maps and detailed plans which helped 
to prevent any avoidable desecration of the beauties 
of the countryside. Mr. Renton did not think that the 
central consultative committee of amenity associations 
suggested by Mr. Blenkinsop would contribute any- 
thing further, and he thought there was already 
sufficient frequent consultation with the National 
Parks Commission from the inception of any scheme. 


CONCRETE ROADS 


AS international congress was held in Rome in 
October to discuss recent technical progress and 
achievements in the construction of concrete roads and 
runways. Seventeen lectures were given by prominent 
engineers from ten countries and reports on the sub- 
jects-to be discussed were also received from many 
others. About 800 delegates from 28 countries 
attended. 

The congress enabled the practice in different 
countries to be compared, and it was of particular 


interest to note where there was general agreement 
and where there were differences. It was generally 
agreed that motorways and urban expressways were 
desirable on grounds of economy and safety. Most 
countries, and in particular Western Germany and 
Holland which together contain 80 per cent of the 
motorways existing in Western Europe, have pre- 
ferred concrete construction for motorways. The 
slab thicknesses used in most countries were com- 
parable and were based on experience; the thick- 
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nesses given were expected to give adequate service ; 
but, when discussing concrete roads other than 
motorways, there was not complete agreement on 
the expected life of the road nor on what constituted 
failure. Probably for this reason there were consider- 
able differences between countries in the change in 
thickness recommended for different classes of traffic, 
in the amount of reinforcement and in the spacing of 
joints. For example, in Belgium reinforcement was 
not considered necessary for secondary roads, whereas 
in Britain and Switzerland reinforcement was 
included in designs for housing estate and rural roads. 

Because of the differences in design and in the 
availability of materials suitable for concrete or for 
other types of road construction, there were large 
differences in the views expressed on the economy of 
concrete construction. In Germany, improvements 
in bituminous construction resulting in enhanced 
durability required that there should be qualitative 
improvements in concrete construction on trunk 
roads. In Belgium, which has more secondary roads 
in concrete than elsewhere in Western Europe, this 
type of construction is claimed to have the advantages 
of economy in construction and maintenance and of 
good surface texture. For housing-estate roads in 
Great Britain concrete roads are considered to be 
particularly good for carrying builders’ traffic, but 
to require careful supervision during construction if 
they are to be successful. In Switzerland, concrete 
roads had proved to be economical for rural roads 
when maintenance costs were considered as well as 
the prime cost. The question of the economical 
design of concrete roads in relation to performance 
and maintenance costs would obviously repay further 
study. 

Economical design was also considered of major 
importance for the design of runways capable of 
carrying the very heavy channelized traffic which 
was now using heavy-duty airfields. One approach 
to the problem was to examine the traffic volume on 
various sections of an airfield and to relate the thick- 
ness of the pavement to the load and number of 
repetitions. If traffic was classified in this way it was 
possible to make the thickness of mid-sections of 
runways 25 per cent less than that required at the 
ends and on the main taxiways. Another approach 
was to use @ prestressed pavement ; the construction 
at Maison Blanche was described and it was estimated 
that the cost of the 7-in. thick prestressed slab was 
similar to that of 13 in. of normal concrete. This 
would correspond to a saving of some 10 per cent 
since it was considered that for comparable strength a 
normal pavement would need to be 144 in. thick. 

It seemed to be generally agreed that the subgrade 
had little effect on the stress in a concrete slab if the 
soil was uniform and the slab was equally supported 
over its whole area. In practice, however, uniform 
support is difficult to obtain, and, compared with 
twenty years ago, great emphasis is now placed in 
all countries on the proper compaction of the sub- 
grade and base and, in order to avoid changes in the 
moisture content of the soil during the life of the road, 
on the protection of the soil from the weather during 
construction. In most countries the base thickness 
considered necessary was greater than that generally 
recommended in Great Britain; but this difference 
may be due more to the necessity of providing 
sufficient thickness of construction to avoid damage 
by frost than to the requirement for uniform support. 

A very valuable summary of the construction 
practice in different countries was given. There was 
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general agreement on what constituted good practice ; 
but there were differences, many of which, were due 
to the desire for economy. Thus, it was agreed that 
the concrete should have a high flexural strength 
and that for this purpose crushed stone aggregates 
were to be preferred, but gravels were used for 
reasons of economy. A dense concrete was desirable 
for durability but plastic concrete was sometimes used 
for facilitating placing in order to reduce costs. Two- 
course construction was often employed where 
cheaper concrete could be used in the lower course. 
The development of cheaper methods of construction 
was thus another subject on which a study might be 
made. 

The development of prestressed concrete for roads 
was discussed. Most experimental work had been 
done in France and Great Britain but some work had 
also been carried out in Germany, Switzerland and the 
United States. It seemed that prestressed slabs of 
the individual type, that is those stressed by cables, 
have been preferred in Great Britain and Germany, 
while prestressed slabs of the continuous type, that 
is those stressed between abutments, seemed to be 
preferred in France and Switzerland. It seems 
probable that where the abutments can be placed a 
considerable distance apart the continuous method is 
more likely to be economical, but the problem of 
maintaining stability against buckling and of dealing 
with horizontal curves needs more consideration. 
With the individual type of slab the major problem 
is concerned with joints. With both types the 
question of reducing subgrade friction is also of 
importance. The congress felt, however, that the 
development of prestressed concrete for roads was of 
great importance because of the economies it appeared 
likely to achieve. 

Finally, there were two papers on the surface 
irregularity of concrete roads. The methods of 
measuring the evenness were different, and a plea was 
made for agreement on an accepted international 
method so that comparisons could be made easily. 
Although a direct comparison could not be made, 
examination of the two papers suggested that the 
riding quality of recent Danish and recent British 
work was of the same order of quality but that 
considerably more effort was required in Britain to 
achieve that standard. In this connexion, however, it 
seems probable that the differences in the methods of 
construction may have some effect on the ease with 
which good riding quality may be obtained. For 
example, the Danish roads are generally unreinforced 
while reinforcement is generally included in British 
roads. The rate of progress during construction 
would therefore normally be slower in Britain, thus 
making the achievement of an even surface more 
difficult. It is important to remember, however, that 
the comparison is generally made between new roads, 
and it appeared from the discussion that the differ- 
ences in construction might lead to differences in 
performance so that after some years under traffic 
the ultimate riding quality of roads of the two designs 
might be different. Further information is obviously 
desirable about the movements of slabs under traffic. 

The congress thus enabled the present practice 
and experience in different countries to be compared. 
Although there was agreement on many points it was 
considered that further meetings to exchange experi- 
ence, with perhaps a more limited field, would be of 
considerable value, particularly where new develop- 
ments such as prestressed concrete were concerned. 

R. H. H. KREHAM 


464 


NATURE 


February 15, 1958 von. 181 


LIVING CONDITIONS AND HEALTH 


A MEDICAL conference on “The Influence of 
Living and Working Conditions upon Health” 
was held at Cannes during September 27—29, under the 
chairmanship of Prof. J. Parisot, former president 
of the World Health Assembly, and Prof. J. de 
Castro, formerly president of the United Nations Food 
and Agriculture Organization. The French Ministry 
of Health and Atomic Energy Commission were 
represented. 

In the section on nutrition the diverse ways in 
which food factors operate were discussed on a world 
level by de Castro, while Cicely Williams laid stress 
on the social factors that might often exceed the 
physiological in a given food situation. According to 
Yang-En-Fu, recent examination of the high cereal 
diet common in China had shown evidence of reason- 
able adequacy of its vegetable protein with conse- 
quently less necessity for substitution by meat ; 
local vegetable foods, fortified by vitamins and 
minerals, could be expected to correct the main 
deficiencies of this diet. 

D’Arcy Hart considered that the highly efficient 
chemotherapy now available against tuberculosis 
imposes some re-thinking on nutritional policy in 
relation to this disease in under-developed countries. 
It is imperative to discover whether such chemo- 
therapy is effective in the malnourished, so that mass 
chemotherapy can be integrated with general social 
and nutritional improvements; probably host 
resistance to infection remains important for healing, 
however potent the drugs may be in the initial stages 
of treatment. Techniques and factors, particularly 


psychological, in the study of fatigue in industry were 
discussed by Desoille and Le Guillant in the section 
on work factors, while problems of industrial disease 
in various occupations were presented by other 
speakers. These include Reysek, who told of 
some apparently new types of pulmonary exer- 
cises being tried in Czechoslovakia for silicotics, 
which were suggested by observations on glass 
blowers. : 

The third main topic on late effects of ionic radia- 
tions was introduced by Lacassagne, who concluded 
that collective measures, which would restrict the 
almost inevitable increase in the chance of the total 
population being exposed to a supplementary dose of 
such radiations, should not be delayed. The results 
of a follow-up in 1956 on the changes in blood and 
bone marrow in survivors of Hiroshima were given by 
Kono, who said that, apart from leukemia, significant , 
abnormalities were found on close examination of 
some apparently normal persons. Peacock pointed 
out the possible future carcinogenic dangers from 
radioactive isotopes. The general view of the speakers 
seemed to be that practice had outrun experiment 
and safety tests. 

The conference concluded by forming an “Inter- 
national Medical Association for the Study of Health 
and Living Conditions’’*, which, it is assumed, will 
sponsor the recently published journal Living Con- 
ditions. and Health, the first two numbers of which 
have appeared in no less than six languages. 


* Secretariat: Helferstorferstrasse 4/12/III, Vienna 1. 


IMMUNITY iN PARASITISM 


oe eee: Nature of Immune Responses in Parasit- 
ism’’ was the subject discussed at a meeting of 
the Parasitology Group, Institute of Biology, on 
October 18, at 41 Queen’s Gate, London, S.W.7. 
Three speakers were invited to read papers. 

Dr. M. Robertson (Lister Institute) summarized 
the results of the investigation into the antibody 
response of cows and heifers to infection with 
Trichomonas foetus. This work was carried out in 


collaboration with Dr. W. R. Kerr, of the Ministry. 


of Agriculture, Northern Ireland. 
The parasite develops in the uterus, and antigen, 
probably from the breakdown of the trichomonads, 


passes Into the lymph glands and blood stream, 


resulting in the production of circulating agglutinins. 
The antibody in the blood stream. has no protective 
value as it does not come into contact with the 
trichomonads at the site of inféction. 

The presence of T. foetus in the uterus stimulates 
the local production of antibody, which in acute 
cases of the disease appears to have a brief protective 
value in early re-exposure to infection. ; 

Antigen passes out from the uterus, and ‘antibody 
is produced in the circulating blood ; but antibody 
does not pass back from the blood into the uterus. 
Trichomonads from the uterus appear in the vagina, 
sometimes in great numbers. Their presence stimu- 
lates the appearance of antibody in the vaginal mucin 


which causes the temporary disappearance of the 
trichomonads from the vagina, but does not have 
any value in protecting the animal from re-infec- 
tion. 

The vaginal antibody is probably produced locally. 
It is of great diagnostic value. 

The antibody reactions of the rat to infection with 
Trypanosoma lewisi were briefly described. The 
trypanocidal antibody and the growth- and division- 
controlling antibody, or ablastin, studied by Talia- 
ferro were referred to, and further work on the nature 
of ablastin was mentioned. 

Dr. E. J. L. Soulsby (Cambridge) presented work 
concerned with immunological responses of the host 
to helminth infestations. 

The way in which immune mechanisms may modify 
naturally ocurring helminth infestations was briefly 
indicated, with particular references to gastro- 
intestinal nematodes of sheep. It was shown that 
the degree of immunity of the host, as measured by 
antibody-levels, was inversely proportional to the 
intensity of infestation and to the level of egg pro- 
duction. An almost complete elimination of pre- 
viously high infestations occurred in early summer, 
and this was associated with a marked immuno- 
logical response by the host. Following the elimination 
of the helminths, a period of protection was estab- 
lished in the sheep despite persistent reinfestation. 
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More detailed work with Ascaris lumbricoides in 
the guinea pig showed that a marked immunity to 
re-infestation can be induced by administering 
infective stages orally or by alternative routes. With 
the, exception of the ‘metabolic products’ of third- 
stage larvæ, non-viable worm material induced no 
protective immunity in the guinea pig. The critical 
period for the release of helminth antigen, which 
ultimately induces protective immunity, appears to 
be from four to six days after infestation. The earlier 
larval stages appear to be unimportant in stimulating 
immunity. During the period of four to six days 
after infection the second-stage larve moult, but in 
an immune host the growth of the larvæ is inhibited 
and they do not reach the size at which moulting 
normally occurs. Using a natural marker antibody 
(Forssman antibody), it was found that the poriod 
between the fourth and fifth days after infection was 
the earliest time at which a marked release of antigen 
could be expected. Since this period coincides with 
the commencement of moulting, the moulting process 
is strongly suspected as an important mechanism for 
the release of antigens which stimulate protective 
immunity in the host. 

Dr. K. Mellanby (Rothamsted Experimental 
Station) spoke at short notice, in place of Prof. R. M. 
Gordon, on reactions to insect bites and infestation 
by mites and ticks. 

Individual animals respond differently to the bites 
of particular insects, and the responses change with 
the period and intensity of the attack. Two and 
possibly three antigens may be involved. The first 
evokes & weal 5-10 min. after exposure. The second 
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antigen produces the delayed, tuberculin-type re- 
action some hours after exposure. Thirdly, there 
may be a more serious, generalized reaction, distinct 
from the delayed reaction and possibly related to a 
third antigen. The antigens are injected with the 
saliva of the biting insects, but also occur in their 
tissues. Thus, extracts of larval, pupal and male 
mosquitoes may give similar reactions to the bites of 
adult females. Reactions to non-biting insects (for 
example, sensitization to locusts) are essentially 
similar to reactions to bites. 

A previously unexposed person may not react to 
a first bite. However, after exposure he shows the 
immediate reaction to a bite, and on further exposure 
shows the delayed reaction as well. Generally, 
further exposure causes the delayed reaction to dis- 
appear, and prolonged exposure may eliminate the 
immediate reaction also. 

The reaction of the host does not affect the feeding 
of most blood-sucking insects, but the feeding of 
mites and ticks, which may take some days to 
engorge, may be interrupted in sensitized hosts by 
the infiltration of leucocytes around the mouth- 
parts. Sensitization to the scabies mite Sarcoptes 
causes local cedema and the mites tend to leave their 
burrows ; the sensitized individual may be virtually 
Immune to scabies. 

Other workers have reported differences in the 
reaction to bites of clean insects and those infected 
with parasitic diseases. In the rickettsial disease, 
scrub typhus, infecting bites may give characteristic 
local lesions not caused by uninfected mites. 

JUNE MAHON 


INTERNATIONAL SCIENTIFIC RADIO UNION 


HE twelfth general assembly of the International 

Scientific Radio Union was held at Boulder, 
Colorado, during August 22-September 5 and was 
attended by more than 550 delegates and observers 
from twenty-seven countries. The meetings of the 
full assembly and of the executive and organization 
committees were held under the chairmanship of 
Father P. Lejoy, who was serving a second term as 
president of the Union. This was tho first assembly 
since the recently constituted national committees in 
Austria, Greece and the U.S.S.R. had been formed ; 
delegates from these countries were warmly wel- 
comed, and they took an active part in the scientific 
work of all the meetings in Boulder. 

As is probably now well known, the main functions 
of the Union are to promote and organize radio 
research requiring international co-operation and to 
encourage the setting-up of such common methods 
of measurement as may be required for the study of 
any radio phenomena, whether or not these be directly 
associated with the Earth and its atmosphere. The 
work is carried out by seven commissions, each of 
which is concerned with specific aspects of radio 
research, and ranging from measurements and 
standards, and the use of circuits and electronics 
techniques to all aspects of wave propagation, and 
terrestrial or atmospheric noise and the important 
new developments in radio astronomy. 

Detailed accounts of the work of each commission 
will be published in due course in the “Proceedings of 
the General Assembly”. In the meantime, the results 


of this work are crystallized in the resolutions which 
each commission. made and presented to the assembly 
for adoption. These resolutions are being printed in 
the Information Bulletin of the Union, which is pub- 
lished by the Secretary-General at 7, place Emile 
Danco, Uccle-Brussels (Belgium). The most recently 
issued Bulletin—No. 105—contains the recom- 
mendations and resolutions of Commissions 1l, 2, 5 
and 6, and those of the remainder will presumably 
be in a later issue. A list of the commissions, with 
their officers and the national official members, is 
also given in the same Bulletin. 

Prior to the general assembly in Boulder, meetings 
were held in New York of the Mixed Commission on 
the Ionosphere under the chairmanship of Sir Edward 
Appleton, and of the Joint Commission on Radio- 
meteorology with Dr. W. E. Gordon as chairman. 
The work of these groups is conducted in close 
co-operation with the corresponding commissions of 
the International Scientific Radio Union, namely 3, 
‘Tonospheric Radio” and “Radio and Troposphere’’, 
of which Drs. D. F. Martyn and R. L. Smith-Rose, 
respectively, were re-elected chairmen. 

At the closing meeting, Dr. L. V. Berkner was 
elected president, and it was decided that the next 
general assembly would be held in the United King- 
dom in 1960. A revised scale of national subscriptions 
was introduced, and provision was made for the 
organization between general assemblies of inter- 
national symposia on specialized subjects relating to 
radio scientific matters. 


466 


NATURE 


February 15, 1958 VoL. 181 


PHYTOCHEMISTRY 


‘PONSORED jointly by the Government of the 
Federation of Malaya and Unesco, a symposium 
on phytochemistry was held in the new Government 
chemical laboratories at Petaling Jaya, Kuala 
Lumpur, during December 4-8. The symposium, 
under the chairmanship of Prof. R. A. Robinson, 
was attended by sixteen overseas visitors, together 
with eighteen. scientists representing the University, 
Government departments and research institutions 
in Malaya and Singapore. 

The symposium was opened on Wednesday morning 
by the Hon. the Minister of Health, Mr. V. T. Sam- 
banthan, and by the Unesco representative, Mr. 
Lennart Mattsson, both of whom emphasized that 
this was the first occasion since Malaya had achieved 
independence that a meeting of scientists including 
overseas delegates had been held in this territory 
and that in view of this region’s dependence on plant 
products it was particularly appropriate that the first 
symposium should concern itself with phytochemistry. 

Twelve original papers were presented to the 
symposium: ‘“Avicennin, a new coumarin from 
Zanthoxylum avicennae”’, by Dr. H. R. Arthur (Hong 
Kong); “Constituents of Phebalium nudum”, by 
Prof. L. H. Briggs (New Zealand); “Alkaloids of 
Apocynaceous Plants”, by Dr. A. Chatterjee (India) ; 
“Preliminary Investigations on the C.N.S. Action of 
Indonesian Rauwolfia spp.”, by Prof. A. J. Darman 
(Indonesia) ; “The Occurrence of some Optically Act- 
ive Compounds in Anacardiaceous Exudates’’, by Dr. 
H. H. Hatt (Australia) ; “Testing for Anti-Arrhyth- 
mic Action of New Compounds in Dogs with Ven- 
tricular Tachycardia”, by Prof. A. S. Harris (United 
States); “Chemical Constituents of the Plants of 


Coniferae and Allied Orders’, by Prof. T. Kariyone 
(Japan) ; “The Isolation and Separation of Alkaloids 
of Kopsia singapurensts”, by Dr. Kiang and Mr. 
R. D. Amarasingham (Singapore) ; “Recent Advances 
in Tea Chemistry in Japan”, by Dr. Y. Sakato 
(Japan); ‘“Bis-coclaurine Alkaloids from Phaeanthus 
ebracteolatus, with special reference to Phaeantharine”’, 
by Prof. A. C. Santos (Philippines) ; “Experimental 
Research on the Toxicity of Rice infected by Peni- 
cillium citrinum”, by MM. Tran-Vy, Truong-Van- 
Chom and Bui-Duy-Tam (Vietnam); and ‘Prelim- 
inary Investigations on the Separation of Alkaloids 
of Rauwolfia perakensis”, by Mr. Wan Sai Cheong 
and Dr. A. K. Kiang. 

Surveys were presented by delegates from Aus- 
tralia, Hong Kong, India, Indonesia, Japan, Malaya, 
New Zealand, the Philippines and Vietnam describing 
the phytochemical work already done in their areas 
and outlining their future programmes. These 
surveys were integrated with round-table discussions 
of the problems associated with the collection of 
plants and their dispatch from field to laboratory, 
the chemical and biological methods used m the 
screening of plants for useful products and the 
exchange of further information between delegates 
on return to their own countries. The desirability of 
depositing specimens in recognized herbaria was 
stressed and the meeting expressed the opinion that 
in all publications from this region the herbarium 
number should be quoted. Unesco was asked to 
publish the proceedings and also to issue from its 
regional office in Djakarta a periodical newsletter 
containing items of phytochemical interest. 

R. A. ROBINSON 


THE SHIRLEY INSTITUTE 


HE thirty-eighth annual general meeting of the 
British Cotton Industry Research Association 
was held at the Shirley Institute, Manchester, on 
October 10, with the chairman of the Association 
presiding. In his address, Mr. N. G. McCulloch said 
that he believed that the Institute could be of 
immense service to higher management in the field 
of operational, as well as technological, research. The 
chairman was also convinced that some kind of 
common policy among the directors of the 2,000 
firms in the industry was essential if it were to be in a 
position to compete successfully in the European 
Free Trade area. He was very happy to be able to 
report considerable progress in the matter of the 
co-ordination of research with the British Rayon 
Research Association, and also to announce a generous 
offer by the British Man-made Fibres Producers’ 
Committee which, subject to equal support being 
obtained from the industrial rayon users, would 
assist materially in financing the Association’s work. 
Mr. J. Lindley, honorary treasurer, in reviewing the 
statement of accounts for the year, reported that 
although the new terms of the Government’s grant- 
in-aid were potentially more generous, there would 
have to be a considerable increase in the industrial 
income, if the Association’s funds were to achieve 
the full benefit. 
Dr. D. W. Hill, director of research, then presented 
his report on the year’s work which once again had 


shown intense activity in all branches of the Institute’s 
activities. In selecting a few of the recent develop- 
ments for comment, Dr. Hill mentioned the great 
success of the dust hood, now re-named the Shirley 
pressure point system for dust extraction, in ridding 
the industry of byssinosis, an occupational disease of 
the card room for more than 100 years. The director 
also referred to the complete success in prolonged mill 
trials of the Shirley separator for hard waste breaking- 
up machines, a simple and inexpensive device which 
could be fitted to existing machines to separate out 
the harder waste which could then afterwards be 
reprocessed. The dry feed system for the automatic 
size box had been further developed to give precision 
and accuracy, and a new automatic size box was also 
being developed to deal with all types of continuous 
filament yarns. The Shirley loom for high quality 
fabrics, the prototype of which had been under- 
going prolonged mill trials, was now working satis- 
factorily. The comprehensive programme of fibre 
blending was yielding results which were becoming 
rapidly available to members. Dr. Hill also made 
special mention of the work on flame-proofing, the 
new rapid ager for colloresine printing, the intensive 
survey of industrial mangling, and the bulked yarn 
programme. He pointed out further that in spite of 
petrol rationing, the Institute had had almost 
11,500 technical transactions with its members 
(against 12,000 in the previous year) including 2,999 



































ial visits, figures which, he tt 
terest to those who suggested tl 
not sufficiently interested in technical advance. 
_ As in previous years, the Institute’s laboratories 
-were open for inspection for two days with senior 
members of staff available for consultation. For 
condenser spinners the hard waste breaking-up 
achine was displayed. Much of the emphasis in 
e spinning section was on a number of simple 
devices for improving quality control in the mill. 
Much of the fundamental work on spinning has been 
devoted to the preliminary stage of a programme of 
research with the immediate emphasis on automatic 
regularity control at several stages of the process. 
“Weavers were shown a new dobby which has been 
orporated in the Shirley loom. Two sizing innova- 
ons which attracted interest were the recent. 
developments of the automatic size box, the principle 
of which has now found application outside textiles. 
The work on raising carried out in the Finishing 
Department provided a display of important informa- 
tion on power consumption and on the effect: on the 
rate of raising of variations in the cloth speed. The 
exhibition which attracted most attention from 
finishers, however, was the new flash-ager, for acceler- 
ating, and in some instances improving, the develop- 
ment of colloresine printing. Work on industrial 
— mangles, which is almost complete, has led to the 
production of an improved liquid removal process, 
in addition to providing data from which target 
-figuros at which to aim in plant operation can be given. 
“Fundamental chemical work was represented by 
four exhibits. Infra-red spectroscopic equipment was 
- being utilized for investigating chemically modified 
-— — cellulose; the results were shown of a critical exam- 
imation of the effects of cyanoethylation on cotton ; 
© the interactions of formaldehyde with cellulose and of 
-formaldehyde with urea are being investigated and 
some results were illustrated which, in addition to 
being of considerable chemical interest, will advance 
the understanding of the increasingly varied resin- 
treatment of textiles; and the partition chromato- 
-graphie techniques which have considerably advanced 




























from the vapour, both im atmo- 
laboratory supercooled clouds, 
remarkable variation of habit 
0° ©. to — 3° C., thin hexagonal 
— 8° C, needles and hollow 
— 8° C. to — 25° C., plates ; 
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10 industry was 


-tions of the effect 
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INFLUENCE OF ORGANIC VAPOURS ON THE CRYSTAL 
HABIT OF ICE 
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py varying the temperature by only one 
» centigrade, — č Aae. a a Sand ee 























in various proportions in the yarn; work in three 
departments was displayed including the results © 
chemical treatment of various blends; another 
working exhibit was of the equipment for produci 
tailor-made synthetic filaments, the physical. pr 
perties of which can be related to the “chemii 
properties of the parent polymer. e 
There is a newly constituted department concer 
solely with members’ problems either of quality con. 
trol or arising from the introduction of new fibre 
and processes in the mill and works. The departmen’ 
is staffed with physicists and chemists and textil 
technologists, and examples were shown of the use o 
spectroscopy in diagnosing biological damage, of tile 
photochemical properties of certain new dyes and 0: 
the solution of some of the difficulties most frequently 
posed by members. | ; 
It is not the concern of the Institute to search fo 
new textile products, but inevitably there. arè- 
occasions when such materials are discovered during > 
some broader research. On this occasion two such 
discoveries were displayed, namely, an elastic yarn o 
made by a new process and a metallized fabric with =o = 
novel optical properties. These aroused considerable | 
interest. Eo 
Lastly, mention must be made of the continuing Oe 
work on instruments for quality control which has 
had so great an impact on the industry in recent years, ae 
particularly since the setting-up of Shirley Develops 
ments Limited. The Company had its own display —__ 
of instruments which it handles, and, in addition, _ 
there were four new instruments developed at the 
Institute which will shortly be handed over for 
exploitation. BS 
The occasion of the annual general meeting. anc 
its two associated members’ days was successful in _ 
attracting a total attendance of 800, representing 
217 firms. n$ 
























recent experiments? im which erystals are. gr 
on a fibre suspended in the centre of a wate 
vapour diffusion chamber confirm this resulte 
habit of crystals growing along the length of 
fibre, over which the temperature varies from or 
to — 50° C., again changes in accordance: wi 
the above scheme with dendritic crystals bei 
limited to the temperature-range — 12°C. to — 16° 
and appearing only if the supersaturation exceed: 
about 10 per cent. Variation of the supersaturation 
over very wide limits (0-300 per cent) does no 
induce changes as between the essential prism & 
plate-like habits, but such transitions may be pee 





Fig, 1 
The yariation, at about ~~ 14° C, 


ise-butyl alcohol. Fig. 1. Dendritic growth; no alcohol present, 
i growth: vapour pressure of aleghol 1073 mb. 





Fig. 3 
The variation, at about — 14° C. 
é30-Dutyl alcohol. 


to dendritic growth ; 


Nakaya* has reported that the growth forms of 
ice- crystals may be modified by “the presence of 
atmospheric aerosols, For example, he states that 
when the air is filtered to remove the suspended 
particles, the plate and dendritic crystals which 
normally occur at about — 15° C. are replaced by 
hollow prisms. We are unable to confirm this result. 
Crystals growing in our diffusion chamber show 
_ exactly the same variation of habit with respect to 
temperature irrespective of whether they grow in the 
_ presence of a water cloud formed by condensation on 
atmospheric aerosol particles or in very clean air 


-from which all the particles have been removed by 
sedimentation. 


= However, it has been found that the presence of 
< traces of organic vapours may profoundly influence. 


Fig. 2 
of ice-erystal habit with increasing concentrations of 


Fig, 4 


, of iee-crystal habit witleinereasing concentrations of 
Fig. 3. Hollow prisms; aleohol pressure 107? mb. 
alcohol pressure 1 mb. 
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oe the | er owe habit of ice ein 3 

< For example, crystals grown in a 
‘diffusion chamber in which dso- 
butyl alcohol has been added to 
the water source show remarkable 
changes of shape as the concen- 
tration of alcohol vapour is varied 
from 0 to 1 mb. partial pressure. 
The vapour density of the alcohol, 
which diffuses downwards into 
the colder regions of the chamber 
in much the same way as the 
water vapour, can be estimated 
at each level by specifying its 
values at the source and smk 
and assuming a linear gradient 
in betaveen. The concentration of 
alcohol vapour at the top of the 
chamber (the souree), which is 
varied by changing the alcohol- 
water ratio of the mixture by 
successive factors of ten, is de- 
termined in terms of the partial 
pressures of the two component 
liquids. The vapour pressure of 
the aleohol at the sink, which is 
at -- 50°C., is assumed to be 
practically zero. Although, m 
view of the simplifying assump- 
tions, the caleulated values for the 
absolute concentration of alcohol 
at each level may be slightly im 
error, the relative concentrations 
at different levels are probably 
rehable. 

The most striking variations of 
crystal habit with increasing con- 
centrations of alcohol occur bø- 
tween — 12°C. and — 16°C. ; 
these are shown in Table 1 and 
iltustrated in Figs, 1-4. When the 
partial pressure of the alcohol ex- 

ceeds about 10-3 mb. the normal 

dendritic growth (Fig. 1) is sup- 
pressed and replaced by plate-like 
crystals (Fig. 2). A further rather 
small increase in alcohol concen- 
tration causes these to be replaced, 
either by hollow prisms or by 
needles (Fig. 3), which persist until 
the concentration is raised beyond 
0-1 mb., above which there is a 
further transition to plates, and 
finally, at higher concentrations 
still, a reversion to a rather 
stunted form of dendritic growth (Fig. 4). 

An earlier observation by Vonnegut®, that a cloud - 
of tiny hexagonal plate- like crystals, growing at — 
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Fig. 2. Flate-like 


Fig. 4. Reversion 


Table 1 
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‘in the temperature-range — 8° C. to — 12° C. 

The mechanism by which such sharp changes in 
crystal habit are produced either by small changes 
f temperature or by the adsorption of small quan- 
ies of certain organic vapours is not fully under- 
‘stood. However, experiments suggest that the habit 





APERIMENTAL determinations of the first 
electron affinity of atomic oxygen, H(O -» O~), 
ee have given results in unresolved conflict. A relatively 
-. short time ago a value in the range 2-0-2:33 eV. was 
suggested by studies of electron attachment at a hot 
filament and from dissociative attachment in a mass 
spectrometer’. (Data expressed in eV. should be 
multiplied by the factor 23-05 to obtain corresponding 
Values in keal./gm.-atom.) More recently, Smith 
and Branscomb? obtained the value 1-48 eV. by 
observing the threshold and measuring the cross- 
< seetion for photo-detachment of an electron from the 
oo -O> ion. Also, Schüler and Bingel® have derived the 
values 0-98 and 1-05 eV. from spectroscopic studies. 
“There is thus considerable uncertainty as to the 
correct value of the electron affinity. 

In addition to experimental. methods, various 
theoretical and semi-empirical procedures have been 
employed to derive electron affinities*, and the whole 
roblem has been reviewed by. chard’. One of 




















Prite 
> most widely used of” the various extrapolation 
xethods for the estimation of electron affinities of 
sms depends on a knowledge of the ionization 
otentials of a series of isoelectronic ions, This type 
method is considered here in connexion with the 
stimation of the first and second electron affinities 
f.atomie oxygen. An indication of the consistency 
the results may be obtained by comparing the 








xygen for two electrons, which may be evaluated 


TONIZATION POTENTIALS OF TONS ISORLECTRONIC with O” 


able 1, 
r, AND THE Finst ELECTRON AFFINITY OF OXYGEN 














| Ionization potential Z | 
Ton | Finkelnburg | Í Selected $ 
Moore | and Humbach a work | "value j 
' [orcas E a mem] 

F | 17-42 | = 17-418 | 17-418 

Net 41-07 | 4107 4107 
Natt | 7165 | TL8 01% | 71715%  7L715 | 
Mg» | 109-29 1093 | 10929 | 
A+ | 158-77 153-8 | | 1638-77 | 
BBY | 205-11 205-1 | 20841 | 

‘ i A 

psr 26331 | l 263-31 

S | 328-80 ato: 1* | 328-6" | 328-6 | 
ri l 
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.. Extrapolation to Z = § gives HO 07) = Í “Ose ev. 
Tiepola vame > pe Toyi . 
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about 0-2 mb. Similar transitions are also observed of foreign polar molecules, possibly by the poiso i 


ESTIMATION OF ELECTRON AFFINITIES OF OXYGEN BY 
EXTRAPOLATIONS OF IONIZATION POTENTIALS 
- By Dr. D. F. C. MORRIS 
Department of Chemistry, Brunel College of Technology, London, W.3 
AND 


H. N. SCHMEISING 


Department of Chemistry, Queen Mary College, London, E.I 


um of these electron affinities with the. affinity of © 


potential data for ions isoelectronic with O~ an 


formula : 


due panak | to a in 1 surface strucbar y 















of dislocation sites. 
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Table 2. IONIZATION POTENTIALS OF IONS ISOELECTRONIC WITH | oF Eee 
AND THE SECOND ELECTRON AFFINITY OF OXYGEN yee 
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| Ionization potential J 
| 
f 


Z € Jou PARE Finkelnburg | m : pora 
Moore | and Humbach | (This w ork | “value. 
| 9 | F- | i | 8577% | 
| 10 | Ne 21-559 | 21-559 | 21-559 | 
| il | Nat | 47-29 | 472 | 47°29 | 
(32) Mgt* | 80-12 | 7824014 | 804147 | 980-183 | 
(13) AP* © 119-96 11098 l| 119-96 
(1d | Bit | 166-73 166-73 | E 
15 PH 220-414 | 22041 | 22041 
| ie | gt | 250-99 | 28099 | 880-99 
E OETA OEE eR RENE MOM et eh oe 


Extrapolation to Z = 8 gives E(O~ -» O°) equals ~ 7-754 si! ; 


* Value selected by Pritcharé (ref. 5). 
+ Interpolated values. 
+ If this term were omitted, and extrapolation carried out; the gam 
result would be obtained for EO — 0%), namely, — 7: T 


by employing the theoretically calculated tue 
energies of oxides in conjunction with known, the ‘ 
dynamic datas’. i 

Although the ionization potentials, J, of incole 
tronic ions are the eigenvalues of a discontinu 
function of the atomic number Z, the present we 
ig based on the premise that they satisty a contin 
well-behaved function. : 

The best way of finding whether the ta 
function is reliable is to form a table of su 
differences. The onset of ‘noise’ in the table i 
to how many significant figures the tabulated 
tion is reliable. The most recent set of 10) 





appears to be that of Finkelnburg and Humbi 
the values together with those given by Moore 
listed in Tables 1 and 2. The data of Finkelnb 
and Humbach in Table 1 fit a well-behaved funct 
quite reasonably. Their data in Table 2, howeve 
do not represent a well- behaved function, as is j 
dicated by the early onset of ‘noise’ in & difference 
table. | Se 
Following the aia premise that the TE 
potentials should satisfy a well-behaved function, 
the interpolated values of Finkelnburg and Humbach 
have been recomputed by means of the Lagrange 





















jI (tj — 2 d. 


x T is n may be rewritten as 
| Flan) = E Lyfe) (2) 


o referred to as the Lagrange coefficient of the 
jth term. The results of the interpolations are given 





3 nts, it was decided that the reliability of 
ia did not merit the extra work involved. (An 
lation using weighted data may therefore be 
merited, but this was not done since it is uncertain 
which of the higher terms are most reliable.) The 
ealculations have been performed on an electronic 
digital computer, the Lagrange programme being 

_ used for performing the final extrapolation to Z = 8. 
he extrapolated value corresponding to the 
- first- electron affinity of oxygen was found to be 
1-044 eV. This agrees well with the experimental 
=o results of Schüler and Binge, namely, 1-05 and 

ae v: 98 eV. 

The extrapolation required to obtain the second 
electron affinity of oxygen H(O~ — O?-) provides 
more difficulty. Morris’ has recently derived the 
See value -== 6-63 eV. for the double electron affinity of 
oe oxygen. H(O -> O?—) from lattice-energy calculations, 

: and it appears reasonable to regard this value as correct 

os to within + 0-3 eV. It follows that H(O- -> 0?) 
<- should be about — 7-67 eV. This may be compared 
with the value — 7-754 eV. obtained by extrapolating 
_. the selected valusa in Table 2. To assess the variation 
of E(O +> O7*) on altering I,, in Table 2, it is neces- 
_ sary merely to evaluate Lia This is — 17-5. Hence, 
























T has been shown recently that following foal ids 


observed, 





ibrous systems have now been identified as minor 
X nents of many adult human tissues, but from 








"thee hand, x The a of Ia T 80 2 oV., “quoted 4 a the 


column 5 of Tables 1 and 2. Although the best 
vould be obtained by the use of Tchebychev 


fibre species in quantity may indicate aberrant 
ce developments i in the metabolism of connective tissue 


th alkaline buffers collagenous tissue contains — 
-Thus a study of these fibres has been made usin, 


sin which masses of ‘elastica staining material’ - 
Further work has shown that both chemical and physical methods. 
rous fibres or lamelle with a high degree. of 
gence may be associated with these domains, 
ir presence is more clearly seen after alkali . from 


ment of the collagen and ground substance. Such 


T and Qe (These illustrations show two fibres obtained 


followed: ‘by digestion with collagenase and. elastase 
boiling with 2 per cent acetic acid and treatment 
i with saturated lithium bromide solution to remove 
observations appear rarely in infant tissue. — 
iere is also evidence that they may constitute a _ 
gnificant component of certain pathological tissues, — 
Q r example, dermis from cases of scleroderma. 
o i00 it ig felt that the presence of these adventitious i 


Pee esent address :. ce Department of a i Unive al mity College Pains Poue aora if the fibre. -ie rotated. be 
h Wales, Bangor, N. Wales, _ A} ythe es 


‘The first demonstrates uniform anisotropy in al 
directions. t 
fringence, whether the fibre is arranged 











Landolt-Bérnstein!*, is taken; EO -» Ot) equals 
— 7-06 eV. The introduction of the value 80-12, 
80-18 or 80-20 eV. into the difference table gives rise — 
to considerable noise. It follows, if our major premise ` 
is to hold, that at least one other of the selected — 
values in Table 2 is. suspect. However, in view of — 
the fact that the Lagrange coefficients of the middle |. 
terms are quite large, only small adjustments to these 


_ terms, about 0-02 eV., would be required to make — 
the data satisfy a continuous function consistent: oh 


with H(Q- -> 0?) equal to —7-754 eV. oP 

From the preceding argument it follows that ie oe 
value for H(O > O?-) obtained by extrapolations of 
ionization potential values of present known accuracy, - 
— §-71 eV., is consistent with the value, — 6-63 eV — 
obtained from lattice energy calculations. on 

Our thanks are due to Dr. P. N. Daykin and Dr. : 
A. J. Carr for ee and aici discussion. 
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The fibres are of two types, illustrated in Fi igsi. T 





-bovine skin by treatment with alkali 
residues of keratin. Dried, unfixed preparations. 
Henco there is no subdue of bir 1 


par ; Se wa 
right angles to the plane of polarization. Fane = 
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Fig. i. Anisotropic fibre photographed in monochromatic sodium 

light. The birefringence is not associated with the orientation of 

smaker anisotropic rods, since it is mot extinguished where the 

fibre ia curved. Examined in white light the fibre shows very 

littie dichroism in some regions, With a firat-order red plate it is 

negatively birefringent like celliiose, and the refractive index ia 
also of the same order as cellulose, ix 141) 


characterized by the presence of either one or two 
anisotropic helices wound around a core, which shows 
little or no birefringence. 
Preparations of small quantities of fibres in a 
relatively pure state have been obtained by the 
removal of the surrounding tissue by reaction with 
collagenase, elastase, boilmg 2 per cent acetic acid 
and treatment with reagents specific for the fission 
of hydrogen bonds, such as lithium bromide. There 
was no evidence that these reagents had any effect 
on the completely anisotropie fibres, but lithium 
bromide treatment of those which consisted of two 
“-¢learly observable phases (the polysaccharide did 
not form a complete pellicle around the ground 
Substance) caused a certain amount of swelling, 
accompanied by the uncoiling of part of the outer 
helical layer (Fig. 2). ; 
Hydrolysates of fibre preparations showed the 
© presence of both amino-acids and sugars. Chromato- 
graphy of the hydrolysates indicated that the protein 
‘portion of the fibres had an amino-acid composition 
intermediate between that of collagen and elastin. 
The polysaccharide portion, on the other hand, con- 
sisted in the main of glucose, associated with small 
amounts of pentoses and amino-sugara which could 
be derived from mucopolysaccharides. This high 
concentration of glucose coupled with the solubility 
properties of the intact fibres suggested that the 
polysaccharide might well be cellulose, or some 


ie : related polymer. 


Optical measurements on the fibres between 


© erossed nicols gave the refractive indices with the 


fibre axis parallel and at right angles to the plane of 








polarization of 1-586 and 1-525, respectively. The _ 





Fig. 2. Fibre composed of two phases: a core oriented in one 
direction only, and an onter layer having helical orientation. 
Gbhservalions in white light indicated dichroiam of the core in 
some regions but none In the helix, and on examination with asco. ~ 
first-order red plate only the helix had a yellow coloration. and °°: 
thereby the two phases could be separated. The outer helix ja cocs 
much more highly oriented, being of the same order as cellulosé: oo 

some of its layers have been stripped off (shown by arrow) and” 
two superimposed layers of the anisotropic helices C44, outer 0. 
layer: BG, inner layer) can be eer Photographed in white light; cos 


sign of this birefringence is negative, and its value, — 
0-061, lies close to that of ramie. X-ray examination 
of the fibres confirmed the presence of native cellulose _ 
(Big. 3). Finally, infra-red spectra, although rather — 
complex and difficult to interpret due to the simul- — 






taneous presence of both polysaccharide and protein; ae 


were not inconsistent with the above conchisions. 
Microscopic examination. of the angles of the helices <. 

of those fibres with a partially developed poly- 

saccharide phase (as in Fig. 2) showed a spread about 





Fig. 3, X-ray diagram of aligned Hbres showing a clearly defined o |. 
X-ray diagram of native cellulose with an angular dispersion of > 
ow 74°, (Copper Ke radiation, D = 4 em. (on original diagram).) —_. 
The direction of the fibre axis is marked on the diagram with an 
arrow Cnt a 





ak mean. value of 72° 
at about 58°. 


th: 
The angular 





= (Fig. 1) these helical angles cannot be measured. ` 


- Hitherto, cellulose has only been reported in the 
ae: plant kingdom, and in certain lower animals such as ` 
| Examination of the cellulose fibres. 
present _ in the tunics of the sea squirt, Ascidiella 
aspersa, has shown that, in common with the highly 


_ the Tunicata. 


4 < anisotropic fibres found in mammalian tissue, the 
i cellulose: is associated with a protein fraction which 
is resistant to attack by the same enzymes and 
- ehemical reagents, and which has an amino-acid 
i analysis between that of collagen and elastin. 
“Qn the basis of these observations it may be sug- 
| gested that under certain conditions cellulose may be 
` Taid down on the surface of collagen fibres. This 
deposition occurs initially in helical form and after- 
wards in a similar fashion in successive layers 
< (Fig. 2) resulting finally in a fibre, the protein core 
‘of which is completely covered with anisotropic 
+= cellulose.. Electron microscope studies of such fibres 
have also shown the presence of finer fibrils arranged 
in layers. All the fibrils in any one layer lie parallel 
to one another, but they lie at an angle to those in 
adjacent layers. 
From the point of view of collagen morphology, 
` this phenomenon is of considerable interest since it 
would appear to indicate that collagen degradation 
products are capable of bringing about the orientation 
ate of highly anisotropic elements in a helical form. This 










sper: ion of the ares in 
the X-ray diagram would also appear to indicate. z: 
-that the cellulose was oriented at an angle in the. 
- region of about 75°, thereby showing marked correla-. 
tion ‘with the optical observations. Where extensive ~ 
< development of the cellulose component has occurred - 


ture ‘has t 
ization of collagen*.* and has also been observed at 
_electron-microscope level in the early stages of thermal T 
denaturation’, eee 
helical structure persists at all levels of organization. =. 







gest th nce of | 
‘in the Pee fibre itself. A helical stru 
been used for explaining the molecular organ- 





It is interesting to postulate that a Pe 


Cruise has reported the presence in a number of- 
animal tissues of fibres having a brittle nature. Their 


. properties appear similar in many respects to those - 
of the fibres reported here. 


As a first indication of the presence of cellulose in . wee 


“mammalian tissue these observations are of funda. 
mental biological importance, especially in view of - 
the fact that there is a marked similarity þetween > 





the protein matrix to which the cellulose is attached, = 0: 
in both mammalian fibres and in those obtained from 
the Tunicata. The existence of cellulose as a com- 
ponent of mammalian tissue may, therefore, have 
considerable significance from an evolutionary pomt 
of view, but it may also have an equally profound 
impact on theories of tissue ageing. 

A further account of these observations will be 
published elsewhere. 

We wish to thank Prof. R. D. Preston for electron- 
microscope studies and Dr. W. Horton for assistance 
in the X-ray examination. 
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“ADENOSINE TRIPHOSPHATASE AND CONTRACTION IN 
DEHYDRATED MUSCLE FIBRES 
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o THEN raw meat or fish is dehydrated it tends 
-to become rather tougher and less juicy after 





slo in- rigor. 








y; solubility in salt solutions of ionic strength 
or greater, adenosine triphosphatase activity, 
nd: entractility in presence of adenosine triphos- 





6- Theat and fish examined were dehydrated 
by freeze drying in a vacuum desiceator or by 
he vacuum contact plate drying process?.*. In the 

mer case stri ips of muscle (about 1 x 1 x 10 mm.) 


rater. “The water was frozen solid in 5-10 min. 
he slides were transferred to a desiccator and dried 

n vacuo over sulphuric acid. The method used in 
he. latter case has been described by Rolfe®. 
he foodstuff is freeze-dried for a few hours ; 


, ich. time the x materiel i is a po 


has been investigated by Connel". 
extensive denaturation had occurred and that none - 
‘of the structural proteins had remained in the- 


econstitution and cooking than is the starting — 
rial. It was thought that this might be due _ 
aturation of actomyosin, the major pr otein of 

To investigate changes in the — 
yosin, three of its properties were measured, that. the actomyosin of vacuum-contact plate-dried 
chloride or in 5 per cent sodium chloride if the 
extraction were done by allowing the ground fibres 


baffle to prevent foaming. On the other hand, when 


protein. This additional ‘soluble’ protein, however, 
was sedimented as the centrifugal force was increased. 
in the range 800-16,000 g. It could also be removed 
= completely by filtration through a fine paper (What-. 
-man 42). 
= meat since those on fish were so inconclusive. 


rere put on a microscope slide with a few drops of | 


Hore- 
its” 
te nperaturo, is then slowly raised until it reaches Í 






_ Ministry of Agriculture, Fisheries and Food Research Establishment, The Experimental Factory, Aberdeen 


The effect of dehydration by both processes on the 
solubility of cod (Gadus callarias) muscle proteins —- 
He found that _ 


undenatured state. It was also found in this work — 


cod muscle was not soluble in 0-5 M potassium 
to stand overnight in the salt solution, or by blending 
them at half speed in an ‘Atomix’ with a close-fitting 


an ‘Atomix’ blender was used at full speed, the 
‘soluble’ protein rose to 85-95 per cent of the total 


No solubility measurements were done on. 2 





, aes TAPRE Whe pena activity. of both cod : 
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Fig. 1. 
adenosine triphosphate. 
phosphate; B, 


after addition of adenosine triphosphate. (x 50 





Fig. 2. Contractility of fresh and reconstituted, dehydrated cod muscle fibres on addition 
of adenosine triphosphate. A, fresh cod muscle fibre before addition of adenosine triphos- 

C, dehydrated reconstituted 
D, 15 min. after addition of 


phate; B, 15 min. after addition of adenosine triphosphate ; 
cod muscle fibre before addition of adenosine triphosp 
adenosine triphosphate. (x 30) | 





by the vacuum contact plate drying process. In 
these determinations the rate of liberation of inor- 
< ganic phosphate from adenosine triphosphate by 
Washed muscle preparations was measured with 
calcium as an activator. Calcium is probably not the 
physiological activator but it does promote actomyv- 
-> sin~adenosine triphosphatase without activating that 
- of other tissue or apyrases. In every case examined, 
<o & proportion of the adenosine triphosphatase survived 
dehydration. In beef, the amount left varied from 
40--80 per cent ; in fish, about 50-75 per cent remained 
active. Loss of solubility and of enzyme activity are 
commonly used to show protein denaturation, but 
these results indicate that actomyosin could become 
insoluble in 0-5 M potassium chloride without losing 

its adenosine triphosphatase activity. 
To obtain more evidence on the changes which 
_ occur in dehydration, beef and fish muscle were 
‘examined before and after dehydration for contrac- 
tility in the presence of adenosine triphosphate. For 
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Contractility of fresh and reconstituted, dehydrated, beef fibres on addition of 
A, fresh beef muscle fibre before addition of adenosine tri- 
5 min. after addition of adenosine triphosphate ; 
reconstituted beef muscle fibre before addition of adenosine triphosphate ; 


for studying the behaviour of actomyosin in de- f i a 
hydration. ie 
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this purpose, single fibres. were re- 
moved by dissection with fine- 
needles under the x 30 power ofa 
stereoscopic microscope. These were 
then reconstituted in veronal buffer 
containng magnesium ions, ani 
observed under the microscope 
while adenosine triphosphate ‘was 
added. Beef fibres so treatec 
ways contracted whether the 
been dehydrated by freeze-d: 
a vacuum desiccator, or. ‘by 
vacuum contact plate drying 
cess. The dried, reconstituted fibr 
contracted to a smaller extent than 
the fresh and at a slightly slower 
rate. Like them they increased. in” 
cross-section as they shortened (Fig. 
1). The contractility of dried: beet 
fibres was not very easily destroyed 
by heat. Samples dried in a desic- 
cator and heated in open dishes for 
l hr. at 22°, 37° and 55° were still 
contractile. At 70°, the power to 
contract was much reduced and at 
100° it was completely absent. = 
The actomyosin in cod muscle. 
fibres was much more labile. Fibres = 
from cod fillets or steaks dried by 
the vacuum contact plate process __ 
never contracted in ptesence of > 
adenosine triphosphate. Fibres 
from materials freeze-dried ina 
desiccator were sometimes con- Æ —— 
tractile and sometimes not. The 
reason for this is not yet apparent < 
though it is probably connected ~ 
with the rate of freezing. . Even 
when the fibres were contractil 
they shortened less than simila 
fresh fibres and at a very mug 
slower rate (Fig. 2). : 
From the above results it appeoa : 
that cod actomyosin can be rend- 
ered insoluble by dehydration, but 
a large part of its adenosine tri- 
phosphatase activity, and some. 
times even of its contractilit: 
remains. Robinson had sim 
results with chicken actomyosin', 
Solubility measurements are ther 
fore not reliable criteria of denaturation though the 
do seem to measure some change which has occurred 
in actomyosin during drying. l 
Beef actomyosin is much more stable than that of 
cod. A large proportion of it is undamaged as 
measured by adenosine triphosphatase activity and 
contractility, after dehydration by freeze-drying- or 
the vacuum contact plate process. os 
A detailed account of this work will be publisho 
elsewhere. 
We wish to thank Mr. J. R. Bendall, of the Law i‘ 
Temperature Research Station, Cambridge, for his 
suggestion that contractility might be a useful method: 





















C, dehydrated 
D, 5 min. 
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Assay of Isotopic Nitrogen by 
Mass-Spectrometer 


- IN a recent communication, Capindale and Tomlin! | @ 
have pointed out some of the difficulties in measuring |; 
accurately the abundance of isotopic nitrogen | 
o (nitrogen-15), a measurement which is generally 
a < required when this isotope is used as a tracer in- 









biological experiments. 
One of the chief difficulties in estimating the 
- abundance of isotopic nitrogen in small samples 
=< (20-300 pgm.) is the correction for contamination by 
_ air. ‘Two methods are commonly used, each of them 
suffering from some drawbacks. One is based upon 
- a measurement of the oxygen peak at mass number 
82 and, by means of a predetermined nitrogen/oxygen 
` ratio (28/32) for air (5-5), correcting for contamina- 
tion by. atmospheric nitrogen. This method is 
accurate provided that all the oxygen in the sample 
_ comes from air, but is invalidated if any oxygen is 
- formed by decomposition of hypobromite, when this 
-is used for oxidizing the ammonia to gaseous nitrogen. 
_. The other method of correction is more specific in 
_ that it depends on measurement of the nitrogen/argon 
ratio (28/40) ;. but it has the disadvantage that argon 
is present only in traces and experimental errors are 
magnified by the high nitrogen/argon ratio (73) 
in air. 
< Both methods have been tested in these labora. 
tories during the course of work carried out by Yemm 
and Willis? and by Cocking*. More recently, it has 
_ been possible to apply corrections, based on measure- 
< ments of the oxygen peak, with greater confidence by 
virtually eliminating the release of oxygen from 
hypobromite. As shown by Fleury‘, the decomposi- 
tion, 2NaBrO-2NaBr + O, is catalysed by traces of 
-| copper (Cut+), but the decomposition is prevented 
by adding potassium iodide, which presumably forms 
-o @ complex with the catalyst. Many tests have shown 
that no detectable release of oxygen oecurs when 
0-1 per cent potassium iodide is added to the hypo- 
_ bromite reagent. Moreover, by immersing the reac- 
_ tion vessel in liquid air after completion of the oxida- 
. tion, it is possible to freeze out other by-products, 
such as nitrous oxide and carbon dioxide, which may 
interfere with measurements of nitrogen at mass 
umbers 28, 29, 30. 
For routine analyses Rittenberg tubes*, which can 
fitted directly to the gas inlet system of a mass 
rometer, are convenient. By evacuating the 
in two stages, first to about 10-2 mm. mercury 













tu 






oa ‘cury by a backed mercury diffusion pump, nearly 
all the air can be removed prior to oxidation of 













and im : 
"Phe gas is then expanded into a highly: evacuated 
.. vessel of suitable volume (usually 50 ml.) for measure- 








ae ment of the peaks at mass numbers 28, 29, 30 and 32. 
+ In this way it is possible to obtain consistent measure- 
` ments in samples containing ag little as 30 up. | 








| Amino- | 
oat o E acids l 


flames, previously based largely on conductivity. 
measurements!, an apparatus has been, constructed 
for direct mass-spectrometric analysis of ions drawn 


by a mechanical pump (warming the solution to 
_. dispel dissolved gases) and then to about 5 x 10-5 mm. . 


_ the nature and relative amounts of positive ions could 
only be obtained by : ) 
concentration, it is now in principle possible to obtaii 


nonia by hypobromite. After the oxidation, the- 
tenberg tube is attached to the mass spectrometer ` 
immersed in liquid air to freeze out impurities. — directly the concentration of ions of any given mas 
` number. Tt is the purpose of this communication 


this apparatus, which 
interest. ee ee ee S 
dn brief, the flame, burning at atmospheric pressure, >= 


nitrogen with very small or negligible corrections for is directed against a thin (0-002 in.) window in whieh 
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contamination by air. Some typical examples of 
the estimates of nitrogen-15 abundance in amino- | 
acids, separated chromatographically during the | 
course of tracer experiments on yeast, are given in 
Table 1. 

In samples of gas containing about 5 atom per 


cent nitrogen-15 or above, it is possible to calculate _ 


the abundance either from the ratio of mass numbers ~ 
28; 29 or from the measurements of the three peaks 
28, 29, 30 (Rittenborg*). Close agreement between = 
the two estimates is obtained, thus indicating the- 
validity of the small correction for contamination 
by air, based on the measurement of the peak for 
oxygen at mass 32. 

With the precautions outlined above, measurements 
have been made over a period of several months on | 
replicate samples containing 30 ugm. nitrogen of a 
standard solution of an enriched ammonium Balt: 
fifteen measurements had a mean of 31-67 atom 
per cent nitrogen-15 with a standard deviation of 
+0°17. | 

We are indebted to Mr. B. Davis for measurements 
on the mass spectrometer, which were carried out in 
the Department of Chemistry in the University. 

The work was supported by research studentships 
awarded by the Agricultural Research Council. 


A. P. Sims 
E. C. Cocking 
Department of Botany, 
University of Bristol. 
* Capindale, J. B., and Tomlin, D. H., Nature, 180, 701 (1957). 
' Yemm, E, W., and Willis, A. J., New Phytol., 65, 229 (1956). 
* Cocking, E. C., Ph.D. thesis, University of Bristol (1956). 
‘Fleury, P., CLR. Acad. Sei., Paris, 171, 957 (1920). ORES 
* Sprinson, D., B., and Rittenberg, D., J. Biol. Chem. , 180, 707 (1949), 


* Rittenberg, D., “Preparation and Measurement of Isotopic Tracers” 
(Edwards, Ann Harbor, Michigan, 1946), 


Mass-spectrometric Observations of 
lons in Flames 


AS an extension of our studies of ionization in oe 














ni 


from a flame. Whereas previously information about 
inference from the electro: 


give preliminary qualitative results obtained: 
prove to be of considerable _ a 
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is a small hole of about 0-002 in. diameter, which 
samples about 1/4 c.c./sec. from the flame into a 
chamber, evacuated to ~10-* mm. by means of a 
fast pumping system. Using a series of ion lenses, 
it is found possible to direct a beam of ions into the 
slit of a conventional sector-type mass spectrometer, 
and thus to obtain a mass analysis. Jon concentra- 
tions down to 10’ ions/e.c. in the flame are readily 
detectable. 

So far, premixed hydrogen-air and acetylene—air 
flames have been studied (temperatures ~2,200° K.) 
and sprays of salts of the alkali and alkaline earth 
metals have been added, and the resulting ions 
investigated. 

A feature common to all the simple ions found is 
an apparent facility of attachment of one or two, or 
even, to a small extent, three water molecules to the 
parent ion. It is not yet established whether these 
hydrated ions occur in the flames, or are formed at 
some stage of the sampling process, but the latter 
seems more probable. 

In hydrogen flames with no additive, the main ion 
in the gases above the reaction zone appears to be 
H,0+, with a smaller peak corresponding to the 
attachment to this of a water molecule. There is 
also a fairly large peak at mass 18, which is thought 
to be due to H,O+. There aro also traces of Nat 
and K+, which seem to be inevitable, at least when 
using compressed air to run the flame. 

On spraying salts of alkali metals into the flame, 
the expected peaks of the simple ions Lit, Na+, K+, 
Cs+ appear strongly, and also those of the hydrated 
ions, increasingly weaker as one, two and possibly 
three molecules of water are attached. On spraying 
a solution of strontium chloride into the flame, the 
ion peaks of Sr+ appear, but somewhat stronger peaks 
appear seventeen mass numbers higher, which corre- 
late with the ion SrOH+, previously postulated by 
Sugden and Wheeler? on the basis of electron concen- 
tration measurements. A small peak at mass number 
106 confirms the presence of some of the first hydrate 
of Srt, and likewise the second may be detected. Ion 
peaks corresponding to SrOH+nH,0 may be detected 
up ton = 3. Similar results are found with calcium 
and barium, except that Bat, if present, is below 
the limit of detection, and the hydroxide ion is 
predominant. 

The flames of acetylene provide a more complicated 
system, and on sampling the primary reaction zone 
of an acetylene-air flame (near-stoichiometric mix- 
ture), ion peaks of varying sizes were found at almost 
every mass number up to 100. No analysis of this 
has yet been attempted. In the gases above the 
reaction zone, the ions are fewer both in number and 
in type. The peaks observed in hydrogen flames 
appear also in these, and the only additional prom- 
inent peak appears at mass number 30 (with its first 
hydrate at 48). The most likely formula for this is 
CH,O+ or NO+. Further, it may be said, in the 
former case, that this is probably ionized formalde- 
hyde rather than hydrated carbon, since no indication 
of the presence of C+ was found. The appearance of 
this ion in the upper parts of the flame, and the 
disappearance of other ions just above the reaction 
zone, merit much further study. 

It is our aim to extend this work as both a qualita- 
tive and quantitative study with various types of 
flame and metallic elements, and to publish details 
of the apparatus and further results in due course. 

We wish to express our gratitude to the Research 
Laboratory of the General Electric Company of 
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Schenectady, New York, for a grant in support of 

this work. 
P. F. KNEWSTUBB 
T. M. SUGDEN 

Department of Physical Chemistry, 

Free School Lane, 
Cambridge. 
Dec. 2. 


1 Sugden, T. M., Disc. Farad. Soc., 19, 68 (1955). 
2 Sugden, T. M., and Wheeler, R. C., Dise. Farad. Soe., 19, 76 (1955). 


Burning Voltage of Arcs in High Vacuum 


In the course of an investigation of high-current 
ares between solid electrodes in vacuum, an empirical 
relationship between arcing voltage and physical 
properties of the cathode material has been found. 
Certain exceptions are significant because, except for 
carbon, they are all ferromagnetic metals or alloys 
containing a ferromagnetic metal. 

The burning voltage of an are between two elec- 
trodes in vacuum is almost constant, increasing only 
very slightly with increase of current and depending 
in the main only on the nature of the cathode material. 
This applies provided that the anode subtends a large 
solid angle at the cathode, so that electrons and 
metal vapour ejected from the cathode spot or spots 
may follow line of sight paths to the anode. It is 
from the metal vapour ejected from the cathode spot 
or spots that the positive ions (which serve to 
neutralize the electronic space charge) are derived. 
The loss of positive ions from the discharge is small, 
so that tho voltage gradient at any point in the 
discharge clear of the immediate neighbourhood of 
the cathode spot is negligible. 

Although the arcing voltage of any particular 
metal is not steady, but contains high-frequency 
components, its average value is remarkably constant. 
The anode material does not normally affect the 
burning voltage, because the anode rapidly becomes 
coated with a thin film of material ejected from the 
cathode spot. 

In Fig. I, burning voltage is shown plotted against 
the product of boiling point and thermal conductivity 
of the cathode material. Normal temperature thermal 
conductivities have been used, because few data 
exist on thermal conductivities at elevated tem- 
peratures. 

It is apparent that, with the exception of carbon 
and non-magnetic stainless steel, the arcing voltages 
‘of the non-ferromagnetic metals lie on or very near 
to a smooth curve, while the voltages of arcs on the 
ferromagnetic materials lie above the curve by an 


Mean arcing voltage (V.) 





Boiling point x thermal conductivity 


Fig. 1. Empirical relationship between arcing voltage in vacuum 
and physical properties for some common meta 
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amount that increases with the Curie point of the 
metal. 

For steel the arcing voltage of 33 V. drops to 
16:2 V. when the bulk of the metal is raised to a 
temperature at which it is a bright red, above the 
Curie point. 

These results, which will be described fully else- 
where, give very considerable support to a new theory 
of electron emission from non-thermionic cathode 
spots, outlined in the following communication. 

M. P. REECE 

Electrical Research Association, 

5 Wadsworth Road, 
Perivale, Middlesex. 
Nov. 29. 


The Arc Cathode 


It is generally agreed that none of the theories 
that has been suggested gives a complete and 
convincing account of the mechanism of the non- 
thermionic arc cathode. Combinations of, say, ther- 
mal and field emission do not fare much better, 
particularly for cases like the mercury are cathodel. 
What follows is a new approach which goes some 
way, if not all the way, towards a satisfactory 
theory. 

In the pinch effect in a plasma the inward radial 
force is balanced by an increase in gas pressure 
which. is, of course, unbalanced axially. The plasma 
maintains its state of electrical neutrality under 
the pinch forces. If, however, we consider what 
occurs in the metal, the fact that the positive charge 
centres—the crystal lattice points—are not free to 
move means that the pinch-effect forces are not 
balanced by an electron gas pressure but by space- 
charge forces: that is, the pinch effect sets up a 
negative space charge in the region of high current 
density near the cathode spot. The density of this 
space charge is easily shown to be: 

P = pev (1) 
where u and £ have their usual meanings, J is the 
current density, and ọ is the mean velocity of the 
electrons carrying the current just inside the metal 
surface. But the electrons that can escape across 
the potential boundary must have energies greater 
than W + 9, where W is the Fermi energy and o the 
work function, and so the appropriate value of 6 in 
equation (1) is of the order of 

[(2/m)(W + o)}? (2) 
Near the surface, therefore, the Fermi equilibrium is 
disturbed ; there is a deficit of high pz electrons, and 
to restore equilibrium a corresponding number of 
—pz electrons would require to be injected. These 
high —pz electrons would gradually degenerate to 
mean pz a8 we move in from the surface and sim- 
ultaneously the current would be transferred to the 
normal drift velocity appropriate to the centre of 
the metal. It is this ‘slowing-down’ length that 
determines the fall-off in space charge density as we 
move inwards from the surface. 

The effect of the negative space charge is to lower 
the potential barrier and therefore the effective work 
function ọ by an amount Aq which is of the order of 
u.eJvA%e, where A is the slowing-down length. Charac- 
teristic values show this to be about 2—3 eV. in the 
case of, say, copper. Note that the value of in (2) 
must now be replaced by p — Ap. At high tempera- 
tures, where the simplified form of the Fermi distri- 
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bution can be used, we then get an expression for the 

current density given by (Richardson formula) : 
J = ATexp(—o/kT)exp( Ao/kT) 

where Ag is the solution of : 
Ap~uetA*e[(2/m)(W +o — Ap)? 

that is to say, (3) is an implicit equation for J. 

The space charge produced by the pinch effect is 
thus responsible for lowering ọ sufficiently to account 
for the electron emission. 

This changes much of the usual picture. The 
current density in the metal produced in this way, 
together with the increased resistivity (œp?) is 
responsible for the heating and evaporation of the 
metal at the cathode spot, which is therefore a purely 
secondary effect. The molten metal will itself have 
higher resistivity, and the depth of liquid below the 
surface is therefore involved. The result is that there 
is & considerable ohmic voltage drop within the metal. 
This has been pointed out by Reece (previous 
communication), who has shown, in the case of 
vacuum ares, that the arc voltage is a function of the 
boiling point of the metal multiplied by the thermal 
conductivity of the metal and that a large part of the 
cathode fall is accounted for in this way. An unusual 
feature of the theory is the dependence on u, which 
will have the effect of increasing the current density 
and therefore the cathode fall in the ferromagnetic 
metals. This is strikingly corroborated in Reece’s 
experiments. Again, since there is always a parallel 
path of lower resistance through cold metal, the 
position of the are is inherently unstable and hence 
must be in continual random movement. 

Another consequence of this theory is that the 
time of disappearance of the cathode mechanism is 
just that of the dispersal of the electron space charge 
in the metal. It is in fact of exactly the same order 
as that observed for mercury arcs, namely, 10-? sec. 

There are several other consequences of the theory 
which, together with a more complete theoretical 
treatment and numerical verification, will shortly be 
published elsewhere. 


(3) 


(4) 


A. M. CASSIE 
Electrical Research Association, 
5 Wadsworth Road, 
Perivale, Middlesex. 
Nov. 29. 


1 Lee, T, H., J. App. Phys., 28, 920 (1957). 


Preliminary investigations of the Silicon 
Boride, SiB, 


ALTHOUGH there has been a good deal of experi- 
mental work on the borides of silicon dating back to 
Moissan, current reports (ref. 2 and Parthe, E., 
M.I.T., private communication) have been somewhat 
confusing as to the exact phases present in the 
boron-silicon system. We now wish to report that 
we have prepared single crystals of silicon boride 
(SiBs) by fusion of the elements. The wet chemical 
analysis after removal of excess silicon agrees with 
stoichiometric values for the compound SiB, as are 
shown by the following determinations : 

B—69°-05, 70-16, 69-3 

Si—29-43, 29-48, 30-4 
The density as determined by Pycnometer methods 
is 2-45 gm./c.c. 

Preliminary investigations of the compound by 
Laue and rotation photographs have indicated an 
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orthorhombic unit cell with approximate lattice para- 
meters of a = 14:60 A., b = 18-40 A., c = 10-02 A. 
Based on the pyenometer density of 2:45 gm./c.c. 
the unit cell contains 42-7 molecules. These values 
confirm facial indices and axial ratios found from 
optical goniometer measurements. The structure 
appears to be quite complex, and further work using 
Weissenberg camera, measurements will be necessary 
before an exact structure can be reported. 

Electrical, hardness, and melting-point determ- 
inations indicate that the compound has interesting 
physical properties which are being investigated. 


CARL F. CLINE 


Basic Research Branch 
Research and Development Division, 
Carborundum Co., 

Niagara Falls, New York. 


' Moissan, H., and Stock, A., C.R. Acad. Sei., Paris, 181 (1900). 

2 Samsonov, G. V., and Latysheva, Y. P., Doklady Akad. Nauk 
S.S.S.R., 105, No. 3, 499 (1955). Brewer, L., ef al., J. Amer. 
Cor. Soe.’ 34, 173 (1961). Zhuravlev, N. N., Kristalografia, 1, 666 
oe T H., et al., Monatshefte für Chem., 88, No. 2, 


Permeability and the Size Distribution of 
Pores 


A RECENT communication by T. J. Marshall! directs 
attention to a formula for calculating the permeability 
of a porous medium from its pore-size distribution. 
This appears to be derived from an implicit model 
for a porous structure which is very similar to a 
model which we have found useful at the Gulf 
Laboratories. However, the formule which we 
derive are somewhat different from Dr. Marshall’s. 

The physical model, which we believe can be used 
advantageously to represent actual porous rocks, 
may be conceived in the following way. Consider & 
cylindrical bundle of straight capillary tubes the 
radii of which have a suitable range. Cut this bundle 
into thin slices, of equal thickness, perpendicular to 
its axis. Re-arrange randomly the pieces of tube in 
each slice and then reassemble the slices to form a 
cylindrical core. This structure of randomly inter- 
connected capillary tubes of various radii forms the 
model which we have used for studying linear flow. 

In any homogeneous porous body a plane section 
exposes a pore distribution the total area of which 
is a fraction 9 of the area of the section, where ọ is 
also equal to the volumetric measure of porosity. 
Hence, in any slice of the model the total area 
available for flow is ọ times the area of the slice. 
Because of the random interconnexion between 
adjacent slices, however, the total area available for 
flow at the junctions is reduced to »? times the area 
of a slice. 

Based essentially on this idea, we have worked out 
formule relating capillary pressure, absolute and 
relative permeabilities, electrical resistivity index and 
formation factor. We have also set up a theory for 
the displacement of a fluid from a porous medium. 
by a miscible fluid. Details will be published 
elsewhere. 

It is noteworthy that the expressions we get for 
permeabilities are essentially the same as those 
derived empirically by Burdine*. A comparison with 
some of the available experimental work can be 
found in his paper. In view of the simplicity of the 
model, the general agreement between predicted and 
observed results is surprisingly good. It cannot be 
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said, however, that an unequivocal conclusion has 
been reached. ; 
l M. R. J. WYLLIE 

G. H. F. GARDNER 


Gulf Research and Development Co., 
Harmarville, Pa. 


1 Marshall, T. J., Nature, 180, 664 (1957). . 
? Burdine, N. T., Trans. Amer. Inst. Mech, Eng., 198, 71 (1953). 


From the preliminary information and the reference 
given by Dr. Wyllie and Dr. Gardner, it appears that 
the difference in their permeability equations may 
arise from their use of a term for tortuosity. I have 
avoided this mainly by allowing for the effect of 
imperfect fit and dead ends and the effect of the 
smaller pore in a sequence on the average size of 
the necks connecting the pores. Further details are 
given in a paper! which, is to appear shortly. 

T. J. MARSHALL 
Division of Soils, 

Commonwealth Scientific and 
Industrial Research Organization, 

cjo Waite Institute, 
Adelaide. 


1 Marshall, T. J., J. Soil Sci. (in the press). 


Effect of Plastic Deformation on the 
Electrical Resistivity of Chromium 


Tur presence of a transition in the electrical 
resistivity and temperature coefficient of resistance 
of chromium in the region of 40° C. has been reported 
by several investigators’. In studying the influence 
of plastic deformation (at 150° C.) on high-purity 
chromium an anomaly has been found, in that below 
the transition temperature the deformed material 
had a lower resistivity than the annealed. Curves 
of resistivity versus temperature are shown in Fig. I, 
together with the respective temperature coefficients 
of resistance. No hysteresis was observed in these 
measurements. A positive deviation in the tem- 
perature coefficient of resistance of the deformed 
material is observed both below and above the 
transition temperature. A minimum in the curve of 
resistivity versus temperature for the annealed 
material (Fig. 1) occurs at 41° C. and is in close 
agreement with other workers. Particulars of the 
specimen material are recorded in Table 1. As shown 
in Fig. 2, a change in the sign occurs, from negative 
to positive, in the value of Ap (the. difference in 
resistivity between the deformed and the annealed 
material) on increasing temperature through the 
transition region, namely, — 40° C. to +40° ©. 


Table 1. RBLEVANT HISTORY OF THE SPECIMEN 


Analysis of chromium* 
(per cent) 


Analysis of chromium* 
(per cent) 





* All metallic elements determined spectrographically. (a) Speci- 
men dimensions: 0:027 in. (0-073 cm.) diameter, 8-3 in. (20:7 cm.) 
length. (b) Specimen history: are melted electrolytic chromium 
ingot (1-5 in. diameter) — extruded bar (0:5 in. diameter) > swaged 
rod (0:2 in.) diameter) + wire drawn to 0:027 in. diameter at 300° C. 
final 3 per cent reduction at 150° O. Total reduction in area 98 per cent. 
(e) Annealing treatment: 700° C, for 15 min. in vacuo (2 x 10-*‘ mm. 
of mercury); specimen completely recrystallized after this treatment. 
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Previous investigators? have reported changes in 
- other physical properties of chromium in this tem- 
perature region although no satisfactory explanation 
for this transition has so far been given. It has been 
suggested*.4 that the transition may be associated 
with a magnetic change at about 40° C. in residual 
chromic oxide (Cr,0,). 

From the generally similar shape of the curves of 
temperature versus resistance for specimens annealed 
or plastically deformed, it seems reasonable to 
assume that the factors influencing the transition are 
similar in both states. Above the transition tempera- 
ture the normal increased resistance in deformed 
material is observed ; this is due to the scattering of 
conduction electrons by the lattice defects introduced 
during the deformation process. However, below 
the transition temperature, after deformation a 
modification must occur to that part of the resistance 
dependent on temperature, which in this particular 
caso more than compensates for the scattering 
produced by lattice defects and leads to an overall 
decrease in the resistance relative to the annealed 
material. This modification is manifested as a 5 per 
cent decrease in resistivity on superimposing the 
positive value of Ap at 70° C., on the Ap value at 
— 60° C. (Fig. 2) and suggests a deviation from the 
normal electronic structure for chromium below the 
transition temperature, the normal structure being 
taken as that state which is essentially consistent with 
Matthiessen’s rule. 

Both Thomas’ and Linde? have reported a decrease 
in resistivity in gold/chromium alloys with cold work 
and Linde’ has postulated a change in the dynamic 


Resistivity p (vohm cm.) 





Temperature (° C.) 
Fig. 1. Resistivity of annealed (O) and deformed (A) chromium 
as a function of temperature 
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Fig. 2. Variation of Ap with temperature 


equilibrium between the electrons in the 3d- and 
4s-shells in certain chromium atoms after cold work. 
The net result of this exchange is a reduction in the 
capture of conduction electrons by the d-shells by 
virtue of the more stable electron configuration 
attained by certain atoms, probably those displaced 
most from their lattice positions. This explanation 
has been supported by magnetic measurements on 
cold worked alloys of gold and chromium’ which 
have shown a change in magnetic susceptibility 
corresponding to an increase in the number of 
electrons bound to the 3d-shell. 

Electrolytic chromium is characterized by an 
increase in magnetic susceptibility with increasing 
temperature*.*, No irregularities have been observed 
in the susceptibility near the transition region. An 
antiferromagnetic superlattice has been detected by 
neutron diffraction experiments!” at very low tem- 
perature with a Néel temperature of 200° ŒC. Unfor- 
tunately no magnetic measurements are available for 
chromium in the worked condition to check the Linde 
hypothesis with respect to very pure chromium. It 


would seem, however, that the fundamental reason 


underlying the decrease in resistance is the abnormal 
electronic state present below the transition tem- 
peraturo and that the effect of deformation. will not 
be fully understood until this state is defined and 
the reason for the transition determined. 

A detailed report on the ‘resistance measurements 
of chromium will be published elsewhere. Acknow- 
ledgment is made to Mr. J. I. Nish for his encourage- 
ment throughout this work and to the Chief Scientist, 
Department of Supply, Australia, for permission to 
publish it. 

M. E. be Morron 
Defence Standards Laboratories, 
Maribyrnong, W.3, 
Victoria, Australia. 

Nov: 12. 


* Bridgman, P. W., Proc. Amer. Acad. Arts Sei., 68, 27 (1983). 
Potter, H. H., Proc. Phys. Soc., 53, 695 (1941). Fine, M. E., 
Greiner, E. S., and Ellis, W. C., J. Metals, 191, 56 (19513. Sully. 
A. H., Brandes, E. A., and Mitchell, K. W., J. Inst. Met., 81; 
585 (1953). 

? Sully, A. H., “Chromium”, 63 (Butterworths, London, 1954). 

 MeGuire, T. R., and Kriessman, ©, J., Phys. Rev., 85, 452 (1952). 

t Powell, R. W., and Tye, R. P., J. Inst. Met., 85, 185 (1957). 

* Thomas, J. L., J. Res. Nat. Bur. Stand., 13, 681 (1934). 

° Linde, J. O., App. Sci. Res., Hague, B, 4, 73 (1954). 

” Linde, J. O., Ark. Mat. Astro. Fys., A, 36, Paper No. 10 (1948). 

€? Kronqvist, E., Ark. Mat. Astro. Fys., B, 34, Paper No. 7 (1947), 

* Lingelbach, R., Z. Phys. Chem., 5, 273 (1955). 

7° Shull, C. G., and Wilkinson, M. K., Rev. Mod. Phys., 25, 100 (1953). 
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Oxygen-cutting of Vanadium 


THE mechanism controlling the oxygen-cutting of 
iron and steel has been investigated by this Associa- 
tion, primarily along the lines of previous work by 
Wells!, whereby attention was focused on the iron/ 
oxygen combustion process. Recently this work has 
been extended to the study of the general conditions 
governing the progress of flame cuts through elemen- 
tary materials, propagated by combustion with a 
pure gaseous element. The situation has been 
analysed in some detail for oxygen and chlorine. 
With the halogen gases, melting points of the elements 
most likely to be cut appear to be below the ignition 
temperature in the gas; no cuts were obtained in 
the cases of zinc and magnesium, which were other- 
wise thought to be likely to respond. Other halogen 
gases have not been tested experimentally, though it 
is known that fluorine may be used for flame-cutting 
copper’. 

In the field of oxygen-cutting, probable natural 
flame-cutting elements are iron, titanium, vanadium 
and antimony. Experimentally, the latter element 
does not ignite below its melting point, but the first 
three are readily cut. Iron and steel cutting by 
oxyacetylone, hydrogen, propane, coal-gas or oxy-are 
processes, has, of course, been in use for many years. 
Flame-cutting of titanium by the oxyacetylene 
process has formed the subject of a detailed report’, 
as it was not realized that the process was known in 
the United States', though investigations by this 
Association were conducted independently. 

Vanadium was selected as a trial element, since no 
previous tests were known, and, owing to the high 
cost of the material and its scarcity in massive form, 
it would be unlikely to be attempted outside a 
research laboratory. Because of the extremely 
poisonous nature of the vanadium oxides, it is 
necessary to conduct the cutting operation in a 
closed chamber, progress being viewed through a 
glass window. Two successful cuts have been made 
in a vanadium plate 11 cm. x 5 cm. x 0:6 cm. 
obtained through the courtesy of the United Kingdom 
Atomic Energy Authority. The first cut was made 
manually and the second with a motor-driven oxy- 
acetylene torch at 32 in./min. traverse speed. The 
surfaces near the pre-heat initiation point were 
contaminated with condensed vanadium metal and 
oxide, but away from the pre-heat area contamination 
was limited to a temper-coloured zone about § in. 
on either side of the cut edge. There was no appre- 
ciable hardening on. the surface of the plate to within 
4 in. of the cut. As in titanium, the major dele- 
terious effect would be expected to be oxygen, pick-up 
by the edge. Owing to the high reactivity of vana- 
dium, its flame-cutting properties would be expected 
to be more akin to titanium than to mild steel. 

Apart from confirming previous conceptions of the 
process, the successful test on vanadium makes it 
likely that alloys of the iron—titanium—vanadium 
system would be ‘cuttable’ by oxygen methods. 

A more detailed account of this work will appear 
elsewhere. i 

G. COATES 


British Welding Research Association, 
Abington Hall, Cambridge. 


Wells, A. A., Brit. Welding J., 2, 392 (1955). 
eae a F., and Grosse, A. V., Indust and Eng. Chem., 89, 341 


* Coates, Q., Engineer, 203, 32 (1957). 


4 Everhart, J. L., “Titanium Alloys”, 148 (Reinhold Pilot Books, New 
York, 19654). 
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Structure of Cupric Salts with 
Mono-, Di- and Tri-chloroacetic Acids 


In former communications!, we reported that the 
cupric salts, anhydrous or hydrated, with n- and 
is0-monocarboxylic acids might consist of the dimeric 
molecules having a sort of copper-to-copper linkage. 
In continuation of these researches, we have recently 
examined the structure of cupric salts with mono-, 
di- and tri-chloroacetic acids, using the criteria 
previously derived: (l) the cupric alkanoates 
involving the dimeric molecules show, in addition 
to a band at about 43 x 1018 c./s., an absorption 
band of a special kind at about 80 x 10% c./s., which 
was regarded as due possibly to the presence of the 
copper-to-copper linkage ; (2) the polarization of the 
latter band is the reverse of the polarization of the 
former. 

The present measurements indicate that cupric 
monochloroacetate and dichloroacetate in dioxane 
show absorption spectra which are closely similar to 
those of the cupric alkanoates in solution, showing 
an absorption band of the special kind at about 
80 x 10% ¢./s. The dichroism in the visible and 
ultra-violet of the two compounds has been determ- 
ined quantitatively by Tsuchida—Kobayashi's micro- 
scopic method*. The crystals of cupric monochloro- 
acotate tetrahydrate and anhydrate, and of anhydrous 
cupric dichloroacetate all show absorption bands at 
about 41 and 80 x 10! c./s. besides strong absorption 
in the shorter wave-length regions. The polarization 
of the band at about 80 x 10% ¢./s. is found to be 
the reverse of the polarization of the band at about 
41 x 10% ¢./s. These relationships bear a close 
resemblance to those with the cupric alkanoates, 
suggesting the existence of dimeric molecules 
similar to those of the alkanoates. Thus it may be con- 
cluded that cupric monochloroacetate and dichloro- 
acetate have the dimeric molecules in dioxane and in 
the crystalline state. The dimeric molecules may be 
represented by Cu(R.COO), or Cu(#.COO),.(OH2)s. 

In contrast to the above mentioned compounds, 
cupric trichloroacetate in dioxane shows only one 
absorption band at about 40 x 10% ¢./s. in the 
corresponding wave-length range. Furthermore, 
cupric trichloroacetate tetrahydrate in the crystalline 
state displays polarized absorption spectra having 
only the absorption band at about 40 x 10” c.fs. 
Thus the spectra of the compound are found to be 
quite different from those of the other two com- 
pounds. It is concluded, therefore, that the tri- 
chloroacetate does not involve the dimeric molecules 
in the crystalline state or in dioxane. 

Cupric dichloroacetate is known to exist in a 
tetrahydrate as well. The dichroism of this form is 
not quite identical with that of the anhydrous form, 
which is shown to consist of the dimeric molecules. 
The. structure of the tetrahydrate in the crystalline 
state is under investigation. 

Ryvutaro TSUCHIDA 
SHOICHIRO YAMADA 
Hrroj1 NAKAMURA 
Department of Chemistry, 
Faculty of Science, 
Osaka University, 
Japan. 
Nov. 7. 


1 Tsuchida, R., and Yamada, S., Nature, 176, 1171 (1955). Tsuchida, 
R., Yamada, S., and Nakamura, H., ibid., 178, 1192 (1956); 
Bull. Chem. Soc. Japan (in the press). 

1 Tsuchida, R., and Kobayashi, M., Bull. Chem. Soc, Japan, 13, 619 
(1938); "The Colour and the Structure of Metallic Compounds” 
(Osaka, 1944). 
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Time Variation of Chemical Affinity 


In two previous communications!.2 we have shown 
that an accelerated chemical reaction is always 
characterized by the variation of the chemical 
affinity of the system with time. For a reaction 
with constant velocity this time derivative would, 
of course, be zero. In this communication we shall 
consider further the properties of the function 


A=(dA/dt). A is the instantaneous chemical affinity 
defined by 


A = —Zvyyy; | (1) 
t 


In this equation, vj is the stoichiometric coefficient, 
and p; is the instantaneous chemical potential of the 
ith component. Since this potential is a function of 
the activity of the particular substance, it will vary 
with concentration, and hence with time. Bearing 
this in mind, we can now differentiate equation (1) 
with respect to time : 


A= — Lvipy (2) 
+ 


Throughout this discussion the pressure and tem- 
perature will be assumed constant. 

Utilizing the definition of u; in terms of the activity 
coefficient? l 


ui = u. + RT Ina; 


where a; is the activity of the component 7 and p,° is 
the chemical potential of this substance in the 
arbitrary standard state, we obtain 


u = RT djdét(In a,). 
By substitution in equation (2) we have 
A = —RT Xv; d/dé(n ai) (3) 
a 


This equation can alternatively be established from 
the relation? between the affinity and the equilibrium 
constant K: 


A = RT n K — RT Intl aji 
i 


Differentiating this relation with respect to time, we 
get i 


A = —RT djåt (ula) 
% 
= — RT d/dt(£ vy; In a;) 
i 


= —RT Xv; d/dt(In a;) (3a) 
If the behaviour of the substances participating in 
the reaction tends to ideality, we may replace activ- 
ities by concentrations (that is, the activity coefficient 
can be regarded as unity for our purposes). Thus, 


A = -RT Zvi d/dé(In ci) 
4 


where c; is the concentration of the ith component 
at any instant. As an approximation, therefore, we 


arrive at A from the experimental observation of tho 
change of (In ¢;) with time. We should note, of 
course, that the rate of change of concentration with 
time is related to the reaction velocity, but in the 
case of the accelerated reaction under consideration 
the velocity has different values with successive 
instants of time. 

For the sake of completeness we can show how 
the acceleration of a chemical reaction may be related 
to the time variation of the chemical affinity. 
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We can define the acceleration and velocity of a 
chemical reaction by 


v = d&/dt and v = d2&/dt? 
where dg = dny/v; (n; is the mole number of the ith 
component). Previously! we formulated the relation 
ù = (AJA) 
which, in terms of equation (3), becomes 
—RP Xvi d/dt(ln aj) 
v= : 


— 
RT in K — RT In (Il aži) 
i 


— Xv; d/dt(ln aj) 
eo: 


li 


e A 
In K — In(Ila;4) 
z 


or approximately, 
— Èv; d/dé(ln ci), 
a 


ee ET (4) 
In K — In{I] cè) 
è 


However, from the experimental point of view it 
is much simpler to obtain the acceleration directly 
from the definition l 


. . 2 ` 
p EL ldm _ 1 de) r 
dé? v dé? vi dł 


where V is the volume. Equation (5) implies that 
data for. only one reactant are required to compute 
the acceleration. Equation (4) can thus claim no 
heuristic value, but is relevant to our discussion as a 
merely theoretical deduction. 
W. YOURGRAU 
C. J. G. Raw 
University of Natal, 
Pietermaritzburg. Sopt. 9. 
* Raw, C. J. Q., and Yourgrau, W., Nature, 178, 809 (1956). 
Your W., and Raw, C. J. G., Nuovo Cimento, 5, Supp. 3, 472 


* Prigogine, T., and Defay, R., “Chemical Thermodynamics” (Long- 
mans, Green and Co., London, 1954). 


Complex Formation between Groundnut 
Skin Pigments and Conarachin II 


WHEN defatted groundnut meal containing a 
portion of the red skins of the nut was extracted with 
10 per cent (w/v) sodium chloride solution and the 
extract dialysed against phosphate-sodium chloride 
buffer, ionic strength J 0:5, pH 8, the sedimenta- 
tion-velocity diagram (Fig. la) revealed the presence 
of three components : arachin, the major component 
(sedimentation constant, s°,, = 13-3 S., conarachin IT 
(8°29 = 8-4 8.) and conarachin I (s°,, œ 2 S.)1. When 
the extraction was carried out at pH 8-9 with 
sodium hydroxide, the solution was considerably more 
red in colour, the conarachin II component was less 
apparent, and the presence of a fourth, very fast 
sedimenting component (8°, = 32 S.) was observed 
(Fig. 1b). This fast component was absent, however, 
in extracts of blanched nuts or white skinned nuts. 
It would therefore appear to be connected with the 
presence of the red skin pigments in the meal. 

The addition of calcium chloride (4 gm./l.) was 
found to precipitate most of the protein from a 
pH 8-9 extraction liquor leaving the colour in the 
supernatant liquor. When the letter was saturated 
with ammonium sulphate, the remaining protein 
precipitated along with the red pigment leaving an 
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xtract: b, (pH 8)-extract of groundnut meal containing 

some of the red skins. Both extracts dialysed to J 0:6, pH 8. Pro- 
tein concentration, 1 gm./100 ml. 

Fig. 2. Sedimentation diagrams in (T 0-5, pH 8)-buffer of: a, pro- 

tein in supernatant of a (pH. 8)-extract of groundnut meal after 


rig. 1. Sedimentation diagram of: 
chloride e 


addition of calcium chloride: (4 gm./l.); b, 65/85 ammonium 
sulphate fraction of the supernatant; c, sediment after solution- 
. b was spunin ultracentrifuge at 150,000g for 3 hr.; d, protein 
left in supernatant after (pH 8)-extract of meal was saturated 
to 65 per cent with ammonium sulphate. Protein concentration, 
1 gm./100 ml. 
Fig. 3. Sedimentation diagrams of: a, conarachin II (J 0-5, pH 
8) + dark coloured (pH 9)-extract of red skins of the groundnut ; 
b, conarachin IT at J 0-5, 9H 8 


almost colourless supernatant. The precipitate in 
(I 0-5, pH 8)-buffer gave a dark red solution and 
the sedimentation diagram of Fig. 2a. If the super- 
natant, after the calcium chloride precipitation, was 
first 65 per cent saturated with ammonium sulphate, 
the protein which precipitated was not coloured. 
Further saturation from 65 to 100 per cent with 
ammonium sulphate produced a dark precipitate, 
giving in (I 0:5, pH 8)-buffer the sedimentation 
diagram of Fig. 2b. This diagram shows the presence 
of a higher proportion of the 8s, component. The 
solution giving Fig. 2b was then centrifuged at 
40,000 r.p.m. (150,000g) in the preparative head of 
the ‘Spinco’ Model Æ ultracentrifuge for 3 hr., and 
the sediment, when dissolved in (J 0-5, pH 8)-buffer, 
gave an extremely dark coloured solution and the 
sedimentation diagram of Fig. 2c. It will be observed 
that the proportion of $32-component in this diagram 
is greater than that in Fig. 2b. This fast component 
was also observed in the supernatant after an extract 
of pH 8-9 of groundnut meal was 65 per cent satur- 
ated with ammonium sulphate (Fig. 2d). Its presence 
was only observed in highly coloured solutions. 
When the solution giving Fig. 2c was dialysed 
against buffers at J 0:5 in the pH range 5-11 no 
change in the sedimentation diagram was observed. 
The addition of 5 M urea caused no change in the 
sedimentation diagram. When, however, the solution 
giving Fig. 2c was extracted with methyl ethyl ketone, 
a known solvent for vegetable tannins’, the colour 
was removed from the solution, and the 83,-component 
was replaced by a component of sedimentation con- 
stant close to that of conarachin II. It thus appeared 
that the 3,-component was a complex between 
conerachin II and the groundnut skin pigments. 
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In order to confirm this, it was decided to attempt 
@ synthesis of the complex from the protein and the 
pigments. The red skins of groundnuts were extracted 
at pH 9 with sodium hydroxide. Some of the very 
dark extract was then added to each of the three 
groundnut—protein fractions, arachin, conarachin I 
and conarachin II dissolved in (J 0-5, pH 8)-buffer. 
With arachin and conarachin I orange precipitates 
were formed. With conarachin II, however, no 
precipitation occurred, and the solution in the ultra- 
centrifuge gave the sedimentation—velocity diagram 
of Fig. 3a, which shows the presence of a fast sediment- 
ing component (3°29 sy 32 5.) but more polydisperse 
than the S, component of Fig. 2. The diagram for 
conarachin II itself is shown in Fig. 3b. 

The presence of four pigments in groundnut testa 
(tannin, phlobaphene, leuco-anthocyanin and flavone) 
has been reported’. Since the red tannin is the water- 
soluble pigment it seems probable that the complex 
is formed between conarachin IT and the tannin. In 
view of the considerable increase in the sedimentation 
constant of conarachin II (8-4 > 32 S.) it would 
appear that some cross-linking of the protein by the 
tannin occurs to form the complex. 

H. M. R. MoDavip 
W. E. F. NAISMITH* 
Imperial Chemical Industries Limited, - 
Fibres Division, 
‘Ardil’ Fibre Factory, 
Dumfries. 


* Present address: Imperial Chemical Industries Limited, Fibres 
Division, Hookstone Road, Harrogate, Yorkshire. 


1 r W. E. F., and Thomson, R. H. K., J. App. Chem., 5, 192 


3 Filachione, E. M., Harris, jun., E. H., and Luvisi, F. P., J. Amer. 
Leather Chem. Assoc., 50, 301 (1955). 


3? Tayeau, F., and Masquelier, J., Bull. Soc. Chim. France, 1167 (1948). 
Maequelier, J., and Blanquet, P., ibid., 1172 (1948). Masquelier 
J., ibid., 1175 (1948). 
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Isolation of 2-Nitro-phenol from the 
Mixture of Mono-nitro-phenols 


2-NITRO-PHENOL is usually prepared from the 
mixture of mono-nitro-phenols obtained by nitration 
of phenol. According to the classical methods! the 
isomers can be separated by steam distillation, as the 
steam volatility of the 2-nitro product is higher than 
that of the 3-nitro- or 4-nitro-phenol. The 2-nitro- 
phenol obtained by these methods, however, is 
usually contaminated by more or less of the 3-nitro- 
and 4-nitro-isomers. „A number of interesting 
publications have appeared on the preparation of the 
pure products?. 

A convenient method of isolating practically pure 
2-nitro-phenol has been devised, which may be used 
for avoiding the adoption of the steam distillation in 
certain cases, and is also suitable for further puri- 
fication of the steam distillate. Apart from its use 
in the laboratory, the procedure has potential indus- 
trial application in working up mixtures of nitro- 
phenols obtained either by nitration of phenol or by 
hydrolysis of nitro-chloro-benzenes. 

The method is based on the different solubilities 
of the sodium salts of mono-nitro-phenols in dry 
As the sodium salt of 2-nitro-phenol® has 
the lowest solubility among them, it can be separated 


from an adequately concentrated alcoholic solution 


of mono-nitro-phenols by adding sodium ethylate. 
Having @ mixture of sodium salts of the nitro-phenols, 
the sodium 3-nitro-phenoxide and 4-nitro-phenoxide 
can be dissolved with a suitable quantity of dry 
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ethanol, while the sodium salt of the 2-nitro-phenol 
remains undissolved. In choosing the appropriate 
quantity of the solvent it must be taken into con- 
sideration that 3-9-4:0 gm. of sodium 4-nitro- 
phenoxide and 0:4-0:5 gm. of sodium 2-nitro- 
phenoxide, respectively, can be dissolved in 100 ml. 
of dry ethanol at 20° C. 

Isolation of 2-nitro-phenol from the solution of 
mono-nitro-phenols. 2-5 gm. of 4-nitro-phenol and 
7-5 gm. of 2-nitro-phenol (melting point, 43:5- 
44-5° C.) are dissolved in 45 ml. of dry ethanol, then 
27 ml. of a solution of sodium ethylate (1-35 gm. of 
sodium metal dissolved in 27 ml. of dry ethanol) is 
added, and allowed to stand for an hour at room 
temperature. The sodium salt of 4-nitro-phenol 
remains dissolved, while the red-coloured sodium salt 
of 2-nitro-phenol separates. After filtration it is 
washed successively three times with 20 ml. and once 
with 7 ml. of dry ethanol cooled in ice, finally with 
two 15-ml. portions of benzene, and dried at 105° C. 
The sodium-2-nitro-phenoxide thus obtained (7-6 gm., 
87 per cent yield) is converted into the phenol by 
treatment with 28 ml. of 5 N sulphuric acid on a 
steam-bath, and then allowed to stand overnight in 
a refrigerator. The crystallized 2-nitro-phenol is 
filtered, crushed and rubbed with ice-cooled water 
in & mortar, filtered again, rewashed with ice- 
cooled water, and dried at room temperature 
(6-4 gm., 85 per cent yield. Melting point, 43-5- 
445° C.). 

Isolation of 2-nitro-phenol from the mixture of the 
sodium salts of mono-nttro-phenols. 4:95 gm. of 
sodium-4-nitro-phenoxide and 10:05 gm. of sodium- 
2-nitro-phenoxide are dissolved in water, and the 
solvent evaporated. The dry residual mixture of 
the sodium salts is extracted with 150 ml. of dry 
ethanol, stirring for 40 min. at 70° C. It is then 
cooled to room temperature; filtered, washed 
successively five times with 20 ml. of ice-cooled dry 
ethanol and three times with 20 ml. of benzene, and 
finally with two 10-ml. portions of ethanol. The 
sodium salt of 2-nitro-phenol dried at 105° C. weighs 
8-0 gm. (80 per cent yield). The salt is converted into 


2-nitro-phenol by acidification as above. (Melting 
point, 43-5-45-0° C.) 
TamAs SZÉLL 
ÁRPÁD FURKA 


Institute of Applied Chemistry, 
University of Szeged, 
Hungary. 
1Gattermann-Wieland, “Die Praxis des Organischen Chemickers”, 
223 (Berlin, 1948). Binder, L. O Chem. Education, 28, 285 


(1946). Dey, B. B., Govindachari, T. R., and Govindarajan, 
M. T., J. Sci. and Indust. Res. (India), 2, 89 (1944). 


* Partridge, M. W., and Chilton, J., Nature, 167, 79 (1951). Lederer, 
M., Austral, J. Sci., 11, 208 STTS Bataafsche, N. V. de, Petroleum 
Maatschappij Fr., 852,377 (1940). Baumhardt, G. C., Engenharia 
e quim (Rio de Janiero), 3, 72 (1951). 


* Goddard, D., and Goddard, A. E., J. Chem. Soc., 121, 54 (1922). 


Electrophoretic Removal of Protein from 
Hyaluronic Acid 


EVIDENCE has been presented!-?: to show that the 
hyaluronic acid of ox synovial fluid exists as a 
complex with a specific protein’, the latter consti- 
tuting 25-30 per cent of the total complex. This 
evidence is, in brief, that hyaluronic acid isolated 
from synovial fluid by a sufficiently mild means 
(differential filtration) cannot be obtained free from 
this amount of protein, and that removal of the 
protein (as by proteolytic action) from the material 
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so isolated profoundly alters the physicochemical 
properties of the remaining hyaluronic acid. 

It has been claimed, however, by Blix® and by 
Hesselvik® using U-tube electrophoresis and by 
Roseman, Watson, Duft and Robinson’ using electro- 
deposition that hyaluronic acid containing substan- 
tially less than 25 per cent protein can be isolated ; 
since electrophoresis should be as mild a procedure as 
filtration, these claims constitute an apparent con- 
tradiction of the evidence obtained from filtration 
experiments. Ogston and Stanier?, in attempts to 
repeat Blix’s procedure, were unable to obtain 
hyaluronic acid containing less than 25 per cent 
protein. Although it has not yet been shown that 
the products obtained by Roseman, Watson, Duft 
and Robinson have unchanged physicochemical 
properties, we have thought it well ourselves to 
investigate further the removal of protein from 
hyaluronic acid by electrophoresis. 

We were not satisfied that the design of the 
electrodeposition apparatus’ was such as to prevent 
the access of electrode products to the hyaluronic acid. 
We therefore used an electrodialysis apparatus 
designed and constructed by Dr. O. Smithies*. This 
apparatus consists of three cylindrical chambers of 
diameter 3 em. ‘The end-chambers contain circular 
platinum electrodes of large area, and the transfer of 
electrode products to the central compartment (10 ml. 
capacity) is entirely prevented by a carefully directed 
flow of fresh buffer through the electrode compart- 
ments. The maximum current employed in the 
apparatus was 40 m.amp., about 5:6 m.amp./cm.?. 
‘Millipore’ (Millipore Filter Corporation, Watertown, 
Mass.) HA membranes of pore diameter 0:4 were 
used for separating the central compartment from 
the electrode chambers. The buffer used was 0-025 M 
phosphate, pH 7-0. The entire apparatus was used 
in the cold room at about 2° C. 

Preliminary experiments indicated that the ‘Milli- 
pore’ membranes do not permit hyaluronic acid from 
ox synovial fluid to pass, even under considerable 
pressure, but do allow the passage of protein. Albumin 
and y-globulin were found to migrate freely out of 
the central compartment with the application of an 
electric current. 

Electrodialysis of ox synovial fluid at about 
37 m.amp. caused a rapid loss of protein through the 
membranes. Colour was almost completely gone at 
the end of 11 hr. At 14 hr. ultra-violet absorption 
measurements revealed about 66 mgm. of protein per 
100 ml. ; at 18 hr., 38 mgm. ; and at 22 hr., 23 mgm. 
At 26 hr. and 30 hr., however, the protein remained 
at 23 mgm./100 ml. This and another sample of ox 
synovial fluid, electrodialysed for 36 hr. at 37 m.amp., 
showed protein contents of 30 per cent of the 
hyaluronic acid complex. : 

To confirm this finding, a sample of hyaluronic 
acid complex prepared by filtration and containing 
initially 30 per cent protein was electrodialysed for 
12 hr. at 37 m.amp. This period was sufficient to 
remove about 90 per cent of the total protein from 
synovial fluid, and assuming an exponential loss of 
protein, approximately the same proportion should 
have been removed from this material. At the end 
of the 12 hr., however, the protein content was 
unaltered. The viscosity and the non-Newtonian 
variation of viscosity with velocity gradient also 
remained unchanged. - 

Since there is reason to think that the protein 
present in the complex is of normal molecular size‘, 
and hence that it would, if free, be readily removed 
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through the ‘Millipore’ membrane (as are all the other 
proteins of ox synovial fluid, as well as the two 
serum proteins tested), this evidence suggests that 
this protein cannot be removed from the complex by 
simple electrophoresis. Its removal by electrodeposi- 
tion may have been the result of oxidation or change 
of pH caused by electrode products. 

We are grateful to Dr. S. Roseman for unpublished 
information. 

A. G. Oaston 
T. F. Saerman* 
Department of Biochemistry, 
University of Oxford. 

* Rhodes Scholar. 
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* Raymond, 8., Proc. Soc. Exp. Biol. Med., 81, 278 (1962). 
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Dextrorotatory Urobilin-1X« and Racemic 
d-Urobilin 


Or the three hitherto known bilene-b pigments 
only /-stercobilin and d-urobilin are optically active ; 
2-urobilin has never been obtained in an optically 
active form. We now report the isolation of a 
dextrorotatory urobilin [Xa and 
a racemic form of d-urobilin. M E M 

` d-Urobilin appears to be form- 
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chains in d-urobilin is that of the IX« pigments ; 
this must also be true of the new dextrorotatory pig- 
ment, which we will therefore call ‘d-urobilin IXe. 
This accords with the term ‘urobilin [X«’ which has 
been given by many workers to i-urobilin, although 
all naturally occurring bile pigments have the [Xa 
structure. 

It is difficult to prevent the isomerization of 
d-urobilin to other pigments when the substance is 
in alkaline solution; but treatment, under hydrogen, 
with 1-25 N sodium hydroxide at laboratory temp- 
erature, causes complete racemization in 45 min., 
about 60 per cent of the pigment remaining as a 
urobilin. It has been possible to isolate sufficient of 
the crystalline, racemic urobilin hydrochloride for 
quantitative hydrogenation ; the compound resembles 
d-urobilin but differs from ¢-urobilin in containing 
two reducible double bonds per molecule. 

The existence of an optically active urobilin IX« 
is of some significance in relation to the structure of 
the end rings in such pigments. The classical hydroxy- 
pyrrole formule for ¢-urobilin (IV) and other bile 
pigments imply the absence of any element of 
asymmetry apart from that conferred by the asym- 
metric [X« order of the B side-chains ; the substances 
would not, therefore, be expected to show any 
significant optical activity. On the other hand, 
structure IIT contains two asymmetric carbon atoms 
so that this structure is more in keeping with the 
observed optical activity of d-urobilin IX«. Doubt- 
less the conditions prevailing in amalgam- or alkaline 
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ally derived from ¢-urobilin by aaa Boo a or the structure 
replacement of an ethyl group H | | H tana een 
by a vinyl group’. This is in g S IN viny and ethyl-- 
agreement with Watson’s earlier GG i Os eG aN Z“ _ | cade 
observation? that sodium amal- A CH, CH N CH, R O 


gam or ferrous hydroxide reduc- 
tion of d-urobilin gives a 
mesobilirubinogen (IT) evidently 
identical with the compound ob- 
tained by total reduction of bili- 
rubin since both afford ¢-urobilin 
(III) on oxidation. In the pres- 
ence of colloidal platinum, d-uro- M 
bilin hydrochloride ({aJG#°> = 
+4,390) in methanol or acetic 
acid absorbs a maximum quan- 
tity of two molecular proportions YX 
of hydrogen. However, theleuco- © N 
compound thus produced differs H 
from the mesobilirubinogen ob- 
tained in Watson’s experiments 
in providing, on oxidation, not 
t-urobilin but a dextrorotatory 
urobilin of [a], = about 
+ 4,950. Quantitative hydro- 
genation of this pigment shows M 
the presence of only one reducible 
double bond per molecule (as in 
i-urobilin) and not two (as in 
d-urobilin). / 
If the structure of d-urobilin is are N 
that shown in I the new dextro- -O a CH, 
rotatory pigment can only be an 
optically active isomer of i-uro- 
bilin. We have recently shown? 
that the order of the 8 side- 
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ferrous hydroxide reduction of d-urobilin are suitable 
for the racemization of the pigment, and this would 
explain the formation of t-urobilin in Watson's 
experiments. 

d-Urobilin [Xa also undergoes racemization in 
alkali. It is possible that 7-urobilin, prepared from 
mesobilirubinogen formed by amalgam reduction of 
bilirubin, is a true meso compound, but the racemized 
pigment must contain equal quantities of enantio- 
morphs. It should therefore be possible to obtain, 
in addition to the above pigments, a levorotatory 
urobilin IX« which is not identical with stercobilin 
as well as an l-dehydro-urobilin IX« which is enantio- 
morphous with d-urobilin. 

The quantitative hydrogenations were kindly 
carried out by Miss J. Cuckney, of the Micro-analy- 
tical Department of the Imperial College of Science 
and Technology. 

' C. H. GRAY 
: D. C. NICHOLSON 
Department of Chemical Pathology, 
King’s College Hospital Medical School, 
London, S.E.5. 


1 Gray, C. H., and Nicholson, D. C., Nature, 180, 386 (1957). 
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Excretion of I7-Ketogenic Steroids in 
Subjects with Complete Transverse Lesions 
of the Spinal Cord 


ELEVATION of the blood adrenaline-level, whether 
by intravenous infusion or in response to stress 
stimuli, leads to an increase in the concentration of 
adrenocortical hormones in blood!-*. It is believed 
that this increase is mediated by the anterior hypo- 
physis, which responds to the increased blood adren- 
aline levels by releasing adrenocorticotrophic hormone. 

The peripheral blood contains adrenaline, though 
in very low concentrations, even in the resting state. 
Tt has been shown that subjects with complete 
transverse lesions of the cervical cord have blood 
adrenaline-levels which are significantly lower than 
those of normal subjects’. More recent work in this 
Centre has shown that subjects with complete 
transverse lesions above fifth thoracic vertebra (7'.5), 
that is, subjects whose adrenal medullz are isolated 
from the control of the higher nervous centres, also 
show low blood adrenaline-levels. 

It was of some interest, therefore, to determine 
the rate of excretion of adrenocortical hormones in 
the urine of subjects with complete transverse lesions 
of the spinal cord above 7.5. The adrenocortical 
hormones determined were the 17-ketogenic steroids. 

The 24-hr. excretion of 17-ketogenic steroids was 
determined on 16 male subjects with complete 
transverse lesions of the spinal cord above 7.5, and 
on a comparable group of 17 male subjects with 
transverse spinal cord lesions complete below T.5. 

The results are summarized in Table 1. 
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Table 1. 24-HR. 17-KETOGHNIO STEROID EXCRETIONS 











Mem, 17-ketogenic ster- 
oids excreted/day 


Subjects 
(mean + S.D.) 


No. of 
determinations 










Normals 
(from Norymberski 
et al. (ref. 6)) 8 
Subjects with lesions 
below 7.5 17 
Subjects with lesions 
above 7.5 16 


13-15 + 3°48 
14:0 +319 
5'8 +226 


For the purpose of statistical analysis, the results 
of excretion of 17-ketogenic steroids by normal men 
obtained by Norymberski et al. have been used. 
The results obtained from subjects with lesions 
complete above 7'.5 are significantly lower (P < 0-01) 
than results from subjects with lesions complete 
below 7'.5 and than from results from normal subjects ; 
there is no significant difference between the results 
from normal subjects and those from subjects with 
lesions below T.5. 

The results are in harmony with the view that 
adrenaline is concerned in the release of adreno- 
cortical steroids not only in stress conditions but 
also under resting conditions. 

Studies are at present in progress on the plasma 
17«-hydroxycorticosterone-levels in subjects with 
spinal cord lesions. The results of these studies, 
together with those reported above, will be published 
in extenso at a later date. 

R. ROBINSON 
National Spinal Injuries Centre, 
Stoke Mandeville Hospital, 
Aylesbury, Bucks. 
Nov. 20. 
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Isolation of a New Flavin produced by 
an Actinomycete 


SincE the discovery that riboflavin is produced by 
Eremothecium ashbyw and Ashbya gossypit', a great 
number of bacteria and fungi have been found 
capable of producing this and other closely related 
substances?. Among the Actinomycetales only a few 
species of Mycobactertum have been reported capable 
of producing riboflavin, while no true Actinomycete 
has ever been found to possess such a capacity. 

During the isolation of an antibiotic produced 
by Streptomyces 476, a still unidentified species 
probably belonging to the griseus group, a consider- 
able yellow-green fluorescence of the metabolic liquids 
was noted. The riboflavin potency of such liquids 
was assayed with mutant strains of Lactobacillus casei 
and Leuconostoc mesenteroids, giving an activity 
corresponding to a riboflavin content of 0-9-1-2 ugm./ 
ml. 

The fluorescent pigments could be easily extracted 
with n-butanol and purified by absorption on charcoal 
and elution with aqueous pyridine. Paper chromato- 
graphy of such preparations and of the original 
brews were then run in a n-butanol/acetic acid/water 
system according to Crammer’s technique*. The 
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Pei : ponro POA Ea developed with n-butanoljacetie 
djwater (3:1:1, v/v). Sample; Le, lumichrome; Lf, 
lumifiavine > RE, "pibeodavin’ : FMN, flavin-miononucleetide: 


FAD, flavin-dinueleotide, Areas shaded with vertical lines 
indicate yellow fluorescence, horizontal lines blue fluorescence 
and unshaded areas yellow colour. without fluorescence 


= Ghromatograms showed at least four spots charac- 
terized by fluorescence under Wood's light but none 
= could be identified either with riboflavin or its 
nucleotides or decomposition products (Fig. 1). Only 
spot 2 reacted with ninhydrin. When the spots were 
oub off the chromatograms and tested individually, 
only spot 1, characterized by a blue fluorescence, 
proved capable of sustaining the growth of L. caset. 
= Farther work on the identification of the new 
flavin is proceeding, and will be reported in detail 
elsewhere. 
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Junction of the Epidermis and Dermis 
_.. Ar the surface of the dermis, fine fibres form a 
-tontinuous subepithelial network!. These fibres, 
unlike the underlying coarser fibres, are argyrophilic 
and also stain red with periodic acid—Schiff technique? 
Hotchkiss’s method*). Into this network, processes 
m the basal epidermal cells project, and it has 
seh reported t that e interlock 







king of e RRR 





dermis adheres to the dermis‘. 


, Fontaine, M. and Ratify, A., C.R. Acad. Sci., Paris, 

























ith the dermal fibre is a means by which the epi 

New observations have been made on this junctior 
of epidermis and dermis in the skin of the ox. The 
skin from the leg of an ox was freeze-dried about 
5 hr. after death. Sections (3-54) were stained 
without preliminary fixation by Foot’s silver method 
(to demonstrate the surface dermal fibres), followec 
either by Mallory’s phosphotungstic acid ham 
atoxylin (to demonstrate the tonofibrils of t 
epidermis) or by periodie acid-Schiff techr 
(Hotchkiss’s method for the presence of MUCO} 
saccharide). 2 

In the basal layer cells of the epidermis the’ to Q 
fibrils ran mainly parallel with the long axis of- 
cell. These tonofibrils were found to project beyond th 
base of the cell and to pass between the argyrophilic 
dermal fibres. In Fig. la the tonofibrils can be.seer 
to pass between the silver-stained dermal fibre 





Fig. 1. a, Tonofibrils of the basal layer cells of the epidermis: 3 

interlocking with the silver-atained dermal fibres (x 700); ` 
b, periodic acid-Schiff-positive fibrils projecting beyond the silver-. : 
stained dermal fibres (x 900); e, periodie acid—Schiff-positive ee 
fibrils 2 as a mn ige £ above the.  ailyer-atelier Sorma fibres {xi 530) 3 


i 2 is also an. inter] 
> cells, and dermal f 
a PAN tho epidermis. adheres to the dermis. 


Examining the silver-stained sections counter- ` 
stained with periodic acid-Schiff reagent, no homo- 
geneous periodic acid—Schiff-positive layer, as re- o- 
was observed. | 
However, fine = 
periodic acid—Schiff-positive fibrils were observed to. 
-extend from the silver-stained dermal fibres and to > 
| These fibrils appeared. =" 
10 be continuous with the dermal fibres and to bei. 
nding. They varied in length, the longer fibrils 
tips ‘and base of the papille. No epidermal. .— 
tructures were stained in these preparations. Fig. 1b | 
shows these fine fibrils projecting beyond the silver. .— 
an le shows at a lowér 

= magnification the fibrils forming a fringe above the À 












“ported by Gersh and Catchpole’, 
--<between the dermis and epidermis. 





woject into the epidermis. 





tained dermal fibres. Fig. 


7 dermal fibres. . 
Such free-ending periodic acid—Schiff- positive fibrils 


nee extending from the subepithelial argyrophilic network 


= have not previously been described. As the fibrils 
stained intensely with periodic acid-Schiff reagent 
we may conclude that they are closely associated 
< with mucopolysaccharides, and so it is unexpected 
that the silver failed to deposit on them. The relation- 

< ship of these fibrils with the epidermal cells remains 
to v established. 
: Berry M. HAINES 


British Leather Manufacturers’ 
-Research Association, 
Milton Park, 

Egham, Surrey. 
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p Enzyme Changes in the Ageing Periosteum 





ACID | and alkaline phosphatase, cytochrome oxidase 










“animals were studied histochemically. The 
As. ranged from néwborn to more than one year 
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animal (Fig. 1, bottom). 

zoli} has- reported. an increase. in acid. “phos 

we activity ir in the os of old onal : < Weinbac 
3* h dk Yai 


fi pros, as part ‘of the system byo 


succinic dehydrogenase activities of the peri- | 


M Of the femora of 100 normal and 100 trauma- phorylation of metabolically important substances 


in cellular senescence. 
leads to increased dephosphorylation. which is essen- 
tial for bone repair mechanisms. ‘This brings renewe 
life to an injured. area, The respiratory enzymes, 
_ however, , 
< make energy available to cells for various activitie 
The reduction in the activity of these. enzymes i 
‘believed to be involved with cellular changes which 


. Trauma was induced by drilling a hole in- 


ey state of Lane roti acu was r ovealed 


7 period of maximum bone Tornation sad a 
on. ‘at about the time of sexual maturity. - 
s exhibited a rise in dephosphorylating activity b | 

-bring about the gradual disappearance and. death 
rghont. she diicrenes Ree groups oe is TA D osteoblasts, which in turn reflect a reductio 
A bone repair rate and growth with increasing age. 
The present results will be published. elsewhere 


erate detail. 
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Fig. 1. Enzyme activity based on intensity of precipitate and 

colour in the osteogenic layer of the periosteum. of rat femora 

taken at different ages. x, Normal periosteum; A, traumatized 

periosteum. Top, phosphatase activity ; bottom, respiratory 
enzyme activity 


This was supported by Bourne*. Bourne’ further 
indicated that there was evidence of some increase 
in cytochrome oxidase and succinic dehydrogenase 
activity in the tissues of older animals. 

It appears that, at least in the periosteum of rats, __ 
phosphatases do not increase with ageing, and the. — 
respiratory enzyme activity decreases to a low level. 
This is farther supported in the observation that the > 
cells of the psriosteum of traumatized animals are 


- less able to increase their respiratory enzyme activity — es 





with increasing age to levels seen in younger animals. 
Bourne’ states that the consequence of dephos- — 








may be behind the fundamental processes involved — 
Trauma. to bone ati any age 
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Ovaries of Some Foetal and Prepubertal 
Giraffes (Giraffa camelopardalis (Linnzus) 


Iw several species of mammals the ovaries of near- 
term foetuses show a departure from the typical 
pattern of development as known in the laboratory 
- rodents, the cat, the dog, ete. Deviations from this 
normal have been described in the feetal gonads of 
=o the horse’, the seal? and the African elephant®, in 
which species an enormous development of inter- 
e stitial cells is a characteristic feature. A premature 
< development of large ovarian follicles, with antrum 
>. formation and luteinization, has been deseribed in 
_. the human full-term feetus’-®. Follicle development 
ap to antrum formation appears to be a constant 
occurrence in the ovaries of near-term. foetal sheep 
_ (personal observations), and can occur in the cow’. 
The morphogenesis of the giraffe foetal gonads 
-= provides yet another example of a departure from 
the normal pattern. 
We have examined three stages in the development 
of the gonads of the female giraffe. So far as we can 
ascertain, these represent the mid-gestation, late- 
gestation and new-born periods. In many respects 
the histological structure of the ovaries of the late- 
gestation specimen C.R. = 1,040 mm. (at birth 
approximately C.R. = 1,162 mm.), Fig. 1,1, recalls 
that of an adult mammal. The germinal epithelium 
is cuboidal, there is a well-developed definitive tunica 
albuginea containing an abundance of both collagen 
and reticular fibres, the primary follicles are relatively 
few in number, and many appear shrunken and 
degenerate. In the medulla there are a number of 
apparently normal follicles, some of which have a 
large antrum and a well-developed discus proligerus ; 
the largest is illustrated in Fig. 1,1. Hemorrhagic 
-follicles of various sizes are present in both ovaries 
as well as a number of corpus luteum-like structures 
(Fig. 1,1). These latter are solid, spherical bodies well 
vascularized and surrounded by a theca externa. 
~The luteinized cells are of two types easily distin- 
=- guished by their staining affinities, in sections stained 
< in hematoxylin and eosin, and also by their size. It 
is of interest, therefore, to find that in all the adult 
giraffe ovaries so far examined by us the luteal cells 
of the corpora lutea of pregnancy show a similar 
dimorphism. Moreover, in the corpora lutea of 
“pregnancy the proportion of large to small luteal 
cells appears to reflect the age of the structure. The 
‘impression is gained that in the foetus the luteal 
“bodies are of two forms, one in which the small cell 
type is prominent and a second in which it is less 
conspicuous. Besides these solid structures, there is 
-what appears to be a luteinized follicle with a large 
central cavity (Fig. 1,1). 
- In the medullary stroma of the foetal ovary of late 
‘gestation, a few discrete, spherical masses of granu- 
-Josa-like cells surrounding a centrally or eccentrically 
-placed oocyte are also present. These structures are 
“penetrated by large sinusoidal capillary vessels, and 
contain @ conspicuous network of reticular fibres 
(Fig. 1,2). In the ovaries of two mid-term foetuses 
(C.R. = 485 mm. and C.R. = 620 mm., respectively), 
these last-mentioned structures, together with what 
appear to be normally developing follicles, are 
_ prominent features in the medulla, and in some of the 
_ follicles antrum formation has begun. In the older 
of the two specimens there is one exceedingly large 
hemorrhagic follicle and several smaller ones. No 
such structures are present in the younger specimen. 
‘Surrounding the centrally placed follicles in both 
































Fig. 1. (1) Section of a late gestation giraffe foetal ovary showing : 
tuteinization, and advanced follicular develo ment (x e Loy.” 
(2) reticular fibres and capillary vessels penetrating a mass of: 


granulosa-like cells which surround a centrally placed ovum BEA 


(x e. 85); (3) section ot a mid-gestation giraffe foetal ovary 
showing a 


medullary core by a zone of connective tissue which contains 


relatively few sex cells (x c- 4); (4) rete ovarii with contained > : 


ovum from a mid-gestation giraffe foetal ovary (x ¢. 160) 


specimens and separating them from the cortex is & 
prominent zone of connective tissue (Fig. 1,3). ‘The 
cortex of both ovaries is wide, and consists largely 
of closely packed primary follicles embedded in a- 
small amount of connective tissue. The germinal 
epithelium, in the few places where it is undamaged, 
is simple and cuboidal. Lying immediately below, : 
and penetrated in most places by connective tissue. 
elements, are epithelial cells and a small number of 
sex cells not yet in tho primary follicle stage. 
of the innermost of the 
appear to have penetrated into the 
connective tissue zone, 
centrally placed medullary core. There are signs of — 


degeneration in many of the oocytes both in the | : oe 
primary follicles of the cortex and in the primary 


and more advanced follicles of the medulla. ee 
Whether the spherical masses of granulosa-like = 


colls penetrated by capillaries and surrounding an. 
oocyte, which are so striking a feature of the medulla 


in the mid-term ovaries, are derived from a current 
cortical proliferation or are medullary derivatives. 1 
not yet clear. In places these structures occur in 
the neighbourhood of, and are closely associated with, 
the rete ovarii, the cells of which are separated, in 
places, by the occurrence of germ cells of various 
sizes (Fig. 1,4). E 
The ovaries of the two new-born giraffe specimens. 
in our collection both contain large apparently 






w 


healthy follicles with antra, large luteinized follicles, l 


and numerous corpus luteum-like structures. 
findings, together with the observations of a broadly 


similar picture in the ovaries of older prepubertal. aa 


specimens, suggest that the developmental stages we- 


have outlined above are a normal feature of ovarian © 


development in this species. 


The endocrinological implications of some of these 
findings, particularly as they are related to the. 
foetal gonads of late gestation, have been discussed by 
From the foregoing observations on) 
the giraffe foetal gonads, and others we have made on = 


Amoroso}#-}4, 


the foetal reproductive tracts, it seems clear that both- _ 
are sensitive to hormonal stimulation for some time | _ 
before birth, and, as gauged by the histological.» 


wide cortical region separated from the central ee 


A few: SS 
cortical primary follicles — 

subadjacent —— - 
and even into the more > 
























z Sppearaness: th 
_ capablo of adult secretory fi ti ) 
o gametogenic functions. “In view of the similar 


character of the ovarian changes i in the human and- 
giraffe ovary at birth, the occurrence of gonadotro- 
--phins in the urine of pregnant giraffe’? becomes a. 
matter of special interest. On the other hand, it is- 
possible to envisage an endocrine picture in which | 
maternal (or placental) cestrogen acting Preah k 













or indirectly through the fæœtal pituitary, plays a 


dominant part. 
i L. M. KELLAS 
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_ Avoidance of ‘Secondary Disease’ in 
: Radiation Chimzras 


: ly the experience of this laboratory the radiation 
chimeras?, produced by irradiating CBA mice with 
950 rads of X-rays and then injecting them intra- 
ously with bone marrow from C,,BLI mice, invari- 
lie. within 4 months from ‘secondary disease’. 

on et al.2 have worked on the lines that this 













mals’ capacity to eliminate the foreign graft. We” 
| Uphoff* have favoured the idea that it was due 
reaction by the graft against the host. 










tive, similar irradiated CBA mice (950 rads of 
rays; 250 kV. constant potential, 15 m.amp., half- 


on Caen. mice with the followin ng. reaults 
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- Embryo spleen 


| w ‘Adult bone marrow | | 
mbryo liver | 


uy j Newborn spleen — 


the other seven ‘erate were wae fe after. 2 oa 


A yM. R.C. Radiobiological . Research Unit, 
~ Atomie Energy Research Establishment, 


-2Qongdon, ©. C., Makinodan, T., and Gengozian, N., 
-3 Barnes, D. W. 


ondition might be due to recovery of the host — 


test the latter hypothesis. with its corollary 
1at material from immature donors may be less - 


these cultures we found 50 per cent of the nucleated 
-red cells as normoblasts after twenty-four hours. 
the same cultures containing only. vitamin Bix the 
- were no normoblasts at all. 
_ in normal human serum with vitamin B,. containe 
~~ about 10 per cent of the nucleated red cells as normi 
Ot | Blase after twenty-four hours. 
S “achieved when some other protein of. gastric j 

anvon or IRRADIATED CBA Mice (950 RAD X-Rays) = having no binding capacity for vitamin Bis 
=. added to the cultures. 
E : for vitamin Bis the g- eae sige of 1 nor 


layer 1-2mm. copper, 43 rads/min. at 70 em.) — 
been given myeloid tissue from foetal and ` 


“} conversion. 













of ab pinsteving. « 


These results are. im. accord | with our original ae 


“hypothesis. 


D: W. H. BARNES 
P. L. T. ILBERY 
J. F. Lourie 
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Transformation of Megaloblasts to 
Normoblasts. by cultivating Human Bone 
Marrow in Presence of Vitamin Bp and 

Vitamin By-binding Protein 


Callender and Lajthat observed that little or no 
conversion of megaloblasts to normoblasts occurred) 
when pernicious anemia marrow was cultivated in’: 
pernicious anaemia serum by itself or together with  _ 
vitamin Ba: » However, if bone marrow is cultivated. 
in pernicious anæmia serum containing vitamin Bir _ 
and normal gastric juice or in normal serum witho 
vitamin B,, megaloblasts are partly converted into- 
normoblasts within twenty-four hours. Swan et al. 
did not find this influence of vitamin B,, and gastric. 
juice, but Astaldi and Cardinali? have recently con-  _ 
firmed the findings of Callender and Lajtha!. ae 

We cultivated human megaloblastic marrow in ae 
suspension in pernicious anemia serum or in normal = 
human serum as described by Osgood! and Lajtha‘, 
and were able to confirm the findings of Callender... 
and Lajtha! and Astaldi and Cardinali®. as 

It seems that the effective principle in gastric. 
juice and normal human serum necessary for the _ 
activity of vitamin B, in the conversion of megalo- 
blastic marrow to normoblastic marrow is the 
vitamin B,.-binding protein. By zone electrophoresis 
or fractionation with ammonium sulphate we pre- 
pared vitamin B,,-binding protein from normal 
gastric juice. When this was added to the bone- 
marrow cultures together with vitamin Bis the 
conversion of megaloblastic marrow to normoblastic 
marrow showed decisive improvement. In some. of 
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Further particulars of this work will be published 


elsewhere. 
I, PENDL 


Institut für Vegetative Physiologie 
der Universitat, 
Frankfurt-am-Main. 
| W. FRANZ 
IL. Med. Universitaétsklinik, 
Frankfurt-am-Main. 
4 Callender, S. T., and Lajtha, L. G., Blood, 6, 1234 (1951). 
* Swan, H. T., Reisner, E. H.,and Silverman, M., Blood, 10, 735 (1955). 


a Astaldi, G., and Cardinali, G., “1 Europaisches Symposion 
Vitamin B,, und Intrinsic Factor”, pp. 341-360, Hamburg, 1956. 
(Ferdinand Enke Verlag, Stuttgart, 1956). 

* Osgood, E. E., and Brawnlee, I. E., J. Amer. Med. Aseoc., 108, 


1793 (1937). 
s Lajtha, L. G., J. Clin. Path., 5, 67 (1952). 


Occurrence of Foldings of Plasma 
Membrane (3-Cytomembrane) in Cells of 
Pig’s Carpal Organ as revealed by 
Electron Microscopy 
Ts carpal organ of the pig is a conglomerated 


sweat gland, and histologically it is known to be similar 
-to the usual small sweat gland (eccrine gland)’. 


This 
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rig: 1. An electron micr 
cells (CC, clear cell; DC, 
granules ; 
giandular call, showing the elaborated infolding. {TF 
mitochondria, ME, myo-epithelial cells ; 





useful for investigating the fine structure 
of sweat glands with the electron microscope, since 
-the conglomerated body of the gland is easily seen 
with the naked eye and most of the glandular tissue 
_ is found within the small field of the electron miero- 
`- gcope. The tissue was fixed in 1 per cent osmic acid 
and buffered at pH 7-4 with acetate—veronal or 
phosphate buffer, washed for a short time and then 
dehydrated with ethanol in a graded series of con- 
centrations. The specimens were embedded in a 
mixture of n-butyl and methyl methacrylate (7: 3), 
and were cut into sections less than 0-05y thick with 
a thermal expansion microtome (J UM -4) fitted with 
a glass knife. Embedded sections were examined in & 
 JEM-3 electron microscope. 
~The presence of two kinds of glandular cells im 
the secretory portion of ecerine sweat glands has 


organ is 
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already 
both human and certain mammalian skins, as well as 
in the carpal organ of the pig”. Dark cells, which are 
observed with the light microscope to contain à num- 
ber of secretory granules stainable with iron-hem- 
atoxylin and are periodic acid—Schiff positive, show a 
number of large electron-lucent vacuoles, which may _ 





aph of apical and intermediate zone of two adjacent glandular 

ark cell), MV, microvilli; MP, mitochondria; SG, secretory 
N. nucleus. Figs. 2 and 8. Electron. micrographs of nasal portion of the 
) of basal plasma membrane. 
BM, basement membrane 
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been demonstrated by light microscopy in 


dark-stained granules seen with 









electron microscope, secretory granules of this cell: 
type were seen as relatively small, extremely dense: 
granules (Fig. 1). | 
The free surface of both types of cell is covered by. 
microvilli which are rather irregular in shape when 
compared with those of the brush or striated border — 
seen in the proximal convoluted tubule of the kidney 
or intestinal epithelium. The development of micro- 
villi is less marked on the dark cells than on the 
clear cells (Fig. 1). This was also observed with 
the light microscope?. eae 
In the basal cell zone and the lateral boundaries _ 
of both cell types, complicated foldings of the plasma 
membrane were observed (Figs. 1, 2 and 3); this is 
analogous to the structure called | | 
the “8-cytol membrane” by Sjds- 
trand‘. The folding at the lateral — 
cell margin is less developed than _ 
that of the basal one. The folding | 
in the basal cell zone facing the. . 
myoepithelial cell or the basement. 
membrane is similar to the basat 
infoldings observed in the proxi: > 
mal convoluted tubule of the 
kidney, the epithelium of the duct — 
of some salivary glands, ependy> 
mal cells of the choroid plexus, _ 
and in the ciliary body of the eye, 
all of which are thought to be = 
closely associated with water 
transport’. This suggests that 
these cells are also associated with 
the active transport of water from _ 
the surrounding connective tissue 
and blood capillaries into the 
lumen of the gland producing thè > 
sweat, that is, the dilution of the 
secretory product. 8 
The a- and y-cytomembranes* 
(called the rough and smooth 
surfaced varieties of endoplasmi 
reticulum by Palade’; the latter 
is also identical to the Golgi 
complex of Dalton’) as well a 
mitochondria are also contained in both glandular 
coll types. The features corresponding to the. . 
various states of the secretion cycle will be deseribed 
elsewhere. as 
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_. RECENTLY, suggestions have been made that 

`- acetylcholine in nerve tissue ig associated with 
structural entities termed ‘vesicles’!. The ideas are 
. eompatible with a quantum concept of nerve trans- 
oo mission’. The evidence that acetylcholine is released 
from mammalian nerve tissue by physical means? 
=i Jends further support to the structural inclusion of 
-= acetylcholine within the nerve cell and casts doubt 
on the hypothesis that it is held in chemical eom- 
bination. The following results on the release of- 
-~ acetylcholine from cockroach thoracic cord by osmotic 
= pressure and homogenization makes the existence of 
_ a chemical combination in insects doubtful. 


see “Table 1. 
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| | | 
_... The results in Table 1 show the effect of extraction 
_ media of different osmotic pressures on the amounts 
of acetylcholine recovered from supernatants and 
- Yesidues of homogenates of thoracic cords of cock. 
roaches. The cords were homogenized for 17 sec. 
in ice-cold medium and centrifuged at 50,0009 for 
-. One hour. Assays for acetylcholine were carried out 
_ on frog rectus abdominus muscle, and the values are 

_ expressed as chloride. It is clear that both the super- 
natant and residue values for acetylcholine depend 
upon the tonicity of the extraction medium. Tho rela- 
_ tively hypertonic medium, 0-314 M, which gave the 
-lowest supernatant value, has the equivalent osmotic 

- pressure of Hoyle’s insect Ringer. Furthermore, 

_ desheathed cockroach ganglia do not swell at this 
- osmotic. pressure. Having established an extraction 
medium apparently suitable to this insect nerve 


tissue a combination of homogenization and osmotic 
© pressure was employed to release acetylcholine. The 
=o results are shown in Table 2. It is striking that the 
hypotonic. medium, distilled water, released a high 
proportion of acetylcholine into the supernatant, 
whatever the severity of homogenization. In the 
instance of the hypertonic medium more acetylcholine 
vas released into the supernatant with increasingly 
ere homogenization, until the value for acetyl. 
line in the supernatant approximated that ofo 
istilled water. It should be noted that in either 
edium it was not possible to obtain all the acetyl- 
ne in the supernatant at severe homogenization. — 
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conditions. 


_ precipitated almost quantitatively, while -the supe 
natant still contains y-globulin. and the soluble 
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iat acetyl. 
BS BAR COC cord can be rel ased by: 
osmotic pressure and mechanical disruption. 
‘The ease with which acetylcholine can be released 
in insects supports the suggestion that in insects it 
can be released more easily than in mammals (Pal, R., 
unpublished). The evidence favours the hypothesis. 
: is not in chemical combination 
in Insects but located in the nerve cell within a 
‘structural compartment’. 


e 








E. H. Connoun 


Science Service Laboratory, 
University Sub Post Office, 
London, Ontario. 

Aug. 26. 


* Robertson, J. D., J. Biophys. Biochem. Cytol., 2, 381 (1956). 
2 Del Castillo, J.,and Katz, B., Prog. Biophys. and Biophys. Chem.» 


6, 128 (1956) 
* Stone, W, E., Arch. Biochem., 59, 181 (1955), Brodkin, E., and 
lott, K. 173, 437 (1953). 


E A. C., Amer. J. Physiol., 


Method of isolating the Pi-Metal-combining | 
Globulin from Human Blood Plasma = 


Surgenor, Koechlin and Strong’? have described — 
the isolation of the 8,-metal-combining globulin © 
(siderophilin, transferrin) from Cohn’s plasma fraction 
IV-4 by alcohol fractionation. ‘The crystallization, © 
described by Koechlin?, could not easily be reproduced 
by other investigators. Improved conditions for the 
purification and the crystallization starting from — 
fraction IV-7 have recently been published by Inman?. 
Already the preparation of fraction IV-7 requires 
many steps and much time, which may be one of the 
reasons why only very few clinical experiments with 
this iron-transmitting globulin have been reported... ..- 

We have found that an electrophoretically almost 
pure preparation of the metal-binding globulin can- 
be obtained by a much shorter procedure using 
rivanol (2-ethoxy-6,9-diaminacridinelactate). 

Hofej8i and Smetana‘ have shown recently that. 
rivanol precipitates from serum or plasma at pH 7:3). 
almost all the proteins except the y-globulin (2 parts 
of plasma + 7 parts of 0-4 per cent rivanol solution at n 
room temperature). After adsorption of the rivanol 
by charcoal, the y-globulin can be ‘precipitated from 
the supernatant in very good yield under conventional - 


We have found that the supernatant of the rivanol 
precipitation contains significant amounts of albumin 
and a highly soluble $-globulin besides y-globulin. 
‘The higher the pH during the rivanol precipitatio 
the smaller are the amounts of albumin found in the 
supernatant. Between pH 8 and. 10 albumin is 
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B-globulin. From the rivanol-free solution the 
y-globulin is precipitated in the presence of 25 per 
cent ethanol at pH 6-8 (—6° C.), whoreafter the 
B-globulin is carried down by 40 per cent ethanol at 
pH 5:8. Further purification of the 8-globulin can 
be achieved by dissolving it at pH 9-4 (4-6 per cent 
protein) and repeating the rivanol procedure. From 
100 gm. plasma proteins about 2 gm. of 8-globulin 
almost pure paper-electrophoretically were obtained. 

The deep red-brown colour of the solutions of this 
B-globulm fraction is characteristic of the iron- 
combining protein. Normally it is only partly 
saturated with iron. By dialysis against versene 
(ethylenediaminetetraacetate) it can be freed from 
iron and thereby becomes colourless. Quantitative 
determinations of the iron-binding capacity have 
shown that the preparations obtained in this simple 
manner consist to about 90 per cent of metal-combin- 
ing globulin. So far as their purity is concerned, 
these preparations therefore correspond to fraction 
IV~7-2. 

We think that the high solubility of the 8,-metal- 
combining globulin in the presence of rivanol above 
pH 7 makes this reagent a very suitable tool to 
prepare larger amounts of this interesting protein for 
clinical experiments. 

Details of our studies, which are being continued, 
will be published later. 

This work was supported by the Swiss National 
Seience Foundation. 
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Soluble Antigens in Microsomes and 
Other Cell-Fractions of Rat Liver 


F Ir has been known for some time that particulate 
material sedimenteble by high speed from tissue cells 
has characteristic immunological properties, and the 
antigenic specificity of isolated cell fractions has been 
studied in a variety of normal and tumour tissues'. 
These investigations not unexpectedly revealed a 
high degree of antigenic complexity of the different 
cell fractions, making further analysis difficult by 
the methods at hand. However, the results seemed 
encouraging enough to warrant an extension of the 
Immunological work to the various soluble antigens 
characterizing different parts of the cell. An inves- 
tigation of this sort has been carried out in our 
laboratory, and a detailed report of it will be published 
later. 

The work was carried cut on mitochondria, sub- 
microscopic particles and supernatant prepared from 
liver cells of adult normal rats. For immuniza- 
tion, perfused livers were homogenized in 0-25 M 
sucrose and fractionated by differential centrifuga- 
tion. Some microsome samples were prepared by 
the method of Palade and Siekevitz?. For control 
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purposes, antisera were prepared also against total 
homogenate made in 0-9 per cent saline and against 
rat serum. The concentrated samples were injected 
s soon as possible after isolation. The antisera were 
obtained in rabbits using adjuvant techniques for 
injection. 

For testing, the cell fractions were prepared. simi- 
larly, but variations in the conditions of fractionation 
were studied as separate variables. Mitochondria 
and microsomes were extracted with 0-4 per cent 
deoxycholate? and the microsomes were further 
fractionated by means of additional extractions with 
versene, Since the deoxycholate did not affect the 
reactivity of the antigens, the extracts could be used 
for testing without further treatment. The super- 
natants were tested directly im sucrose or after pres- 
sure dialysis against 0-9 per cent saline. Protein and 
ribonucleic acid determinations were always carried 
out in order to test the efficacy of the fractionations. 

The double diffusion agar-techniques according to 
Korngold? were used in the immunological experi- 
ments. Instead of penicillin-cups, small plastic cups 
with a closed base and with narrow openings close 
to the base were used as containers for the reagents. 
The agar layers were poured into Petri dishes on the 
top of a thin glass slide. The experiments were run 
at 37° or at 4° C.; one or two fillings were sufficient 
to ensure strong reactions. After completion of the 
reactions in the refrigerator, the plates were washed, 
dehydrated with ethanol, stained and finally dried’, 
The glass slides with the thin agar film on top were 
removed from the dishes, and the preparations were 
mounted with liquid plastics under a second slide of 
the same dimensions’. 

The precipitation patterns obtained in the experi- 
ments were often complex and difficult to interpret. 
The criteria. used for identification of the antigens 
and antibodies were those commonly applied in the 
Ouchterlony procedure*. Our conclusions are based 
on only those results which could be confirmed by 
means of independent experimental procedures, 
including, for example, reciprocal testing, tests at 
different antigen/antiserum ratios and chemical 
fractionations of the antigen solutions. 

The antisera against both total homogenate and the 
cell fractions contained only small amounts of anti- 
bodies reacting with the proteins of rat serum. 
Correspondingly, the amount of these antigens in the 
cell fractions was mostly negligible. In fact the 
reactions showed an unexpectedly high degree of 
‘cell- fraction’ -specificity. As a general rule, super- 
natant and deoxycholate extracts of mitochondria 
and microsomes gave the strongest and most complex 
precipitation patterns with their homologous antisera 
(Figs. 2-4). Entirely confirmative results were 
obtained with the anti-tota] homogenate sera (Fig. 1). 
The microsomes were ‘strongest antigenic’, probably 
due to lesser stability of both the mitochondrial 
preparations and the supernatants. This report deals 
mainly with the immunological properties of the 
microsome preparations. 

The deoxycholate extracts of the microsomes were 
characterized by a group of antigens, occurring 
abundantly and predominating also as antibody 
producers (Fig. 2). The minimum number of detect- 
able antigenically different molecules within this 
group was five. There are reasons for believing that 
these antigens, which we may call ‘D-antigens’, 
constitute an important part of the proteins extract- 
able with deoxycholate from the endoplasmic reti- 
culum of the hepatic cells?. 





Figs. 1—4. Antisera: A, anti-total homogenate ; B, anti-micro- 


somal ; O,  anti-mitochondrial : D, anti- supernatant. 

Antigen solutions: 1, deoxycholate extract of microsomes ; 

2, deoxycholate extract of mitochondria; 3, supernatant ; 
4, rat serum 


Whereas the supernatants were essentially free 
from these D-antigens, the situation was more 
complicated for the mitochondria. Thus, the anti- 
mitochondrial sera contained a certain amount of 
antibodies reacting with the D-antigens in the 
microsomal extracts, but the concentration of the 
antibodies was lower here than in the anti-micro- 
somal sera. Apart from antigens characteristic of 
mitochondria only, deoxycholate oxtracts of the 
mitochondria contained D-antigens in relatively 
small amounts (Fig. 3), varying from preparation to 
preparation. This might indicate that the presence 
of the D-antigens in the mitochondrial preparations 
was due to’ contamination with endoplasmic reti- 
culum’, although thus far other explanations cannot 
be excluded. 

Apart from these D-antigens, the deoxycholate 
extracts of the microsomes contained an additional 
number of antigens in common with supernatant, 
and reacting with antibodies in both anti-microsomal 
and anti-supernatant sera (Fig. 4). In contrast to 
what has been found for the D-antigens, the distri- 
bution of these antigens between the microsome 
fraction and the supernatant was highly dependent 
on such variables in preparation as time and speed 
of centrifugation, sucrose concentration, washing, ete. 

Versene extracts of the microsomes contained 
relatively little in common with the deoxycholate 
extracts. A certain number of distinguishable 
antigens, occurring in small amounts and generally 
not detectable in the deoxycholate extracts, could 
be found when these extracts were allowed to react 
with anti-supernatant- serum. It cannot yet be 
stated whether these antigens represented contam- 
inating proteins derived from the supernatant or 
whether they were common to both fractions in a 
more functional sense. 

Naturally, a considerable amount of work remains 
to be done for a complete characterization of the 
main soluble antigens of the liver cell. However, 
the results reported here are sufficient to show that 
the striking differences between the antigens make 
it possible to analyse the cell fractions by the methods 
described above. Hence, in combination with 
common biochemical techniques, these methods 
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should offer a valuable tool for testing the efficacy 
of a cell-fractionation procedure. Furthermore, they 
seem particularly well suited for a study of the 
genetic relationship between different elements of the 
liver cell. Finally, it should be pointed out that a 
combination of the immunological techniques with 
work on the incorporation of isotopes should be 
particularly suited for an investigation of such 
problems as protein synthesis in vitro in isolated cell 
fractions. Studies along these lines are in progress. 

We are indebted to Dr. T. Hultin for valuable 
discussions and advice. 

P. PERLMANN 


V. D'AMELO* 
Wenner-Gren Institute for Experimental 
Biology, 
University of Stockholm. 
July 1 


* Swedish Institute Fellow, 1956-57. Permanent address: Istituto 
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Variations in the Erythrocyte 
Potassium and Sodium in the Possum, 
Trichosurus vulpecula 


THE ratio of the concentration of sodium ions to 
that of potassium ions in erythrocytes has been 
recorded for numerous animal species. In most cases, 
the relation between the concentrations of sodium 
and potassium is of the same order for individuals 
of any one species!. This uniformity between 
individuals, however, does not exist in sheep. Evans? 
has summarized the previous work on sheep, and his 
own results show three distinct types of sheep, 
according to the concentrations of potassium and 
sodium in the erythrocytes, in the various breeds he 
examined. Evans and King? had already shown 
that variations in concentrations of these ions in 
sheep erythrocytes were determined by a single-gene 
substitution. 

There has so far been no demonstration of similar 
variations in any wild population of animals. ‘The 
results presented here show marked variations in the 
erythrocyte concentrations of sodium and potassium 
between individuals of a marsupial, the brush-tail 
possum, Trichosurus vulpecula, 

The animals used were trapped in the suburbs of 
Perth, Western Australia, and of Adelaide, South 
Australia. (Samples from Adelaide were kindly sent 
by Mr. J. Eadie, Department of Zoology, University 
of Adelaide, South Australia.) Blood was collected 
by heart puncture into heparinized syringes. The 
Perth samples were treated as follows: for indirect 
estimation of ionic concentrations in the erythrocytes 
from whole blood and for plasma values, a portion of 
the whole blood was separated soon after collection, 
the remainder was centrifuged and the plasma 
decanted immediately; the cells separated by 
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Table 1. COMPARISON OF DIRECT AND INDIRECT METHODS FOR EVALUATION OF CONCENTRATIONS OF SODIUM AND POTASSIUM IONS IN ERYTHRO- 
OYTES FOR TWENTY-SEVEN PERTH POSSUMS 


Sodium (m.equiv./1.) 


No. of animals Cells 


Direct method 


Group 


High [K+] 
Low [K+] 


36-8 
124°7* 


Indirect method 


Potassium (m.equty./I.) 
Cells 


Plasma — auau 
Direct method | Indirect method 





* Mean value for sixteen animals only. 


centrifugation were prepared for direct estimation. of 
the concentrations of sodium and potassium ions by 
three washes with isotonic glucose and then resus- 
pended in isotonic glucose for hematocrit estimation. 
Cell samples sent from Adelaide were prepared by 
two washes with isotonic sucrose after preliminary 
separation of plasma, followed by 1:1 dilution of 
cells with distilled water. Hematocrit estimations 
were wade in duplicate or triplicate using metal- 
sheathed micro-tubes spun at 3,000 r.p.m. for 30 min. ; 
concentrations of sodium and potassium ions were 
determined with an EEL flame photometer. 

The concentrations of sodium and potassium ions 
in the erythrocytes of 42 possums (27 from Perth, 
15 from Adelaide) determined by the direct method 
are plotted in Fig. 1. There is a clear-cut division 
of the animals into two groups, one with a high 
concentration of potassium and a low concentration 
of sodium in the erythrocytes (21 animals) and 
the other with a low concentration of potassium and 
a high concentration of sodium in the erythrocytes 
(21 animals). Some of the Western Australian pos- 
sums were sampled repeatedly over periods up to 
three months. The variations between samples from 
the same animal were small compared with differences 
between the two groups. The mean sum of the 
concentrations of the two ions for individuals is 
approximately 30 m.equiv./l. lower in the Adelaide 
sample than in the Perth sample. This can probably 
be accounted for by differences in the preparation 
of the cell samples from the two areas. 

Table 1 records the mean concentrations of sodium 
and potassium ions for the two groups of the Perth 
sample, determined by the direct and indirect 
methods, which give results in close agreement. 


140 


Potassium (m.equiv./l. cells) 





20 40 60 80 
Sodium (m.equiv./l. cells) 


100 


Fig. 1. Erythrocyte concentrations of sodium and potassium ions 
for 27 Perth possums (@) and 15 Adelaide possums (x), each 
point representing one animal 


The animals from Perth and Adelaide constitute 
samples of two geographically isolated populations. 
The ratio of animals exhibiting a high concentration 
of potassium to animals exhibiting œ low concen- 
tration of potassium is quite different in the samples 
from the two areas, being roughly 1:3 in the Perth 
sample and 14:1 in the Adelaide sample. The 
frequency of the different types of sheep varies with 
breed and geographical distribution?, and it will be 
of interest to see what frequencies of cell types occur 
in possum populations in areas of Australia not so 
far sampled. 

The two cell types reported here for the possum 
correspond most closely to the Evans «- and y-types 
in sheep. Breeding experiments are in progress to 
determine whether genetic differences are responsible 
for the different types of erythrocyte in the possum. 

The possibility of there being different types of 
hemoglobin in the possum, as in the sheep*, was 
suggested by Mr. R. L. Kirk (Department of Zoology, 
University of Western Australia), who has so far 
tested samples from fourteen of the Perth possums. 
No differences in type of hemoglobin have been 
observed in this preliminary investigation. 


JENNIFER M. BARKER 


Department of Physiology, 
University of Western Australia. 
Aug. 28. i 
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Reproduction of Fused Larve in the 
Boring Sponge, Cliona celata Grant 


Larva of the sponge Lissodendoryx carolinensis 
fuse with each other if brought together in culture 
dishes, and some of the compound larve metamor- 
phose!. Nevertheless, one would rarely expect such 
an event in Nature, as most sponge larve are released 
a few at a time, and disperse rapidly. In Cliona 
celata, however, I have observed successful reproduc- 
tion by fused larve in a much more natural environ- 
ment than a culture dish. : 

Throughout the summer of 1955, I kept several 
oyster shells containing boring sponges in an asphalt- 
lined wooden aquarium through which seawater 
constantly flowed. The water was pumped from the 
bottom of the Bideford River, Prince Edward Island, 
an estuary in which Cliona was growing, and did not 
change appreciably in temperature or lose suspended 
matter during its passage to the aquarium. Micro- 
ciona prolifera, ® sponge much more sensitive to 
stale water than Cliona, lived indefinitely and 
reproduced freely in a similar tank. 
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Under these conditions, C. celata (which is ovi- 
parous) may discharge tens of thousands of eggs 
from a large osculum in a few hours. The eggs are 
sticky, and adhere to each other and to the sub- 
atratum in an irregular flattened mass. Diatoms, the 
shells of larval molluscs, silt and other debris rapidly 
accumulate on and in the mass, so that on hatching 
many of the larvae are temporarily trapped, able to 
wander among the interstices of the egg mass but 
delayed in their escape to open water. In their 
wanderings, the larvae sometimes come together in 
twos or threes and fuse. Fusion is without apparent 
regard for polarity, so the swimming movements of 
compound larve are often merely ineffective gyra- 
tions and many perish within the tengle of debris. 
A few escape, however, since two such compound 
larvæ metamorphosed successfully into single sponges, 
with single oscula, and began boring in crystals of 
calcite placed near an egg mass. 

It seems ‘quite possible, then, that Cliona larve 
occasionally metamorphose after fusion, in their 
normal environment. The natural occurrence of 
larval fusion, previously dismissed as a purely 
experimental phenomenon, emphasizes its interest to 
students of individuation and related problems of 
theoretical morphology. 

This observation is part of a study of Cliona 
conducted at the Fisheries Research Board of 
Canada’s Biological Sub-Station at Ellerslie, Prince 
Edward Island, which will be more completely 
reported elsewhere. I thank other members of the 
Sub-Station staff for their help. 


FREDERICK E. WARBURTON 


Biological Station, 
Fisheries Research Board of Canada, 
St. Andrews, New Brunswick. 
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Pressure developed within the Reticular 
Compartment of the Ruminant Stomach 


In order to investigate the mechanical aspects of 
digestion in the ruminant stomach, pressure variations 
occurring within the reticulo-rumen have been 
measured on many occasions! *, using balloons 
connected to liquid-filled manometers or to recording 
tambours. Wester! reported that the intra-ruminal 
pressure in the cow showed phasic fluctuations of 
2-5 cm. mercury, while Quin, Van der Wath and 
Myburgh? recorded a maximal rise of 10:0 cm. water 
in the sheep; in both instances the basal intra- 
ruminal pressure was close to atmospheric pressure. 
Baich, Kelly and Heim’, using a balloon connected 
to a writing tambour, recorded pressure-changes from 
within the reticulum of the cow and showed a basic 
level of 2-5-3-5 cm. mercury above atmospheric 
pressure rising by 1—2 cm. mercury with contraction 
of the reticulum. It is probable that in the latter 
case the higher resting pressure is due to the hydro- 
static effect of the liquid contents of the reticulum. 

Brody and Quigley* have examined the balloon- 
water manometer technique for measuring intra- 
lumen pressure in the digestive tract and have 
demonstrated that inflated balloons and water 
manometers produce a number of artefacts in the 
pressure records which become unreliable and 
inaccurate. Such criticisms could be applied with 
even greater force to recordings made in this way 
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from the very capacious reticulo-rumen where differ- 
ential contraction and relaxation of the various 
subsidiary sacs occurs’. Brody and Quigley advocate 
the use of open-ended small-bore tubes connected to 
electromanometers as the technique of choice for the 
accurate measurement of pressure within the gut. 

This method has been used for measuring the 
pressure within the reticulum of the goat using a 
‘Polythene’ tube (2:0 mm. int. diam.) passed into the 
cesophagus intra-nasally. Pressure variations were 
registered by means of a Hansen capacitance mano- 
meter and d.c. amplifier and displayed by means of 
an Ediswan pen oscillograph. It was easy to make 
pressure records while the tube was boing manipulated 
within the alimentary tract, so that entry of the tube 
into the antrum of the reticulum was indicated 
precisely by the replacement of the rapid respiratory 
pressure changes with the slow pressure variations 
of the reticulo-ruminal contraction cycle. 

Pressure records made in this way show the well- 
known. contraction of the reticulum occurring regu- 
larly at 43-52 sec. intervals, the pressure rising from 
near atmospheric level to 50 cm. water or more in 
2-8 sec. and falling rapidly in 1—2 sec. to the resting 
level. Pressures up to 65 cm. water have been 
recorded, but 50 em. water was the more common 
value of intra-reticular pressure recorded from eight 
goats on numerous occasions. Electromanometer 
pressure records from the antrum of the reticulum 
do not show the biphasic peak which is a feature of 
recordings when balloon—water manometer systems 
are used deep in the reticulum. Smaller and irreg- 
ular pressure waves of up to 20 cm. water were also 
recorded from the reticulum near the cardia, and 
since these pressures accord with those obtained when 
the tube is pushed farther posteriorly it is likely that 
they are produced by contraction of the rumen 
musculature. 

The figure of 50 cm. water reported here, although 
more than double the value recorded from the 
reticulum by balloon systems inserted through a 
rumen fistula, can be regarded as authentic, the 
disparity being due to the physical characteristics of 
the recording systems. This new result agrees very 
well with the pressures evoked .in the reticulum 
following electrical stimulation of that region of the 
medulla oblongata which exerts control of the 
reticulum and rumen’. Pressures of this order have 
also been recorded by means of electromanometers 
from the reticulum of cattle during experimental 
studies of eructation phenomena’. 

It is possible that the rapid development of high 
pressure within the reticulum close to the cardia 
plays a part in the forward propulsion of ingesta 
during the regurgitative phase of rumination. As 
yet it has not been possible to measure the pressure 
in the reticular antrum during rumination as the 
presence of the tube in the osophagus appears to 
inhibit the process. 

` F. R. BELL 
Department of Veterinary Physiology, 
Royal Veterinary College, 
London, N.W.1. 
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in animal tissues has been studied extensively. Most 
‘of the work has been done in normal animals, using 

imple antigens. Few direct comparisons have been 
made of the distribution of labelled antigens in 
yrmal and immune animals, and no work seems to 
ive been done along these lines with a killed 
> bacterial antigen. 
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- Aestone-killed Brucella abortus 2308 was used in 

the present study, both as immunizing and as test 
‘antigen to be followed in the tissues. Mice were 
immunized by a single subcutaneous injection of 
0-07 or 0-5 mgm, bacteria. Two weeks later they 
were ‘challenged’ intra-abdominally with 04 mgm. 
radioiodinated Brucellae of the same strain. The 

< jodination was carried out with approximately 
© $0 we. iodine-131, following the technique of McFar- 
~~ lanet slightly modified for the present purpose. The 
-material injected had a specific activity of 300,000 
-@.p.m.jmgm. dry weight bacteria, as measured in a 
- “Tracerlab’ well-type scintillation counter. More than 
98 per cent of the activity was bound to the bacteria. 
-Bix mice of each group were placed in metabolism 
cages. Three were killed at 6 hr. and three at. 24 hr. 

: after ‘challenge’. Other groups of three mico were 
killed at 3 and 6 days after administration of labelled 
` Brucellae. A thorough search was made for the 
injected radioactivity in the internal organs of the 
mice. The main findings are summarized in Table 1, 
which shows striking differences between the normal 
and the immune groups. While the livers and spleens 
of the normal animals had a higher radioactivity 
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injection, a direct relationship could be observed 
nmunizing dose. Thus, at 6 hr., the stronger the 
immunizing dose the smaller the radioactivity in the 
pleen and liver and the larger that in the peritonea! 
membrane and mesenteric lymph glands. This 
gularity of response suggests that it might be 
possible to use the present technique in the assay 
of the potency of vaccines. The similar behaviour 
of the spleen in experiments with living Brucellae? 
strengthens this assumption. 

An interesting finding was the rapid exeretion of 
the radioactivity from the body. 35-40 per cent of 
ne injected iodine-131 was excreted during the first 
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Table 1. Raproactiviry in SBLECTED Mouse ORGANS (PER CENT OF RADIOACTIVITY INJECTED) 


than the corresponding organs of the- immune . 
animals, the reverse was true for the peritoneal - 
membrane and the mesenteric lymph glands. More: 
over, in several instances, especially at 6 hr. after 


etween the radioactivity in the organ and the — 


iw, Since the radioactivity found in the urine was - 


pparently attached to low-molecular as Aare 
~de of the > 














. completely different mechanisms for the destruction 


of foreign antigenic material, one acting rapidly durmg 
the first few hours after injection, the othe. 
more slowly, after the antigen has been depc 
in the organs, presumably through the interve: 
of the antibody. Se 
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Full details of this work will be published: = — 

T am indebted to Mr. G. Rasooly for technical > 
assistance. o 
D. SULITZEANU ooo 
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Fibrinolysis Autographs ee 

Permin and Astrup used a plate method of demon- | 
atrating fibrinolytic activity’. This technique can- 
be applied histologically. A thin layer of fibrin is 





Fig. 1. Section of human prostate showing lysis of fibrin In 
relation to veins (stained with hemalom and eosin) Rts 
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A. S. Topp 
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New York (1948). 


-Prolongation of the Life of Drosophila 
. subobscura by a Brief Exposure of Adults 
te a High Temperature 
‘Tum life-span of Drosophila subobscura at 20° C. 
- (the temperature at which this species is normally 
kept in the laboratory) can be increased by exposing 
adults to a high temperature soon after their emer- 
gence from the pupa. But first the results of keeping 
_ adults continuously at the same temperature will be 
=o deseribed. 
It has. long been known that the life-span of 
< Drosophila, and of poikilotherms generally, decreases 
‘with increasing temperature?’ 
between the K and NFS inbred lines of D. subobscura 
the results obtained, for flies kept as mated pairs, 
and transferred to fresh food at regular intervals, are 
given in Fable 1. 




















Table 1 
: : Temperature {° C.) | Mean adult life-span (days) 
s ae Males emales - 
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For the F, hybrids | 


_. senescence because it is known that if, after a shorter 
period of starvation, the animals had been fed, they 
-would have recovered completely, For the same 

kind of reason the reversible changes in flies kept at 
38° C. are not regarded as senescence. But it does 

-seem reasonable to regard as senescence the changes 
31° C. the expectation of which | ult 7 sly at 

- 30:5° C., since they are not reversed in individuals 


alls very rapidly to less than 24 hr. at 838°-C. 3 ie Ca ndividuals 
) returned for a time to 20° C. Now these senescent 





are different in kind from those occurring below: - 
< Thus if flies are exposed to 33° C. for 8-hr. — 
, with intervening periods of 16 hr. at 20° C., can a8 
. 20° C., since if they were the same they would b 


hat of flies kept continuously at 33° C.. In this expected to reduce rather than to increase the 


which increase the subsequent life-span at 20° C 





20 40 60 80 

Age (days) 

Fig, 1. Ages at death of female D. subobscura kept at 20° G., bub 
exposed soon after emergence to.30-5° C. for 0 per cent, 28 per cent, 


45 per cent and 68 per cent of their expectation of life at that 
temperature. Periods spent at 30-5° O. are indicated by hatching 


are irreversible, in that the total survival-time at this. 
temperature is not increased by an intervening period 


of 8 days at 20° C. 


Turning to the evidence for a prolongation of life - 
by exposure to high temperatures, Fig. 1 shows the 
results of exposing adult females soon after emergence | 
to 30-5° C. for 5-12 days (that is, 28-68 per cent of 
their expectation of life at that temperature) and = _ 
then returning them to 20° C. Females so exposed oo 
lived for up to 50 per cent longer than did females __ 
kept continuously at 20° C. nee 

Two conclusions follow. First, the life-span at 
20° C. can be increased by exposing adults to 30-5° C. 
soon after emergence. It seems likely that one effect 
of this exposure is permanently to reduce the rates 
of metabolic processes at 20° C. This is suggested by 
the fact that the rate of egg-laying is much higher 
in females kept continuously at 20° C. than in females 
previously exposed for 5 days to 30-5° C. 

The second conclusion is that at least two separate 
processes of senescence can occur in Drosophila.: _ 
By senescence is here meant those changes occurring o=) 
in an individual which render that individual more. 
likely to dio as it gets older ; in other words, senescence 
is measured by the increase in the force of mortality = 


with age. Now there are some environments in whieh 
“the force of mortality increases with time, but in. 






















which the causes of death have little to do with. ae 
senescence ; for example, animals kept without food . 
would in time die, but this would not be regarded as. 


which ultimately kill flies kept continuously at 





hanges occurring at 30-5° C. (which may or may not 
be the same as the changes, also occurring at 90-5° C 
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cannot be the same as the senescent changes 
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n well for attempts to find a T fundamental i ca 
of ageing in this species ; by analogy, there may wel 








be a number of different and partly independent. 7 
processes of ageing in mammalian species, although > 
in a homiotherm these processes would not be so | 


easily separable. 
A full account of this work is in preparation. The 
- investigation was assisted by a grant from the 
= Nuffield Foundation. 
J. MAYNARD SMITH 
Department of Zoology, 


-University College London. 
o Nov. Il. 
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-Growth and Titration of Louping-ill Virus 
in Monolayer Tissue Culture of 
Pig Kidney 


Rivers and Ward! reported the propagation of 
‘louping-ill virus in a Maitland-type culture of chiek 
embryo tissue. More recently, Oker-Blom? has 
described a cytopathogenicity in HeLa cell culture 
induced by louping-ill which permitted titration of 

the virus. I have found a specific cytopathogenic 
effect by the same viral agent in monolayer culture 
of pig kidney. 

The louping-ill virus was a strain isolated and 
maintained at the Moredun Institute and is used here 
as infected mouse brain. Virus dilutions were pre- 
pared in physiological saline (0-85 per cent sodium 
chloride) incorporating 10 per cent normal sheep 
serum, and titrations were carried out intracranially 
in four 3-5 week old white mice per dilution. Mice 

were observed for fifteen days following inoculation, 
-#nd the 50 per cent end-point arrived at by the 
oe method of Reed and Muench®. The method of culture 
of pig kidney was that made available by Sellers 
< (personal communication), the trypsin-dispersion of 
=the renal cells having been modified to follow more 
~-@losely the recommendations of Rappaport‘. Initial 
< cultures were grown in ‘Pyrex’ Roux bottles (12.em. x 
20 em.) by introducing 60 ml. of cell suspension con- 
taining 8 x 10° cells per ml. of nutrient medium. 
he medium comprised Earle’s saline, 0-5 per yeu 
—lactalbumen hydrolysate (enzymatic) and 0-01 
cent yeast extract ; to this mixture was added 10 Dek 
cent normal cattle serum as well as antibiotics. By 
this method almost confluent monolayers were 
formed by the sixth day of incubation at 35°C. At 
this time the cells were subcultured into ‘Pyrex’ 
z tubes (1-6 em. x 15-0 cm.) containing cover-glasses 
























0- fable 1. NEUTRALIZATION OF THE CYTOPATHOGENICITY INDUCED BY LOUPING-ILL MOUSE BRAIN VIRUS IN Pro KIDNEY MONOLAYER Tissue 
SIMULTANEOUS NEUTRALIZATION IN MICH INOCULATE 


| CULTURE BY SPECIFIC HYPERIMMUNE SHEEP SERUM. 











genic effect which commenced on the second to th 
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Fig. 1. A a) Cytopathogenicity produced in pig kidney monolayer yor 
tissue culture by approximately 300 CPD5O doses of louping-il 
mouse brain virus in t oye of an equal volume of 1 
sheep serum diluted 1 a . (b) Normal pig kidney monolayer = 
‘protected’ from the same amount of virus by an Legua volume of. 
louping-ill hyperimmune sheep serum diluted 1 in 100. . The: 
source and an of the cells as well as the period of incubation 

h virns were identical with (a). x 110 pag 


(0-63 cm. x 2-22 cm.) by introducing into each | 
0:5 ml. of cell suspension containing 8 x 10° èls ~ 
per ml. of medium. Cultures were ready for inocula- 
tion by the second or third day of incubation, when 
continuous monolayers were formed. Further incuba- 
tion was carried out in roller drurns. ESS 
Virus was passaged serially in culture by trang: oe 
ferring pooled undiluted or diluted infected medium 
from one group of four to six tube-cultures to each 
of a group of newly prepared ones. Passage virus 
was harvested on the sixth day of incubation and _ 
titrated immediately in mice. By the fifth passage 
the original virus inoculum titre of 4 x 10* mouse. 
E.D50 doses per ml. was diluted 10’ but yielded 3-9 x 
10’ mouse 1.50 doses per ml. Clearly, the cultures 
were supporting multiplication of the virus. Micro 
scopic examination of live cultures inoculated with lo 
dilutions of mouse brain virus revealed a cytopath 














day. The affected cells became granular, rounded up 
and appeared to agglutinate (Fig. 1). As the effect 
increased in severity, there was almost total cell 
necrosis and destruction of the monolayers. , Fixed 
coverslip preparations of affected cells stained ‘with 
Giemsa showed shrinking, pyknosis and disintegra- 
tion. Uninfected cultures and cultures inoculate 
with comparable dilutions of normal mouse brain 
remained unchanged. 

Titration of virus in culture on the basis of the 
presence or absence of cytopathogenicity was carried 
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Test Tnoculnm | Quantity Normal  Louping-illh 
system (mL) į of vires | eeen neee eee eae zest e a aie 
| | Undi. | to | 10 | 10 | 10% | 10 | Undi. | 109 | 10> | 10 | 10 
na] aa e i ae i a E Ete ae EEEE Ee ale fe 
l Culture § OF | 300 CPD50 | 5/5* 5/5 5/5 5/5 5/5 5/5 0/5 Ob | o5 0/5 5/5 Pere 
| Mie | G5 300 £D50 aft 3/3 4/4 | 4/4 4/4 4/4 0/4 os Wr y ia i ij fae 
ha a hg he tire f — ¥ 
* Numerator: No. of tube-cultures showing cytopathogenic effect up to the sixth day after inoculation of serum—virus mixture. 


mixture, 
Numerator: No. of mice killed showing typical symptoms of louping-ill up to the fifteenth day after inoculation of serum—virus pie: 


: - Denominator : No, of tube-cultures inoculated with serum—virus mix 


" t 
Ls POOT: : No. of mice iaooniatos with serum-virns mixture. 
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loutralization. of the cytopathogenic effect in 
ure was carried out both by serum and virus 
on techniques. The results of a test in which 


fold dilutions of sera were tested against approx- 















ulation into the test systems 


Serum was 
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8 Treatment of Hops with Dimefox 


¿oo Dimmerox, a systemic insecticide, is extensively 
used in commercial practice for the control of the 
__ hop aphis (Phorodon humuli) and the hop red spider 
_ (Tetranychus urticae). Because of toxic hazards it is 
ob used as a spray or dust but is applied via the 
oil at the rate of approximately 0-5 gm. active 
redient in 120 ml. water per plant or hill. A single 
pplication is normally made each season in May or 


























pplied to all plants at 0-5 gm. per hill on May 31; 


were analysed in the Department of the Govern- 
hemist. Samples of ri 
rere also examined. 






ops we 
It was found that the progress of the insecticid 


om the soil to the plant could be followed by means 












from different levels. 
The method of anal 
hat of Field and Laws}. 
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moisture content. 












300 CPD50 doses and 300 mouse LD5O | 58 (8) 
‘mouse brain virus in cultures and mice | 
y are shown in Table 1. Serum-virus 
‘were incubated for 2 hr. at room tem- 
(22° C.) followed by 4-1 hr. at 4°C. prior — 
i sults were 
read as before. The marked inhibition of cyto- 

pathogenicity by louping-ill hyperimmune sheep 
ur regarded as proof of the specificity of the - 


Agriculture, Port of Spain, 


Tho plants involved in this investigation were- 
wn at Wye at a spacing of 6 ft. 6 in. (2 m.) square 
rework 14 ft. 6 in. (4-4 m.) high. Dimefox was P hop 
di to ~. under different conditions 
second application at 0-25 gm. per hill was made ~ 
me of the plants on July 19. Samples of loaves. 

collected at different heights at intervals ` 
oughout the season up to the time of harvesting, — 


pening cones and dried. 


OM DHE - AG Ce means: ` Dept. of the Government Chemist, _ 
of the analytical figures. The rate of travel in the = | 
plant itself could be measured by examining leaves: 


ysis used throughout this work — 
The samples, when _ 
cked, were packed in air-tight ‘Polythene’ bags and.. 
were examined immediately on arrival at the labora. _ 
tory. The results are expressed as ppm. on the — 
ples ceived, no attompt being made toe i 
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n May 31, 1937, to all. plants: 
July 19,1957, to some plants, 


nt in brackets. 50-gm, sample — 


Trea 0-5 gm. dimefox per hill 
-A further 0-25 gm. dimefox per hill on. 
Data for plants given.a second treatme 

S = examined in each case 


~ Treatments : 


-_ The results of the leaf analyses are given in Table he 
In each case a representative 50-gm. sample was - 
examined. When dried cones were examined, only 
-10 gm. was taken. SS: 
_. The figures show that dimefox is rapidly taken up 
and transmitted to the whole plant until a steady 
state is reached lasting for several weeks. Increase. | 
_in the amount of dimefox in the soil brought about: 
by the second application on J uly 19 showed up 
about a week later in the upper part of the plant. 
_» Analysis of the ripening cones showed that in thé. 
plants which had received only the single application — 
on May 31, 94 days before sampling, the level of — 
dimefox concentration was’ 0-1 p-p-m. In those | 
plants which had also received the second application 
on July 19, 44 days before sampling, the level was : 
"0-3 p.p.m. 
Harvesting took place in September, 108 and 
60 days respectively after the first and second 
applications. Analysis of samples dried in the. 
commercial manner to about 10 per cent water 
content showed the level of dimefox to be 0-13 | 
p-p.m, in hop cones from plants which had received 
the first application only. In the dried cones from _ 
. plants that received both applications, the concentra- 
tion of dimefox was 0-33 p.p.m. These values 
correspond to 0:03 p.p.m. and 0-07 p.p.m. respect- 
ively in terms of fresh green material. Such residues —_ 
; “od appear to be too low to constitute a health | 
"TIS i Sige ta aa 
The results demonstrate 

















Many more experiments — 
will be necessary before 
the behaviour of this insecticide is fully understood. 
It is not at present known whether the dimefo 
undergoes chemical break-down in the plant o 
whether it evaporates with the moisture from the 
leaves. These investigations show that it does not 
remain as dimefox in the plant tissue. 


E. Q Laws > 


- bution of dimefox in hops. 


_ Government Laboratory, 
Clement’s Inn Passage, 
London, W.C.2. 


Department of Hop Research, 
Wye College, 
Wye, Kent. 
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Reduction of Parathion induced 
by Light 


WHILE investigating the decomposition of para- 
thion (0,0-diethyl-O-p-nitrophenylphosphorothion- 
ate) I was able to confirm the findings of Ketelaar! on 
the specific action of Cu*+-ions in catalysing the hydro- 
lysis leading to p-nitrophenol. Other metal ions are 
ineffective, and the catalytic action of copper can be 
suppressed by various chelating agents?. The 
experiments were carried out at room temperature 
in a barbiturate milieu at pH 8-0 and lasted for more 
than four weeks. Change in concentration of para- 
thion with a modified polarographic method was 
followed, and this permitted the estimation of para- 
thion and simultaneously of the p-nitrophenol formed. 
In certain instances however, in solutions not contain- 
ing the catalyst, a significant decrease of the polaro- 
graphic wave of parathion was observed though the 
corresponding appearance of p-nitrophenol was not 
detected. Although in publications dealing with the 
degradation of parathion‘ there is no allusion to the 
possibility of a spontaneous reduction, I have shown 
it to be induced by light. 

A 2x 10-3 M solution of parathion (prepared 
from 20 per cent parathion ‘Paridol’, Chemisch- 
Technische Werke A.G. Muttenz-Basel—a material 
not containing appreciable amounts of degradation 
products) in 5 x 10-2 M pH 8-0 barbiturate buffer 
was divided into several portions and some of them 
were exposed to direct sunlight. The irradiation was 
carried out in thin-walled Jena test-tubes. The 
temperature was controlled continuously and the 
portions kept in the dark were thermostated accord- 
ing to the temperature of the irradiated specimens. 


At intervals, samples were taken and analysed by :” 


(a) polarography, which gives the amount of non- 
degraded parathion and any p-nitrophenol present ; 
(b) the method of Averell—Norris®, which gives 
estimates of the intact and reduced parathion ; 
(c) the method of Averell—Norris, which was modified 


Table 1. ° DEGRADATION OF PARATHION SOLUTIONS KEPT IN THE 
DARK AND EXPOSED TO SUNLIGHT 
Polarographically 


p-Nitro- 
phenol 


Averell—Norris 


Parathion 
-+reduced 
parathion 


Reduced 
ara= 
hion 


Molarity x 104 


Para- 


Solution | Ageof | thion 


solution 


‘Paridol’ 


traces 
traces 


traces 
traces 


‘Paridol’ -+ 
copper + 
EDTA 
Dark 
Light 


Dark 
Light 


traces 


traces 
traces 





The solutions contained 0-002 Af parathion in a 0:05 M, pH 8-0 
barbiturate buffer. Copper ions were applied at a 10-4 mol. and 
ethylenediamine tetraacetate at a 10—? mol. concentration. The results 
are representative ones, and were obtained on a hot July day in 1957 
in Budapest, the temperature of the solutions being 85-45° C. 
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for this purpose, omitting the reduction step, thus 
giving values of the reduced parathion only. 

In parallel experiments I investigated the effect of 
Cu*t-ions alone and in presence of ethylenediamine 
tetraacetate. The copper ions, as expected, catalysed 
the hydrolytic degradation of parathion to p-nitro- 
phenol, competing with the light-induced reduction. 
The chelating agent inhibited the catalytic action. 

The results, of which a representative series is 
given in Table 1, clearly show the photochemical 
reduction of parathion, presumably to the correspond- 
ing p-amino-compound. Similar results were obtained 
by irradiation with a mercury discharge lamp. It is 
planned to conduct further experiments in order to 
investigate the effect of pH, various other metals 
and chelating agents, and the behaviour of spray 
residues under field conditions. 

E. SANDI 
Institute of Nutrition, ' 
Budapest, 9. 


1 Ketelaar, J. A. A., Nature, 177, 392 (1958). 


*Sandi, E., Paper read at the 22nd Meeting of the Hungarian Physio- 
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logical Society, Debrecen, July 1956 (in the press). 


° Josepovits, G., and G.-Privitzer, K., Magy. Kém. F., 59, 161 (1953). 

“Gar, K. A., Melnikov, N. N., and Mandelbaum, J. A., Dokl., 94, 729 
(1954). Payton, J., Nature, 171, 355 (1958). 

* Averell, P. R., and Norris, M. V., Anal. Chem., 20, 758 (1948). 
Clifford, P. A., J. Assoc. Agric. Chem., 34, 583 (1951). 


Gibberellin and the Growth of Plant 
Tissue Cultures 


Two recent publications report the effects of gibber- 
elie acid on the growth of excised plant tissues. 
Netien', working with isolates from the tuber paren- 
chyma, of Helianthus tuberosus, found a slight increase 
in growth at l p.p.m. in the absence of indolylacetic 
acid and a decrease at higher levels. In the presence 
of the auxin all levels of gibberellic acid were quite 
inhibitory. Schroeder and Spector? used explants 
from the mesocarp of mature citron (Citrus medica). 
They found gibberellic acid, in the absence of indolyl- 
acetic acid, caused an increase in weight at 5 p.p.m. 
In the presence of indolylacetic acid all levels tested 
resulted in increases in weight. 

This report is concerned with the effect of 
gibberellins on the growth of plant tissues in vitro 


‘ using well-established, actively proliferating clones. 


The present results are part of a larger report now 
being prepared. The tissues discussed here were 


` selected to show that an increase in growth, no effect, 


or a decrease in growth can be obtained under the 
same conditions by changing the test material. 

‘All the tissues listed in Table 1 have been in culture 
in this laboratory for the past seven years. The 
basal synthetic medium used for all tissues consists 
simply of mineral salts, sucrose, three vitamins, trace 
elements, and agar’. Gibberellin stock solutions were 
made up at ten times the desired concentration, 
sterile-filtered through sintered glass, and added to 
give the desired level to previously autoclaved basal 
medium just prior to solidification. Experimental 
transfers of equal size were made to the solid medium 
and initial weights recorded. After four and eight 
weeks growth in an air-conditioned culture room at 
225° C., the tissues were weighed. The results are 
expressed in Table 1 as ‘growth value’, which is a 
number obtained by dividing the final wet weight 
by the original wet weight. All values are the average 
of two experiments with five replicates in each 
experiment. 
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Table 1. EFFEOT OF GIBBERELLIN ON GROWTH OF PLANT TISSUE CULTURES ON SYNTHRETIO MEDIUM 
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Plant source Part Type of tissue 
Helianthus annuus Petiole Crown gall 
Vinca rosea Stem Crown gall 
Nicotiana tabacum Stem Crown gall 
Melilotus officinalis Stem Crown gall 
Melilotus officinalis Root Callus 





These results are only indicative of the results 
using 10 p.p.m. of gibberellin. Even at this one level, 
however, it is apparent that no generalizations can 
be made concerning the effects on plant tissues in 
vitro since both stimulation and inhibition result 
according to the test material. 

A. broader account is now being prepared which 
takes into consideration such problems as the effects 
of different levels of the gibberellins, the effects of 
varying the medium and the importance of the type 
of tissue used as well as its source. ` 


L. G. NICKELL 


Phytochemistry, Laboratory, 
Biochemical Research and Development Division, 
Chas. Pfizer and Co., Inc., 

Brooklyn 6. N.Y. 

Nov. 18. 


1 Netien, G., C.R. Acad. Sci., Paris, 244, 2732 (1957). 
* Schroeder, C. A., and Spector, C., Science, 126, 701 (1957). 
3 Nickell, L. G., Proc, Amer. Soc. Hort. Sei., 57, 401 (1951). 


Effect of Gibberellic Acid on the Growth 
of Pea Seedlings when imbibed through 
the Seed Coat 


Stowe and Yamaki, in a recent review paper, have 
listed two hundred and two references relating to the 
isolation and effects of the gibberellins upon various 
physiological processes in plants. 

Work with these plant-growth substances has, 
however, been primarily concerned with their effects 
upon plant growth and development subsequent to 
germination. It is the purpose of this brief com- 
munication to demonstrate that gibberellic acid may 
produce a typical response when imbibed through 
the seed coat of the dwarf Telephone pea prior to 
germination. 

Approximately fifty dwarf Telephone pea seeds 
were planted in each of two small wooden flats filled 
with sterile vermiculite. The flats were placed over 
porcelainized germination pans so that added solutions 
could be retrieved after dripping through the vermi- 
culite. Directly after planting, the vermiculite in one 
flat was saturated with a solution of 1-0 mogm. /1. 
gibberellic acid. The second flat was supplied with 
distilled water. The solutions caught in the ger- 
mination pans were poured back over the respective 
flats daily until utilized or lost. Plants were grown 
in the greenhouse under long-day (16 hr.) conditions. 

Eleven days after planting, treated and control 
seeds had germinated and were well above the level 
of the vermiculite. Treated dwarf pea seedlings were, 
at this time, approximately six times as tall as the 
control seedlings. The percentage of germination in 
both flats was comparable. 

Seventeen days after treatment the plants in both 
flats were harvested. The heights of treated seedlings 
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were significantly greater than the heights of control 


seedlings. The axillary buds, as well as the main 
axes of the stems, exhibited markedly increased 
elongation in treated plants. The stems of the 
treated seedlings were markedly thin as compared 
with the controls. 

Subsequent experiments have revealed that the 
response to gibberellic acid described above may also 
be obtained by allowing dwarf pea seeds to imbibe 
gibberellic acid solution prior to planting. 

THomas C. MOORE 

Department of Biology, 

University of Colorado, 

Boulder. 


= asdf D B., and. Yamaki, T., “Ann. Rev. Plant Physiol.”, 8, 181 


Genetic Effects of Carbon Monoxide, 
Cyanide and Azide on Drosophila 


TE study of chemical mutagenesis has directed 
attention to the possibility that the so-called spon- 
taneous gene mutations may in fact result from the 
accumulation of mutagenic substances arising as a 
consequence of normal metabolism. In bacteria, the 
spontaneous mutation-rate of dividing cells may be 
40 times greater than that of non-dividing cells. On 
the other hand, there does not seem to be any simple 
relation between mutation and cell division itself?. 
This may be interpreted to mean that, as a result of 
metabolic activity associated with synthesis and 
growth, chemical mutagens arise and may eventually 
react with the genetic material. The discovery of 
‘anti-mutagens’®? would appear to support this 
hypothesis. An anti-mutagen might directly mop up 
traces of the mutagen, or it might initiate further 
biochemical reactions serving to divert the mutagen 
into alternative channels. - 

D’Amato and Hoffman-Ostenhof* have recently 
reviewed the possibility that spontaneous mutation 
in plants may result from the accumulation of 
mutagenic by-products of metabolism. The genetic 
effects of respiratory inhibitors are clearly relevant 
to the problem. Although some inhibitors might 
prove to be mutagens in their own right, capable of 
reacting more or less directly with the genetic 
material, others might operate simply by disturbing 
normal metabolic activity in such a manner that an 
excessive production of natural mutagens results, 
enabling a greater number of ‘spontaneous’ mutations 
to be recorded. Cytogenetic analysis of such muta- 
tions would give a picture essentially the same as 
that obtained from the analysis of spontaneous 
mutations obtained from untreated material. We 
should also keep in mind the possibility that any 
genetic effects of respiratory inhibitors might stem 
from interference with recovery processes. Wolf and 
Luippold® have found an association between oxida- 
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tive metabolism and the restitution of radiation- 
induced breaks in root tip cells of Vicia. 

Conger and Fairchild? reported some years ago 
that even the simple metabolic experiment of increas- 
ing oxygen tension can induce chromosome breaks 
in Tradescantia, suggesting that the oxygen normally 
present in the air may be responsible for the low 
spontaneous frequency of aberrations. If the normal 
rate of oxygen metabolism is exceeded, more genetic 
damage results. 

Inhibitors known to block heavy-metal respiratory 
enzyme systems have been shown in some cases either 
to be mutagenic or to be capable of modifying the 
effectiveness of irradiation treatments’-. In Droso- 
phila, injection of cyanide or azide solutions into 
adult males does not prove to be mutagenic’. Nor 
is carbon monoxide mutagenic when used alone. 
However, it seemed possible that combined treatment 
with two inhibitors might prove cffective where 
single treatments had given negative results. 

Genetic effects were scored as sex-linked recessive 
lethals obtained by the usual Muller-5 technique, 
using Canton S males as test material. The incidence 
of such lethals in untreated males of this stock is 
about 0-1 per cent for sperm produced within the 
first few days. 

Successive broods were obtained by transferring 
each male to three fresh females every third day. 
Both the azide and cyanide were used as 0:005 M 
solutions in 0-7 per cent sodium chloride. In the 
case of the cyanide, the pH was adjusted to 7-0 just 


prior to injection. The carbon monoxide treatment — 


consisted of exposure of the flies immediately after 
injection to a gas mixture of 95 per cent carbon 
monoxide with 5 per cent oxygen at 18° C. for 6 hr. 
Carbon monoxide alone is not mutagenic under the 


conditions of testing. However, when supplemented ~ 


by simultaneous treatment with either cyanide or 
azide, a mutagenic effect is obtained (Table 1). On 
the other hand, in the absence of carbon monoxide, 
cyanide and azide are themselves not mutagenic", 
although together they may elicit a weak response 
(Table 1). 


Table 1. SEX-LINKED REOESSIVE LETHALS OBTAINED FROM CANTON 8S 
MALES 


Azide- 
potassium 
cyanide 


Potassium 
cyanide- 
carbon 
monoxide 


Azide- 
carbon 
monoxide 


Carbon 


Brood monoxide 


(per (per 
cent ce 
1°38 0-94 
. 0-58 
0:35 
0:32 


3/319 
1/498 (0:20 2/377 
0/407 : 1/281 
0/284 : 1/812 
0/178 [242 0/195 


cent 
1/545 ‘6 18) 





Combined treatment with carbon monoxide and 
either cyanide or azide is also mutagenic to sperma- 
tozoa stored within the spermathecw of inseminated 
females, although in this case the yield of offspring 
is small owing to the small number of eggs laid by 
Drosophila females after exposure to the gas. 

Theories of peroxide formation have been prom- 
inent in much of the current work on chemical 
mutagenesis and a peroxide theory might appear to 
provide the simplest explanation for the effectiveness 
of carbon monoxide when supplemented by azide 
injections. The first inhibitor, by blocking the cyto- 
chrome pathway, would direct activity into 4 flavo- 
protein respiratory pathway with peroxide as & 
termina) product. The second inhibitor, by blocking 
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the activity of catalase, would facilitate the accum- 
ulation of the peroxide beyond the threshold con- 
centration. However, this simple explanation ignores 
the fact that cyanide and azide alone are not muta- 
genic in Drosophila, although they are inhibitors of 
both cytochrome oxidase and catalase. In the case 
of cyanide, it is possible that the inhibition of catalase 
is only transitory, for the accumulation of peroxide 
might well serve to oxidize the cyanide to cyanate 
and thus relieve the inhibition of the enzyme. On 
the other hand, cyanide is not to be regarded as a 
cytochrome oxidase inhibitor with the same degree 
of specificity as carbon monoxide. Nor for that 
matter is azide. No doubt both these inhibitors have 
other important’ biochemical effects. There is evi- 
dence that even carbon monoxide itself may, under 
certain conditions, serve to stimulate respiration”, 
and the mutagenic effectiveness of combined treat- 
ments with this inhibitor might find an explanation 
along these lines. 

Hydrogen sulphide is also capable of blocking the 
activity of both cytochrome oxidase and catalase, 
but it does not seem to be mutagenic in Drosophila. 
We have found that exposure of males or inseminated. 
females to 1:1,000 hydrogen sulphide for 15 min. 
(approximately L.D50) fails to increase mutation-rate. 
Combined treatments with cyanide or azide give weak 
responses which, however, are not statistically sig- 
nificant. The effect of simultaneous treatment with 
carbon monoxide and hydrogen sulphide has not 
been tried. 

As hydrogen sulphide is extremely toxic, to 
-Drosophila, it may not be possible to administer & 
dose that is mutagenically effective without at the 
game time achieving a killing action on the cells. 
Certainly, flies which have been treated with this gas 
show very poor fertility. 

The different mutagenic responses obtained from 
these various treatments emphasize the complexity 
of the biochemical mechanisms involyed. Interpre- 
tation in terms of the simultaneous inhibition of 
heavy-metal respiratory enzymes is undoubtedly an 
over-simplification. It is hoped that further work 
along these lines will be directed towards a cyto- 
genetic analysis, enabling a qualitative comparison 
to be made between spontaneous mutations recovered. 
from untreated material and those recovered from 
material receiving combined azide-carbon monoxide 
treatment. 

A. M. CLARK 


Department of Zoology, 
University of Melbourne. 
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A New ‘Deleted’ Rh-Chromosome 


In 1950, Race, Sanger and Selwyn reported! a very 
unusual Rh phenotype characterized by an extra- 
ordinary strong reaction with anti-D sera and 
completely negative reaction with anti-C, anti-c, 
anti-E and anti-e sera. The case was explained as 
the homozygous form of a partially deleted Rh 
chromosome, designated D — —. Since then several 
examples of this chromosome have been reported, 
and further other partial deletions have been found?. 

Recently an apparent mother-child exclusion was 
found in our laboratory. In a legal paternity case 
the mother was of phenotype D + O — c + E + e —, 
the child of phenotype D + C + c — E —e +. The 
results were checked with a number of different 
anti-Kh sera both in saline and using papainized cells 
and the indirect Coombs reaction. The possibility 
of an error while taking the blood sample was excluded 
by investigating new samples from the people 
concerned. The child was born in hospital, but the 
risk of an interchange of babies in the maternity ward 
was negligible, as the child was the only premature 
baby in the ward at that time. However, the 
ensuing investigation of the family definitely estab- 
lished the kinship of mother and child. The Rh 
types of the family, which were rather surprising, 
are shown in the following pedigree, + signifying 
positive and — signifying negative reaction with the 
corresponding antibodies. 
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A detailed report on the case and the results will 
be published later. I wish to thank Dr. A. E. 
Mourant and Dr. D. Parkin, of the Blood Group 
Reference Laboratory, Lister Institute, London, who 
kindly checked the results. _ 

K. HENNINGSEN 

Serological Department, 

University Institute of 
Forensic Medicine, 
Copenhagen. Oct. 14. 


1 Race, R. R., Sanger, R., and Selwyn, J. G., Nature, 166, 520 (1950). 


* Wiener, A. S., Gordon, E. B., and Cohen, L., Amer. J. Hum. Genet., 
4, 363 (1952). Waller, R. K., Sanger, R., and Bobbitt, O. B., 
Brit. Med. J., i, 198 (1953). Levine, P., Koch, E. A., McGee, 
R. T., and Hill, G. H., Amer. J. Clin. Path., 24. 263 (1954). 
Gunson, H. H., and Donohue, W. L., Voz Sang. (in the press). 
Henningsen, K., Vox Sang. (in the press). 


Mitosis and Chromosome Numbers in 
the Euglenineae (Flagellata) 


NuUoLEAR division and the associated division of 
the cell and cell organelles have been examined in 
thirty-two species of the Englenineae, drawn from 
thirteen genera. The main findings on the structure 
and mechanics of mitosis in this group are as follows. 

Nuclear division in the Euglenineae is a true 
mitosis in that : 

(1) Individualized chromosomes duplicate them- 
selves longitudinally. 

(2) Sister chromatids segregate to opposite poles. 


D~—C—c+E—6+ 0O —(WD+C-—e+E+e+ 
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D+C+e—E—e+ D+C—c+E+e— 
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It is seen that there is an apparent exclusion of 
maternity in the first generation as well as in the 
second, the Rh-negative grandmother having a 
daughter who appears to be of genotype RR, or 
Ek”. We knew that the irregularity affected the 
Cc as well as the He loci, but the really unexpected 
finding was, of course, that the grandmother was 
D-negative. The most simple explanation is a new, 
partially deleted chromosome involving d(d — —), or 
a triple deletion ( — — —). It is of course impossible 
to ascertain if d is present or not, as long as anti-d 
is not available. It is further obvious that one of the 
criteria on the hitherto known partial Rh-deletions, 
the enhanced agglutinability of the D-receptor, 
cannot be put to use in the diagnosis of d — — or 
However, it is to be expected that the 
erythrocytes from persons carrying the abnormal 
chromosome would show single-dose reactivity with 
regard to the Rh receptors, which according to the 
phenotype appear to be homozygous. ‘Titration 
experiments against the pertinent sera appear to 
substantiate this expectation. According to these 
experiments the genotypes of the family are the 
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following, — denoting chromosome d — — or — — —: 
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The mitosis differs from the ‘classical’ form in the 
following ways: 

(1) An achromatic body in the nucleus, the 
‘endosome’, persists throughout mitosis, dividing as a 
structure distinct from the chromosomes (Fig. 1). 

(2) The endosome retains its ribonucleic acid 
during mitosis. 

(3) There are no centromeres or spindle. 

(4) Mitosis and cell activity are unaffected by 4 per 
cent colchicine, or by ionizing radiations at doses of 
up to 100,000 r. 
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Chromatid shapes during mitotic anaphase in the 


Fig. 1. 
The dividing endosome is also shown 


Euglenineae, 
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(5) There is no evidence for the presence of cen- 
trioles or centrosomes during mitosis. The basal 
granules of the flagella do not act as division centres. 

(6) The chromatin threads become arranged paral- 
lel to the division axis at ‘metaphase’; in some 
species the threads are segregating chromatids still 
associated at one end (Fig. 1, F), in others they are 
chromosomes which become duplicate in their 
parallel position and segregate in anaphase. 

(7) Separation of chromatids is staggered in some 
species. : 

(8) There are four main chromatid shapes during 
anaphase movement: straight rods (Fig. 1, A); 
curving threads (Fig. 1, B); U-shapes towards the 
division equator (Fig. 1, C); and U-shapes towards 
the poles (Fig. 1, D). - Rods and V-shapes radiating 
from the ends of the dividing endosome occur in a 
few species (Fig. 1, E). 

(9) Anaphase movement of the chromatids is 
staggered. 

(10) The nuclear membrane persists throughout 
mitosis. 

(11) The mitosis lasts 2-4 hr., anaphase occupying 
35-86 min. in different species, as compared with 
1—20 min. in all other organisms and tissues for which 
records exist. 

(12) The absolute’ velocity of the chromatids 
separating at anaphase is less than 0-ly per min. at 
20° C., compared with 0:3-6-0u% per min. for all 
other recorded material. 

In the light of the above evidence, and_in the 
absence of centrioles, centrosomes, true blepharo- 
plasts, centromeres, and spindle, it is suggested that 
chromatid movement in the Euglenineae is auton- 
omous—a mutual repulsion by sister chromatids to 
opposite poles. The dense nucleoplasm and the 
retention of the nuclear membrane during mitosis 
prevents a scattering of chromatids in the cell. The 
nuclear membrane is stretched by the two groups of 
repelling chromatids and separation to two cytolog- 
ically and genetically equivalent nuclei finally occurs. 

A further feature of euglenoid mitosis is the 
general occurrence ‘of high chromosome numbers. 
Chromosome counts have rarely been attempted in 
the Euglenineae. Pringsheim! says, “The number of 
chromosomes has not ‘been established in any case, 
owing no doubt to difficulty caused by their number, 
length and dense accumulation. This is to be regret- 
ted, because polyploidy may be expected in certain 
groups”. 

I have made counts for six species, and estimates 
for & further eight (Table 1). In most species the 
clearest counts are obtained in anaphase or telophase. 

Table 1. CHROMOSOME NUMBERS IN THE EUGLENINEAE 
Counts Esti 


stimates 


Euglena spirogyra 86 Astasia klebsii 18 
lena viridis 42 


Euglena a Colacium mucronatum ` 35 
Eutreptia lanowti 90 Euglena gracilis 45 
Eutreptia viridis 44 Lepocinclis ovum var. buetschlit 34 
aye opian ocellatus 92 Menoidium cultellus 15 
Phacus pusillus 42 Peranema trichophorum 177 
rache bulla 25 

Trachelomonas grandès 40-60 


The only direct comparisons with records by 
previous workers are my estimate of 45 for Euglena 
gracilis and a count of 14 by Baker?, and my estimate 
of 177 for Peranema trichophorum and counts of 6 (!) 
by Hartmann and Chagas? and 32 by Brown’. The 
low counts by these authors were probably caused by 
fusion of the separate elements in poorly fixed 
’ material. The counts of 44 for Eutreptia viridis and 
90 for Eutreptia lanowit indicate possibly polyploidy 
in this genus. 
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A full account of this work will be published 
elsewhere. The study was carried out in the Depart- 
ment of Botany, Queen Mary College, London, and 
will be continued at the Durham Colleges in the 
University of Durham. I would like to acknowledge 
the help and advice of Dr. M. B. E. Godward of 
Queen Mary College, and of Prof. E. G. Pringsheim 
of the University of Göttingen. 

Gorpon F. LEED 
Department of Botany, i 
The Durham Colleges in 
the University of Durham, 
South Road, Durham. 

1 Pringsheim, E. G., Nova Acta Leopoldina, (18), 125, 1 (1956). 
* Baker, W. B., Biol. Bull., 51, 321 (1926). 
* Hartmann, M., and Chagas, ©., Mem. Inst. Osw. Cruz, 2, 64 (1910). 
“Brown, V. E., Quart. J. Micro. Sci., N.S., 78, 405 (1930). 


Number of Mating Types required for 
Balance in Multipoint Linkage Programmes 


In two-point linkage work it is advantageous to 
use coupling and repulsion back-crosses in approxi- 
mately equal numbers, for, with equal numbers of 
progeny, disturbances due to differential viability 
need not affect the estimation of the recombination 
fraction between the two loci. Im fact, it is only 
possible to allow for differential viability in all the 
segregating phenotypes by this method of ‘balance’, 
and it may be shown that the estimation of the 
recombination fraction is most efficient when the 
balance is exact. The minimum requirement for 
balance is that the numbers of progeny from the 
coupling and repulsion back-crosses must be equal ; 
in other contexts the definition of balance may be 
narrower, but it is used here as defined by this 
minimum requirement. This idea is just as fruitful 
in multi-point linkage work, but it is not necessary 
to make up matings using all the possible genotypes 
of multiple heterozygotes in order to ensure a set 
balanced for all pairs of loci. The present problem 
is to determine the minimum number of mating types 
needed for making up a balanced set for any given 
number of loci. 

With two loci we may represent the heterozygote 
in coupling by + +, and the heterozygote in repulsion 
by + —. The symbols indicate that in the coupling 
heterozygote both wild-type genes are on the same 
chromosome, while in the repulsion heterozygote 
they are on different chromosomes. The existence 
of either coupling or repulsion may be inferred from 
these symbols by multiplying them together. Thus 
+ Xx + = + (coupling), and + x — = — (repul- 
sion). The set is said to be balanced when there are 
equal numbers of coupling and repulsion mating 
types; that is, when there are equal numbers of + 
and — signs resulting from this multiplication proce- 
dure. If, instead of just + and —, we use + 1 and 
— 1, then the set will be balanced when the sum of 
the products- of the two numbers representing each 
mating type is zero. 

This procedure may be simplified for more than 
two loci by using a matrix notation. In the example 
above, we write the symbols for the two mating types 
one under the other : 1 1 

1-1 
Calling this the matrix a, and its transpose (which is 
in this case its identity) a*, the condition for balance 
is; -~ . 


i ata = (4 9) = 2 


504 


This is just a convenient way of 
recording the fact that ‘the num- 
bers in any two columns, taken in 
pairs and multiplied together, sum 
to zero’. In this example there are 
only two columns, that is, one pair, 
but with four loci there are four 
columns, and so six pairs, one for 
each pair of loci. 

The full solution of the problem 
is equivalent to the solution of the 
matrix equation a*.a = qI, where 
a has p columns and q rows, p being 
the number of loci, and qg the 
number of mating types in the 
balanced set. 

Mr. S. Wylie, of Trinity Hall, Cambridge, who 
introduced the matrix notation to this problem, has 
pointed out that the enumeration of these matrices 
is equivalent to the enumeration of anallagmatic 
pavements. An anallagmatic pavement is a square 
pavement of black and white tiles so arranged that 
when any two columns or any two rows are placed 
together side by side, half the tiles next to one 
another are of the same colour and half are of different 
colours. 

We are only concerned with square matrices, for 
it is clear that if a set is balanced for p loci, it is also 
balanced for p — 1 loci, and it may be proved, by 
reductio ad absurdum, that there does not exist & 
balanced set of p mating types for p + 1 loci. 

A p x p pavement does not exist for p > 2 unless 
p is a multiple of 4, and it is conjectured’ that it does 
exist when p is a multiple of 4. The first doubtful 
case is p = 92, and this is far beyond the range of 
genetic interest. It is known that pavements exist 
whenever p is divisible by 4 and of the form 24(s”-+ 1), 
where s is an odd prime, and k and n are integers. 
92 is the lowest multiple of 4 which.is not of this form. 

Thus we are able to draw up a table of number of 
loci and the corresponding minimum number of 
mating types in a balanced set : 


0;-—> 


REDUCING 
VALVE 


Loci 2345678 9101112 13 14 15 16 
Mating types 244888 8 12 12 12 12 16 16 16 16, etc. 


The enumeration of these pavements for p> 4 
presents a formidable problem. Two ‘basic’ pave- 
ments are set out below for 8 loci, and many more 
may be derived from each by the interchange of 
columns, etc. 


t+eetete tt t+eettttt 
-+-+-4+-+ +>- +- tt 
-++--++ ++---+-+ 
+--++--+ -++---++ 
—----++4+++ +-++---+ 
+- +--+-+ -+-++--+ 
++----++ —-—-+-++-+ 
-++-+--+ ---+-+++ 
A. W. F. EDWARDS 
Department of Genetics, 
University of Cambridge. Nov. 18. 


2 Ball, W. W. B., ‘‘Math ‘matical Recreations and Essays”, 11th edit., 
103 (Macmillan and Co., Ltd., 1949). 


Chromosome Breakage in Vicia faba by 
Ozone 


IMPORTANT to an understanding of the biological 
effects of high-energy radiations is the concept of 
active radical formation in watert. The inability of 
hydrogen peroxide per se to simulate irradiation 
effects at concentrations expected in the cytoplasm 
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of irradiated cells? has focused attention on the active 
radicals OH. and HO,. The chemical activity of such 
free radicals produced by the catalytic decomposition 
of hydrogen peroxide with ferric ions has recently 
been discussed’, and Phillips? describes the production 
of chromosome aberrations in barley by these hydro- 
gen peroxide ‘precursors’. 

The decomposition of ozone in solution produces 
these same active radicals of interest®. From studies 
of the kinetics and mechanisms of ozone decom- 
position, Alder and Hill’ assume that in solution the 
reactions : 


HO,+ + OH~-=2HO, 
O, + HO, —>0OH + 20, 


(1) 
(2) 


are responsible for disappearance of ozone and are 
relatively slow and determine the rate of reaction ; 
also, these authors indicate that reaction (1) repre- 
sents an equilibrium which is maintained so long as 
ozone is present. The decomposition of ozone in 
solution is catalysed by hydroxyl] ions and dependent 
upon temperature’. 

In these investigations, root meristem cells of Vicia 
faba were exposed to an atmosphere of ozone and the 
fraction of cells showing chromosome aberrations (as 
anaphase bridges) were recorded. The cells were all 
exposed in interphase and analysed at the first 
anaphase. ‘ 

Fig. 1 is a schematic diagram of the apparatus used 
for challenging the seeds. The ozone was produced 
from cylinder oxygen and the concentration cal- 
culated by scrubbing replicate samples of known 
volume through 2 per cent potassium iodide (pH. 9-0), 
the solution acidified and then titrated with 0-1 N 
sodium thiosulphate. With a flow of 2 l/min., 
0-4 weight per cent ozone was present. The cold 
trap was found to be unnecessary and was abandoned. 
Seed coats were removed from imbibed Vicia seeds 
which were challenged with the ozone-oxygen mix- 
ture in the mixing chamber. Batches of seeds were 
removed after specific intervals, placed in sterile 
moistened vermiculite, at 19° C. and in the dark, 
until the radicles were about 2 cm. in length. At 
this time the first cell divisions occur®, and Feulgen- 
stained squash preparations were made. 

Table 1 presents. the results of exposing Vicia faba 
seeds to 0-4 weight per cent ozone for 15, 30 and 
60 min. The term ‘abnormal anaphase’ is used 
because no attempt was made to count the number 
of chromosome bridges per cell; thus an abnormal 
anaphase may contain one or more bridges. All the 
bridges observed were of the chromosome-type ; 
that is, they were the result of dicentric or centric 
ring aberrations. There were neither chromatid-type 
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| tO | 10 | 29 


< figures nor sticky bridges, and all the deletions were 
< double. There was good agreement between root 
_ tips in a particular experimental group ; for example, 
in the 60-min. contact group seven root tips were 
used for obtaining about 500 anaphase figures 
analysed, with a mean value of abnormal anaphases 
Of 42 + 1-6 per cent per slide. 

Table 2 presents the results of ozone, X-rays, and 
ozone and X-ray treatments. 150 kV., 15 m.amp. 
unfiltered radiation was delivered at 50 r./min. as 
determined by an ionization meter. When the 
oO M-rays and ozone were combined, the oxone was 
administered first and the X-rays immediately after, 
so that the entire treatment required less than 25 min. 
The effects of ozone and X-rays were approximately 
additive. 

















Table 2 
Experimental | Percentage abnormal | 
group Dose anaphass i 
; 60 min Q | 
Os + Of 30 min. 23 | 
X-rays 100 r. 25 | 
O, + X-rays ; | 





A small number of root tips from each group was 
treated with colchicine and an analysis made of 
metaphase aberrations. These observations confirmed 
< that the aberrations were all of the chromosome-type 

-(dicentrics and centric rings). 

A more detailed report of this work will be published 
later. These investigations were supported by grant 
No. R.G. 4722 of the National Institutes of Health, 
U.S.A. 


Rogpert H. Ferner 


: -Engineering Experiment Station, 
< Georgia Institute of Technology, 
Atlanta, Georgia. 
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ar F. and Gaither, N., Proc. Soc. Ezp. Biol. Med., 80, 525 (1962). 
“4 Scholes, G., and Weiss, J. , Bap. Cell Res., Supp. 2 1052). 

Phillips, L. L., Science, 125, 889 (1956). 
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“4 Welff, S., Genetics, 89, 856 (1954). 







= Use of Defoliants for drying Buckwheat in 
the Field, and a New Method for the 
Chemical Determination of Rutin 


| DEFOLIANTS are commonly used to facilitate the 

_ harvesting of cotton'!, beans, clover? and birdsfoot 
. trefoil’ for seeds, or for destroying the haulms 
of potatoes’ to inhibit the spread of virus from 
= infected leaves into the tubers. We thought it 
= worth while to examine whether defoliants could be 
- used for drying buckwheat (Fagopyrum sagittatum 











a R nicer erences 





area 








Rutin 

7 Treatment . (per cent) per kise t 
: Artificially dried: plants 4:04 
Sprayed with water alone and dried 3°62 

| 071 per cent of sodium chlorate spray 3°60 

| 1-0 per cent of sodium. chlorate spray 2-68 
: 2-0 per cent of sodium chlorate spray 2-30 
| 1 per cent dinitrocresol (sodium salt) spray 2-20 
| 10 per cent pentachloraphenol (sodium salt) 2°40 
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Gilib.), cultivated as medicinal plants, directly in the 
field, so as to avoid the tedious operations in con 
nexion with artificial drying of the harvested material. 
As we expected that the rutin content might- be- 


influenced by defoliants, we have determined the rutin a 
content of treated plants as compared with the control : eee 


plants, cut and afterwards dried. 


Buckwheat in full blossom was sprayed with seve ee 
Within five days 1 per = 
cent sodium chlorate solution produced the most __ 
suitable drying of leaves, stalks and flowers among — 
other defoliants used. Dried leaves were collected ` 
in a perfectly dehydrated form, leaving the empty 


defoliants (see Table 1). 


stalks on the field (Fig. 1). The rutin content of the © 
stalks, which is highest at the stage of bud formation _ 

and during that of flowering, is relatively small com- i 
pared with that of the leaves’. S 


The rutin content of the leaves was determined ee 
chemically. A new method was developed for this pur- 
pose, based on the colour reaction® of rutin with diazi __ 
onium salts after its chromatographic separation’; —_ 
2-5 gm. of fresh leaves of buckwheat (or 0-25 gm. of __ 
dried material) is extracted in a Soxhlet apparatus for 
90 min. with methanol (4 per cent pyridine was added 


when working with dried material) to determine 





Fig. 1. 
cent sodium chlorate solution and harvested (in front) and 
bia da {in background) 


Buckwheat five days after being sprayed with 1-0 per 











same paper. 

We intend to investigate the effeet of defoliation 
on other medicinal plants used not as drugs but as 
raw material in the pharmaceutical industry. A full 

account of this work will be published elsewhere. 

= Note added in proof. The leaves of buckwheat do 


‘not remain on the plants if they are not harvested 


within about seven days after treatment (depending 
< on the weather), but it is hoped that the saving of 
labour and expense due to the use of this method 
compared with artificial drying may outweigh this 
. disadvantage. 
Recent experiments with defoliation of peppermint 
< show a slow reduction of oil-content (from 1-53 per 
gent to 1-25 per cent-—this difference being highly 
significant), but the leaves of peppermint plants 
remain. on the stalks, in contrast to the behaviour 
of buckwheat. 
a V. BREJCHA 
P. HORÁK 


Med icinal Plant Research Institute, 
o Prague. 
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‘Spot Chromatography Identification of 
| Citrus. Rootstocks 


- ‘Tap: importance of knowing the variety of the 
rootstock in a citrus orchard is more than academic. 
‘The tolerance of an orange tree to infectious diseases ; 
the size, the number and quality of its fruits; the 
_ palatability of its fresh and processed juice ; its rate 
of growth and its expected longevity are all dynam- 
<: ically affected by the rootstock on which it is growing. 


Many of the citrus trees in California and elsewhere 


< are growing on rootstocks the identity of which is 
not definitely known. 

Methods for the chemical identification of citrus 
rootstocks have been published!#, and a paper 
-chromatographic test for sour orange roots has been 
T described?.*, 


This communication deals with a new method for _ 
the identification of the eight varieties of citrus root- — 


roots with similar spots made from known varieties. 


‘propane was the most satisfactory 





Fig. 1. The two lef -hand columns of spots are those made by 
dropping single drops of a plain 30-min. dimethoxypropane. ex» 
traction of each root. The two right-hand columns of spots are 
from the 80-min. extractions to which anhydrous aluminium 
chloride was added and allowed to react for 30 min., before the 
spot was made. a, Sour orange (Brazilian); 6, grapefruit (Dun- 
can): č, sweet orange (Koethen); d, tangelo (Sampson); 
e, mandarin (Cleopatra): J, roupa lemon: g, trifoliate; A ecit- 
range (Troyer) 


stocks that are used commercially in California. 
The eight varieties are: sour orange (Citrus auran- 
tium ‘Brazilian’); grapefruit (C, paradisi “Duncan’) ; 
sweet orange (C. sinensis ‘Koethen’), tangelo ‘Samp- 
son’, a hybrid of the tangerine ‘Dancy’ and grape- 
fruit; mandarin (C. reticulata ‘Cleopatra’); rough 
lemon (C. limon, considered by some to be a hybrid) ; 
trifoliate orange (Poncirus trifoliata); and ‘Troyer’ 
citrange, a bigeneric hybrid between navel orange — 
(C. sinensis) and the trifoliate orange (P. trifoliata). 
The roots used were obtained from the experi- . 
mental Valencia orange orchard of the University of | 
California at Riverside, California, through the — 
courtesy of Dr. W. P. Bitters. Each rootstock had- 
been propagated by ‘nucellar’ seedlings. All the 
trees were thirty years old except for the Troyer 


-citranges that were planted in 1944. 


“The method described here compares. the spots. | 
made on filter paper by drops of extracts of unknown 


Under long-wave ultra-violet light (3650 A.) the spots 


fluoresce and display distinctive concentric yellow, — ee 
brown and green circles. Fig. 1 indicates in black > 
and white some of the distinguishing differences. | 


Of the thirty-three solvents tested, dimethoxy- = 
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described in (1) below. Complete identification of 
all of the rootstocks was not attained by using 
dimethoxypropane alone; so the extractions were 
subjected to reactions with salts of heavy metals. Of 
the thirty-six salts tried, anhydrous aluminium 
chloride, when used with dimethoxypropane, was the 
best. See (2) below. 

(1) Freshly dug roots, ł in. diam. and larger, are 
washed free of dirt and wiped dry. The bark is cut 
through to the cambium and into pieces } in. square 
and smaller. 10 gm. of the fresh bark are placed 
in a bottle. 15 ml. of 2,2-dimethoxypropane 98 per 
cent (Dow Chemical Co.) are added, and the mixture 
is allowed to stand for 30 min. at room temperature. 
Then single drops of the extraction are placed with a 
medicine dropper on a sheet of Whatman No. 1 
filter paper. It will be noticed in Fig. 1 that the 
two left-hand vertical columns of spots represent the 
30-min. extractions of the eight varieties of root- 
stocks. The two right-hand columns of spots were 
made by following the procedure described in the 
next paragraph. 

(2) Arrange a series of clean, dry, 10mm. X 75 mm. 
test-tubes, one tube for each rootstock. In each 
tube place 0-1 gm. of anhydrous aluminium chloride. 
This should be done ahead of time so that, imme- 
diately following step (1), 1:5 ml. of each of the 
30-min. extractions may be added separately to 
0-1 gm. of the aluminium chloride. Shake the tubes 
and allow them to stand for 30 min. At the end of 
that time single drops of the supernatant fluid in 
each test-tube are placed on the filter paper in the 
two right-hand columns. The spots should be 
allowed to dry thoroughly before comparisons are 
made between the known and unknown varieties. 

The spots tend to deteriorate in a day or two. 
Precautions should be taken to prevent the spots on 
one sheet from spoiling those on other sheets which 
may be piled on top or below by inserting each 
sheet between a folded piece of wax-paper. 

Unused roots may be kept for 2 or 3 days in plastic 
bags in a refrigerator at 4° C. or less. One batch 
of roots was kept in a food freezer at 0° C. for 34 
months. The fluorescent spots of all of the varieties 
were within the usual range of colours except for the 
sweet rootstocks. 

I wish to express my thanks to Dr. W. P. Bitters, 
Mr. Robert Hepler and Mr. James L. Jones. 


RAYMOND M. SELLE 
Department of Biology, 
Occidental College, 
Los Angeles. 
1 Halma, F. F., and Haas, A. R. O., Plant Physiol., 4, 265 (1929). 
2 Masters, L. C., Citrus Leaves, 28, 21 (1948). 
3 Selle, Raymond M., Citrus Leaves, 24, 34 (1954). 
‘Selle, Raymond M., Nature, 174, 140 (1954). 


Perceptual Stability of a Stroboscopically Lit 
Visual Field containing Self-Luminous Objects 


Ir is a familiar observation that when the retinal 
image is displaced as a result of an externally forced 
rotation of the eyeball (for example, by light sideways 
pressure with the finger), the visual world appears to 
move; whereas when the same rotation is produced 
voluntarily the visual world remains stable. This 
stability is often attributed to some (as yet unknown) 
process by which the effects of retinal change are 
thought to be accurately compensated or cancelled 
out during voluntary movement. 
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In the course of experiments designed to explore 
a different hypothesist, a rather striking phenomenon 
has been observed. If a room containing self-luminous 
objects (such as the cathodes of thermionic valves) is 
lit stroboscopically, it is found that at rates of flash 
down to some 15 per sec. the effects of pressing the 
eyeball intermittently (say, twice per sec.) and 
very lightly, are similar to those in ordinary light. 
At rates of some 5 or 6 per sec., however, a remark- 
able disparity is observed between the apparent 
motion of the self-luminous objects and that of the 
vest of the room. The glowing cathode of a valve, 
for example, appears to move whereas its envelope 
remains at rest, although surprisingly enough their 
relative positions can be clearly seen to be unaltered. 
A similar violent perceptual disturbance occurs with 
an artificial nystagmus, induced, for example, by 
first rotating the observer rapidly about a vertical 
axis with his eyes closed. The effect seems insensitive 
to level of illumination over the range used (0-3-3 
Joules per flash), and has been described in similar 
terms by all of some fifty observers to date. To 
by-pass speculations invoking distortion of the eye- 
ball, it may be said that the same disturbance occurs 
when the retinal image is displaced by moving a 
prism or mirror before the eye. 

The apparent movement of the self-luminous 
objects would seem to be interpretable as the normal 
result of involuntary displacement of their retinal 
image, since that image is thrown continuously upon 
the retina. What is at first sight surprising (especially 
on any theory of ‘compensation’) is the relative 
stability of the stroboscopically lit room. It seems 
clear that a discontinuous displacement of the retinal 
image is not so powerful a stimulus for the perception 
of world-movement as when continuous motion pro- 
duces the same displacement. If the eyeball is lightly 
pressed and held in its new position, the strobo- 
scopically lit field is seen to move sluggishly to ‘catch 
up’ with the self-luminous objects, requiring several 
flashes to do so. The interesting conclusion suggested 
is that the magnitude of perceived movement is a 
function of the amount of information (in the tech- 
nical sense) supplied by the retinal image, rather 
than of the magnitude of its displacement. 

Two related observations seem to support this 
tentative conclusion. First, even in normal light the 
motion perceived during involuntary rotation of the 
eyeball seems to most observers to be greater in the 
central than in the peripheral parts of the field. This 
again suggests that the greater density of foveal 
information is transformed into a greater magnitude 
of perceived motion. Secondly, when a retinal image 
of radial lines (such as my ‘ray’ figure?) is involuntarily 
displaced, the normal apparent movement of the 
centre is accompanied by a fanwise movement of 
the rays lying nearest to the line of motion. The 
pattern appears to open out, as if on a distended 
rubber sheet, on the side away from which the centre 
moves, and to contract on the opposite side. The 
effect is suppressed if a line is drawn across the 
pattern at right angles to the rays concerned. The 
suggested inference is again that the magnitude of 
motion perceived is greater in those directions in 
which more information is generated by the retinal 
displacement. 

The foregoing observations afford some encouraging 
confirmation of the hypothesis I have put forward’— 
this having, for once, had the good fortune to be 
advanced ahead of them on theoretical grounds. 
Briefly, the argument is that if perception is the 
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adaptive ‘keeping up to date’ of an organism's state 
of organization for activity in its world®, then what 
requires informational justification is not the main- 
tenance of stability but the perception of change. 
The internal state of organization, which implicitly 
represents the perceived world, should remain un- 
altered unless sufficient information (in the technical 
sense) arrives to justify a change, by indicating that 
the current state of organization is significantly mis- 
matched to the state of affairs sampled by the 
receptor system’. 

Thus the retinal changes resulting from voluntary 
movement evoke no perception of world-motion, 
because they are not an awkward consequence to be 
compensated, but part of the goal to be achieved. 
If these changes are prevented from occurring, for 
example by stabilizing the retinal image, the absence 
of retinal change evokes an impression of movement. 

From this point of view, all the anomalies reported 
above make some sense as evidence that: (a) per- 
ceptive activity is relatively detached from that of 
the receptor system; (b) in sampling the receptor 
field, the perceptive system is relatively insensitive 
to the position of the image, and demands a com- 
bination of evidence exceeding some ‘threshold of 
significance’ before it responds by the perception 
of a change; (e) the strength of the impression of 
change depends on the total amount of information 
validating a change in the state of organization— 
in other words, it depends on the informational 
weight attached to discrepant samples from the 
receptor system; (d) the change perceived, however 
surprising to the observer, is always the most 
parsimonious which will match the discrepant in- 
formation ; perception would appear to be organized 
on the conservative principle of a null-hypothesis. 


D. M. MacKay 


Physics Department, 
King’s College, 
London, W.C.2. 

Des. 19. 


1 MacKay, D. M., “Some Perceptual Problems in Terms of Information- 
Flow”: paper read at the Cambridge Conference on Thinking, 
1955. A development of the theory was presented at the 15t 
International Congress of Psychology, August 1957, wader the 
title “The Stability of the Visual World during Voluntary Act- 
ivity”, and will be published shortly. 

* MacKay, D. M., Nature, 180, 849 (1957). 

3 MacKay, D. M., Brit. J. Psychol., 42, 30 (1956). 

4 MacKay, D. M., Brit. J. Phil. Sei., 2, 114 (1951); cf. von Holst, B., 
Brit. J. Animal Behav., 2, 89 (1954). 


Sub-aerial Volcanicity in Snowdonia 


EXTENSIVE recent work in south-central Lleyn 
(F. J. F.), Beddgelert (N. R.) and the pass of Llanberis 
(F. J. F. and N. R.), supplemented by observations 
from the pass of Aberglaslyn (R. V. B.) warrants a 
new interpretation of Snowdonian volcanics of 
mid-Ordovician age. 

It appears now that the acid voleanics of Snowdonia 


exhibit many phenomena found in areas where. 


‘recent volcanicity has been in progress (for example, 
New Zealand, Alaske). Four main features of 
Snowdonian volcanics are worthy of emphasis. (1) The 
bulk of the volcanics consist of ignimbrites or welded 
tuffs. A wide variety of these rocks are found ranging 
from fine dusty varieties (National Grid No. 
SH 25763509) to coarse welded agglomerates 
(SH (2)632(3)563). The general absence of bedding and 
the widespread presence of flattened vesicles in these 
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rocks is suggestive of sub-aerial rather than sub- 
marine deposition of the glowing avalanches. Fre- 
quent vertical explosive shoots and tuff pipes travers- 
ing the ignimbrites are now recognized (for example, 
S'H2)593(g)525). The tuff pipes are probably pro- 
duced by fumarolic action similar to that recorded 
from the Valley of Ten Thousands Smokes, Alaska. 

(2) In many cases extrusion of basic lavas preceded 
the deposition of welded tuffs. Well-preserved top 
aurfaces of ropy Java have been found suggesting that 
the top of the flow was sub-serial. Since these lavas 
are often blocky or even pillowy st their lower boun- 
dary, where they are often mixed with muddy 
sediments, & transition from sub-marine to sub-acrial 
conditions must have taken place during their extru- 
sion. The basic lavas have been mapped by H. 
Williams? as deformed dolerites. 

(3) The acid deposits often contain rocks previously 
called ‘the nodular rhyolites’. There are several 
varieties of ‘nodular rhyolites’, each originating m a 
different way. For example, some of the so-called 
‘nodular rhyolites’ near Beddgelert are spherical 
bodies of medium grain welded tuff in a matrix of 
a fine grain welded tuff. 

(4) Near Pont y Gromlech in the pass of Llanberis 
a voleanic centre has been recently identified. West 
of Pont y Gromlech a vent of agglomerate 
(SH (2)623(3)565) traverses the grits and slates of the 
Gwastadnant Group terminating in the Lower 
Rhyolite Tuff. Hereabouts, the main volcanic 
sequence is underlain by deposits consisting of large 
boulders of grit, slate and voleanic material in muddy 
or silicified matrix. These deposits seem to represent 
noud-flows (lahars), which preceded the main Snow- 
donian ignimbrites. 

The presenco of welded tuffs in Snowdonia was 
first recorded by Oliver®, who identified as such a 
thin section from Capel Curig. Our work suggests 
that the bulk of Snowdonian acid volcanics are welded 
tuffs' with subsidiary basic lavas. If so, then the 
thickness of such deposits has no direct bearing on 
the proximity to the volcanic centres, since the modern 
welded tuffs are known to thicken in the pre-existing 
topographic hollows (for example, see Enlows*). That 
the main Snowdonian ignimbrites were deposited on 
an irregular surface possessing such hollows has been 
now proved by detailed mapping of the well-exposed 
lower boundary of the Lower Rhyolite Tuff near the 
Pen-y-pass Hotel, Pass of Llanberis. 

In so far as their mode of extrusion is concerned, 
accumulating evidence suggests that the Snowdonian 
voleanics were derived from numerous small sub- 
aerial explosive vents, such as have been recognized 
in the Pass of Llanberis and in Lleyn. These vents 
are associated with intrusive rhyolites but, contrary 
to Matley’st opinion, not with granophyre or miero- 
granite intrusions. 


N. Rast 
R. V. Bravon 

Geology Department, 

University College of Wales, 
Aberystwyth. 

E. J. Frrou 

Geology Department, 

Birkbeck College, 
London. 


t Williams, H., Quart. J. Geol. Soc., 83, 346 (1927). 

3 Oliver, R. L., Geol. Mag., 91, 473 (1954). 

? Enlows, H. E., Bull. Geol. Soc. Amer., 66, 1216: (1955). 
t Matley, C. A., Quart. J. Geol. Soe., 94, 555 (1988). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, February !7 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 
San A 6 p.m.—Mr. A. Stephenson: “Surveying and the Modern 
xp on”. : 


ROYAL INSTITUTION, LIBRARY OIROLE (at 21 Albemarle Street, 
London, W.1), at 5.30 p.m.—Mr. S. Rees Jones: “The Painter's 
Eye—a Talk on Science and Painting”. 


UNIVERSITY OF LONDON (at Birkbeck College, Malet Street, London, 
W.C.1), at 5.45 p.m.—Dr. J. A. Kitching: “Physiological Mechanisms 
in the Protozoa”’.* (Further lectures on February 19 and 21.) 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP and CORROSION 
GROUP (at 14 Belgrave Square, London, §.W.1), at 6 px -—Mr. R. J. 
Courshee: “Corrosion of Spraying and Dusting Machinery”. 


BRITISH COMPUTER SocrETY (at York Hall, Caxton Hall, West- 
minster, London, S.W.1), at 6.15 p.m.—Prof. A. ©. Aitken: “Mental 
Arithmetic, an Historical Review with Demonstrations”. 


INSTITUTE of METAL FINISHING (at the Royal Society of Tropical 
Medicine and Hygiene, 26 Portland Place, London, W.1), at 6.30 p.m. 
—Mr. A. R. Thompson: ‘Health Hazards Associated with Metals 
Affecting the Finisher”. 3 


SOOIETY OF COSMETIO CHEMISTS OF GREAT BRITAIN (at the Royal 
Society of Arts, John Adam Street, Adelphi, London, W.C.2), at 
7.30 p.m.—Mr. W. C. Botfeld: “Perfumery”. 


Tuesday, February 18 


BEDFORD COLLEGE (at Regent’s Park, London, N.W.1), at 5.15 p.m. 
—Dr. W, Grey Walter: “The Physiology of Mentallty”.* 


UNIVERSITY COLLEGE, LONDON (in the Physiology Theatre, Gower 
Street, London, W.C.1), at 5.16 p.m.—Dr. C. A. G. Wiersma (Cali- 
fornia Institute of Technology): ‘Comparative Physiology of 
Crustacean Neuro-Muscular Systems’’.* 


IMPERIAL COLLEGE (in the Main Chemistry Lecture Theatre, Im erial 
Institute Road, London, 8.W.7), at 5.30 Bae tie .F. D. Richardson : 
pie Changing World of the Extraction Metalurgist” (Inaugural 

ecture). 


INSTITUTE OF PHYSICS, ELECTRONICS GROUP oe 47 Belgrave Square, 
London, §.W.1), at 5.80 p.m.—Dr. J. E. Flood: “Electronic Devices 
in Telephony”. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
ATD at 5.30 p.m.—Mr. H. C. Husband: “Jodrell Bank Radio 
elescope”’. ° 


INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CoNTROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Dr. CO. D. Mee: “Magnetic Tape for Data Recording”. 


Soormty FOR ANALYTIOAL CHEMISTRY, PHYSICAL METHODS GROUP 
(at the Chemical Soclety, Burlington House, Piccadilly, London, 
W.1), at 6.80 p.m.—Meeting on “Solid Source Mass Spectrometry”. 


OIL AND COLOUR CHEMISTS’ ASSOCIATION (at the Royal Soclety of 
Tropical Medicine and Hygiene, Manson House, 26 Portland Place, 
London, W.1), at 7 p.m.—Mr. F. Schollick: “Some Aspects of Amino 
Coating Resins”. 


ROYAL AERONAUTICAL SOCIETY (at 4 Hamilton Place, London, 
W.1), at 7 p.m—Mr. E. G. Broadbent: ‘Aeroelastic Problems 
associated with High Speeds and High Temperature”. 


Woo. EDUCATION Society (at the Royal Institution, 21 Albemarle 
Sorgar, Tondon, W.1),at 7 pm.—Mr. H. B. Carter: “Science and the 
ol Grower”. 


BRITISH GLACIOLOGICAL SOOTY (joint meeting with the CHALL- 
ENGER SOCIETY, at tho Royal Astronomical Society, Burlington House, 
Piccadilly, London, W.1), at 7.30 p.m.—Dr. Erkki Palosuo : “Jea 
Ice Prediction Techniques in the Baltic”. 


Wednesday, February 19 


ROYAL SOCIETY or ARTS (at John Adam Street, Adelphi, London, 
W.0.2), at 2.80 p.m.—Mr. J. E. P. Dunning: “Rocket ropulsion”’. 


_ EUGENICS SOCIETY (at Manson House, 26 Portland Place, London, 
W.1), at 5 p.m.—Prof. Aubrey Lewis: “Fertility and Mental Dis- 
order’* (Galton Lecture). 


ROYAL METEOROLOGIOAL SOOIETY (at 49 Cromwell Road, London, 
pega at 6 p.m.—Mr. G. A. Corby and Mr. J. A. Sawyer: “The 
Air Flow Over a Ridge—the Effects of the Upper Boundary and 
High-level”: Mr. C. E. Wallington and Mr. J. Portnall: “A Num- 
erical Study of the Wave-length and Amplitude of Lee Waves”. 


ROYAL STATISTICAL SoommTy (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street London, W.C.1), 
at 5.16 p.m.—Prof. M. G. Kendall: “Research in Statistics”. 


INSTITUTE oF FUEL (at the Institution of Civil Engineers, Great 
George Street, London, S.W.1), at 5.30 p.m.—Sir Christopher Hinton, 
F.B.8.: “Nuclear Power Development—Some Experiences of the 
First Ten Years”* (Melchett Lecture for 1957). 


INSTITUTION OF ELEOTRIOAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 

. L. C. Jesty: “The Relation Between Picture Size, Viewing 
Distance and Picture Quality with special reference to Colour Tele- 
vision and to Spot Wobble Techniques”. 
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INSTITUTE OF PHYSIOS, LONDON AND HOME COUNTIES BRANCH 
ie 47 Belgrave Square, London, S.W.1), at 6 p.m.—Annual General 

eeting, followed by Dr. A. H. Willbourn : ‘High Polymer Properties 
and Structure”. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, S.W.1), at 6 p.m.—Scientific Papers. 


ROYAL INSTITUTE oF CHEMISTRY, LONDON SECTION (at the Royal 
Institution, 21 Albemarle Street, London, W.1), at 6.30 .m.—Prof. 
Arne Tiselius, For.Mem.R.S. (University of Uppsala): “Purity and 
Purification of Chemical Substances” (First Humphry Davy Lecture). 


SooreTy FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS 
GROUP (in the restaurant room of “The Feathers”, Tudor Street, 
London, E.0.4), at 6.30 p.m.—Disoussion Meeting on “The Stage at 
which a- Biological Assay Can be Replaced”, introduced by Mr. 
W. L. M. Perry. 


Thursday, February 20 


ROYAL SoorETY (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Prof. R. E. Peierls, F.R.S., Dr. D. H. Wilkinson, F.R.S., 
ane ht W. E. Burcham, F.R.S.: “Recent Advances in Nuclear 

ysics”. ; 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society, Burlington House, Piccadilly, London, W.1), at 6 p.m.— 
General Meeting. 


LONDON MATHEMATICAL Socrery (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
Dr. J. W. Milnor: “Groups Which Act on S” Without Fixed Points”. 


SOOIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S.W.1), at 6 p.m.—Mr. J. H. 
Welch: “Direct Observation of High-Temperature Processes with the 
Microscope”. 


ROYAL Socrery oF TROPICAL MEDICINE AND HYGIENE (at Manson 
House, 26 Portland Place, London, W.1), at 7.30 p.m.—Prof. B. 8. 
Platt: ‘Malnutrition and Pathogenesis of Zymotic Diseases”. 


Friday, February 2l 


BRITISH PSYCHOLOGIOAL SOCIETY, INDUSTRIAL SECTION (in the 
Department of sieht aie Birkbeck College, Malet Street, London, 
W.O.1), at 1 p.m.—Dr. N. H. Mackworth: “The Television Eye- 
marker” (Chairman’s Address). 


INSTITUTH OF PHYSICS, APPLIED SPECTROSCOPY GROUP (at 47 
Belgrave Square, London, S.W.1), at 3 p.m.—Meeting on “X-Ray 
Fluorescence”. : 


ROYAL ASTRONOMICAL SOOIETY (at Burlington House, Piccadilly, 
London, W.1), at 4.15 p.m.—Geophysical Discussion on ‘The Transi- 
tion from the Ionosphere to Interplanetary Space”. Ohairman : Mr. 
J. A. Ratcliffe, F.R.S. Speakers: Prof. Sydney Chapman, F.R.S., 
Dr. D. E. Blackwell, Dr. J. V. Evans and Dr. A. Hewish. 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8.W.7), at 5.15 p.m.—Air Commodore 
R. T. Gething, O.B.E., A.F.C.: “Air Search and Rescue Problems”. 


BRITISH INSTITUTE OF RADIOLOGY, incorporated with the Röntgen 
Society (in the Reid-Knox Hall, 32 Welbeck Street, London, W.1), 
at 5.30 p.m.—Papers on “Recent British Gamma Ray Beam Units”. 
Speakers: Mr. T. Ashton, Mr. G. 8. Innes, Mr. R. G. Wood, Dr. 
J. R. Clarkson and Mr. J. C. Jones. 


NORTA EAST COAST INSTITUTION OF ENGINEERS AND SHIPBUILDERS, 
(in the Lecture Theatre of the Mining Institute, Neville Hall, New- 
castle-upon-Tyne), at 6.15 p.m.—Mr. D. Firth: “The History and 
Development of Hydraulic Transmissions for Marine Propulsion”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Prof. Alexander Haddow : “Cancer Research—Its History 
and Prospects”. 


Saturday, February 22 


ASSOCIATION OF CLINICAL BIOOHEMISTS, SOUTHERN REGION (at 
King’s College Hospital Medical School, Denmark Hill, London, 
§.E.5), at 2 p.m.—Scientific Papers. 4.15 p.m.—Demonstrations by 
Staff of the Department of Chemical Pathology, King’s College Hospital. 


~ 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

PRINCIPAL LECTURER (with high qualifications in hysiology and 
preferably some experience as & university teatu IN ANATOMY 
AND PHYSIOLOGY—The Principal, Loughborough Training College, 
Loughborough (February 21). 

ASSISTANT LECTURER or LECTURER IN APPLIED MATHEMATICS— 
The Secretary, The University, Exeter (february 22). 

SCLRNTIFIO OFFICER (with an honours degree in zoology) IN THE 
NEMATOLOGY DxePaRTMENT—The Secretary, Rothamsted Experi- 
mental Station, Harpenden, Herts (February 22). 

ASSISTANT LECTURER IN ORGANIO CHEMISTRY; an ASSISTANT 
LECTURER IN PURE or APPLIED MATHEMATICS; and an ASSISTANT 
LECTURER IN PHysios—The Secretary, Queen Elizabeth College 
CUalneteley of London), Campden Hill Road, London, W.8 (February 


8). 
ener LEOTURERS (2) (honours graduates, with some research 
experience in physical, inorganic or Eome chemistry) IN 
CHEMISTRY —The Secretary, Bedford College (University of London), 
Regent’s Park, London, N.W.1 (February 28). 
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ENTOMOLOGIST (with a good honours degree and a keen interest in 
applied entomology), to develop and apply laboratory einigur for 
investigating the biological activity of insecticides and spray deposits 
—The Secretary, Bast Malling Research Station, near Maidstone, 
Kent (February 28). ; 

SENIOR LEOTURER IN MEDIOINE at the University of Hong Kong— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Hong Kon , February 28). 

CONSULTANT BIOMETRIGIAN (fully qualified) with the Government 
of the Federation of Rhodesia and Nyasaland, for duties which include 
the design of experiments in all phases of agriculture and animal 
husbandry research and the analysis of data and related statistical 
practice—The Secretary (R), Rhodesia House, 429 Strand, London, 
W.C.2 (March 1). 

SENIOR LECTURER or LECTURER IN THE DEPARTMENT OF SURGIOAL 
SOIENCE—The Secretary, The University, Edinburgh (March 1). 

LECTURER or ASSISTANT LECTURER IN THE HISTORY AND PHILOSOPHY 
OF ScrENCE—The Registrar, The University, Leeds 2 (March 10). 

CHAIR OF EDUCATION in the University College of Ghana—The 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W.C.1 (March 12). 

ASSISTANT LEOTURER IN ORGANIC CHEMISTRY—The Secretary, 
The Queen’s University, Belfast (March 15). ; 

ASSISTANT LECTURER (with a special interest and qualifications in 
petrology, and research experience, preferably in either geochemistry, 
ore mineralogy or structural geology) IN GEoLoGy—The Secretary, 
University College, Gower Street, London, W.C.1 (March ae 

CHAIR OF GEOLOGY—The Secretary and Registrar, The University, 
Southampton (March 15). . 

LECTURER IN AGRIQULTURAL ENTOMOLOGY at the University 
College of Ghana—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1 (March 15), 

LECTURER IN NATURAL PHTLOSOPHY—ELEOTRONICS—The Secre- 
tary, The University, Aberdeen (March 15). 

PROFESSOR AND OF THE DEPARTMENT OF GEOLOGY at the 
Memorial University of Newfoundland, St. John’s, Newfoundland, 
Canada—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Canada, March 15), 

OLOGIST (graduate in either science or medicine and with a 
sound knowledge of immunology) IN THE DEPARTMENT OF SURGICAL 
SCIENCE, to work on problems of transplantation immunity under 
the general direction of the Professor—The Secretary, The University, 
Edinburgh (March 31). 

IMPERIAL CHEMICAL INDUSTRIES RESEAROH FELLOWS IN CHEMISTRY, 
CIVIL ENGINEERING or PHYsIos—The Registrar, Trinity College, 
Dublin (March 31). 

PROFESSOR OF PREVENTIVE AND SOCIAL MEDICINE at the University 
of Otago, Dunedin, New Zealand—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (New Zealand, March 31). 

ASSISTANT, Grade B (with a good honours de 6e) FOR MATHE- 
MATIOS—The Clerk to the Governors, South-East Essex Technical 
College, Longbridge Road, Dagenham, Essex. 

ASSISTANT LEOTURER IN METALLURGY IN THE DEPARTMENT OF 
Sioa ENGINEERING—The Principal, Royal Technical College, 

alford 5. 

ASSISTANT LECTURER IN PHYSICOS—The Registrar, The University, 
Nottingham, 

ASSISTANT (preferably with experience of biochemical or genetic 
techniques in microbiology) for research on the mode of action of anti- 
tuberculous drugs—The Secretary, Guy’s Hospital Medical School, 
London Bridge, S.E.1. 

ASSISTANT SEISMOLOGIST (with an honours degree in physics or 
in geology with physics to degree standard, and preferably with 
research experience in geophysics) at the Imperial College of Tropical 
Agriculture, Trinidad, British West Indies—The Secretary, I.C.T.A., 
40 Norfolk Street, London, W.C.2. 

CHEMISTS (with an honours degree), to join a team working on 
the surface chemistry of carbon and graphite, particularly in relation 
to the reactivity of these materials with gaseous coolants at elevated 
temperatures—The Recruitment Officer (1022/34), Atomic Energy 
Research Establishment, Harwell, Didcot, Berks. 

EXPERIMENTAL OFFICER (with a degree in chemistry or agricultural 
chemistry, or equivalent guationtlons) to carry out chemical analyses 
of soils and plants—The Secretary, Rothamsted Experimental Station, 
Harpenden, Herts. 

WELL RESEAROH FELLOWS (JUNIOR and SENIOR) (with at least 
two or three years postgraduate experience), for research in Chem- 
istry, Mathematical Physics, Chemical Engineering, Physics, Metal- 
lurgy, Biochemistry and Food Technology—Group Recruitment 
Officer (1058/2), Atomic Energy ‘JResearch Establishment, Harwell, 
Didcot, Berks. 

HOSPITAL BIOGHEMIST (Senior grade}—The Group Secretary, 
Cardiff Hospital Management Committee, 44 Cathedral Road, Cardiff. 

PROTEIN CHEMIST or PHYSICIST (preferably Ph.D. or with equivalent 
research experience), to work on immunological problems—The Secre- 
tary, The Wright-Fieming Institute of Microbiology, St. Mary's 
Hospital Medical School, Paddington, London, W.2. 

READER IN WOOL TECHNOLOGY: READER IN MAN-MADE FIBRES 
AND TEXTILE CHEMISTRY; READER IN HIGH POLYMER CHEMISTRY ; 
READER IN COLOUR CHEMISTRY ; READER IN MEOHANIOAL OR PRO- 
DUOTION ENGINEERING; READER IN ELEOTRIOAL ENGINEERING : 
and a READER IN PHARMAOBUTIOS—-The Principal, Institute of 
Technology, Bradford 7. 

SOIENTIFIO OFFICER (with a good honours degree in natural science, 
preferably zoology, with two years postgraduate training or experience 
in scientific research) IN THE JOINT FISHERIES RESEAROH ORGANIZA- 
TION, Northern Rhodesia, to undertake research as may be required 
into any aspect of freshwater biology, fsh and fisheries in Northern 
Rhodesia and Nyasaland--The Director of Recruitment, Colonial 
Office, London, 8.W.1, quoting BCD.87/3/01. 

a UNIOR CHEMISTRY MASTER—The Headmaster, Malvern College, 
ores. 

SENIOR LECTURER IN MATHEMATIOS : SENIOR LECTURER IN PHYSIOS ; 
SENIOR LECTURER IN INDUSTRIAL ADMINISTRATION ; SENIOR LRO- 
TURERS (2) IN PHARMACEUTICS ; SENIOR LECTURER IN PHARMACOLOGY ; 
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LECTURER IN CHEMIGAL ENGINEERING: LECTURERS (2) IN CIVIL 
ENGINEERING ; and a LECTURER IN PHYS!os—-The Principal, Institut ¢ 
of Technology, Bradford 7. 

VICE-PRINOIPAL (with good academic qualifications and admin- 
istrative experience, prororably in advanced technological education) 
—The Principal, Institute of Technology, Bradford 7. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Jreland 


Institution of Gas Engineers. Publication No. 511: 18th Report 
of the Chairman’s Technical Committee, 1956-57. Pp. 26. Publica- 
tion No. 512 : 34th Report of the Gas Education Committee, 1956-57, 
Pp. 28. Publication No. 513: The Future of Nuclear Power. By 
Dr. J. V. Dunworth. Pp.21. Publication No. 614: The Gas Integrale 
Plant at Kensal Green. By A. F. Grant and 0. H. Lewis. Pp. 88, 
Publication No. 515: The Use of Light Petroleum Distillate for Gas 
Making. By E. R. Ward. Pp. 15. Publication No. 516: Highth 
Arthur Duckham Research Fellowship Report, 1955-56. By D. 
Fitzgerald. Pp. 42. Publication No. 517: Investigations Into the 


‘Stress-Corrosion Cracking in Welded Gas Plant (Concluding Report). 


Submitted by the British Welding Research Association. Pp. 16. 
Publication No. 518: The Shellhaven-Romford Refinery Gas Pipeline 
of the North Thames Gas Board. By A. D. L. Copp. Pp. 23. Publica- 
tion No. 519: Official Programme; 28rd Autumn Research Meeting, 
London, 19th and 20th November, 1957. Pp. 8. (London: Institu- 
tion of Gas Engineers, 1957.) [2511 

Ageing on the Factory Floor : The Production of Domestic Furniture 
—an Inquiry made through Works Records and Work Descriptions 
into the Prospects of Ageing Men within a Mechanized Industry. 
By F. Le Gros Clark. (Studies of Ageing Within the Conditions of 
Modern Industry.) Pp. 36. (London: The Nuffield Foundation, 


1957.) 2511 
Year Book of the Physical Society, 1957. Pp. iv +132. an. 
The Physical Society, 1957.) 128. éd. [2511 
Imperial Institute Commodity Leaflets (New Series). No, 29: 


haleg and Whaling. Pp. 4. (London: Imperial Institute, 1957.) 


[21 


Other Countries 


Bulletin of the American Museum of Natural History. Vol. 118, 
Article 5: Natal Plumages and Downy Pteryloses of Passerine Birds 
of North America. By Prof. David Kenneth Wetherbee. Pp. 339-436 
--plates 6and 7. (New York: American Museum of N. atural History, 
eae 2 dollars, (2511 

United States Department of the Interior: Geological Survey. 
Bulletin 1019-7: Annotated Bibliography and Index Map of Salt 
Deposits in the United States. By Walter B. Lang. Pp. iti+715- 
753 +plate 4. 60 cents. Bulletin 1036-M: Model 54 Transmission 
and Reflection Fluorimeter for Determination of Uranium with 
Adaptation to Field Use. By Ernest E. Parshall and Lewis F. Rader, 
Jr. Pp. iii +221-251+plate 3. 60 cents. Bulletin 1045-0: Core Logs 
San Bernardino County, Culifornia. 


F. C. Arms 
Bulletin 1046-D: Uranium Resources of the San Rafael District 
Emery County . Johnson, 
Jr. Pp. tit+37-54+plate 2. 40 cents. Bulletin 1050-1: tre 
Spotted Horse Coalfield, Sherfdan and Campbell Counties, Wyoming. 
n.p. Bulletin 1068-A : 
Sra tipraphlo and Structural Controls of Uranium Deposits on Long 
Moun ain, South Dakota. By William A. Braddock, : Pp. lil+11+4 
plates. 
April-June, 1957. 
Vesselowsky, andothers. Pp.tii+95-190. 
The Gold Pan as a Quantitative Geologic Tool. 
Jr. Pp.iii+54. 26 cents. (Washington, D.C.: 
Office, 1957.) À [251 
United States Department of the Interior: Geological Survey. 
Water-Supply Taper 1388 : Surface Water Supply of the United States, 
1955. Part 5: Hudson Bay and Upper Mississippi River Basins. 
Prepared under the direction of J. V. B. Wells. Pp. xii+548. 1.75 
dollars. Water-Supply Paper 1398: Surface Water Supply of the 
United States, 1955. Part 14: Pacific Slope Basins in Oregon and 
Lower Columbia River Basin. Prepared under the direction of J. V, B. 
Wells. Pp. viii+279. 1 dollar. Maver Supply Paper 1413: Geolo 
and Ground-Water Resources of Kitcat ounty, Washington. y 
Jack E. Sceva. Pp. vi+178+3 plates. n.p. (W gton, D.C.: 
Government Printing Office, 1957.) [2511 
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Formula for 
Computer 
Efficiency... 


‘FERRAMIC’ FERRITE 
CORES AND ASSEMBLIES 


Plessey ‘Ferramic’ Square Loop Ferrite Cores and Assem- 


blies ease design problems and ensure maximum efficiency 


in high speed digital computers. They are available in 


two types of graded material—designated S1, and 53. 


‘Ferramic’ S| material is notable for the tight limits 
towhich top-grade cores are 100% tested, for high operating 
speeds, high output voltages on switching, and low values 
of noise voltage output. 


‘Ferramic’ S3 material obviates the need for ultra- 
small cores where lower operating current is used and where 
the high speeds of: Sı material are not required. 


WA 
Cores in ‘Ferramic’ $1 and S3 are now available in eight 
; < 
sizes ranging from 0.450” to 0.375" o.d. 


. t Í 
Matrix Stores Tiiese can be madeto customers’ designs, 
or Plessey preferred \patterns can be supplied. Plessey 
specialise in transistor driven types using 0.050” o.d. cores. 


Transfluxors Multitaperture cores are available for 
flip-flop circuits, non-des “ructive read-out stores and many 
other applications. y 


Plessey 





NATURE 





' TELEPHONE: TOWCESTER 312 


Overseas Sales Organization: Plessey International Limited 
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“ 32X32 
Self Lead Matrix 


Logical and Switching Units Available in Sx or S3 
material as required by customers. As many asten windings 
with atotal of 400 turns can be provided on o. 120” o.d. cores. 
All units are encapsulated in Polyester or epoxy resin with 
terminations as required. 


The Company’s Technical Representatives will gladly discuss 
Design Engineers’ requirements and invite applications for 
samples, and of course publications:- Data Sheet 6044 (‘Ferramic’ 
Sr Square Loop Ferrites); Advance Information Sheet 936 
(‘Ferramic’ $3 Square Loop Ferrites); and Advance Information 
Sheet 938 (Magnetic Memory Planes). 


Wouna 
assembly 
using Square 
Loop Core 


CHEMICAL & METALLURGICAL DIVISION * COMPONENTS GROUP 
: THE PLESSEY COMPANY LIMITED ° WOOD BURCOTE WAY : TOWCESTER ° NORTHANTS 


liford Essex England Tel: Ilford Ssi 





— 
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LECTURES AND COURSES 


UNIVERSITY OF LONDON 


KING’S COLLEGE 
CHEMICAL ENGINEERING 

Applications for places next October in the 
postgraduate one-year course for the College 
Diploma should reach the Registrar, from whom 
particulars and forms may be obtained, by 
March 15. 

The College offers Shell Studentships of the 
value of £375, with free tuition and examination 
fees. Applications for these should also be in 
by March 15. 

This course is approved by the D.S.1.R. for 
Advanced Course Studentships. Applicants Ín- 
terested in these should inform the Registrar of 
the College by February 24. 

King’s College London, 

Strand, W.C.2. 


ee E rea 
WELSH COLLEGE OF ADVANCED 


TECHNOLOGY 


CATHAYS PARK, CARDIFF 
ASSOCIATESHIP SANDWICH COURSE IN 
APPLIED PHYSICS 
A four-year Sandwich Course, leading to a Col- 
lege Associateship, will commence in October, 
1958. The Institute of Physics has approved this 
course, and the Associateship will satisfy com- 
pletely the Institute’s academic requirements for 
Graduateship and corporate membership. 
Students may be “ works ” or “ college ” based, 
and will spend alternate six-monthly periods in 
college and industry. Normal requirements for 
admission to the course will be success at G.C.E. 
“A” Ilevel or O.N.C. at a high „standard in 

applied physics or electrical engineering. 
Details of the course may be obtained from, 
and applications should be made to, the Principal. 
R. E. PRESSWOOD, 
Clerk to the Governors. 


ee een 

UNIVERSITY OF LONDON: A LECTURE 
‘entitled ** Some Studies on Non-benzenoid Aro- 
matic Compounds ”’ will be delivered by Dr. E. 
Heilbronner (Zürich) at 5.30 p.m. on February 
24 at University College (Chemistry | Lecture 
Theatre), Gower Street, W.C.1. Admission free, 
Academic 


without ticket—James Henderson, 

Registrar. 

GRESHAM LECTURES. DR. W. H. 
Steayenson, P.R.A.S. (Gresham - Professor in 


Astronomy) will deliver a course of four Lectures 
entitled ‘* The Stars and the Universe ” on Mon- 
day to Thursday,’ February 17 to-20, at Gresham 
College, Basinghall Street, E.C.2. Tel. MONarch 
2433.—The Lectures are free and begin at 
5.30 p.m. 


a 
OFFICIAL APPOINTMENTS 


UNIVERSITY OF BRITISH 


COLUMBIA 
DEPARTMENT OF PHYSICS 

Applications are invited for appointments as 
Lecturer, Assistant Professor, Postdoctorate Fellow 
and Research Assistant in the Department of 
Physics. The vacancies have been created by the 
rapid expansion of the university. They are 
mainly in the fields of nuclear physics, optical 
spectroscopy, solid state physics and geophysics. 
Applicants should have an honours degree io 
physics and, except in the case of Research Assist- 
ants, a Ph.D. degree. They should not be more 
than 30 years of age and should be available in 
September, 1958. There are also Teaching Assist- 
antships available to help students who wish to 
pursue graduate work towards a Ph.D. degree. 

Applicants wishing fuller information regarding 
any of these positions or awards should write to 
G. M. Shrum, Head, Department of Physics, Uni- 
versity of British Columbia, Vancouver, B.C.. 
Canada. 


SCUNTHORPE HOSPITAL 


MANAGEMENT COMMITTEE 
RADIATION MONITORING SERVICE 
Vacancy for Technician or Technician in Train- 
ing. Work mainly concerned with radiation 
measurement to ensure safe working conditions in 
X-ray and Therapy Departments of. Lincolnshire 
Hospitals. Qualification for Technician in engin- 
_ eering or appropriate apprentice including experi- 
ence in applied piyin or design of manume 
or O.N.C. in approved subjects, minimum age ZI. 
Salary scales: Technician, £475 to £600 ; Trainee, 
£155 at age 16 rising to £380 at 25 or over. 
Whitley Council conditions of service. 
-Application form from Group Secretary, War 
Memorial Hospital, Scunthorpe. 
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NATIONAL RESEARCH 
DEVELOPMENT 
CORPORATION 


requires an honours graduate in biology 
or chemistry, with thorough training „in 
formal genetics, for research work in micro- 
bial genetics at the Ministry of Supply’s 
Microbiological Research Establishment at 
Porton. 


Starting salary would be within the scale 
for Senior Scientific Officers or that for 
Principal Scientific Officers in the Civil Ser- 
vice, according to which seemed the more 
appropriate to age, qualifications and ex- 
perience. 


Initially the person appointed would be 
required to lead a small team in the study 
of the genetics of micro-organisms of value 
in the fermentation industry, particularly the 
organisms used in antibiotic production. 
This work would be conducted under the 
auspices of the Corporation and is expected 
to take two years. During that period or at 
its termination he would, subject to satis- 
factory work and suitability in other 
respects, be considered for employment at 
Porton by the Ministry of Supply ultimately 
on research in the broad field of microbial 
genetics. 


Apply, in confidence, to N.R.D.C., 1 
Tilney Street, London, W.1. 





UNIVERSITY OF EDINBURGH 


DEPARTMENT OF SURGICAL SCIENCE 
- IMMUNOLOGIST 
Applications are invited for the post of Im- 
munologist in the Department of Surgical Science, 
to work on problems of transplantation immunity 
under the general direction of the Professor. Ap- 
plicants should be graduates in either science or 
medicine and have a sound knowledge of immuno- 
logy. The successful applicant, who will be given 
the status of either Lecturer or Senior Lecturer 
according to qualifications and experience, will 
be expected to give some postgraduate instruction 
in experimental methods and may also be called 
upon to supervise research students but will have 
no other teaching duties. If the person appointed 
is given the status of Senior Lecturer the salary 
scale will be £1,950 by £100 to £2,550 per annum ; 
if the status of Lecturer the scale will be £900 by 
£100 to £1,300; Bar: £1,400 by £100 to £1,900 
with placement according to qualifications and ex- 
perience. The post is subject to superannuation 
and family allowance is payable where applicable. 
Further particulars may be obtained from the 
undersigned, with whom applications (six coples), 
giving the names of two referees, should be 
lodged not later than March 31, 1958. 
CHARLES H. STEWART, 
Secretary to the University. 


WAR OFFICE REQUIRES TWO EXPERI- 
menta! Officers (male) at Royal Military College 
of Science, Shrivenham, Berks., in Engineering 
Physics Branch of Department of Instrument 
Technology. Qualifications: Degree in engineer- 
ing or physics or H.N.C. in electrical engineering 
or applied physics or equivalent and preferably 
with practical experience in instrumentation or 
servomechanisms or computing. Knowledge of 
electronics an advantage. Salary: £920 to £1,130. 
Starting pay according to age and experience. 
Age at least 26 years. Good prospects of perm- 
anency.—Particulars and forms from Ministry of 
Labour and National Service, Technical and Scien- 
tific Register (K), 26 King Street, London, S.W.1, 
quoting reference A.23/8A. Closing date Febru- 
ary 28, 1958. 





ee ae enn 
A POST IS AVAILABLE AT THE REGIONAL 


Thoracic Surgical Centre, Hill Top Hospital, 
Bromsgrove for a Biochemist (Basic Grade) in the 
Cardio-Respiratory and Biochemistry Department. 
—Applications, within ten days of the appearance 
of this advertisement, together with the names of 
two referees, should be sent to the Hospital Sec- 
retary, from whom further information may be 
obtained. i 


Candidates must be British subjects normally resi-. 


| sent to the eee the University, Liverpool, 3. 


February 15, 1958! 





UNIVERSITY OF EDINBURGH 


AND HERIOT-WATT COLLEGE 


JOINT DEPARTMENT OF CHEMICAL 
TECHNOLOGY AND, CHEMICAL 
. ENGINEERING 

Applications are invited for either a Lectureship 
or an Assistantship. Lectureship: the initial 
salary will be at a point on the scale £900 to 
£1,650 per annum, according to qualifications and 
experience. It is hoped to appoint a man who 
will be active in some field of chemical engineer- 
ing research of his own choice. Assistantship: 
the initial salary will be in the range £700 to £850 
per annum. Teaching duties will not be heavy 
and the Assistant may engage in research for a 
Ph.D. Both posts are subject to superannuation, 
and family allowance will be payable where ap- 
plicable. The successful applicant will be expected 
to take up duty on October 1, 1958. Applications 
will be considered from chemical engineers, physi- 
cists, chemists or mechanical engineers, or from 
mathematicians who have experience in applied 
science, 

Further particulars may be obtained from the 
undersigned, with whom applications (four copies), 
giving the names of two referees, should be lodged 
not later than March 24, 1958. (A candidate from 
overseas may submit one copy of this application.) 

CHARLES H. STEWART, 
Secretary to the University. 


MAKERERE COLLEGE 


THE UNIVERSITY COLLEGE OF EAST 
AFRICA 

Applications are invited for (a) Lectureship or 
(b) Assistant Lectureship In Agricultural Botany. 
Salary scales: (a) £1,107 by £42 to £1,149 by £45 
to £1,284 by £51 to £1,335 by £54 to £1,389 by 
£57 to £1,617 per annum ; (b) £939 by £42 to 
£1,065 per annum. Entry point determined by 
qualifications and experience. F.S.S.U. Child 
allowance £50 per annum per child (maximum 
£150 per annum). Passages for appointee and 
family (up to four adult passages) on appointment, » 
termination, and leave (three months every 21 
months). Rent according to quarters provided, 
£45 to £84 per annum (including basic furniture). 

Detailed applications (six copies), naming three 
referees, by March 31, 1958, to Secretary, Inter- 
University Counci! for Higher Education Overseas, 
29 Woburn Square, London, W.C.1, from whor: 
further particulars may be obtained. 


GOVERNMENT OF NORTHERN 
IRELAND 


Applications are invited for pensionable post of 
Scientific Officer in Plant Breeding Division, Min- 
istry of Agriculture, Loughgall, Co. Armagh. 













dent in the United Kingdom and possess at 
honours degree in agriculture or agricultura 
botany (or equivalent qualification) with sound 
knowledge of the principles of genetics and prac- 
tical plant breeding. Previous experience in desigr. 
and analysis of fleld tria's will be an advantage 
Salary scale £615 to £1,080. A candidate wit! 
special qualifications and experience may b 
offered a salary above the minimum. Women’ 
scale is slightly lower but will reach equality witt 
men’s scale in 1961. Preference will be given tc 
ex-Service candidates, ` 

Application forms. obtainable from Secretary, 
Civil Service Com nission, Stormont, Belfast. 
Completed forms, with copies of two recent testi- 
monials, must be returned by February 25, 1958. 


UNIVERSITY; OF KHARTOUM # 


Applications are invited for the Chair of 
‘Physics. Salary, £S.2,760 per annum. Cost of 
living allowance approximately £S.100 per annum. 
Outfit allowance £§.50. Family allowances: wife, 
£S60 per annum ;‘first child, £5.90 per annum; 
second and third, child, £8.30 per annum each. 
(£S.1=£1 Os. 6d. sterling.) Passages for appointee 
and family on, appointment, termination and 
annual leave. ‘“uperannuation scheme. Appoint- 
ment on contri.ct for five years. 

Detailed a‘yplications (eight copies), naming 
three referee, by April 15, 1958, to Secretary, 
Inter-University Council for Higher Education 
Overseas, 2 Woburn Square, London, W.C.1, 
from whorr. further particulars may be obtained. 


UNIVERSITY OF LIVERPOOL 


Applica‘ions are invited for a suitably qualified 
technician to take charge of the teaching labora- 
tories in tae Department of Physics. The appoint- 
ment will ‘be made at an early date. It is hoped 
that a new physics building will be ready for- 
occupation’ at the beginning of Session 1959/60. 

Applications, in writing, stating experience andy 
qualificatioias, together with the names of two’ 
referees andl quoting Reference No. 220, should be 
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/ The remarkable Carl Zeiss 


Ultraphot I Photomicroscope _ 


The only photomicrographic 
microscopes with automatic 
exposure control for both epi- 
and trans-illumination. 


Just arrived in this country, 
these instruments are now 
available for demonstration. 
New descriptive booklet available on request. 
IN SCOTLAND. The Ultraphot II, the Photo-microscope and a range 
\ of other Zeiss microscopes and industrial measuring equipment will be 
shown in Glasgow at St. Enoch Hotel on March 3 and 4, and in 


| Edinburgh at the showrooms of Messrs. Butterworths: (Edinburgh), Ltd., 
| 14 Thistle St., Edinburgh, on March 6 and 7 next. 





Full details from the Carl Zeiss agents for Great Britain 


 DEGENHARDT & CO. LTD. 


32 MADDOX STREET, LONDON, W.1 TEL. MAYFAIR 0412/3 


: MAGNETIC SEPARATOR ZENH 


CREGD. TRADE-MARK) 





Insulation 


FLASH TEST EQUIPMENT 


with the unique safety test prods 


Equipped with 
“VARIAC” primary 
contrel giving 
continuous H.T. 
voltage regulation 
from zero to 
maximum, 
Standard 
outputs up to 2,000 
‘volts and 3,000 volts. 


The Magnetic Separator used by the British, 
Commonwealth and Foreign Government Depart- 
ments, University and Commercial Laboratories 
all over the World. 

Separations of at least 99% purity easily obtained 
even in certain instances when the specific gravities 
of the minerals are so close that they cannot be 





separated by the Centrifuge. Hlustrated brochure free on request 

Standard Instrument includes a non-magnetic Vi- i 

brating pan with feed-hopper PS SE pans. The ZENITH ELECTRIC CO. Ltd. 

Can also be supplied with Verti separakon ZENITH WORKS,VILLIERS RD. 

attachment shown above at side of Separator. LONDON, e GREEN 

Send for particulars. Phone: WiILlesden 6581-5 Grams: Voltaohm, Norphone, London 
CHAS. W. COOK & SONS, LTD. MANUFACTURERS OF ELECTRICAL EQUIPMENT T 
97 Walsall Rd., Perry Barr, Birmingham, 22B, England INCLUDING RADIO AND TELEVISION COMPONENTS 
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dD- B45 INDUSTRIAL WESTONREFERENCECELLS 


i ee: Use Muirhead D-845 Reference Cells. Reproducible, tough 
ame i tas and reliable.- Automation and other scientific applications 
: rues - require voltage standards which stay put. D-845 cells-re- 
main unaffected by ambient temperature changes. Voltage 
variation is less than 3 millionths of a volt per °F over an 
ambient range of at least 40-100°F. 


MUIRHEAD 


je MUIRHEAD & CO. LIMITED - BECKENHAM - KENT + ENGLAND 
Fall particulars ofi <. ° . "PRECISION ELECTRICAL INSTRUMENT MAKERS 


R & J BECK LTD -° 0 ON aR Wnt T | Phone: Beckenham 4888, Telegrams & Cables: MUIRHEAD; BECKENHAM 


xk 





an 


ot 


. , 
a r er A . | 


` 
e ` Fe ae | 
4 -= te yrs » . = wits 


. a 
` 
7 . rf 
ry 
. rk 
l. 






















* 


i 
a ae! 


FOR GENERAL - PURPOSES V 
MAXIMUM TEMPERATURE I000°C. ENTIRELY SELF-CONTAINED k 


@ Modern, clean appearance with built-in control equipment. 

@ Cases made of asbestolite panels which ensure maximum 
resistance to corrosion and present smooth external surfaces. 

© High quality wire-wound elements, external to the muffles 

and hence protected from fumes and gases arising inside 

the furnace during operation. i 

Uniform temperature and low power consumption. 

All furnaces protected by a temperature fuse. noe 

Removable panel permits easy* access | for ‘renewal’ of 

heating elements in the event of failure. 


Send for catalogue No. 558A giving full details of our 
complete range of laboratory furnaces. t 


TRAVELLING IN EUROPE THIS JUNE}? 
Visit ‘our stand at the ACHEMA CONGRESS. 
Frankfurt. am -Main May 3I to Juhe 8 
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You will find the accuracy and robust 
construction you need in all meteorological + 
instruments by Negretti & Zambra. 

ie Great sensitivity and long life are built-in: ` 
qualities of every instrument we make. 


Send for publication M/4, post free on request 
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“Toner cleanliness comes first’’ 


(with apologies to Messrs. ANDREWS Ltd.) 





. and “SPEEDIVAC’? ROTARY VACUUM PUMPS 
(2-stage series) ingeniously show the way through 
the exciting development of an integral OIL-RECIRCULA- 
TION SYSTEM which strips the operating fluid of all 
volatiles, permitting only the cleanest oil to re-enter the 
high vacuum stage—there’s no risk of contamination 
impairing the highest vacuum operation. 

AND, a word on quietness. ‘‘SPEEDIVAC’’ PUMPS are 
amongst the quietest pumps in the world—with or 
without AIR-BALLAST 
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A NEW INSTRUMENT FOR SAMPLING AIRBORNE DUST- 
THE HEXHLET 


This instrument enables a bulk sample of the 
‘respirable’ fraction of a dust cloud to be collected 
for subsequent chemical analysis. it employs a 
horizontal elutriator consisting of a number of flat 
horizontal ducts through which air is drawn at a 
constant velocity, such that particles above about 
7p will settle out before reaching the end. The air 


flow is maintained constant by means of a ‘critical 
orifice’. Suction is provided by an air ejector. 
The respirable fraction of the dust Is collected in a 
Soxhlet filter thimble which will hold up to 2 
promes of dust before its resistance becomes too 
high. 


AVAILABLE FROM STOCK 
Write for Leaflet No. 865 


C. E. CASELLA & Co. Ltd 
REGENT HOUSE, FITZROY SQUARE 
LONDON, W.I ' 


Telephone : x%EUSton 3944 . 
Member Scientific Instrument Manufacturers’ Association of 
Great Britain 
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DISLOCATIONS . 
AND MECHANICAL PROPERTIES 
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Edited by | 
J. C. Fisher; W. G. Johnston; R. Thomson; T. Vreeland, Jr. 


This work grew out of a small international conference, held in New York late in 1956, 
and sponsored by the Air Force Office of Scientific Research, Air Research and Develop- 
ment Command and the General Electric Research Laboratory. The book presents in a 
very complete manner the principal methods for observing individual dislocations. It 
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HEAT TRANSFER 
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PRECISION INSTRUMENTS 


Pulfrich Retfractometer 


fitted with circle divided on glass and giving 





readings on opposite sides of the circle to 


5 seconds, by double microscope 


This instrument possesses many advantages over 
the older type of Pulfrich refractometer and is used 
in all parts of the world for testing oils, optical 
glass, chemicals, drugs, etc. 


We shall be pleased to demonstrate this instrument 
and give any advice as to its use, by appointment 
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Bellingham & Stanley Ltd. 
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SCIENTIFIC MANAGEMENT IN NATIONALIZED INDUSTRIES 


ORD SIMON OF WYTHENSHAWE’S pam- 

phlot, “The Boards of Nationalized Industries” *, 
arises out of his experience as governing director of 
two private engineering firms and as chairman of 
the British Broadcasting Corporation. It is a noto- 
worthy contribution to the objective discussion of 
the nationalized industries which party politics have 
hitherto largely denied. The pamphlet expounds 
Lord Simon’s conviction that the most important 
single reform in the nationalized industries is that 
- the chairman and other members of the Board should 
have the same kind of experience, independence and 
security of tenure as is common in the best concerns 
of private enterprise ; but it is of wider importance 
as endorsing the stress laid on the quality of manage- 
ment in the recent reports of the Fleck Committees 
dealing with the Atomic Energy Authority, to which 
reference has already been made in these columns 
(see Nature, February 15, p. 439). 

The first of those reports stressed the over-riding 
importance of a suitable organization for recruitment, 
training and progression of promotion of technical 
staff and of a positive policy of selection of promising 
men at an early stage in their careers, followed by 
planned training on the job by moving them from 
one part of the organization to another. That policy 
should be designed to provide managerial staff with 
a sound understanding of all the main aspects of the 
organization’s work, and while the report outlines in 
some detail general principles of organization which 
should govern. a large technological production group, 
it repeatedly stresses the need for some scientific and 
technical knowledge on the part of those holding the 
highest managerial posts. The question of manage- 
ment is thus put right in the context of the shortage 
of scientific and technical man-power and of Britain's 
need to expand as a matter of urgency both tech- 
nological and scientific education as well as to 
modify it to provide men of the qualities needed. 
The report of the second committee dealing with 
nuclear safety points no less emphatically to the 
shortage of technical staff in this field at all levels, 
though the emphasis is not so much on the manage- 
ment side. 

Lord Simon comes out as emphatically as the 
well-known report of the Fleck Committee on the 
organization of the National Coal Board as to the 
vital importance of the quality of leadership at the 
highest level, and the need for encouraging the 
development of people capable of filling those 
positions. The most important single quality in the 
successful conduct of any large concern, whether 
public or private; is the quality of the highest 
authority in it, and Lord Simon’s careful comparison 


*The Boards of Nationalized Industries. . By Lord Simon of 
Wythenshawe. Pp. 54. (London: Longmans, Green and Co., Ltd., 
1957.) 2e. 6d. net. 


of the board of Imperial Chemical Industries, Ltd., 
with the National Coal Board is intended to throw 
into relief the strength and weakness of the two 
boards and the way they aro selected, and especially 
to suggest means by which the National Coal Board 
could be strengthened. One other observation is of 
interest in relation to the expansion of technological 
education, and in particular to the need for fuller 
attention to training for management. In spite of all 
the efforts of the National Coal Board in training 
managers, it must be expected, writes Lord Simon, 
that another ten or twenty years will elapse before 
there will be an adequate supply of well-trained 
executives ready to take on jobs as members of the 
Board. 

This long-term aspect of the selection and training 
of managers gives urgency to the expansion of tech- 
nological education in Britain, and to its modification 
so as to ensure that both the colleges of technology 
and the universities provide industry and the public 
services with a constant supply of men and women 
imaginatively alive to human issues a8 well as to the 
scientific and technical aspects of the problems which 
will confront them—both civilized scientists and 
citizens understanding the essentials of science, as Sir 
Hugh Beaver puts it. Unless that supply is ensured 
and appropriate measures are taken now, both as 
regards numbers and quality, mon of the desired 
quality may not be forthcoming in sufficient numbers 
even. if, as Lord Simon suggests, the nationalized 
industries follow the methods adopted by the leading 
concerns in private enterprise in recruiting their 
boards. Like the Windscale accident, this analysis 
of the experience of the National Coal Board points 
to the need for vision, foresight and vigilance on the 
part of all concerned. 

Lord Simon’s survey of private enterprise is not 
limited to Imperial Chemical Industries, Ltd., though 
he gives greater details of that firm’s board and of 
the National Coal Board. He points out very fairly 
that the boards of most good private enterprises 
to-day, especially some of the largest, are marked by 
a very deep sense of accountability not only to their 
shareholders but also to their employees, to their 
customers, and to the community. There is little 
reason for thinking that the general attitude of 
their board members either to efficiency or to public 
service differs from that of the board members of @ 
nationalized concern. 

Reviewing the boards of eight large private enter- 
prises, Lord Simon notes the considerable number of 
graduates among their members, the substantial 
number of full-time directors, the care taken in the 
selection of new directors, and the background of 
long experience in the industry possessed by the 
majority, of directors, in addition to the usual qual- 
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ities that are looked for in an administrator and 
director of policy. The outstanding characteristic 
stressed by Lord Simon is their security of tenure. 
Changes in the boards are slow, and while this 
encourages confidence in the security of their jobs on 
the part of the directors, the consequent continuity 
is of the first importance in building up good traditions, 
wiso policy and high efficiency. 

It is here that private industry is in most marked 
contrast with the nationalized industries. Whereas 
the director of a large private company is virtually 
sure of keeping his job until he reaches retiring 
age, the National Coal Board, for example, has 
been reconstituted twice since 1947. There have 
been twenty-four full-time members of the three 
Boards, although the number at any one time has 
never exceeded nine. The average length of service 
of those who have left has been 3-6 years, and no 
present member has yet served for three years; 
nevertheless, Lord Simon thinks that the present 
Board, whose members, on the average, have more 
experience of the industry than the average of the 
first two Boards, may be much more stable than its 
predecessors. 

Lord Simon is convinced that security of tenure 
is by far the most important step towards continuity 
and efficiency of a board of directors, and it will be 
recalled that the Fleck Report on the National Coal 
Board also stressed the importance of continuity. 
Membership of the board of a nationalized industry 
should, he argues, be a career appointment; and 
although he agrees that the members should be 
appointed by the appropriate Minister, this should 
only be done after full consultation with the chair- 
man and with the acceptance of the board. Further, 
candidates should have been selected and trained 
by the methods and on the scale of the best known 
practice, and appointments once made should con- 
tinue up to retiring age, subject to the power of the 
Minister to terminate any appointment—a power 
which should rarely be used. Salaries, pensions and 
other conditions of service should be at least com- 
parable with those in leading private firms; in this 
connexion the recent revision of salaries of members 
of various public boards, taken with the security of 
tenure stressed by Lord Simon, may help to over- 
come the present reluctance of outstanding men in a 
nationalized industry to accept appointments to its 
board. 

This factor will obviously be of increasing import- 
ance when in ten to twenty years time the boards of 
the nationalized industries have an adequate supply 
of first-rate candidates from within the industry 
competing for vacant positions on them. Lord 
Simon’s remarks on accountability also have a 
bearing in this connexion, though their chief interest 
is in a wider context. Having obtained & good board, 
an industry should be given the maximum freedom 
and responsibility subject to the necessary minimum 
of control by the Minister. This is essential if the 
board is to acquire the status that ultimately will 
enable it to recruit members of the calibre desired ; 
and incidentally, as Lord Simon notes, to attract to 
the industry a sufficiency of the ablest graduates 
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leaving the universities and colleges of technology of 
Great Britain. 

The question of the exercise of Ministerial powers 
is regarded by Lord Simon as mainly a matter of 
good sense, but it should be a matter of high principle 
for every Government and every Minister to allow a 
board the maximum freedom and responsibility 
within the broad limits of national policy. On the 
strict issue of accountability, Lord Simon maintains 
that Parliament must realize that it is not com- 
petent to contribute anything whatever to the 
efficiency of, for example, the coal industry, while 
too much interference may cause serious incon- 
venience and even inefficiency. He agrees with Lord 
Heyworth that autonomy and responsibility to 
Parliament are inconsistent, and approves of Mr. 
Herbert Morrison’s suggestion that accountability is 
best served by a periodical inquiry, at intervals of 
not less than seven years. 

Lord Simon recognizes the value of parliamentary 
discussions in clarifying broad lines of public policy 
and indicating trends of public opinion, and also that 
the Parliamentary question, if it avoids mattors of 
day-to-day management, is an important means of 
securing information and a safeguard against abuse. 
Here again it is largely a matter of common sense, 
and accountability may well become easier as the 
discussion of the problems of nationalized industries 
becomes more objective. That in itself should con- 
tribute to public confidence in the industries, as well 
as encourage greater stability and self-confidence 
within the industry and thus provide conditions in 
which the industry can develop its own standards 
and criteria of efficiency. 

Here a suggestion made by Mr. R. N ottage, 
director of the Royal Institute of Public Adminis- 
tration, could be helpful. Discussing the use of the 
annual reports of the nationalized industries, he sug- 
gests that the adoption of a standard pattern might 
assist Parliamentery discussion. Tho record of 
operational results, both physical and financial, 
should facilitate adequate comparison with previous 
years and an undorstanding of the basis on which 
indices are selectel. Presentation in such a form, 
with adequate reference to future plans and the 
periodical discussion of major topics on such a time 
scale as is adoptei, for example, in the Unilever 
annual report, would give Parliament the information 
which the public ir terest rightly demands, and turn 
discussion, into con: tructive channels rather than the 
detail and sterile issues which have been encouraged 
so much in the past. Lord Simon at least has indicated 
some of the opportunities. The juxtaposition of his 
pamphlet with repcrts of the Fleck Committees and 
of some other management literature should give a 
fresh impetus to measures for the expansion of 
scientific and technological education in Britain, 
upon the adequacy of which the quality of manage- 
ment and the officiency of British industry ultimately 
depend. Educatior. is, as always, the keystone of 
any such developma3nts, and until a broad view is 
cecepted of the scope of technical and technological 
education, the problem of supplying the men for the 
higher levels of management will remain with us. 
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ARCHITECT OF BRITISH MEDICAL 
RESEARCH 


The Bright Countenance 

A Personal Biography of Walter Morley Fletcher by 
Maisie Fletcher. Pp. 351+8 plates. (London : 
Hodder and Stoughton, Ltd., 1957.) 25s. net. 


I HAVE heard it argued that it is a mistake for 
anyone to review the biography of a friend. He 
is biased from the start and likely to pay too much 
attention to the biographer’s treatment of his friend, 
and +00 little to the literary or historical merit of the 
book itself. If this is so, then I should not be review- 
ing Sir Walter Fletcher's biography, for I am certainly 
biased from the start. Fifty years ago he was my 
tutor at Trinity College, Cambridge. He never 
attempted to preach. at undergraduates or talk down 
to them. Instead he held up to us, quite uncon- 
sciously and in an almost diffident manner, & great 
example of poise, manliness and integrity of thought. 
Here was a man, wo felt, firm of purpose and bound 
to tho highest ideals of behaviour—a guide to be 
remembered in facing the moral and material issues 
of life which lay before us. 

It was with these thoughts in mind that I opened 
this biography by his widow with some anxiety, for 
it is notoriously difficult for any woman to paint a 
true picture of her husband—difficult for her to 
interpret actions or even characteristics apart from 
their impact on her and apart from her own intimate 
association with thom. I need not have feared. 
Lady Fletcher has succeeded in being objective. I 
am sorry, however, that, doubtless with this in view, 
she has written in the third person, thus removing 
not only herself but also the reader one stage from the 
scono. On the whole I should rather have read “1 
was delighted to see him back” than ‘Maisie was 
delighted. to see him back”. Another regret is that 
she has not used as her title Milton’s words in full— 
“the bright countenance of truth”. Not everyone ig 
familiar with the quotation, and her publishers should 
not have allowed the abbreviation which makes the 
title so dreadfully misleading. 

These, however, are small points. To mo, at any 
rate, this book was a strangely moving revelation. 
His singleness of purpose, his amazing industry, his 
freedom from petty thoughts of all kinds, his joy in 
holidays and all out-door activities, his readiness to 
give always of his best whether in small things such 
as helping a troubled undergraduate or in great 
affairs of national medical policy—all these things we 
knew. What we now more fully realize is his courage, 
his deep spiritual convictions, and the real happi- 
ness he found in his family, his home and his 
friends. 

To turn from the man to his work: this falls into 
two main periods—first, his years at Cambridge as 
research worker and tutor and Fellow of Trinity 
College, and then after 1914 his secretaryship of the 
Medical Research Committee (later Council) until 
his death in 1933. 

His research work is summarized in Sir Arthur 
MacNalty’s supplement to the book under review, 
but as full accounts are available elsewhere— 
notably in Prof. T. R. Eliott’s obituary notice 
(“Obituary Notices of the Fellows of the Royal 
Society”, 1, 153 ; 1933)—there is no need to refer 
to it in any detail here. It is sufficient to say that his 
studies, extending over some sixteen years, on the 
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respiration were classical. 
As W. B. Hardy wrote, “origins are as difficult in 
science as in literature: here, however, it is 
safe to credit Fletcher with that first step that 
counts”. He gave a new direction to biological 
thought. 

From 1914 onwards Fletcher’s life-work was to 
originate, inspire and support the research work of 
others. The National Insurance Act of 1911 provided 
that for each insured person one penny should be 
got aside for medical research. This, it was thought, 
would yield £57,000 per annum—an interesting com- 
parison with to-day’s annual expenditure of some 
£24 million. The original proposal was to assign the 
whole sum to research on tuberculosis, a disease which 
was expected to be especially costly to the taxpayer. 
Wiser counsels prevailed, however, thanks principally 
to Dr. Christopher Addison (Viscount Addison), 
Lord Astor and Sir Robert Morant, and it was finally 
enacted that research could cover “any disease to 
which insured persons are liable”. A Committee 
under Lord Moulton of Bank was appointed to 
administer the fund, with an advisory council of 
some forty medical men. But the appointment of a 
secretary was long postponed. As Gowland Hopkins 
wrote, ‘an ideal appointment seemed almost impos- 
sible of achievement. Looking back to those weeks 
during which it was in suspense, I feel that the future 
of medical research in this country was then facing a 
critical moment. But at last came the happy solution 
and it was T. R. Elliott who suggested it?’. Fletcher’s 
appointment met with instant and general approval, 
particularly from Sir Robert Morant, chairman of 
the National Insurance Committee to which the 
Medical Research Committees was attached, who was 
a man inspired by almost fanatical zeal for benefiting 
the people of England in education, health and well- 
being. ‘These ideals,” wrote a friend, ‘‘found not an 
echo but a counterpart in what had been innate in 
Fletcher, whose spiritual depths were uplifted by the 
vision of service for others in so wide a field. Scientific 
research became more than a beautiful use of the 
intellect in approachi the truths of Nature, for he 
now realized the need by England of its direct 
application to all the problems of ill-health. Hence- 
forward he, too, became a great public servant 
and sank his own conspicuous abilities for 
yesearch in guiding and helping countless other 
men.” 

From the first the Committee’s policy was to set_up 
a comparatively small central research institute with 
its own staff, and to spend the greater part of the 
funds in support of investigations in private or 
voluntary institutions, where hitherto nearly all 
medical research had been done with little if any help 
from the State. The Mount Vernon? Hospital at 
Hampstead was purchased and four Departments 
set up in temporary accommodation—(1) Bacterio- 
logy (Sir Almroth Wright and 8. R. Douglas), (2) Bio- 
chemistry and Pharmacology (H. H. Dale), (3) 
Applied Physiology (Leonard Hill and Martin Flack), 
and (4) Statistics (J. Brownlee). A proposal to 
include a research hospital of twenty beds was 
abandoned on Fletcher’s advice: he rightly con- 
sidered that clinical research could better be carried 
out at existing and fully equipped hospitals. 

The outbreak of the First World War interfered 
with many other plans, but Fletcher at once saw that 
military needs gave him an opportunity for estab- 
lishing beyond all doubt the importance of medical 
research and the vital service which it could render. 
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He submitted a White Paper (Cd. 7922) containing 
` proposals for research in direct connexion with the 
war and, most important of all, established full 
collaboration with the Army Medical Department. 
With the active help of Sir Alfred Keogh, Director 
General of the R.A.M.C., a channel for information 
and research on specific problems was operative 
between the Medical Research Committee and the 
army medical services in the field and home hospitals 
throughout the war. 

With the return of peace and the establishment in 
1919 of the new Ministry of Health came another 
moment of crisis in the history of the Medical Research 
Committee, for it was proposed to place it under the 
control of the new Ministry. Fortunately Fletcher 
had two enlightened men to deal with—Addison and 
Morant. Fletcher argued, first, that a progressive 
Ministry of Health will inevitably find itself com- 
mitted from time to time to particular policies of 
health administration. A research organization under 
its control would be obliged to keep in step with 
current policy, instead of being free to recommend 
changes in policy in the light of new knowledge. 
Secondly, if the research organization formed. part of 
the Ministry, its activities might come to be unduly 
restricted to problems of pressing practical urgency 
relating to the Ministry’s executive functions, thereby 
excluding fundamental work which in the long run 
might be of more value. Thirdly, the Ministry oper- 
ated only in England and Wales, but research 
organizations should cover the United Kingdom and 
reach out to the whole Commonwealth and 
Empire. 

These views were accepted and in 1920 the Medical 
Research Committee became by Royal Charter the 
Medical Research Council, reporting to the Privy 
Council (an arrangement already in force with the 
Department of Scientific and Industrial Research 
and to be repeated in 1931 with the Agricultural 
Research Council). Only the other day a senior 
official of the Ministry of Health commented on this 
decision. “I am devoted”, he said, ‘to the Ministry 
I have served so long. I believe it has done and is 
doing good work. But the greatest of the services 
which Fletcher rendered to medicine was to prevent 
the Medical Research Council from becoming its 
servant.” 

The subsequent progress and achievements of the 
Council need no recapitulation here. As Sir Arthur 
MacNalty writes, “it is not given to every pioneer to 
see the results of his labours, but Fletcher had the 
supreme satisfaction of knowing that the cause to 
which he had devoted all his energy and gifts 
had triumphed, and that he had established 
medical research in this country on secure founda- 
tiong”. 

Lady Fletcher has written this biography primarily, 
she says, for “Walter’s nine grandchildren”, but she 
has placed all who knew him in her debt. Two com- 
ments which she quotes together sum up, I think, 
what we realize still more clearly after reading her 
book. The first is from The Times leader on the day 
after his death: “Fletcher was friend to every 
honest seeker after truth and he possessed in special 
degree the faculty for friendship. ... His loyalty was 
unquenchable and he served no ends except those of 
the good of his fellows”. The other is from his cousin, 
Sir Clement Jones: ‘Ever since my first year at 
Trinity I remember Walter as one who excelled in 
everything he tried to do, and he always aimed at 
the very best things and the high and honourable 
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things. I shall never hear his name mentioned 
without thinkin z of those high standards in work, in 
play, in conversation and perhaps above ali in 
friendship”. May I, in conclusion, add one more 
quotation, from a letter by Sir Ernest Gowers, 
because it so exactly reflects my own feelings: “I 
never ceased to feol his friendship was an honour as 
well as a delight.’’. WILLIAM GAVIN 


IRRIGATION WORKS 


Irrigation and ldydraulic Design 

By Dr. Serge Leliavsky. Vol. 2: Irrigation Works. 
Pp. xvi+864+6&5 plates. (London: Chapman and 
Hall, Ltd., 1957) 294s net. 


HIS, the second volume of Dr. Leliavsky’s 

monumental trilogy on irrigation, is devoted to 
the specific design of irrigation works. The first 
volume, comprising Chapters 1-3, contained the 
theoretical backjrround necessary for the hydraulic 
side of the desizn, while this volume, comprising 
Chapter 4-8, is concerned with the detail of tho 
structures and nrigation planning. As in the first 
volume, the approach is basically historical, a treat- 
ment which has both advantages and disadvantages. 
The main advantage for the reader is that of having 
the steady progess of the subject explained and 
commented on ly one who was himself in daily 
contact with, anc. in the forefront of, these develop- 
ments. The disao vantage is that as a design manual, 
which is the intention of the book, the treatment in 
places becomes discursive and ‘prolix. 

The scope of ths book is sufficiently well illustrated 
by the chapter hsadings, which are: the design of 
regulators (Chapter 4); the design of irrigation and 
drainage syphons (that is, cross-drainage works) 
(Chapter 5); weirs and other hydraulic works 
(Chapter 6); plenning and designing a perennial 
irrigation scheme (Chapter 7); and canal bridges, 
aqueducts and gates (Chapter 8). The engineer 
will particularly welcome the detailed analyses 
of examples of various types of structure drawn 
from existing works mainly within the author’s 
own experience. Study of these should enable 
& competent engineer to design similar structures 
for himself. The last chapter comprises more 
than a third of’ the book, and is devoted exclu- 
sively to structural design. In the case of gates, 
the author is here concerned with the static loading, 
although vibratior. normally plays æ major part in 
failure, as it did in the one case quoted by him. In 
general, problems of chatter and fatigue failure loom 
large in high heal structures, and designers would 
welcome more guidance on these matters. 

‘The general system of irrigation used as a model 
in the book is naturally, in view of the author’s close 
association with it, that practised in Egypt. It is 
clear that the main problem now facing engineers in 
that country is waterlogging, due to the too liberal 
application by cultivators who had for many years 
been starved of water. However, the problem 
of soil salinity now menacing the irrigation com- 
munities in India does not seem to have appeared in 
Egypt. A comparison of the two systems might 
reveal why this is so, and it might well be that the 
installation of a system of drains and pumping 
stations rendered necessary to deal with waterlogging 
in Egypt might also have to be faced in India for 
the quite different purpose of leaching out salts. 
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The second major difficulty of irrigation, namely, 
siltation and the problem of designing canals which 
neither silt nor scour, has received a, somewhat super- 
ficial treatment, the author contenting himself with 
quoting a number of design formule and graphs 
without probing the matter more deeply. The reasons 
for the different formule used in Egypt and India 
are not stated and no guidance is given as to the 
particular form to be adopted in other areas. The 
most recent formula for the velocity—depth relation 
for non-silting canals has quite a different form from 
that previously adopted, although a thorough analysis 
is precluded by lack of data concerning the size and 
amount of solids carried by the canal. 

The layout of the book is excellent and the text, 
which. is both lucid and fluid, is illustrated by a large 
number of diagrams and plates. However, design 
offices will regret the frequent changes of units. 

G. H. LEAN 


DISEASES OF CEREAL CROPS 


Cereal Diseases in Ireland 
By Prof. Robert McKay. Pp. x+161+54 plates. 
(Dublin: At the Sign of the Three Candles, 1957.) 21s. 


HIS is the sixth in the series of handbooks 

dealing with crop diseases in Ireland written by 
Prof. R. McKay, illustrated with splendid photo- 
graphs by G. H. McLean and published by the Three 
Candles Press. Of similar format to its predecessors, 
this volume deals with the diseases of cereal crops ; 
it has an excellent frontispiece in colour with occa- 
sional colour plates scattered through the text. The 
foreword is by the Earl of Iveagh. The book is 
divided into six sections with an appendix. The 
sections deal respectively with the rusts, smuts, other 
parasitic diseases, parasitic diseases occasionally seen, 
miscellaneous diseases of non-parasitic origin and 
eelworm attack, while the appendix gives some 
account of the barberry and buckthorn, alternate 
hosts of some of the most important cereal rusts, 
with special reference to their distribution in Ireland. 
It could be suggested that the material dealt with in 
the appendix would have been better placed with 
the section dealing with the rusts. 

Some passages, such as appear, for example, in the 
section dealing with loose smut of oats, read a little 
more like a text-book of plant pathology than a 
semi-popular treatise, but this merely illustrates the 
great difficulty the author of such a work as this has 
in consistently envisaging the needs of the readers 
for whom the book is intended. It is no easy matter 
to prepare a glossary of terms for a work such as 
this and, although a useful one is provided, the 
omission of some such as ascocarp, stroma, mesocoty]l, 
etc., is noticeable. The illustrations of disease symp- 
toms are profuse and excellent, but when so much 
mention is made in the text of the various spore 
forms of the rust fungi, for example, it seems a pity 
that some attempt was not made to illustrate these 
and their methods of germination. The choice of 
references would have been improved by being more 
inclusive. 

The book is written in a simple straightforward 
style and is very readable. Part of the reason for its 
appearance is as a guide to agricultural advisers to 
help them to be able to identify, more readily, cereal 
diseases in the field. It is also intended to be of 
service to young farmers attending winter classes in 


NATURE 


515 


agriculture or engaged in club work. The book is 
excellently produced and maintains the high standard 
of the Three Candles Press. There are very few 
errors, printing or otherwise, and only two were 
detected. Tho illustrations are particularly valuable 
and up to the high standard one might expect. 
Priced at one guinea, the publication is worth the 
money as a book, although it may seem a little 
expensive for many for whom it is intended. The 
whole tenor and tone of the work, like that of the 
earlier volumes, denote the enthusiasm of the author 
and mark him out as one of the keenest plantsmen 
that Ireland has produced. A. E. MUSKETT 


GUIDES TO ORGANIC 


CHEMISTRY 


Organic Synthesis 

By Dr. Vartkes Migrdichian. Vol. 1: Open-Chain 
Saturated Compounds. Pp. xxviii+834. Vol. 2: 
Open-Chain Unsaturated Compounds; Alicyclic 
Compounds ; Aromatic Compounds. Pp. xiv+835- 
1822. (New York: Reinhold Publishing Corpora- 
tion; London: Chapman and Hall, Ltd., 1957.) 
£14 the set of two volumes. 


INCE the inception of the fundamental theory of 

organic molecular structure a century ago (1858), 
with the addition seven years later of that “‘crown- 
ing achievement of the doctrine of the linking of 
carbon atoms’’, the idea of the benzene ring, organic 
chemistry has advanced in a kind of geometrical 
progression. A concrete expression of its vast 
scope at the present day is embodied in the current 
edition of ‘‘Beilsteins Handbuch’’, which includes to 
date some ninety massive volumes, although (except 
for the latest volume) these cover the literature 
only to 1929. It is understandable, therefore, that 
the specialist in organic chemistry is nowadays 
largely dependent upon various types of more concise 
and up-to-date guides to this great efflorescence of 
organic chemical information. Such guidance is 
afforded by a multiplicity of monographs on special 
fields and by various periodicals exemplified by the 
American publication, ‘“Chemical Reviews”, and the 
British ‘‘Annual Reports’, Quarterly Reviews and 
Current Chemical Papers. 

A fundamental problem lies in the effective presenta- 
tion of the large number of chemical reactions now 
available for preparative and research work, in both 
pure and applied organic chemistry. Very helpful in 
this way are the American publications, ‘‘Organic Syn- 
theses”, an annual collection of reliable preparative 
methods for individual compounds, and “Organic 
Reactions” : each of the nine volumes of the latter, 
issued since 1942, deals in detail with a number of 
reactions of synthetical importance. 

Dr. Vartkes Migrdichian’s work, although bearmg 
upon the same ultimate problem as these two pub- 
lications, differs from them in two important respects. 
First, it is not a periodical but a complete work ; 
secondly, his review of reactions is comprehensive 
and systematic, instead of being limited to an 
arbitrary selection and arrangement. The first 
volume covers the open-chain saturated compounds ; 
the second takes in the much wider field of open- 
chain unsaturated compounds, alicyclic compounds, 
and aromatic compounds. A third volume dealing 
with heterocyclic compounds is contemplated. 
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The thirty chapters follow closely the arrangement 
of a standard text-book of organic chemistry. 
Methods of formation are followed by a review of 
reactions of the type of compound under discussion. 
The Grignard and Friedel-Crafts reactions, and the 
diene synthesis, with their exceptionally wide appli- 
cations, are treated separately. In general, however, 
reactions are classified under the heading of com- 
pounds of the type with which they are chiefly 
associated : thus, the Fries reaction will be found 
under the heading of phenol esters; and the Wagner, 
Nametkin and Demjanow rearrangements under 
alicyclic hydrocarbons. 

The work is a useful compendium of an enormous 
amount of material, and is fully documented, 
although the literature of the past decade is some- 
times sparsely represented. Theoretical discussions 
are not included, and reaction mechanisms are men- 
tioned only when generally accepted. The text, 
formula and tables are clearly printed by a modern 
economic process; nevertheless, the price is dis- 
_ tinctly high. As might be expected, in so extensive 
a compilation, misprints are not uncommon. 

Dr. Migrdichian, who is senior research chemist to 
the American Cyanamid Co., with a record of some 
thirty years in the field of work leading to these 
volumes, is to be congratulated upon the result of 
prolonged labours that will minimize those of the 
many organic chemists who will derive weleome help 
from this publication. JouHn READ 


ELECTRICITY AND ELECTRICAL 
MACHINES 


Electrical Engineering (General) 

Electrical Circuits—Instruments and Measurements 
—Electrie and Magnetic Fields—Conductors—In- 
sulating and Magnetic Materiels—Hlectronic Tubes. 
By A. T. Dover, Dr. F. T. Chapman, Prof. F. Brails- 
ford and Harley Carter. (Electrical Engineering 
Series.) Pp. ix+489. (London and New York: 
Longmans, Green and Co., Ltd., 1956.) 50s. net. 


Electrical Machines 

By A. Draper. (Electrical Engineering Series.) Pp. 
xvi+346. (London and New York: Longmans, 
Green and Co., Ltd., 1956.) 40s. net. 


The General Theory of Electrical Machines 
By Bernard Adkins. Pp. ix+236. (London: Chap- 
man and Hall, Ltd., 1957.) 45s. net. 


HE first two books belong to a series intended 
for use by students preparing for Higher National 
Certificate, degree, and other examinations. The 
proface states that “Electrical Engineering (General)”’, 


the first of the series, is limited in scope to theory, 


connected with electric circuits, instruments and 
materials for use with direct currents and alternating 
currents of power frequencies. The manner and depth 
of treatment vary considerably from topic to topic. 
Three chapters contributed by Prof. Brailsford pro- 
vide a lucid and up-to-date account of ferromagnetic 
phenomena. Unfortunately, the same fundamental 
approach has not been applied to the discussion of 
conducting and insulating materials, the treatment 
of which is reminiscent of an engineer’s handbook. 
This criticism could also be levelled at some of the 
material concerning commercial measuring instru- 
ments. It is perhaps inevitable that a book written 


NATURE 


February 22, 1958 VoL. 181 


by a panel of authors should consist of discrete 
sections, but it must be confusing to students to find, 
for example, a discussion of network theorems as 
part of direct-current circuit theory, without any 
mention of their general application, while later the 
star-delta equivalent impedances of a 3-phase circuit 
are derived without any reference to an earlier and 
similar derivation among the network theorems. 
Despite the declared limitation to power frequencies, 
two chapters on electronics describe various types of 
radio-frequency apparatus. A useful and compre- 
hensive selection of examples, with answers, many 
taken from examination papers, is provided at the 
end of the book. 

“ “Electrical Machines’ has been written as a text- 
book for students and not as & treatise for designers.” 
Here, at last, students can find under one cover 
details of nearly all types of electrical machines. The 
omission of the single-phase machine is, however, to 
be regretted ; it is, after all, very common. Acad- 
emically there also appears to be no justification for 
including the mercury-are rectifier in a book on 
machines. The approach to the subject is logical and 
on traditional lines, and should appeal to the student 
of electronics studying machines as a secondary 
subject. He will also find the sections on rotating 
and magnetic amplifiers very useful. The book can 
be recommended unconditionally to such students. 
Those taking heavy-current subjects for a degree 
course will probebly wish for greater depth of treat- 
ment, but it is an excellent second-year book. The 
author and the British Thomson-Houston Co., Ltd., 
are to be highly commended for the clarity of the 
diagrams, so essential to a book on machines. The 
examples at the end of the book are well chosen, 
even though there is a mixture of units. The appendix 
on the measurement of three-phase power will prove 
very useful to students in the laboratory. 

The general theory of electrical machines has been 
presented by several writers in a form so mathe- 
matical as to appear remote from whirling masses of 
copper and iron, and the publication of Mr. Adkins’s 
book, in which the theory is applied to computing 
the details of machine performance under varying 
conditions, ig all the more welcome. The author is a 
reader in the University of London, and his careful 
explanation of small detail shows his appreciation of 
the needs of students; but he has behind him an 
industrial career much longer and more distinguished 
than most professors or lecturers. This greatly 
enhances the value of his work, for he speaks with 
authority on the relative numerical importance of 
the terms in his equations, and is thereby enabled, 
by eliminating small effects, to present a clearer 
picture of the chief phenomena. His use of the 
‘per-unit’ system is perhaps open to criticism in a 
students’ book; it is easy to see its value to the 
designer, but it takes the student too far from funda- 
mentals, destroys the dimensional consistency of the 
equations, and involves the author in quite a number 
of interpolated explanations of the values of co- 
efficients. It is also possible to regret the somewhat 
disproportionate space accorded to the synchronous 
machine as compared with other types of a.c. motor. 
Nevertheless, the book is the best yet written in 
English to develop machine performance from general 
principles in a manner calculated to appeal to engin- 
eers and engineering studenis. 

T. Witson 
D. A. JONES 
G. W. CARTER 
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Science and Existence 
Two Ways of Knowing. By Alan Richardson. 
(Technics and Purpose, No. 1.) Pp. 30. 


Scientific and Technological Education 
By Edwin Barker. (Technics and Purpose, No. 2.) 
Pp. 37. 


Technical Education 
By H. A. Warren. 
Pp. 37. 


Purpose in Teacher Training 
By Monica Wingate. (Technics and Purpose, No. 4.) 
Pp. 38. 

(London: S.C.M. Press, Ltd., 1957.) Each 2s. 6d. 
net. 


(Technics and Purpose, No. 3.) 


HE British Council of Churches is sponsoring a 

series of booklets to examine the issues arising 
out of the growth of science in society and the rapid 
expansion of technological education, particularly 
in relation tō the purposes and. values involved in the 
light of the Christian faith. For several years `a 
working party convened by the Education Depart- 
ment of the British Council of Churches, under the 
chairmanship of Sir John Wolfenden, vice-chancellor 
of the University of Reading, has been meeting to 
consider some of the issues involved; it has now 
asked certain individuals to take responsibility for 
bringing together some of the views expressed in 
discussion. In the-first booklet Prof. Alan Richardson, 
of the University of Nottingham, distinguishes with 
great clarity between ‘scientific’ and ‘existential’ 
knowledge. The narrowness of scientific and tech- 
nological education is examined by Edwin Barker, 
assistant general secretary of the National Council of 
the Young Men’s Christian Association, in the second 
booklet, while in the third, H. A. Warren, principal 
of the South-East London Technical College, describes 
the system and scope of technical education in 
England and Wales and makes an appraisal of some 
of its social and cultural effects. In the fourth book- 
let, Monica Wingate, principal of Balls Park Training 
College, searches out the purpose in teacher-training 
with irresistible persuasiveness ; - her readers might 
have been even more sympathetic if she had first 
made sure that they were aware of the ways in 
which teachers are trained in Britain’s training 
colleges. Bofore other booklets in this series are 
produced, more thought might be given to the 
purpose behind each and to make this clear in a 
preface ; the sequence in which they are issued should 
also be examined. T. H. HAWKINS 


Malayan Orchid Hybrids 

By M. R. Henderson and G. H. Addison. Pp. iv+ 
191. (Singapore: Government Printer, 1956.) 
21 Malayan dollars. 


LTHOUGH there is such a wealth of orchid 

hybrids available for cultivation in temperate 
countries, many of these are not happy when grown 
under tropical conditions. Successful efforts have 
therefore been made in recent years to develop 
hybrids within other orchid genera which are better 
suited to the tropics. These include the genus 
Dendrobium (particularly the section Ceratobium), 
the climbing orchids of the Vanda-Arachnis group, 
the strap-leaved Vanda species and Spathogloitis. 
The chief two centres in which this hybridization 
has been carried out are Malaya and the Hawaiian 
Islands. The present book aims at providing photo- 
graphic illustrations of the more important and 
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beautiful hybrids which have been raised, or are 
commonly cultivated, in Singapore. 

For most varieties dealt with there are photo- 
graphs of a single flower and of a complete inflor- 
escence. These photographs reach a high standard 
and are excellently reproduced on art paper. Accom- 
panying them are brief texts which include informa- 
tion about parentage and place of origin as well as 
short descriptions and notes on cultivation. Well- 
illustrated and concise accounts of the cultivation in 
Singapore of the main groups of hybrids precede each 
section of the book. l 

Orchid growers in Malaya and in the neighbouring 
countries will welcome this book and it will be of 
value to growers in other tropical regions. It will 
also serve to stabilize the nomenclature of these 
hybrids, to which additions are continually being 
made. Altogether the authors are to be congratulated 
on the production of a useful as well as very attrac- 
tive book. 


A Glossary of Mycology l 

By Walter H. Snell and Esther A. Dick. Pp. xxxi + 
171 (15 plates). (Cambridge, Mass.: Harvard 
University Press; London : Oxford University 
Press, 1957.) 40s. net. 


YCOLOGY, like all other sciences, has developed 

its own shorthand terms to describe the 
diversity of form, substance and function of fungal 
organisms. The present volume describes nearly 
seven thousand such terms, and, apart from the 
names of colours and certain words used in general 
botany, most have no meaning outside this science. 
This number of words is almost enough, in a simpler 
context, to found a language; have we too many 
of them ? The majority save quite lengthy explana- 
tions, and so are justified as shorthand. A consider- 
able number apply only in special parts of mycology, 
but this serves to indicate fungal complexity rather 
than redundant verbiage. A few terms, now obsolete 
but used in earlier literature, have historical value. 
A minute minority are colloquial. Colour names link 
those in the authoritative but relatively inaccessible 
‘Repertoire de Couleurs” with other and more 
available specifications. Fifteen very clear line 
blocks by Henry A. C. Jackson elucidate many terms. 
The authors have, in all, performed a most necessary 
service, and have done it in a most scholarly manner. 

J. GRAINGER 


The Life of the Shrew 
By Dr. Peter Crowcroft. Pp. vi+ 166. 
Max Reinhardt, Ltd., 1957.) 15s. net. 
HIS is an excellent account of the biology of the 
species of British shrews, with perhaps more 
emphasis on the common and pigmy shrews. Their 
general behaviour, fighting propensities, reproduction, 
activity rhythm and feeding, their longevity (or 
should it be brevity ?) and their position both as 
predators and prey are all dealt with. Much is the 
result of the author’s own observations and experi- 
ments; but all the previously known facts have been 
incorporated in a very readable book. The shrew’s 
reputation in folk-lore and in naturalists’ accounts, 
even as late as 1911, is shown to be largely erroneous. 
The gaps in our knowledge and the methods by which 
they may be filled are dealt with in a stimulating and 
attractive manner. ‘There are a good bibliography 
and index, while the tailpieces by Erik Thorn portray 
the characteristic postures and behaviour of shrews 
most admirably. H. R. HEWER 


(London : 
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ALPHA-RAY ACTIVITIES OF HUMANS AND THEIR 
ENVIRONMENT 


By R. C. TURNER, J. M. RADLEY and Pror. W. V. MAYNEORD 


Physics Department, Institute of Cancer Research : Royal Cancer Hospital, London, S.W.3 


environment has become a matter of increasing 
importance and concern particularly in view of the 
hazards now known to be associated with the ingestion 
or inhalation of small quantities of radioactivity. It 
is well known that the human body normally contains 
small quantities of naturally occurring radioactive 
elements particularly concentrated in bone!-? ; but 
to what extent these materials are derived from food- 
stufis, drmking waters, or other ingested substances, 
is largely unknown for & particular individual. The 
knowledge of the natural radioactivity of our environ- 
ment is so scanty that it seemed possible that a num- 
ber of natural sources of irradiation of human beings 
exist of which we-are, at the moment, ignorant. 
Although largely unknown, these levels of radioactivity 
have been assumed to be of rather academic importance, 
yet they form the only sure ground upon which we 
may argue as to the dangers of different levels. For 
example, the natural background of y-rays gives us a 
standard by which we may judge the possible effects 
of increased radiation on the genetic material of the 
race, while the natural radiation to which bone for 
many generations has been exposed gives us a basis 
on which to judge any possible increase in the 
production of bone tumours or leukemia. Since 
many of the naturally occurring radioactive nuclides 
emit a-particles it seemed worth while to look again 
for such «-activities both within the human body and 
its environment. This article outlines the results of 
investigations over a fairly wide range on many 
hundreds of samples. 


ii radioactivity of the human body and its 


Experimental Technique 


We have devised a simple method which enables 
us to Measure «-activities without elaborate chemical 
preparation‘. 

Thematerial, the activity of which is to be measured, 
is often human or animal tissue and is normally 
prepared by ashing at 600-700° C., and grinding the 
residue to a powder. A shallow translucent tray is 
formed by stretching Scotch tape over one surface of 
a ‘Perspex’ ring about 11 em. internal diameter and 
about 3 mm. thick. The inside adhesive surface of 
the tray so formed is covered with a thin layer of finely 
powdered nickel-killed zinc cadmium sulphide which 
serves as the «-detecting phosphor. The tray is filled 
with the powdered sample and is sealed by further 
layers of Scotch tape stretched across its upper 
surface. Such a tray holds 2-3 gm. of unit 
density material of which only about 150 mgm. 
contribute to the counting, the precise amount 
depending, of course, upon the range and therefore 
the nuclide from which the «-particles come. This 
sealed tray ensures freedom from contamination. 
Samples may be stored indefinitely, and repeated 
measurements made at appropriate intervals, the 
rate of rise of activity to equilibrium after sealing 
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yielding important data in ‘identification of nuclides 
present. The sealed sample is presented to. the 
photo-cathode of a multiplier and the a-particles 
counted by suitable techniques. The lowest back- 
grounds observed by us were obtained using samples 
of aged distilled water, and are approximately 3 
counts per hour in counting periods extending over 
a week. The sensitivity of the method may be gauged 
from the fact that 1 count per hour above the back- 
ground corresponds to about 4 x 10- e.jgm. of 
sample and thus enables the normal a-activity in 
bone ash (that is to say, about 2 x 10-38 ¢./gm.) to 
be determined to an accuracy of some 15 per cent in 
æ counting time of 24 hr. Details of the technique 
will be published elsewhere; but it is obvious that 
great care has to be taken to avoid contamination. 
The method has been modified to measure the activi- 
ties of solid, liquid or gaseous samples. A study of 
the elementary geometry of counting shows that the 
number of particles (N) emitted per unit volume per 
unit time and the range (R) of the particles in the 
material are the determining constants, and that the 
product NR/4 gives the number of particles per cm.? 
which are observed in a given time. We have dis- 
cussed in detail* the effects of density and of atomic 
number on the range of the particles and caleulated 
mean ranges in media of varying atomic numbers and 
densities. 

Early in the experiments it was observed that 
materials containing thorium and its daughters, at 
low counting rates of the order of 10-100 counts per 
hour, yielded a number of closely spaced pairs of 
a-particles. These arise from the two consecutive 
a-transitions thoron (220) to thorium A (216), and 
thence to thorium B (212). Since the half-life of 
thorium A (216) is only 0-14 sec., and since no 
analogous phenomenon occurs in the radium series, 
the frequency of occurrence of these fast pairs gives 
@ direct measure of the rate of disintegration of 
thoron atoms. The results must, of course, be 
corrected for the chance occurrence of spurious pairs. 
By a development of this argument it is possible to 
estimate what fraction of the observed total «-count 
arises from the uranium and from the thorium series 
respectively. This phenomenon, well known in the 
history of radioactivity®, has enabled us to demon- 
strate and measure the fraction of the activity of 
normal human bone which arises from the thorium 
series. : 


Abnormal Radioactive Contents in Humans 


Some of our first experiments were carried out on 
samples of the humerus from a radium worker who 
ingested active material around the period 1910. 
The observed counting 'rates were very high, 17,500 
counts per hour in our normal sample, and the result- 
ing activity of 4-70 x 10-1! gm. radium-226 per gm. 
wet bone was in good agreement with estimations 
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of radium which had previously been made by 
pressure ionization chamber techniques, autoradio- 
graphy, physical-chemical assays and excreted radon‘. 
We have also measured a number of samples of 
humerus from a worker who ingested both radium 
and mesothorium 8-10 years earlier. Again, the 
estimated ratio of radiothorium to radium was in 
good agreement with previous measurements, as were 
the absolute values of 5:3 x 10-2 c. and 5-9 x 
10-12 c./gm. wet bone respectively (Spiers, F. W., 
private communication). It was established that 
other bones of the same subject (ribs and sternum) 
gave values for the radiothorium:- ranging from 
6-0 x 10-14% c. to 5:3 x 10-2 c. per gram of wet bone, 
but the ratio of radiothorium to radium (0°89) was 
surprisingly constant throughout the various parts 
of the skeleton. 

As a further example of the flexibility of the tech- 
nique we may mention that we have measured the 
breath and the blood of a patient who was given 
“Thorotrast’ for diagnostic reasons some twenty years 
ago. The estimated breath activity was 1-5 x 10-*c. 
thoron per litre and the blood content of thorium 
B = 3-5 x 10-4 ¢./em.?. 


Normal Radioactivity in Humans 


The cases we have quoted are of patients having 
very large radioactive burdens perhaps ten thousand 
times greater than those of the general population, 
and we now turn to studies designed to find the 
mean level of «-activity of normal populations. We 
were particularly anxious to obtain data concerning 
young children since little information exists as to the 
concentrations of radioactive material present at 
birth. We have, therefore, made measurements on 
as much stillborn material as could be obtained. 

Observations have been made on the «-activities 
of bones of persons native to Cornwall, London and 
Cumberland, respectively. 31 Cornish (humerus), 
17 Cumberland (femur) and 12 London (humerus) 
bone specimens have been examined. In the case of 
the 11 stillborn children, all of whom were full-term, 
low calcification and small size of the bones make it 
necessary to ash the whole of one of the long bones, 
in this case the femur. 

The results of the human bone measurements are 
shown in Fig. 1. It will be observed that there is 
great variation in absolute level, and that on the 
whole Cornish bones have higher values than those 
observed from the London area or from Cumberland. 
The mean content of the Cornish material was 
5-0 x 10-18 c. of «-activity per gm. bone ash com- 
pared with 1:7 x 10-1° c. for the London area. This 
difference appears to be statistically significant ; 
but the question remains as to whether the subjects 
form representative samples of the inhabitants of the 
two regions. ‘The values could be influenced by 
geographical factors, and also by the fact that a 
number of the specimens drawn from the London 
area were cases of advanced malignant disease known 
to have low calcium content. It will be shown later 
that differences in feeding habits could also be very 
significant. One of the most interesting findings is 
the unexpectedly high value for the concentration of 
a-activity of stillborn children’, the mean value in 
our experiments being 4-5 x 10-" c. per gm. bone 
ash. It appears that in adult bone approximately 
40 per cent of the «-activity is due to the radiothorium 
series. For the 11 stillborn children the mean fraction 
is the same, a result which is particularly interesting. 
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The other striking feature of Fig. 1 is that there is 
no obvious correlation of «-activity with age. In 
view of the great interest in the radioactivity of 
children we have measured four samples of liquid 
milk and found a mean value of 3:1 x 10-* c. per 
gm. ash. This implies that the total «-content and 
the mean radium content of a pint of milk from the 
London area are, respectively, 1:3 upc. per pint and 
0-22 uuc. of radium per pint. In a few months the 
total intake of the human infant, if completely incor- 
porated into the body, would be sufficient to provide 
most of the radium found stored in the adult. Later 
experiments suggest, however, that a large fraction 
may be excreted. 

We have also measured the total «-content of two 
samples of human mothers’ milk ash, and obtained 
values of 7:9 x 10-% and 3-1 x 10-8 c. of total 
a-activity per gm. ash. The activity appears to be 
divided about evenly between radium and radio- 
thorium. 


Radioactivity in Animals 


It seemed natural in view of these activities in 
milk to study the radioactivity of cows. Measure- 
ments of samples of long bones of 18 cows yielded 
values of total a-activity ranging from 2:0 x 10-13 
c./gm. ash to 6:0 x 10-14 o./gm. ash with a mean of 
3-0 x 10-12 c./gm. ash. It will be seen that the 
mean total a-activity per gm. of ash for cows is about 
ten times that of the humans. One very high activity 
in a ‘marrow bone’ (1:0 x 10-11 c. per gm. ash) is 
interesting, as also is the observation that the radio- 
activity in the bone of cows consists of about equal 
parts of radium and thorium series. By ashing the 
bone marrow of cows separately we found that the 
activity of the bone marrow is the same as the activity 
of the bone (c. per gm. ash) but relatively rich 
(2:1) in radiothorium compared with radium. In 
further experiments we have measured the activities 
of cow spleens and found a mean value of 1-8 x 10-1? 
c./gm. spleen ash, again, with about equal parts of the 
thorium and radium series. The ratio of «-activity 
in milk to the activity appearing in bone is very 
different in humans and cows, the ratio being at least 
ten times higher for humans. These observations 
suggest interesting comparative physiology of different 
species. 

It may be of interest to mention that we have 
also made preliminary observations on some other 
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species, as, for example, bones of five sheep which 
show values between 2 and 6 x 10-1" c. per gm. ash. 
Observations on the bones of pig reveal very low 
activity, while the bones of a horse, 18 years of age, 
are also quite low at 3-8 x 10-4 c. per gm. ash. It 


is evident there are differences between the natural . 


radioactive content of bones of various species, but 
we are at the moment ignorant as to whether or not 
these are real species differences or determined by 
feeding habits. 


iy Soils ' 

We have’ “also -made -observations on forty types 
of soils and fertilizers. They were not necessarily 
representative, -but grab. samples taken in various 
ways. We have found that chalk is low in activity 
(7 to 8 x 10-15 c. of a-activity per gm.), a fact of 
great importance to us in the design of new low back- 
ground laboratories. The next lowest soils are the 
limestones, as is indeed well known’. One of the 
most active materials we have encountered is fossil 
superphosphate (1 to 2 x 10-" e. «-activity per gm.), 
but again these activities were well known and may 
be so high that in the United States, for example, 
the extraction of uranium from superphosphate 
residues is worthwhile commercially’. The high 
values for superphosphates may have a bearing upon 
the observed activities of cattle bones. 


Various Environmental Materials 


- In another series of experiments «-activities have 
been found in a number of substances in which thorium 
and rare earths are closely associated. It is not 
uncommon for thorium to pass through the chemical 


Table 1 


Maximum a-activity observed 


Foodstuff per 100 gm. x 107! 0. 
Cereals (breakfast) 60 
Liver and kidney 15 
Flours 14 
Chocolates 8 
Biscuits 2 
Milks (evaporated) 1-2 
Fish 1-2 
Vegetables 0-7 
Meat 0°5 
Fruit (tinned) 0'5 
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separation processes in company 
with materials like cerium, thus 
giving rise to the activities we have 
observed. Among the materials ex- 
amined, conspicuous ones are lighter 
flints (3 x 10-® c. «a-activity per 
gm.), cleaning materials of various 
kinds involving cerium (4 x 10-”° c 
a-activity per gm.) and in one in- 
stance a pharmaceutical product 
which evidently contains a large 
percentage of thorium (Fig. 2). 
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a Human Metabolic Experiments 

In view of the extremely wide 
range of naturally occurring act- 
ivities in the human environment 
it seemed of great importance to 
discover the immediate sources of 
radioactivity of the normal human. 
We have, therefore, carried out a 
‘balance’ experiment on a normal 
young human subject with the 
view of investigating the magnitude of the intake 
and excretion of naturally occurring radioactive 
material. 

Samples of every food eaten by a boy (4 years old) 
over & period of a month were assayed for «-activity, 
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as was each daily fecal sample excreted during that 
time. It was immediately found that not only were 
the fecal samples easily measurable but also examina- 
tion of a number of foodstuffs revealed variations in 
a-activity ranging over factors of 4-5 hundred 
times (Table 1 contains a small selection of 
those found relatively active). The intake over a 
period of a month was 3:0 x 10-?° c. of a«-activity 
with the fecal excretion 20 per cent lower. Fig. 3 
shows the integrated daily intakes and fxcal 
excretions. 

The main conclusions from this pilot experiment 
are : 

(a) Food is, in this instance, the important factor 
determining the daily intake of naturally occurring 
radioactive material, and its contribution completely 
overshadows the intake from milk and water, hitherto 
often supposed the main sources. 

(b) The levels of «a-activity in foodstuffs are 
extremely variable but, in general, high values are 
obtained for cereals and flours, particularly those in 
which whole wheat is utilized. 

(c) The intake per day from food, even for a child 
of 4 years of age, may approximate the whole body 
burden. For an adult, the intake can exceed 10-?° c. 
of a-activity per day. 

(d) The ratios of radiothorium to radium in the 
intake and in the fecal excretion are substantially 
the same (0-75). This ratio is higher than that found 
in the human bone studies (0-6) possibly because of the 
relatively higher values of radiothorium in such organs 
ag the liver and spleen. 

(e) The daily retention of radiothorium and radium 
is evidently a small fraction of the intake but cannot 
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be estimated accurately by our simple ‘balance’ 
study. Excretion in urine is approximately 10 per 
cent of fecal excretion, leaving an estimated 10 per 
cent real absorption. 

(f) The mechanisms controlling the retention by 
the body are evidently of great importance in 
estimating possible biological effects due to the 
radioactivity presented to it, since the bulk of the 
daily intake of radium and thorium series is excreted 
during the next 48 hr. This is demonstrated by 
the high values of fecal activity on days following 
the ingestion of particularly active foods. 

(g) It is clear from the values found in foodstuffs 
that two persons on apparently normal diets may 
differ in total daily radioactive intake by factors of 
hundreds. This makes the variations of «-activity 
observed in the human skeletal studies scarcely 
surprising. 

We are continuing these physiological studies with 
the view of a better understanding of the metabolism 
and resulting dosimetry due to natural and artificial 
radioactive substances. 
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FORMATION OF TWO- AND THREE-STRANDED HELICAL 
MOLECULES BY POLYINOSINIC ACID AND 
POLYADENYLIC ACID 


By Dr, ALEXANDER RICH 
Section on Physical Chemistry, National Institute of Mental Health, Bethesda, Maryland 


A GREAT deal of interest has been aroused by 
problems associated with the structure and 
function of ribonucleic acid. This substance is found 
widely distributed in various parts of the cell. 
Although some of it is in the nucleus, where it is near 
the deoxyribonucleic acid, most of the ribonucleic 
acid is in the cytoplasm, where it is either closely 
associated with protein to form the particles in the 
microsomal fraction or is free in the supernatant. 
Because it constitutes almost half the microsomal 
particles in which protein synthesis is carried out?, it 
is widely believed that it takes a fundamental role 
in this process, such as helping to determine the 
sequence of amino-acids in the newly synthesized 
protein. It has also been demonstrated that ribonu- 
cleic acid can function as a carrier of genetic informa- 
tion. If ribonucleic acid is isolated from the tobacco 
mosaic virus, it is capable of infecting the tobacco 
leaf and thereby producing a large number of new 
virus particles which carry the genetic markers of 
the original virus*. 


Studies of the molecular structure of ribonucleic 
acid have been carried out in the hope of learning 
something about the molecular mechanisms involved 
in these processes. However, until recently, it has 
been extremely difficult to obtain reliable structural 
information. Ribonucleic acid is somewhat unstable 
chemically, and most isolation procedures result in a 
degraded product so that we have only meagre 
information about the configuration of this substance’. 

However, a number of recent developments have 
made more promising the prospect of solving this 
problem. Grunberg-Manago and Ochoa‘ have dis- 
covered an enzyme which is capable of converting 
nucleotide diphosphates into polyribonucleotides. 
The resultant polymers resemble naturally occurring 
ribonucleic acid in that they have the same covalent 
ribose-phosphate backbone, and they have been 
shown to undergo @ similar enzymatic hydrolysis®. 
X-ray diffraction studies of polymers containing all 
four of the purine and pyrimidine bases present in 
ribonucleic acid produce an X-ray diffraction pattern 
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which is virtually identical with that produced by the 
naturally occurring substance’. Hence, these mater- 
ials are ideal analogues for studying molecular 
configuration problems associated with ribonucleic 
acid. Since it is possible to control the type of 
purine or pyrimidine base in the polymer, we can 
learn how the base composition influences the 
configuration of the ribose-phosphate backbone. Of 
special interest, of course, are the hydrogen-bonding 
potentialities of the various bases, since the specificity 
of these interactions takes such a crucial role in 
maintaining the structure of deoxyribonucleic acid’. 


Polyadenylic Acid and Polyuridylic Acid 


Among the first combinations of synthetic poly- 
nucleotides to be investigated structurally was 
polyadenylic acid plus polyuridylic acid. When 
these two elongated polymeric species meet in 
solution, they wrap around each other to form a two- 
stranded helical molecule, one strand of which is 
polyadenylic acid and the other polyuridylice acid’. 
The resultant 1:1 complex can be identified by its 
absorption spectrum in the ultra-violet as well as 
through its X-ray diffraction pattern. This diffrac- 
tion pattern has many features in common with that 
produced by deoxyribonucleic acid, and it is believed 
that the adenine and uracil residues are joined 
together by the same hydrogen-bonding system which 
is found in deoxyribonucleic acid. This work further 
suggested that the ribonucleic acid backbone is 
capable of assuming the deoxyribonucleic’ acid 
configuration, that is, a helical form with the phos- 
phate groups outside and a translation of 3-4 A., and a 
screw rotation of 36° between the hydrogen-bonded 
base pairs. The presence of the additional hydroxyl 
group on C’, of ribose modifies the configuration only 
slightly in this case. l 

An additional interaction was discovered between 
the two-stranded polyadenylic acid + polyuridylic 
acid molecule and a third strand of polyuridylie acide. 
It has been shown that, in the presence of 0-012 M 
magnesium chloride, these interact in the ratio of one 
polyadenylic acid to two polyuridylic acid molecules, 
a8 measured by the ratio of reacting nucleotides. The 
interaction is accompanied by a change in the ultra- 
violet spectrum and sedimentation constant of the 
resultant material. It is believed that the third 
strand of polyuridylic acid has wrapped itself about 
the two-stranded polyadenylic acid + polyuridylic 
acid molecule, filling one of the helical grooves. 
Recently, a diffraction pattern has been obtained 
from material which was prepared under conditions 
in which the three-stranded complex forms. This 
pattern differs from that obtained with the two- 
stranded complex (unpublished work), 

These results led to a search for other two- and 
three-stranded configurations among the synthetic 
polynucleotides. This communication reports the 
discovery of a new two-stranded helical configuration 
involving polyadenylie acid and polyinosinie acid, 
as well as a three-stranded complex involving an 
additional polyinosinic acid. 


Polyinosinic Acid and Polyadenylic Acid 


At the beginning of this investigation, I was in- 
formed by Prof. Paul Doty, of Harvard University, 
that he had observed a “‘helix-coil transition” in the 
system polyadenylic acid and polyinosinie acid 
(personal communication), 
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Fig. 1. Broken lines show the absorption spectra of polyadenylic 
acid (poly A) and polyinosinie acid (poly I) before mixing. The 
solutions are both in 0:05 M sodium chloride, 0:001 M sodium 
cacodylate at pH 6'8, T = 23°C. The solid Hnes show the 
absorption spectrum of a 1:1 mixture (1 A:11) 1 min. after 
mixing, and at 5 hr. As the complex forms, there is a drop in the 
optical density and a shift of the maximum and mininum 


The polynucleotides used in my investigation were 
polymerized from nucleotide diphosphates and the 
enzyme polynucleotide phosphorylase from Azoto- 
bacter vinelandii. The highly purified enzyme 
(specific activity 113 units) was kindly supplied to 
me by Prof. S. Ochoa. Polymers were prepared during 
a two-hour incubation period and harvested by 
precipitation with cold ethanol followed by dialysis 
at 5° C. against 5 x 10- M sodium chloride and 
subsequent lyophilization. The sodium salt of the 
polynucleotides was used for all experiments. 

Extinction coefficients were measured by assaying 
the ribose content of the solutions!®*. In 0-1 M 
sodium chloride, 0-01 M sodium cacodylate at pH 6-8, 
the molar extinction coefficient per nucleotide for 
polyadenylic acid is 9,180 at 259 my, and for poly- 
inosinic acid it is 10,300 at 250 mu. 

The interaction between these two molecular 
species is best seen spectrophotometrically. In Fig. 1, 
the ultra-violet absorption spectra are plotted for 
equal concentrations of the individual polymers 
(dashed lines). These solutions are both in 0:05 M 
sodium chloride, 0-001 M sodium cacodylate at pH 6-8. 
When they are mixed together in a 1:1 ratio, 
spectra are observed as shown by the solid lines. At 
l min. after mixing, the resultant absorption spectrum 
curve lies half-way between the curves for the 
individual materials. However, the resultant spec- 
trum changes with time. Equilibrium is obtained 
by 5 hr., at which time the final curve has dropped 
considerably as shown in Fig. 1. At equilibrium, the 
spectrum has shifted somewhat and has a new maxi- 
mum at 254 mu and a minimum at 23] my. The 
final optical density at the maximum has decreased 
by 18 per cent when compared to the starting point, 
and half this drop has occurred in approximately 
20 min. under these conditions. Such a lowering 
of the optical density is called the ‘hypochromic 
effect’ and usually refers to the decrease in optical 
density which is attendant on the polymerization of 
nucleotides to form nucleic acids. In the synthetic 
polynucleotides, changes in the hypochromic effect 
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have been used as a convenient index for following 
the course of a reaction. Thus, for example, the 
reaction between polyadenylic and _ polyuridylic 
acids results in a similar lowering of the optical 
density in the ultra-violet 11,12, 

The stoichiometry of the reaction can be determined 
by measuring the drop in optical density at a given 
wave-length as a function of composition. In Fig. 2, 
the optical density at 254 mu is plotted as a function 
of mole ratio of polyadenylic acid to polyinosinic acid. 
Tho upper curve, a, is obtained 31 min. after mixing 
two standard solutions, both of which are in 0:05 M 
sodium chloride, 0-001 M sodium cacodylate, pH 6:8. 
In all these mixtures, the total concentration of 
nucleotide phosphate was kept constant, but the 
relative amounts of the two species vary. At 31 min. 
a minimum in the optical density is seen near 50 per 
cent, that is, a 1 : 1 mixture of polyinosinic and poly- 
adenylic acids. 

However, if these same mixtures are allowed to 
stand until equilibrium is reached, the curve changes 
further (Fig. 2, b). At equilibrium, the minimum 
has shifted to 67 per cent polyinosinic acid, suggesting 
the formation of a 2:1 complex involving two poly- 
inosinic acid molecules and one polyadenylic acid 
molecule. 

The formation of these two complexes is controlled 
by the ionic strength of the medium. As the salt 
concentration is decreased, the rate of the reaction 
decreases. Thus, in 0:01 M sodium cacodylate with- 
out added sodium chloride, only the 1:1 complex 
forms (Fig. 2, a) after 18 hr. On the other hand, in 
0-1 M sodium chloride, the minimum at 50 per cent 
is seen clearly only until 40 sec. after mixing. 
Following that, the optical density — composition 
curve begins to shift, and the sharp minimum -atb 
66 per cent polyinosinic acid is seen clearly after 4 min. 
At very high salt concentrations, for example, 1 M 
sodium chloride, no reactions occur. This is probably 
due to an alteration in the polyinosinic acid molecule 
and will be discussed in greater detail in another 
paper dealing with the structure of polyinosinic acid. 


NATURE 





523 


Further evidence for the formation of these 
complexes can be obtained from an ultra- 
centrifuge investigation. For these studies, a 
‘Spinco’ model Æ ultracentrifuge was used in a 
form modified for ultra-violet absorption meas- 
urements. In this way, concentrations were 
used near 6 x 10-5 M in nucleotide phosphate 
and sedimentation constants were independent 
of concentration. Polyadenylic acid in 0-05 M 
sodium chloride and 0-001 M sodium cacodyl- 
ate at pH 6-8 had a mean sedimentation 
coefficient (S29) of 7-2, whereas the poly- 
inosinic acid had a value of 8-6 under the same 
conditions. A 1:1 mixture of these had an 
average Szo = 10-4 at equilibrium. How- 
ever, an equilibrium mixture of 2 polyinosinic 
acid to 1 polyadenylic acid had an average 
Soo == 14:7. 

The experiments cited above demonstrate 
the formation of complexes between poly- 
adenylic and polyinosinic acid. In order to 
obtain information about the detailed molecular 
0 configuration of these complexes, an X-ray 
diffraction investigation was carried out. 
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Olyinosinic acid 
fhe same as in 
Fig. 1. All points refer to the same total concentration of nucleotide 
phosphate. ‘The solid curve (a) is obtained at 31 min. and the 
The minimum shifts from 50 per cent 


X-Ray Diffraction Studies 


A 1:1 mixture of sodium salts of polyadenylic 
acid and polyinosinic acid was prepared by adding 
together weighed amounts of the dry material. 
Lhe mixture was dissolved in distilled water without 
any added salt. Under these conditions, the solution 
had only the residual sodium chloride from the final 
dialysis in the preparation of the polymers. At this 
low salt concentration, only the 1 : 1 complex forms, 
as described above. After reacting at room tempera- 
ture for one hour, the solution was lyophilized. The 
resultant dried fibrous mixture was then moistened 
until it became sticky and from this were drawn 
long, tough fibres which upon drying became brittle 
and highly birefringent (An = — 0:09). X-ray 
diffraction photographs were taken using an intonse 
beam of X-rays 100u in diameter (Hilger ‘Semi- 
Micro’ X-ray- Tube Stand). 

Fig. 3 shows a diffraction photograph obtained at 
66 per cent relative humidity in a helium-filled camera. 
The distribution of scattering intensity is characteris- 
tic of a helical structure, as shown by the fact that the 
innermost maxima on the first, second, and third 
layer lines lio approximately on straight lines radiating 
from the origin. In addition, there is a large area on 
the meridian which is empty. In some respects, the 
diffraction photograph is similar to that produced by 
the B form of deoxyribonucleic acid?3. 

There are two fairly strong reflexions on the equator 
and several weaker ones. These appear at distances 
which indicate a hexagonal lattice with a = 24-4 A. 
By measuring the layer line spacing, it can be shown 
that the pitch of the helix is 38-8 A. The specimen 
was tilted slightly in Fig. 3 to show the upper layer 
lines more clearly. Several layer lines appear near 
the meridian in the region of 3-4 A. From these it 
appears that there is a meridional reflexion near 
3-4 A. Hence the fundamental screw repeat for the 
helix is a translation of 3-4 A. and a rotation of 
3°4 


x —— 


= 31-°5° 
38-8 Pg 


(360° 


The reflexions in the 3-4-A. region are undoubtedly 
due to the stacking of the planar purine bases at right 
angles to the fibre axis. This interpretation is 
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Fig. 3. X-ray diffraction photograph of a flbre of polyadenylic 

aoid lus polyinosinic acid (1:1). The fibre is at a rela ive 

dity of 66 per cent in a helium-filled camera, and is tilted 
slightly from the vertical 
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compatible with the observed high negative 
birefringence. 

Cochran, Crick and Vand have analysed the diffrac- 
tion patterns produced by helical molecules". They 
have shown that the structure factor for a given layer 
line is the sum of a series of terms each of which 
contains a Bessel function J n(2xrR), where r is the 
radius of an atom, and R is the radius in reciprocal 
space. In the nucleic acids, the diffraction pattern 
is usually dominated by the contributions of the 
phosphate groups ; hence it is possible to carry out a 
very approximate analysis by considering their 
contributions alone. In this approximate analysis 
the positions of the innermost maxima on layer lines 
l, 2, and 3 can be equated to the first maxima of 
Jn(27r R), where n is 1, 2 or 3, respectively. Such an 
analysis yields a weighted ‘average’ scattering radius 
of 9-5 A. This strongly suggests that the phosphate 
groups are on the outside of the molecule, as in 
deoxyribonucleic acid. 


Discussion 


With the ribose-phosphate backbone helically 
arranged on the outside of the two-stranded complex, 
it is necessary to determine the arrangement of the 
two purine bases relative to each other in the centre 
of the molecule. The diffraction data clearly indicate 
that these planar groups are oriented at right angles 
to the fibre axis, and it is necessary to consider the 
manner in which they might be linked together by 
hydrogen bonds. Before this can be done, one must 
know the tautomeric forms which exist under the 
conditions in which the polynucleotides interact. 

It has been generally assumed that the adenine 
residue in the nucleic acids is in the amino-form. A 
recent study of the infra-red spectrum of adenylic 
acid in solution has confirmed this assignment}s, 
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Information concerning the tautomeric form of ino- 
sinic acid comes from a variety of sources. Spectro- 
scopic and infra-red evidence has been presented’ by 
Brown and Mason!* in a study of several mono- 
hydroxy purines. They have shown that the oxygen 
on position 6 is probably in the keto-form. in 9-methyl 
hypoxanthine. Crystallographic studies on the 
somewhat related guanine residue!” show a ketonic 
oxygen on position 6 in the solid state. In addition, 
work now in progress on the structure of polyinosinic 
acid also indicates a keto-form for the oxygen. 

Pairing of the adenine and hypoxanthine bases to 
form a structure of the type suggested by the X-ray 
diffraction pattern can most easily be done by the 
hydrogen-bonding shown in Fig. 4. The amino-group 
of adenine is linked to the keto-oxygen of hypoxan- 
thine, while both purine nitrogen 1 atoms aro linked 
by hydrogen bonds. These hydrogen-bonded purine 
pairs are helically stacked according to the screw 
dimensions cited above, with the phosphate ribose 
chain on the outside. Fourier transforms have been 
calculated for models of this type and will be reported 
elsewhere. 





H ypoxanthine 


~“ 


0 5A. 


Fig. 4. Hydrogen bonding between hypoxanthine and adenine 
: bases. One carbon atom from the ribose sugar is shown 


At the present time, there is only spectroscopic and 
ultra-centrifugal evidence for the existence of the 
three-stranded complex. However, we know that 
the two-stranded molecule is helical, and by analogy 
with the system of polyadenylic acid plus polyuridylic 
acid, it is quite likely that the third strand lies in the 
helical groove of the two-stranded molecule. It is 
possible, for example, that the second hypoxanthine 
base is linked to the adenine residue by two hydrogen 
bonds (hypoxanthine keto-oxygen and nitrogen 1 
bonded, respectively, to adenine amino -nitrogen and 
nitrogen 7 of the imidazole ring). A somewhat 
similar arrangement has been suggested for the second 
uracil chain, which is bonded to the two-stranded 
polyadenylic acid plus polyuridylic acid complex®, 

ile inosinic acid is believed to be a precursor of 
adenylic acid as well as guanylic acid, it has not been 
found in ribonucleic acid itself, However, it is related 
structurally to guanylic acid in that it has the same 
keto-oxygen on carbon 6 of the purine ring, even 
though it lacks the amino-group on carbon 2. It is 
less closely related to adenylic acid, since substituting 
@ keto-group for an amino-group radically alters the 
hydrogen bonding possibilities of the purine. This is, 
of course, readily seen by noting the great difference 
between the diffraction pattern of polyinosinic acid + 
polyadenylic acid relative to that of polyadenylic 
acid by itself. In the latter case, the structure is 
believed to be a two-stranded helix with each chain 
organized around an axial two-fold rotation axis}, 
The amino-group has a position in that structure 
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which could not be substituted by the oxygen on the 
hypoxanthine base. 

The studies reported here have shown that mixtures 
of polynucleotides are capable of forming hydrogen- 
bonded helical structures which are susceptible to 
crystallographic analysis. Just as the structure of 
the fibrous proteins was finally solved by working 
on the simpler synthetic polypeptides, it is hoped 
that structural analysis of synthetic polyribonucleo- 
tides will aid the solution of the structure of ribo- 
nucleic acid and facilitate our understanding of its 
function. 

I would like to acknowledge the generous assistance 
and advice of Dr. D. R. Davies and the technical 
assistance of Mrs. J. Johnson. I am indebted to Prof. 
S. Ochoa and Miss P. Ortiz for the supply of poly- 
nucleotide phosphorylase, and for information con- 
cerning its use. 
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THE BAND THEORY OF METALS 


SHORT and valuable conference was held in 
A the Imperial College of Science and Technology, 
London, on December 19 and 20 on “The Band 
Theory of Metals and the Structure of the Fermi 
Surface”. It was attended by about 240 members of 
the Physical Society and visitors, including Prof. 
Vonsovski from the U.S.S.R. The chief value of the 
conference must lie in the way in which it has drawn 
together many aspects of the subject. In the years 
1928-35, almost the whole theory of metals was 
fairly satisfactorily sketched in outline, and we were 
often reminded of this during the conference. Since 
then, much work has gone into filling in the many 
gaps that remained. The different threads have now 
been drawn. together again into a more comprehensive 
theory of metals and into a united research front. 
There were several review papers of various experi- 
mental techniques and theoretical developments, 
emphasizing what relevance the results obtained from 
them had for the theory of metals as a whole. There 
was also a good mixture of theoretical and experi- 
mental papers, and much emphasis on turning all 
this to good account by trying to understand, in 
detail, the properties of at least a few individual 
metals. As a further elaboration of this theme, the 
following thoughts remained in the mind of one 
participant after the conference. In some places the 
remarks go beyond what was actually said in the 
formal sessions. 

Prof. N. F. Mott opened the conference with a 
paper on “Band Theory and Ferromagnetism’’, which 
brought out the distinct types of wave function that 
we use in different circumstances to describe electrons 
in metals. In the earliest development of the subject, 
the wave functions of the individual electrons were 
taken as waves Yk (with wave vector k) extending 
throughout the crystal, and the wave function of the 
whole metal was written as a product or as & single 
determinant : 


Ypioch = (NV Tyma] determinant of the pr’s | (1) 


where N is the total number of conduction electrons 
in the metal. This we shall refer to as the Bloch 
picture. Because of the periodicity of the lattice, k 


is restricted to a certain region in k-space known as 
the Brillouin zone. The energy E(k) varies con- 
tinuously with k in each zone. Because of the 
exclusion principle, all the states below the Fermi 
level Ey are occupied by electrons. The surface in 


k-space ; 

E(k) = Ep (2) 
is the boundary between the occupied and unoccupied 
levels, and it determines many of the properties of 
the metal. The earliest successes of this theory 
include the resolution of the classical difficulty that 
the electrons in a metal seem to be free enough to 
give a high conductivity and yet contribute very 


3 
much less than -5 kT each to the specific heat. It also 


explains the qualitative difference between a metal 
and an insulator, and how semi-metals like bismuth 
can exist with an apparent number of 10-° free 
electrons per atom. On this sort of picture, most of 
the present theory of metals is based, and Prof. Mott 
reminded the audience how it could account for the 
ferromagnetism of some metals like cobalt and 
nickel. However, he emphasized that in other cases 
we are driven to use wave functions of a qualitatively 
different type, namely, the Heitler-London type of 
function. In this picture each electron is more or 
less tightly bound to @ particular atom (position Ry), 
and moves in an orbital b(e — Ryn) localized around 
this atom. The whole wave-function is : 


Wap = (N!)-2/2 | determinant of (r — Rp) ’s | (3) 
In this picture the concept of a Fermi surface does 
not arise. Prof. Mott mentioned different kinds 
of ferromagnetics and anti-ferromagnetics which are 
thought to correspond to the two types of wave 
function. In particular, the ferromagnetic 3d-electrons 
in iron, and similarly the 4f-electrons in gadolinium 
metal, should be described by the Heitler-—London 
type of wave function (3), in contrast to cobalt and 
nickel. This view is supported, for example, by data 
on the saturation magnetic moment of iron—copper 
alloys. The moment is just 2:22 Bohr magnetons 
multiplied by the number of iron atoms, in accordance 
with the view that each magnetic electron is localized 
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around an iron atom and is therefore removed when 
the iron atom is replaced by a non-magnetic copper 
atom. The behaviour is quite different from that of 
cobalt-copper and nickel-copper alloys. Later in 
the conference, these ideas were developed more fully 
and more experimental evidence was brought for- 
ward by the following: W. M. Lomer and W. 
Marshall, “Electronic Structure of Ferromagnetic 
Alloys” ; Miss Y. Cauchois, “X-ray Spectroscopy of 
Metals”; B. R. Coles, ‘Electrical Resistivity and 
Electronic Structure”. There was also ample time 
on the programme for the lively discussion which 
recurred throughout the conference, and in which 
many other people contributed. J. R. Schrieffer out- 
lined how wave functions, which are quite different 
again from either (1) or (3), are being used in “Recent 
Developments in the Theory of Superconductivity”. 

All the rest of the conference was devoted to non- 
ferromagnetic good metals like the alkalis, and copper, 
aluminium and lead, and their alloys. Even for a 
good metal, the Bloch type of wave function (1) 
cannot be regarded as satisfactory, in spite of its 
many successes. For a free-electron gas which can 
be worked out in detail, it gives a zero density of 
states at the Fermi-level, in contrast to all the 
experimental evidence, which demands a finite one. 
As R. 8. Leigh pointed out in his paper on ‘“Cor- 
relation in the Free Electron Gas”, this difficulty can 
be traced to the long-range (l/r) nature of the 
Coulomb potential. The use of the Bloch wave 
function (1) implies that each electron moves in its 
orbital p independently of all the other electrons. 
- This cannot be correct, for the Coulomb repulsion 
between two electrons is quite strong and must 
influence their motion so as to keep them from 
getting too close to one another. ‘This is called 
‘correlation’. It is closely allied to the longitudinal 
plasma oscillations of the electron gas as a whole, for 
which the Coulomb repulsion is also responsible. By 
starting from these plasma oscillations, a more com- 
plicated theory of the free electron gas can be built 
up following the work of Bohm and Pines, which 
gives reasonable agreement with experiment for the 
alkali metals. Mr. Leigh discussed how these results 
could also be obtained from a somewhat different 
point of view. 

If this left the conference momentarily stunned by 
the complication of the theory of even a free-electron 
gas, despondency was soon dispelled. In spite of the 
complications of correlation, the wave function for 
the free-electron gas can be written (to a good degree 
of approximation) : 


F = (N1)? x | determinant of bz ’s | (4) 


This is very similar to (1), while the extra factor 
x, called the plasma term, describes the correlation 
of the electrons. The determinant again- describes N 
particles moving independently of one another 
through the metal. But these particles are no longer 
simple electrons. The Coulomb repulsion means that 
each electron is surrounded by a denuded region in 
which other electrons are unlikely to be. Because of 
the positive charge of the ions making up the lattice, 
this denuded region has on the average a positive 
charge. The particles now consist of the electrons 
together with the denuded region around each one. 
Each particle is therefore electrically neutral, and 
there is now no long-range Coulomb force between 
them. Only a weak short-range force remains. For 
this reason there is little correlation and the particles 
can be described as moving nearly independently. 
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The wave function (4) thus contains a single determ- 
This removes the 
deficiencies of the simple Bloch theory based on (1), 
and yet at the samo time retains its successes. The 
concepts of the wave vector k, Brillouin zones and 
Fermi surfaces remain, and so does our interpretation 
of physical properties in terms of them. The theme 
was developed further by J. Hubbard in “Description 
of the Electron Gas in Terms of the Independent 
Particle Model”. Using this model as a basis for the 
first time, V. Heine described a “Self-consistent Band 
Structure Calculation for Aluminium”. In this cal- 
culation he was also able to overcome some of the 
mechanical difficulties that have always made cal- 
culations of band structure so unreliable, and to 
obtain reasonable agreement with what is known 
experimentally about the Fermi surface in this metal. 
W. M. Lomer presented a paper for Mrs. E. C. Ridley 
on the energies of the “‘6s-, 6p-, 7s-, Tp-, 6d-, 5f-Wave 
Functions of Metallic Uranium”. From this the six 
valence electrons would appear to be predominantly 
in the 5f-band. Prof. R. Eisenschitz described how 
one could calculate the “Electronic Levels of Dis- 
ordered Structures”. 

We may summarize by saying that for various 
experimental and theoretical reasons, some of which 
have been mentioned above, we believe that the 
concepts of Brillouin zones and Fermi surface have 
real validity and physical significance, in spite of the 
complications. of electron correlation. Most of the 
conference was therefore devoted to methods of 
determining experimentally the shape of the Fermi 
surface in a given metal (as well as other aspects of 
the band structure), since this is the key to an under- 
standing of most of the electrical and magnetic 
properties of the metal. The de Haas—van Alphen 
effect, discussed by Dr. D. Shoenberg in a paper of 
that title, would appear to be in principle the most 
powerful tool for obtaining the shape of the Fermi 
surface experimentally. The observations give the 
area of cross-section of the surface normal to the 
magnetic field, as a function of the field direction, 
and from this the shape of the surface can be cal- 
culated. If the Fermi surface consists of several 
pieces in different zones, then each piece can be so 
determined. A. Gold described how “The de Haas- 
van Alphen Effect in Lead” had enabled him to map 
out by this method the Fermi surface in lead, which 
consists of several pieces in the second, third and 
fourth zones. It is noteworthy how close the band 
structure is to what one obtains if the Fermi surface 
is taken as a sphere containing four electrons per 
atom (free-electron gas model) and the pieces of the 
sphere are fitted correctly into the zone scheme. This 
work made us feel that perhaps all other methods 
could be put in a subsidiary category; but Dr. 
Shoenberg reminded us that the de Haas—van Alphen 
effect has its ‘blind spots’, where it does not at 
present seem to be applicable. For example, the 
effect has not yet been detected in any alkali or noble 
metal. For these metals other methods must be used, 
and Dr. A. B. Pippard discussed “The Anomalous Skin 
Effect” with particular reference to determining the 
Fermi surface of copper. He concluded that the 
Fermi surface either just touches or just does not 
touch the zone face in the (111) direction. Circum- 
stantial evidence would favour the former. Dr. R. G. 
Chambers presented a paper on “Cyclotron Resonance 
in Metals”. The resonance could in principle determine 
the effective mass at all points on the Fermi surface, 
as in semiconductors, but some of the differences from 
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cyclotron resonance in semiconductors were pointed 
out. So far only bismuth has been studied system- 
atically, but the resonance has also been detected in 
tin. 

This more or less concludes the most powerful tools, 
in which some quantity is measured as a fanction of 
orientation for all directions in space so that much 
detailed information is obtained. In contrast, the 
following determinations give a specific piece of 
information, which may not be obtainable in any 
other way, but which is an average over the whole 
band structure or the whole Fermi surface. J. A. 
Catterall discussed ‘X-ray Emission from Alkali 
Metals” with particular reference to lithium. He 
concluded that the maximum in the emission spec- 
trum definitely came below the Fermi level. Miss R. 
Coldwell-Horsfall presented a paper on the ‘“Elec- 
trical Conductivity Tensor and the Fermi Surface’’. 
There was considerable discussion about the density 
of states at the Fermi-level and related experimental 
quantities such as the electronic specific heat and the 
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Prof. R. W. Whytlaw-Gray, O.B.E., F.R.S. 


THE death of Robert Whytlaw-Gray on January 21 
at the age of eighty removes one more link with the 
days when the Curies and Ramsay were rejuvenating 
inorganic chemistry. He was a student of Lord 
Kelvin and then @ research worker in Ramsay’s 
laboratories, where he developed a life-long interest 
in the physical properties of gases and great experi- 
mental skill in their manipulation. This led him to 
work on molecular and atomic weights, and in 1906 
while in Bonn he re-determined the atomic weight 
of nitrogen by gravimetric analysis of liquefied and 
fractionated nitric oxide and by density determination. 
Whytlaw-Gray then returned to University College, 
London, and in collaboration with Ramsay, determ- 
ined the atomic weight of niton. This was an out- 
standing achievement. The density was determined 
with a modified Steel-—Grant micro-balance and about 
0:1 mm.? of niton. 

In 1914 he became senior chemistry master at 
Eton, where his steadiness of purpose enabled him 
to carry out a considerable amount of research. 
In 1915 and for long afterwards he engaged in con- 
fidential work on toxic and other smokes, their 
physical properties and the methods by which their 
effects could be countered. In the fifth Liversidge 
Lecture, entitled “The Process of Coagulation in 
Smokes”, delivered before the Chemical Society in 
1935, he discussed his own and other work on this 
subject, and in 1936, with H. S. Patterson, published 
a book entitled “Smokes”. His expert knowledge 
was again utilized by the Ministry of Supply in 1939 
and he formed a group of about twelve workers at 
the University of Leeds to study problems connected 
with chemical warfare. 

Whytlaw-Gray had been appointed to the chair of 
chemistry at Leeds in 1922 in succession to Arthur 
Smithells. -His research activity there was intense 
and he developed a buoyancy micro-balance of high 
accuracy and employed it in the determination of 
the atomic weights of carbon, fluorine, nitrogen, 
sulphur and silicon by the use of gaseous compounds 
of these elements. He was elected to fellowship of 
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Knight shift. Papers on this were presented by Prof. 
H. Jones (“Experimental Data Related to Band 
Structure”); P. L. Smith (“Electronic Specific Heat 
of Simple Alloys”); L. E. Drain (“Nuclear Magnetic 
Prof. Jones pointed 
out that the electronic specific heat measurements 
require a density of states about 50 per cent higher 
than one would expect, and gave a theory of how 
this might be accounted for. The results presented 
by P. L. Smith and L. E. Drain showed how much 
more difficult it is to make sense of the results for 
alloys, and there was considerable discussion about 
this. 

At the end of the first day of the conference, Prof. 
L. C. Jackson helped to take our minds off metals 
when. he delivered the Duddell Lecture of the Physical 
Society on “Measurements of the Thickness of the 
Helium Film”. The subject of this very interesting 
lecture was particularly appropriate to the conference 
since many of the el aahanalops methods discussed 
involve DOD 5s] ORB o V. HEINE 
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the Royal Society in 1928. After ten years in labor- 
atories designed. by T. E. Thorpe, he entered the new 
building which he, Dawson and Ingold had so success- 
fully planned. 

His regime was marked by tact, by careful con- 
sideration of the views of others (especially when. he - 
differed from them), by an informed appreciation of 
the needs of other scientific and technological depart- 
ments and by a firm adherence to those principles 
which guided his personal and scientific life. On his 
retirement the Senate was “happy to learn that he 
is to continue his investigations in the Chemistry 
Department of which the spirit no less than the fabric 
owes so much to his unselfish devotion”. One of his 
colleagues said of him: “It may be that some aspects 
of his character are derived from, or at least, related 
to the quiet detachment of the exact experimentalist 
—his unruffled calm to the poise and exactness of 
his own. micro-balances’’. 

When Whytlaw-Gray left Leeds in 1950 . the 
University conferred upon him the degree of D.Sc. 
honoris causa. In recent years he worked at tho 
Imperial Chemical Industries’ Akers Laboratory, 
Welwyn, on the isothermals of xenon at low pressures 
and also on the normal density of the gas. The 
comrnunication, with Dr. G. A. Bottomley, published 
in Nature as recently as December 7, 1957, is charac- 
teristic of his life-long struggle towards perfection in 
measurements of the properties of gases and vapours. 
Some earlier work on the deviation from ideality of 
vapours: at low pressures was shown to be subject 
to significant error due to adsorption. This they 
reduced to a constant minimum in a re-designed 
differential compressibility apparatus, mainly by 
avoiding passage of mercury through greased stop- 
cocks. The PV/P graphs for benzene vapour, after 
correction for adsorption, then deviated from straight 
lines by less than two parts in 10°. 

His colleagues and friends will be happy to think 
that he was able to continue in active work to the 
end of his long life. He rarely spoke about himself, 
but it was clear to those who knew him well that he 
served God ‘with a quiet mind’. 

FREDERICK CHALLENGER 
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British Association : New Lecture for Children 


Pror. J. ROTBLAT, professor of physics in the 
‘University of London, at St. Bartholomew's Hospital 
Medical School, will lecture on ‘Peaceful Uses of 
Atomic Energy” at Northgate Grammar School, 
Ipswich, on February 25. The lecture will be given 
in two sessions to different audiences, and will be 
illustrated by films and demonstrations ; there will 
also be visits to an atomic energy exhibition which 
the Atomic Energy Commission is arranging in 
Northgate School for the whole week. It is expected 
that some nine hundred children will hear the lecture, 
arrangements for which have been made by Mr. 
L. R. Missen, chief education officer, East Suffolk, in 
co-operation with the British Association for the 
Advancement of Science, as part of the new cam- 
paign of the latter to present science to the people. 


Pure Mathematics at Cambridge : 
Prof. A. S. Besicovitch, F.R.S. 


Pror. A. S. Brsicovircn, Rouse Ball Professor of 
mathematics in the University of Cambridge, retires 
this year, having reached the age of sixty-seven. He 
was elected to the chair in 1950, succeeding J. E. 
Littlewood, who was the first holder. He has recently 
worked at a number of problems in real-function 
theory, in particular the theory of area and extremal 
problems. He has directed research in those topics 
but he has not restricted his teaching to graduates. 
To the pleasure and profit of those working for the 
Mathematical Tripos, he has organized seminars for 
them. He has also maintained a flow of ‘Contest 
Problems’, at which an aspiring young analyst may 
try his skill with the possible reward of a public 
announcement: ‘Perfect solution of problem was 
made by A. B. C.’. Prof. Besicovitch has been 
credited with the remark that a mathematician’s 
reputation rests on the number of bad proofs that 
he has given—in the sense that pioneer work can be 
rough. He preserves unimpaired his mastery of 
intricate mathematical situations, and many more 
good and bad proofs are expected from him. 


Prof. H. Davenport, F.R.S. 


Pror. Harotp Davenport, who has held since 
1945 the Astor chair of pure mathematics at Univer- 
sity College, London, will succeed Prof. Besicovitch 
on October 1. Born in 1907, he took degrees at 
Manchester and at Cambridge, becoming a Fellow of 
Trinity College. He was elected to the Royal Society 
in 1940. Most of his work has been in some branch 
or other of the theory of numbers. His early papers 
dealt with problems of the analytic theory, following 
the methods of Hardy and Littlewood. Later he 
turned to Diophantine approximation and the 
geometry of numbers. He has written about a 
hundred papers and some of them give solutions of 
problems which had been long outstanding. ‘To 
mention only one example, Minkowski’s problem, of 
the minimum value of the product of three linear 
forms the determinant of which is l, was solved with 
consummate skill and elegance in 1938. He has now 
in course of publication some fundamental results on 
the minima of indefinite quadratic forms. Prof. 
Davenport has built up a strong school of research at 
University College and there are mathematicians 
of international repute who owe their early guidance 
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and encouragement to him. He is one of the founders 
of the journal Mathematika, and he has just been 
elected president of the London Mathematical 
Society. One of the most resourceful English pure 
mathematicians of his generation, he is expected to 
solve with distinction as difficult a problem as he has 
yet tackled—that of succeeding Littlewood and 
Besicovitch. 


Aircraft-propulsion Studies at Cranfield : 
Mr. A. G. Smith 


Mr. A. G. Surrn, who has been appointed to the 
chair of aircraft propulsion in the College of Aero- 
nautics, Cranfield, entered the Royal College of 
Science and Technology, London, as a Royal Scholar 
in 1937 and graduated with a first-class degree in 
physics in 1939. He studied aeronautics for a post- 
graduate year at the City and Guilds College, London, 
and then worked for Blackburn Aircraft, Ltd., at 
Brough, until 1942, when he joined Power Jets, Ltd. 
During the rest of the Second World War he was 
engaged on research and development work on 
various Whittle engines, and particularly on com- 
pressor aerodynamic development. He joined the 
National Gas Turbine Establishment on its formation 
and worked on theoretical and experimental aspects _ 
of turbine cooling. In 1952 he wag appointed reader 
in the University of London in applied thermo- 
dynamics with special reference to gas turbines. 
Since that time, besides carrying out research on 
aerodynamic and heat-transfer problems, he has run 
& very successful postgraduate course in gas-turbine 
technology at the City and Guilds College. He has 
published papers on turbine cooling and on heat 
transfer, aerodynamic and thermodynamic matters 
related to gas turbines. 


Horticulture at Nottingham : 
Prof. J. P. Hudson, O.B.E. 


Tue newly created chair of horticulture at the 
University of Nottingham has been filled by the 
appointment of Dr. J. P. Hudson, the present head 
of the Department of Horticulture, who thus becomes 
the first student of the old Midland Agricultural 
College to succeed to a chair. Dr. Hudson has had 
& varied career. Entering college in 1927, he graduated 
with the degree of B.Sc. (Hort.) of the University of 
London in 1930, and then served one year as student 
assistant in the Agricultural Economics Department 
at the Midland Agricultural College. From then 
until the outbreak of war in 1939 he was engaged in 
practical horticulture, at first in industry but later as 
horticultural instructor at the East Sussex School of 
Agriculture. During the War he served with con. 
siderable distinction in the Royal Engineers and in 
1942 spent six months in the United States organizing 
a bomb disposal school. For the last four years of the 
War he was engaged on bomb disposal research and 
experimental work, and was made O.B.E. and 
awarded the George Medal (and Bar) for his services. 
Indeed, he must be one of the few professors to 
discover an aptitude for research, six years after 
leaving the university, on a material where a decisive 
result might well have the rather unusual effect of 
terminating one’s research career. 

Leaving the army on the termination of hostilities 
with the rank of major, he proceeded to New Zealand 
to take charge of the Dominion Horticultural Station 
at Levin, where he was responsible for horticultural 
extension work in the market garden, glasshouse and 
nursery industries. He returned to England in 1948, 
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as lecturer in horticulture at his old institution, now 
become the Faculty of Agriculture of the University 
of Nottingham. He was appointed head of the 
Department of Horticulture in 1953, after being 
acting head for two years. Since 1951, Hudson has 
been steadily developing his Department from that 
of a college concerned largely with certificates and 
diploma courses into a University Department of 
Horticulture. The depression in the horticultural 
industry which led to a fall in the number of candi- 
dates coming forward for degree courses made this 
a difficult period for the change, but Hudson success- 
fully piloted his Department through, initiating at 
the same time a vigorous research school. The theme 
has been the influence of cultural practices on plant 
growth, and his contributions in two fields, namely, 
the control of soil moisture for glasshouse crops, and 
the influence of environment on the growth of biennial 
crops, have shown his excellent grasp of the funda- 
mental principles involved, and the manner in which 
they may be applied to the benefit of the horticultural 
industry. 


Dean of Graduate Studies at the Rockefeller |n- 
stitute, New York: Dr. Frank Brink, jun. 


Dr. FRANK Brink, jun., has been appointed to the 
newly created office of dean of graduate studies at 
the Rockefeller Institute. Dr. Brink is a member 
and professor of the Institute, doing research work 
on biophysics. As dean, he will assist the president 
and the faculty committee on educational policies in 
the development of graduate education. The charter 
of the Rockefeller Institute was amended in Novem- 
ber 1954 so that the degrees of Ph.D. and M.D. could 
be granted with the authority of the Regents of the 
University of the State of New York. The Institute 
is now in its third year as a graduate university and 
has a limited enrolment of graduate students. Dr. 
Brink has been closely associated with the education 
programme of the Rockefeller Institute since its 
inception in 1954. Since 1956 he has served as 
secretary of the Trustees’ Committee on Educational 
Policies under the chairmanship of Dr. Robert F. 
Loeb, of the Columbia University College of Phys- 
icians and Surgeons. Dr. Brink graduated from 
Pennsylvania State University in 1934. After a year 
of graduate work at the California Institute of 
Technology, where he received the degree of M.S., 
he began graduate work in biophysics at the Johnson 
Foundation at the University of Pennsylvania, where 
he received the degree of Ph.D. in 1940. He was later 
instructor in physiology at the Cornell University 
Medical College, assistant professor of biophysics at 
the University of Pennsylvania, and associate pro- 
fessor of biophysics at Johns Hopkins University. 
Since 1953 he has been at the Rockefeller Institute, 
where he has worked in the field of biophysics and 
neurophysiology in association with Dr. D. Bronk, 
the president. He is also a member of the board of 
editors of the Journal of General Physiology and is on 
the editorial board of the Journal of Cellular and 
Comparative Physiology and the advisory board of 
the Journal of Neurochemistry. 


Baghdad Pact Nuclear Centre 


THE Baghdad Nuclear Training Centre was estab- 
lished in 1956 by the member countries of the Bagh- 
dad Pact. It is at present concentrating on the 
practical applications of radioisotopes to the problems 
of Middle Eastern countries and is organizing inten- 
sive short courses in the uses and techniques of these 
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materials. Two instructors each from Iraq, Iran, 
Pakistan and Turkey were trained at Harwell during 
1956, and the United Kingdom also assisted by the 
gift of equipment and the loan of staff to supervise, 
teach and promote the development of the Nuclear 
Training Centre until local staff can assume respons- 
ibility. The first director of the centre, Mr. W. J. 
Whitehouse, was seconded from the U.K. Atomic 
Energy Authority in 1957 with four other members of 
the Authority’s staff to prepare the Nuclear Training 
Centre, supervise the installation of British equipment 
there and to organize and assist in running the first 
COUrSE. - 

Mr. H. A. C. McKay of the Chemistry Division, 
Atomic Energy Research Establishment, Harwell, 
has now been appointed director of the Baghdad Pact 
Nuclear Centre from July 1958, in succession to Mr. 
W. J. Whitehouse. Mr. McKay, who was born in 1913, 
was educated at Balliol College, Oxford, and in 1935 
was the Goldsmiths’ Senior Scholar at the Institute 
for Theoretical Physics, Copenhagen. He was Beit 
Memorial Fellow at the Imperial College of Science 
and Technology, London, in 1937, and a demon- 
strator at King’s College, London, in 1939. He 
served in the Royal Navy during the Second World 
War and in 1947 became a senior scientific officer 
in the Chemistry Division at Harwell, where he was 
appointed group leader of the Heavy Element 
Group in the Chemistry Division in 1954. He has 
specialized in solution chemistry. 


World List of Scientific Periodicals 


Onr result of the advances and developments in 
science and technology in recent years is reflected 
in tho vast number of new scientific and technical 
journals that have appeared, together with an 
increase in the output of periodical publications 
throughout the world. This, combined with the 
fact that the third edition of the “World List of 
Scientific Periodicals” will soon become out of print, 
has led to active preparation for the issue of a fourth 
edition. In the new edition, brought up to date to in- 
clude the new scientific and technical periodicals that 
have appeared in the past decade, the abbreviations of 
titles, where necessary, will be modified to conform 
with the International Standards Organization 
Recommendation R4 of the International Code 
for the Abbreviation of Titles of Periodicals. The 
system recommended by the Royal Society for the 
transliteration of Russian, Serbian and Bulgarian for 
bibliographic purposes will also be adopted. 

Since the location of the periodical publications 
available for reference in libraries is of the utmost 
importance to research, the librarians of the 247 
libraries who contributed to the last edition are 
being requested to participate in the new edition 
of this important bibliographical work of reference. 
They are asked to send the titles of journals not 
appearing in the third edition, with particulars 
of their holdings, and amendments or corrections 
to the entries of their holdings of the 46,000 titles 
contained in the last edition, to the Secretary, 
World List of Scientific Periodicals, ¢/o the Zoological 
Society of London, Regent’s Park, London, N.W.1, 
from which office further information may be obtained. 


Thermal Insulation of Houses 

Tum Thermal Insulation (Dwellings) Bill which 
Mr. G. Nabarro introduced into the House of Com- 
mons on January 29, sponsored by members of both 
major political parties, extends the principle of the 
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Thermal Insulation (Industrial Buildings) Act of 
July 1957 to all new dwelling houses built in the 
United Kingdom after 1959. Mr. Nabarro said that 
on the evidence of the Egerton Committee’s report of 
1946 and of the Ridley Committee’s report of 1952 
we used on averago five tons of coal or its equivalent 
per dwelling per annum, of which four tons were 


used for space- and water-heating services generally. - 


He claimed that at least 25 per cent of this would 
be saved by proper insulation of houses. Accord- 
ingly, at an annual construction of 250,000 houses, 


an initial saving of 250,000 tons should be achieved, - 


rising progressively to 5 million tons per annum at 
the end of twenty years. The minimum economy of 
£40 million per annum, at to-day’s price, made 
investment in thermal insulation, which should not 
cost more than £8 on a £1,600 four-bedroom eouncil 
house, well worth while. 


Stars Month by Month 


THERE are many people who have a general interest 
in the phenomena of the night sky and who need a 
simpler description of the visibility of the stars and 
planets than is found in the almanacs. To meet this 
need The Times produces~an annual booklet. The 
latest edition, “The Night Sky 1958” (pp. 27. London: 
The Times Publishing Co., Ltd., 1958. 3s. net), gives 
charts for every month of 1958. Each chart shows the 
sky as it appears at 11 p.m. on the first day of the 
month together with the positions of the moon and 
planets. Each chart is accompanied by notes on the 
visibility of the planets and the phases of the moon 
for the month. There are notes on the eclipses 
which occur during the year, and some general 
explanatory notes. The booklet is well produced and 
the information which it contains clearly presented. 
The booklet is suitable not only for the general public 
but also for use by those schools, societies and clubs 
in which efforts are made to introduce young people 
to the phenomena of Nature. 


Bishop’s Stortford School Natural History Society 


Tse value of school natural history societies and 
the contribution they can make to new knowledge is 
ulustrated by the activity of the Bishop’s Stortford 
College Natural History Society. Observations on 
the mistletoe by & senior boy, D. J. Cove, were noted 
in Nature (178, 779; 1956), and will now be included 
by tho Forestry Commission in a new book on the 
diseases of forest trees. Besides the usual sectional 


reports, the latest issue of the Society’s journal, 


Coturnix, contains details of studies on the larger 
fungi of the Bishop’s Stortford district by J. W. 
Neal and the distribution of certain myriapods and 
crustaceans in organic debris during the winter 
months by M. Morton. Interesting observations on 
the reactions of certain myriapods to light, gravity, 
certain smells, water and oxygen were made by 
J. G. Pickard, who was able to show that the 
relatively high rate of respiration of the lithobiomorph 
centipede may be correlated with its observed rest- 
lessness ; the low rate in the case of Julus with its 
observed sluggishness. A regional survey of the local 
sewage farm was made by R. G. Oakley, while P. H. 
King made continuous observations at Mersea Island, 
the centre of the oyster industry. 


‘Extension of Primary Cell Walls 

THE mechanism of deposition and extension of 
primary cell walis has been further investigated by 
G. Setterfield and 8. T. Bayley (Canadian J. Bot., 
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35, 435 ; 1957). Walls of elongating parenchyma and 
epidermal cells of Avena coleoptiles and onion roots 
were studied by autoradiography, using sugars 
labelled with carbon-14, and by electron microscopy 
of thin transverse sections. The autoradiographs 
showed that deposition of cellulose takes place over 
the whole length of the cell, ruling out the possibility 
of bipolar tip growth. Autoradiographs of cells 
grown. for short periods in labelled sugar gave no 
evidence of localized incorporation of the isotope 
around primary pit-fields, but rather indicated that 
deposition of microfibrils is finely dispersed over the 
entire wall surface. The thin sections revealed a 
marked change in wall structure as elongation pro- 
ceeds. Walls of young cells contain only transversely 
oriented microfibrils, while older walls include an 
inner region of predominantly transversely oriented 
microfibrils bounded outside by a region with micro- 
fibrils showing an irregular transition to longitudinal 
orientation. The degree of longitudinal orientation in 
the outer region increases with length of cell. These 
results for thin walls are consistent with the multi- 
net model for wall growth deduced by other workers 
from electron microscope studies on cell fragments. 
Thin sections have also revealed layering in several 
types of growing walls which is difficult to interpret 
on the basis of the multi-net model alone. 


Graft Unions between Meristematic Tissues 


UNDER the title of “The Regeneration of Severed 
Pea Apices”, H. F. Gulline and R. Walker (Australian 
J. Bot., 5,129; 1957) have described successful graft 
unions between meristematic tissues in apices of the 
pea, Pisum sativum L. A technique for preventing 
desiccation of apices during and after the operations 
is described. Apical segments ranging from about 
200 down to 50u in depth were successfully grafted 
back to their parent plant. The subsequent develop- 
ment of grafted apices was completely normal. These 
experiments show that a complete shoot can be 
regenerated from an apical segment less than one- 
thousandth of a cubic millimetre in volume, con- 
taining about 600 cells. This is smaller than any 
The morphogenetic 
interest of this investigation needs no emphasis. *_ 


U.K. Atomic Energy Authority : Appointments 


Dr. H. KRONBERGER has been appointed director 
of research and development at the Indusirial Group 
Headquarters at Risley, Lancashire, of the United 
Kingdom Atomie Energy Authority. He succeeds 
Mr, L. Rotherham, whose appointment as a member 
of the Central, Electricity Generating Board was 
announced in Nature of January 4, p. 20. Dr. 
Kronberger, who is thirty-eight years of age, was 
chief physicist at Risley prior to his new appointment. 

Mr. J. C. C. Stewart, formerly director of technical 
policy in the Industrial Group at Risley, becomes a 
deputy managing director of the Industrial Group. 
Mr. J. B. W. Cunningham, formerly deputy director 
(civil reactors), becomes director of industrial power 
in the Industrial Group. Dr. R. Hurst, formerly 
chief chemist in the Research and Development 
Branch of the Industrial Group ab Risley, becomes 
director of the Dounreay Experimental Reactor 
Establishment. Mr. D. S. Mitcheil, formerly director 
of administration, becomes director of personnel and 
administration in the Industrial Group. These 
appointments, which took effect on February 1, 
mark a first stage towards implementing recom- 
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mendations made by the Committee appointed by 
the Prime Minister under the chairmanship of Sir 
Alexander Fleck to examine the organization of 
certain parts of the Authority. Further appointments 
will be announced in'due course. 

Mr. D. W. Fry, chief physicist at Harwell, has 
been appointed a deputy director of the Atomic 
Energy Research Establishment and took up his 
new post on February 17. 


Prof. Heinrich Balss 


Dr. J. THÉODORIDES of the University of Paris 
has written to say that, in the obituary notice of 
Prof. Heinrich Balss, which appeared in Nature of 
December 21, 1957, p. 1391, he was surprised to find 
no reference to Prof. Balss’s important works on the 
medieval naturalist, Albert the Great. Dr. Isabella 
Gordon wishes to add that Prof. Balss’s scholarly 
contributions to the history of biology and medicine 
include the following: ‘Albertus Magnus als 
Zoologe”? (Munich, 1928); ‘‘Albertus Magnus als 
Biologe: Werk und Ursprung”, Grosse Naturforscher, 
1 (Stuttgart, 1947) and “‘Aristoteles Biologische 
Schriften”, with Greek text and German translation 
(Munich, 1943). 


Announcements 


Tae following medal awards have been made by the 
Royal Astronomical Society: Gold Medal: . Prof. 
André Danjon, for his contributions to astronomical 
photometry, to fundamental astronomy and to the 
design of astronomical instruments; Eddington 
Medal: Dr. H. W. Babcock, for his work on the 
magnetic fields of early-type stars and of the Sun. 


Dr. L. A. Jorpan, director of the Research 
Association of British Colour and Varnish Manu- 
facturers, has been appointed professor of chemistry 
at the Royal Academy of Arts in succession to Dr. 
H. J. Plenderleith, keeper of the Research Laboratory, 
British Museum. 


THe British Institute of Radiology has made the 
following awards for 1958: the Barclay Medal to Dr. 
G. M. Ardran (Nuffield Institute for Medical Research, 
Oxford); the Röntgen Award to Dr. P. R. J. Burch 
(Department of Medical Physics, General Infirmary, 
Leeds); and the Barclay Prize (posthumously) to 
the late Dr. Trevor Griffiths (Brook Hospital, 
Shooters Hill Road, London). 


Tae Road Research Laboratory of the Depart- 
ment of Scientific and Industrial Research is again 
holding open days, this year on May 15 and 16. The 
Materials and Construction Division and the Colonial 
Section are at Harmondsworth, Middlesex, and the 
Traffic and Safety Division at Langley, Buckingham- 
shire. The Scottish Branch of the Laboratory at 
Thorntonhall, near Glasgow, will be open to visitors 
on June 4 and 5. 


THE third International Seaweed Symposium will 
be held in Galway during August 13-19. Further 
information can be obtained from the Secretariat, 
Third International Seaweed Symposium, University 
College, Galway, Ireland. Abstracts of communica- 
tions must reach the Secretariat before April 1. 


A symposium on “The Pharmacology of Phenolic 
Substances” is to be held at Oxford on April 10 
and 11 in conjunction with the first annual general 
meeting of the Plant Phenolics Group. Applications 
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to attend should be made to the secretary, Dr. T. 
Swain, Low Temperature Research Laboratory, 
Downing Street, Cambridge. 


Tue Nutrition Society is holding a symposium on 
“Fish” in the Physiology Lecture Theatre, the Old 
Medical School, the University of Liverpool, during 
March 28-29. Further information can be obtained 
from the hon. programmes secretary of the 
Nutrition Society, Miss D. F. Hollingsworth, c/o 
Ministry of Agriculture, Fisheries and Food, Great 
Westminster House, Horseferry Road, London, 
S.W.1. 


Lue 1958 International Starch Convention, organ- 
ized. by the German Cereals Research’ Association, will 
be held at Detmold, West Germany, during April 22— 
24. The programme will include papers on research 
and analysis; starch fractions and derivatives ; 
starch manufacture and practice. Further informa- 
tion can be obtained from Dr. Eric Dux, Sichel 
Adhesives, Ltd., Riverside Works, 6 Friars Lane, 
Richmond, Surrey. 


A symposium on “Numerical Approximation”, 
sponsored by the Mathematics Research Center, 
U.S. Army, will be held during April 20-23 at the 
University of Wisconsin, Madison. The topics of the 
symposium include linear approximation, inter- 
polation, Tchebycheff and other extremal approx- 
Imations, expansions and algorithms. Further 
information can be obtained from Prof. R. E. Langer, 
Mathematics Research Center, U.S. Army, University 
of Wisconsin, 1118 W. Johnson Street, Madison 6, 
Wisconsin. 


THE spring conference of the X-ray Analysis Group 
of the Institute of Physics will be held in the College 
of Science and Technology, Manchester, during April 
18-19. ‘There is no specific topic, and papers will be 
presented on a wide range of subjects, including 
optical diffraction methods, structural investigations, 
and X-ray diffraction and X-ray spectrographic 
techniques. The conference is open to all interested 
persons on completion of an application form to be 
obtamed from the honorary conference secretary, 
Dr. C. A. Taylor, Department of Physics, College 
of Science and Technology, Sackville Street, 
Manchester 1, to whom all inquiries should be 
addressed. . 


Tax Silver Jubilee Symposium on, “The Physical 
Properties of Polymers” arranged by the Plastics and 
Polymer Group of the Society of Chemical Industry 
will be devoted to the fundamental investigation of 
mechanical and electrical processes in polymers and 
the physical testing of polymers. It will be held at the 
William Beveridge Hall, Senate House, University of 
London, London, W.C.1, during April 15-17. The 
proceedings will be conducted under the general chair- 
manship of Mr. C. E. Hollis, chairman of the Group, 
and Dr. V. E. Yarsley, Mr. C. G. Garton and Dr. 
L. R. G. Treloar will take the chair for the three daily 
sessions. Further information can be obtained from 
the Assistant Secretary (Plastics and Polymer Group), 
Society of Chemical Industry, 14 Belgrave Square, 
London, 8.W.1. 


In the review of “Recruitment of Skilled Trades” 
by Lady Williams published in Nature of February 8, 
p. | 373, it is stated in the first paragraph that 
questionnaires were sent to 9,000 firms. This is 
incorrect : in fact, 1,000 firms were approached, and 
550 replied. 
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N recent years British, industry has seen an 
expanded working population with a high demand 
for labour and a low rate of unemployment. The 
annual report of the Ministry of Labour and National 
Service (H.M.S.O., 6s.) shows that this was not the 
case in 1956. 
- The total working population (which comprises 
those in civil employment, in H.M. Forces and the 
unemployed) increased only slightly, small decreases 
in the numbers in civil employment and in the Armed 
+ reos boing rather more than outweighed by @ rise 
: Le number of unemployed persons. There was an 
increase in the number of workers on short-time and 
some falling-off in overtime. The number of unfilled 
vacancies at the end of the year was lower than at the 
end of 1955. The post-war trend of a falling level of 
employment in the basic industries and a rising level in 
the manufacturing industries as a whole was checked. 

The total working population rose by 14,000 during 
the year to a total of 24,087,000 at the end of the 
year, with a peak in November when & new post-war 
record total of 24,225,000 was reached. By the end 
of the year the number of men and women in civil 
employment had decreased by 64,000 to 22,989,000 
and the number of H.M. Forces was 761,000, a reduc- 
tion of 18,000. 

There was some easing in the demand for labour 
during the year, affecting mainly semi-skilled and 
unskilled workers. This occurred mostly in the 
manufacturing industries although there was a small 
increase in employment in some sections engaged 
largely on exports and capital goods. Within the 
basic industries, however, the general decline in 
man-power was arrested. The number in employ- 
ment in coal mining increased by more than, 3,000 and 
in transport and communication by 9,000 ; in the gas, 
electricity and water supply group the labour force 
remained unchanged ; there was a decrease in mining 
(otber than coal mining) and quarrying, and agri- 
culture again suffered a substantial decline. Other 
industries which increased their labour force during 
the year were building and contracting, the distribu- 
tive trades and the chemicals and allied trades. 

The average number of persons registered as 
unemployed during 1956 was 257,000. Although this 
represented an increase of 25,000 compared with 
1955, it was less than in any other post-war year 
except 1951. 

The rising trend in wages continued, although the 
rise in prices slowed down until late in the year when 
a further marked rise occurred. The post-war expan- 
sion in industrial production as a whole and in the 
output per man was halted in 1956, the rates remain- 
ing approximately at the 1955-level. A large measure 
of economy in Government expenditure was part 
of the Government’s general disinflationary policy 
during 1956. By the careful choice of economy 
measures the Ministry succeeded in making a sub- 
stantial contribution to the economies while main- 
taining its service to industry and the public at a 
high standard. 

The Ministry’s employment exchange and appoint- 
ments services continued their primary purpose of 
bringing together men and women seeking employ- 
ment and employers requiring workers; they also 
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assisted in the supply of labour to the undermanned 
essential industries. Employers were encouraged to 
offer ex-regular servicemen resettlement in civil 
occupations, to accept older and disabled people on 
their merits and to expand part-time working. In 
spite of some easing of the shortage of labour, there 
was still a high average number of unfilled vacancies 
on the registers of the Ministry. The changes during 
the year in man-power demands by a number of 
industries, and especially the redundancies that 
occurred in the motor-vehicle and other manufactur- 
ing industries, made necessary a substantial measure 
of redeployment of labour; in this the Ministry, 
helped by a number of employers who co-operated 
with employment exchanges by giving early notice of 
labour redundancies, achieved considerable success. 
Following a review early in the year, the Notification 
of Vacancies Orders, 1952, were revoked with effect 
from May 7, 1956, and at the same time the arrange- 
ments for giving preference to certain classes of 
vacancies were discontinued. Nevertheless, the 
number of vacancies filled’remained high, the total 
for the year being 2,354,000. 7 

Vocational training was provided by the Ministry 
for disabled persons, for ex-regular members of H.M. 
Forces and for other able-bodied men and women. 
The total numbers of new applicants for training and 
those completing training during the year were fewer 
than in 1955. Training was given, in the main, in 
the Ministry’s Government Training Centres. 

As in previous years, special services, including 
industrial rehabilitation and training, were provided 
to assist disabled persons to obtain employment. 
Industrial rehabilitation was provided at the Minis- 
try’s Industrial Rehabilitation Units, and about 
80 per cont of the 7,800 men and women who com- 
pleted courses either obtained jobs or began courses of 
training within three months of leaving the units. 

Although there were more stoppages of work arising 
from industrial disputes in 1956, there were con- 
siderably fewer working days lost than in 1955; the 
total number of days lost was, in fact, the lowest since 
1952. Strikes arising from labour redundancies in the 
motor-vehicle and ancillary industries were a new 
feature. 

At the end of 1956, there were sixty Wages Councils ` 
and five Catering Wages Boards, the same numbers 
as at the end of 1955; one new Council was estab- 
lished and one abolished during the year. Arrears 
of wages were paid to more than 20,000 workers follow- 
ing action by the Wages Inspectorate. i 

The increasing awareness in recent years of the 
need for good human relations in industry was main- 
tained in 1956; the incidence of labour redundancies 
in some parts of the country during the year emphas- 
ized both the need for and the value of such relations. 
The Ministry’s Personnel Management Advisory 
Service continued to meet requests for assistance from 
particular firms and to co-operate with their organiza- 
tions in this field; the value of their work is com- 
pletely disproportionate to the small numbers 
employed. 

In the international labour and social field the 
Ministry again made a major contribution to the work 
of the International Labour Organization. 
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DEOXYRIBONUCLEIC ACID AND GENETIC MODIFICATION 
IN DUCKS 


T was natural that the genetic transformation of 

bacteria effected by the introduction of foreign 
deoxyribonucleic acid should lead to speculation as 
to whether the phenomenon could also be induced. in 
higher forms. That similar treatment should be 
capable not only of altering the racial characteristics 
of the growing vertebrate but that such changes 
would also be heritable seemed one of the least likely 
outcomes of such an experiment. 

Recently published reports by Benoit et al. state 
that they have succeeded in changing the character- 
istics of ducks of one breed by injections of deoxy- 
ribonucleic acid from another, and that the modifica- 
tions continued to be identifiable in the progeny of 
the treated birds. 

Because of the importance that must be attached 
to such revolutionary claims, and in the absence, as 
yet, of substantive evidence from repeat experi- 
ments, the work of Benoit and his colleagues should 
be subjected to ¢ritical scrutiny. l 

In the first place it might be suggested that, even 
with the most meticulous records, proof of somatic 
transformations of the kind described (size, weight, 
form of head, bill colour, carriage of body and the 
general aspect) would be difficult to establish in this 
species without an appreciation of the range of 
variability. 

This is because there is not only considerable lack 
of knowledge of the genetics of the duck, but at times 
the development of breeds depended upon predilection 
for improvement by the sporadic introduction of other 
varieties, and this has provided many so-called pure 
breeds. with a cryptic hereditary constitution not 
always to be expected from their apparent origins. 

Preliminary to the experiment the birds were 
obtained from a reputable breeder and the weekly 


injections commenced when the Pekin ducklings were 
8 days old. Of thirty-six ducklings, twelve (3 
males, 9 females) were chosen at random for injection 
of deoxyribonucleic acid derived from blood and. testes 
of Khaki Campbell drakes, and the remainder kept as 
controls. ‘Total amounts of deoxyribonucleic acid 
injected were 5 mgm. per bird for the males and 
61 mgm. for the females over a period of 5 weeks and 
19 weeks respectively. One male and eight females 
developed the pronounced somatic modifications 
described. The females matured normally and laid 
eggs which, fertilized by treated males, produced 
twenty-six ducklings, 73 per cent of them having 
atypically. coloured bills, and a good number actually 


- showing other somatic modifications. 


Bill colour in the Pekin breed is orange-yellow, and 
in the Khaki Campbell a greenish black. It may be 
of significance that a defect of the Pekin listed in 
British Poultry Standards is “Black marks or spots 
on the bil”. 

Although considerable time would appear to have 
elapsed between the end of the injection period and 
the discovery of the modifications, the findings, if 
and when substantiated, would, like the proof of 
vegetative hybridization, have a tremendous impact 
on genetic theory and practice. 

For the moment it would be as well to agree with 
Benoit and his colleagues that “Aujourd’hui, notre 
meilleure conclusion sera que nous n’avons aucune 
conclusion à vous présenter”, and await the repetition 
and extension of this work by them and others who 
will, no doubt, be stimulated by the reports. 

ALAN W. GREENWOOD 


2 Benoit, J., LeRoy, P., Vendrely, C., and Vendrely, R., C.R. Acad. 
Sci. . Paris, 2414, 2820 (1957) ; 245, 448 (1957); La Presse Médicale, 
65 Année, No. 72, 1623 (1957). . 


UNION OBSERVATORY, JOHANNESBURG 


HE annual report of the Union Observatory, 

Johannesburg, for 1956 (which appeared in 
October 1957) follows the usual lines, and ib will be 
sufficient to refer to the main events during the 
period under consideration. The 264-in. refractor 
was used with the interferometer by Dr. W. 8. Finsen 
for the measurement of double stars and the dis- 
covery of new ones on 135 nights, and on 68 nights 
for, colour photography of Mars. In addition, Mr. J. 
Churms and Dr. W. H. van den Bos used it on 68 
nights for the measurement of known double stars. 
Messrs. J. A. Bruwer and Churms, with a number 
of amateur astronomers who are members of the 
Transvaal Branch of the Astronomical Society of 
South Africa, used the 9-in. refractor on 179 nights 
for observations of planets, variable stars, etc., the 
amateurs rendering valuable assistance to the staff 
on visiting evenings and in many other ways. The 
results of the occultation observations were com- 
municated to H.M. Nautical Almanac Office. 


The Franklin-Adams telescope. at the Hartbeest- 
port Annexe obtained 178 plates for minor planets 
and 23 plates for comets, and the resulting positions 
were ‘regularly communicated to the respective 
central bureaux of the International Astronomical 
Union at Cincinnati and Copenhagen. Dr. Finsen 
devoted much of his leisure time to the preparation 
of composite enlargements from the colour films of 
Mars obtained during the favourable opposition of 
1954 and 1956. The card catalogue of double stars 
south of — 19° dec. has been kept up to date, and 
information has been supplied to other astronomers 
on request. à 

‘With the 3-in. refractor sunspot counts, were 
obtained on 281 days, the other days being overcast 
or unsuitable for reliable counts. The results have 
been regularly communicated to the Telecommunica- 
tion Research Laboratory of the South African 
Council for Scientific and Industrial Research, the 
Magnetic Observatory at Hermanus and the Receiving 


- 


534 


Station of the South African Broadcasting Cor- 
poration at Panorama, 

Under “Time Services”, reference is made to im- 
provements to the control circuits of the Diesel 
generator and to the vibrator power supply units so 
that the quartz clock installation is now practically 
independent of mains interruptions. A new frequency 
divider employing cold-cathode valves was built, and 
the stability of other frequency dividers improved. 
The performance of the ring crystal over short periods 
was rather more erratic than had been expected, and 
from, Qctdéber onwards all the time and frequency 
equipment has been controlled by oscillator 44 while 
further tests..are being: made. A _ twelve-channel 
ffequency recorder, designed and built by the British 
‘Post Office, was delivered in June, and this recorder 
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has been of very great value in keeping a continuous 
check on the performance of all parts of the time 
installation. A new cathode-ray oscilloscope com- 
parison unit was built and this measures the reception 
time of time signals in terms of local time to one 
ten-thousandth of a second. 

Under “Miscellaneous Public Services” reference 
is made to the Wiechert horizontal seismograph which 
was in operation throughout the year; local earth 


-tremors and records of ten distant earthquakes ; 


and records of rain have been sent monthly to the 
Bernard Price Institute for inclusion in its monthly 
Seismological Bulletin. Reference is also made to the 
installation of a synchronous motor drive on the twin 
telescope, and to the transfer of the Leyden South- 
ern Station from Johannesburg to Hartbeestport. 


_ FEDERAL RESEARCH AND DEVELOPMENT EXPENDITURE 
IN THE UNITED STATES* 


“7 ‘HE National Science Foundation has issued an 

analysis of the Federal Research and Develop- 
ment Budget for the fiscal years 1956, 1957 and 1958, 
in which latter year twenty-three agencies of the 


Federal Government allocated 3,400 million dollars | 


for scientific research and development, an increase 
of nearly one-fourth on 1956. Actual expenditure 
-inereased from about 2,500 million dollars to almost 
3,000 million dollars in 1957 and is expected to reach 
38,300 million dollars in 1958. From 85 to 90 per cent 
of these funds are for the conduct of research and 
development, including the pay and allowances of 
personnel, actual expenditure increasing by l4 per 
cent in 1957, and it is expected to increase by 10 per 
cent in 1958 to 2,900 million dollars. Some 10- 
15 per cent of the total is on the expansion of plant 
and equipment, including the acquisition of land, and 
expenditure for these purposes increased from just 
over 200 million dollars in 1956 to an estimated 
437 million dollars in 1958, mainly on plant or 
facilities for defence. 

Of the twenty-three agencies, the Department of 
Defense and the Atomic Energy Commission together 
account for 88, 85 and 82 per cent of the total funds 
m 1956, 1957 and 1958, respectively, about 45 per 
cent of the Defense Department funds being ad- 
ministered by the Air Force. For 1957 and 1958, 
672 million dollars were allocated by the Atomic 
Hnergy Commission, compared with 2,166 million 
and 2,111 million dollars, respectively, by the Defense 
Department. Allocations of-the Department of 
Health, Education and Welfare for scientific research 
and development increased from 89 million dollars in 
1956 to 200 million in 1958, and of the 182 million 
allocated in 1957, 175 million were primarily by 
the National Institutes of Health for research on 
the diagnosis, cause and treatment of disease. The 
Department of Agriculture increased its allocation 
from 84 million dollars in 1956 to 108 million in 
1957 and 132 million dollars in 1958; for the 
National Advisory Committee for Aeronautics, the 
corresponding figures are 66 million, 80 million and 
94 million dollars; for the Department of the 
Interior, 38 million, 47 million and 53 million-dollars ; 
for the National Science Foundation, 17 million, 48 


* National Sctence Foundation. Federal Funds for Science 6: 
The Federal Research and Development Budget, Fiscal Years 1956, 
1957 and 1958. Pp. iii+60. (Washington, D.C.: Government 
Printing Office, 1957.) 40 cents. 


million and 47 million dollars; and for the Depart- 
ment of Commerce, 18 million, 25 million and 33 


million dollars, respectively, the decrease for 1958 


in the allocation by the National Science Foundation 
being because of the International Geophysical Year. 

Of the 2,231 million dollars expanded on the 
conduct of research and development in 1956, 1,388 
million was on development and 844 million on 
research, of which 157 million was on basic research. 
The corresponding figures for 1957 are estimated as 
2,635 milion dollars, 1,671 million, 964 million and 
218 million, respectively, and for 1958, 2,782 million 
dollars, 1761 million, 1,021 million and 233 million, 
respectively. Of the expenditure on research in 1956, 
198 million dollars was on the biological sciences, 
616 million dollars on the physical sciences, and 30 
million on the social sciences ; in basic research, the 
corresponding distribution was 60 million, 104 
million and 3 million dollars. For 1957 the corre- 
sponding distribution in total research is estimated 
as 281 million, 627 million and 35 million, and in 
basic research 70 million, 143 million and 4 million 
dollars ; and for 1958 in total research, 317 million, 
637 million and 48 million, and in basic research, 
83 million, 143 million and 6 million dollars. Sub- 
divided agam, total research expenditure on the 
biological sciences in 1956 included 99 million dollars 
on medical sciences and 44 million on agricultural 
sciences ; for 1957 the corresponding estimates are 
158 million and 53 million dollars, and for 1958, 
177 million and 59 million dollars. That on the 
physical sciences in 1956 included 6 million dollars 
on the mathematical sciences and 456 million dollars 
on the engineering sciences ; corresponding estimates 
for 1957 are 7 million and 435 million dollars, 
respectively. ` 

Of the 2,830 million dollars allocated for the con- 
duct of research and development by the Federal 
Government in 1957, 48 per cent was spent on work 
performed by Government agencies, including pay 
and allowances of military personnel engaged in such 
work. Of the remainder, 35 per cent went to work 
carried out by profit organizations, about one-fourth 
of this going to research institutions administered by 
such organizations, 14 per cent went to educational 
institutions and the remaining, 3 per cent to other 
institutions, including non-profit research institutions, 
foundations and hospitals. 
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Since the 1948 low level of just over 850 million 
dollars, Federal Government expenditure on scientific 
research and development has risen steadily, except 
in 1954, to 2,800 million dollars in 1957, or just over 
4 per cent of the total budget expenditure compared 
with just over 2 per cent, and it is estimated that 
expenditure on basic research has increased by more 
than 85 per cent since 1952, although still amounting 
to only 8 per cent of the total funds for the conduct 
of research and development, exclusive of the pay 
and allowances of military personnel. In the same 
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period, allocations for research in the biological 
sciences also increased by more than 83 per cent. 
It is estimated that the increases have been greater 
than the rate of increase in costs for salaries and 
equipment for scientific work and that accordingly 
when due account is taken of such rising costs the 
long-term trend still reflects a steady increase in the 
provision of Government funds for scientific research 
and development. Besides the statistical tables, the 
report includes technical notes on R8 imitations of 
the data and definitions and & ipi 4 tres. 
| ee 
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PHOTOPERIODISM IN PLANTS AND ANIMAtkScisstar ra, gaeat 


N international symposium on ‘“Photoperiodism 

in Plants and Animals”, sponsored by the Photo- 
biology Committee of the National Research Council 
of the United States, was held at Gatlinburg, Tennes- 
see, during October 29—November 2. 

In an introductory session the reversible photo- 
chemical properties of certain dyes were described 
by Dr. G. Oster (Polytechnic Institute of Brooklyn) 
and problems of energy transfer in photochemical 
systems were discussed by Dr. Gordon Tollin (Univer- 
sity of California, Berkeley). Dr. Stacey French 
(Carnegie Institution, Stanford) discussed. the difficul- 
ties of determining action and absorption spectra in 
living systems. 

One session was devoted to the various photo- 
periodic effects observed in growth and dormancy 
of plants. Dr. J. L. Liverman (Texas Agricultural 
Experiment Station) and Dr. W. H. Klein (Smith- 
sonian Institution, Washington) dealt with the 
interaction between red light and various other factors 
in the growth of bean leaf disks, and the uncoiling 
of the bean epicotyl hook, respectively. Both 
speakers reported that the effects of indole-acetic 
acid, kinetin, gibberellic acid and the cobaltous ion 
seem to be independent of those of red light. There 
appears, however, to be an interaction between 
adenine and red light in the growth of bean leaf disks. 
Dr. E. H. Toole (U.S. Dept. of Agriculture, Beltsville) 
described the responses of various light-sensitive seeds 
and Dr. P. F. Wareing (University of Manchester) 
dealt with the photoperiodic control of germination, 
with special reference to the action of various spectral 
regions and the possible role of growth inhibitors. 
Dr. R. J. Downs (U:S. Dept. of Agriculture, Beltsville) 
discussed the interaction between red and infra-red 
radiation in relation to various aspects of vegetative 
growth. The effects of red irradiation on the activity 
of indole-acetic acid oxidase were shown. by Dr. A. W. 
Galston (Yale University) to be due to the formation 
of an inhibitor of this enzyme by red light. 

Dr. R. van den Veen (Philips Research Laboratories, 
Eindhoven) described experiments which involved 
growing various species entirely under high-intensity 
monochromatic light. It was found that there are 
marked differences between species with respect to 
growth responses, under the various spectral regions. 
There are complex interactions between blue and 
red, especially in relation to the control of flowering. 
Prof. ÉE. C. Wassink (Agricultural University, Wagen- 
ingen) also described the responses of various species 
grown under high-intensity radiation in nerrow 
spectral regions. ° 

Two sessions -were devoted to the photoperiodic 
control of flowering. Dr. Ralph Wetmore (Harvard 


University) and Dr. E. M. Gifford (U niversity of 
California, Davis) described the structural changes 
occurring. in shoot-apices of Xanthium and other 
species in the transition from the vegetative to the 
flowering condition. The interaction of red and far- 
red radiation in the flowering of various species, 
including Hyoscyamus, was dealt with by Dr. H. A. 
Borthwick (U.S. Dept. of Agriculture, Beltsville). 
Dr. Roy Sachs (University of California, Los Angeles) 
discussed the implications of ‘long-short’ day plants, 
such as Oestrum nocturnum, for general theories of 
photoperiodism. 

Dr. A. Lang (University of California, Los Angeles) 
read a paper dealing with the general problem of the 
role of auxin and gibberellins in flowering. Auxin 
tends to be inhibitory of flowering in short-day 
plants and promotive in long-day plants, but it 
appears only to modify the responses. Both gibber- 
ellic acid and gibberellin-like fractions from Cucurbita 
endosperm are capable of inducing flowering in some 
long-day plants, but cannot replace photo-induction 
in short-day plants. Photo-induction in long-day 
plants appears to involve reactions other than 
gibberellin-controlled processes, which may be con- 
cerned primarily with stem elongation. The inter- 
actions between gibberellic acid and photoperiodic 
responses were discussed by Prof. Fausto Lona 
(University of Parma) for a wide variety of species. 

The effects of certain synthetic hormones on flower- 
ing of Xanthium were described by Dr. A. Naylor 
(Duke University), and Dr. F. Salisbury (Colorado 
State University) described the interaction between 
various applied growth substances and the critical 
dark period in Xanthium. Dr. W. J acobs (Princeton 
University) discussed the relations between auxin, 
day-length and compensatory growth in Coleus. 

In a general paper on the nature of the photo- 
inductive processes in photoperiodism, Dr. James 
Bonner (California Institute of Technology) outlined 
the present state of knowledge of the various partial 
processes involved, and discussed the possible reasons 
why the ‘flower-hormone’ has not yet been isolated. 
Dr. R. B. Withrow (Smithsonian Institution, Wash- 
ington) gave @ general account of the kinetic aspects 
of the photoreactions. He distinguished between 
‘graded’ responses (for example, of light-sensitive 
seeds) and ‘threshold’ responses (for example, photo- 
periodic phenomena). Dr. 8. B. Hendricks (U.S. 
Dept. of Agriculture, Beltsville) also dealt with kinetic 
aspects of the photo-reactions of photoperiodism and 
showed how certain kinetic parameters of the photo- 
receptor system can be derived. He also described 
a second photo-receptor system which appears to be 
involved in anthocyanin synthesis. 
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A series of papers dealt with photoperiodism in 
animals. Dr. A. D. Lees (A.R.C. Unit of Insect 
Physiology, Cambridge) reviewed the phenomena of 
photoperiodism in insects and mites, particularly in 
relation to the onset of diapause. Photoperiodic 
responses appear to be widespread in Lepidoptera. 
Dr. C. E. Jenner (University of North Carolina) dealt 
with photoperiodism in an aquatic midge, the larval 
stage of which is found in the ‘pitchers’ of pitcher 
plants. Reproduction in certain snails and freshwater 
shrimps appears to require long-day conditions. 
Photoperiodism is also of importance in many marine 
invertebrates, including crustaceans, molluscs and 
echmoderms, as was shown by Dr. A. C. Giese 
(Stanford University). 

The general problem of the seasonal control of 
reproductive cycles in vertebrates was discussed by 
Dr. W. S. Bullough (University of London), who 
emphasized that photoperiodism constitutes only one 
aspect of a highly complex system. In vertebrates, 
photoperiodic perception appears generally ta be 
mediated through the eyes. In carp and related 
fishes, courtship and breeding appear to be induced 
by increasing day-length in the spring, as shown by 
Dr.R. W. Harrington (Florida State Board of Health). 
Photoperiodic effects have also been reported in 
certain reptiles, including the pond-turtle, the 
American chameleon and certain lizards. Dr. G. A. 
Bartholomew (University of California, Los Angeles) 
emphasized, however, that in the latter the importance 
of photoperiodic responses is probably over-ridden 
by behavioural patterns in relation to diurnal 
temperature changes. 3 

Endogenous rhythms in the ovulation cycle of hens 
were described by Dr. R. M. Fraps (U.S. Dept. of 
Agriculture, Beltsville). Dr. D. S. Farner (State 
College of Washington) showed that in certain birds 
day-length controls a variety of physiological 
responses including the male gonadal cycle, fat 
metabolism, vernal migration and probably moulting. 
In the white-crowned sparrow the most effective 
spectral region controlling development of the testes 
appears to be in the red. Dr. A. Wolfson (North 
Western University, Evanston)- described photo- 
periodic control of migration in the juncos of Alberta, 
in which fat deposition appears to be an important 
factor. The responses in these birds appear to be 
determined by the duration of the daily dark period. 


FARMING 


HE jomt annual conference of the British Agri- 
cultural History Society and the Association of 
Agriculture was held on December 7 at the Institute 
of Education, University of London. Three papers 
were read. Mr. George Ordish discussed the “History 
of Crop Pests, and the Measures taken to overcome 
them”. After lunch, two papers on horticultural 
history were presented. Dr. L. G. Bennett, Depart- 
ment of Agricultural Economics, University of 
Reading, spoke on the “History of the Development 
of Market Gardening”, and Mr. Eric Hobbis, of Long 
Ashton Research Station, University of Bristol, on 
the “History. of Soft Fruit Growing”. 
Pests and diseases of plants are as ancient as the 
cultivation of crops for food, and the uncultivated 
flora, thet flourished before man was probably also 
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Photo-periodic responses in other bird species were 
deseribed by W. L. Engels (University of North 
Carolina), Dr. C. M. Kirkpatrick (Purdue University) 
and Dr. W. O. Wilson (University of California, Davis). 

A further series of papers was devoted to endo- 
genous rhythms in plants and animals. Dr. E. 
Bimning (University of Ttbingen) gave a general 
account of endogenous rhythms, and discussed some 
general properties of the “timing mechanism’ in such 
rhythms. Dr. K. C. Hamner (University of Cali- 
fornia, Los Angeles) described the results of experi- 
ments with ‘Biloxi’ soybean, in which it was found 
that flowering occurred with cycle-lengths of 24 hours 
or of multiples thereof, whereas with cycles of inter- 
mediate duration flowering was partially or completely 
inhibited. These results are held to indicate an 
endogenous rhythm in photoperiodic sensitivity. 
Dr. F. W. Went (California Institute of Technology) 
showed that certain species, notably the tomato, 
made favourable growth on 24-hour cycles but showed. 
reduced growth and other adverse symptoms on other 
lengths of cycle. These effects are exhibited in both 
photoperiodic and thermoperiodic phenomena. 

Dr. C. &. Pittendrigh (Princeton University) dis- 
cussed the possible nature of the clock mechanism 
in endogenous rhythms and postulated that two 
types of ‘oscillator’ may be involved, namely: (1) a 
primary light-sensitive oscillator which is tempera- 
ture-independent, and the phase of which is determined 
by external light conditions; (2) atemperature-sensitive 
oscillator which can ‘entrain’ oscillator (1). Endo- 
genous rhythms of activity in the hamster, and 
of bioluminescence in Gonyaulax polyedra, were 
described by Dr. K. 8. Rawson (University of Wiscon- 
sin) and Dr. J. W. Hastings (Northwestern University) 
respectively. 

Three evening sessions were devoted to sixteen 
short papers, including seven dealing with inter- 
actions between gibberellic acid and various light- 
controlled processes. 

This highly successful meeting is believed to have 
constituted the first international symposium devoted 
specifically to photoperiodism in plants and animals. 
Biologists working in this field are indebted to the 
Photobiology Committee for organizing the meeting 
and especially to Dr. R. B. Withrow and Dr. N. E. 
Tolbert, chairman and secretary of the Committee 
respectively. P. F. WaREING 


HISTORY < 


afflicted. Mr. Ordish showed by exhaustive references 
to Pliny that pests and diseases were well known in 
classical times. Apples and pears were affected, and 
the olive fly was prevalent. It is still a trouble. 
There were cereal pests, wireworm and the cabbage 
flea beetle, but there was no phylloxera, nor the two 
mildews that were introduced from America, much 
later. 

Methods of protection were then of four kinds : 
religious, superstitious, mechanical and chemical. 
Thougk some of the first two were peculiar, it is not 
advisable to dismiss them out of hand. The super- 
stition of yesterday often turns out to be the science 
of to-day. Achilles barley, presumably an immune 
variety, was recommended by Pliny when rust was 
very bad. Treating with burnt ash, steeping seed in 
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wine and the dregs from the oil presses were other 
preventive measures. Greasebands were fixed on the 
vines, and indeed are still used in Turkey. 

No doubt the prevalence of pests and diseases, 
and the lack of knowledge of how to destroy or cure 
them, was a factor, among others, that kept yields 
at a low level for a thousand years or more. 

Mr. Ordish proceeded to a discussion of the work 
of the sixteenth- and seventeenth-century botanists, 
more particularly that of Thomas Mouffett and 
Topsell. He said that Worlidge in 1669 had set out 
a method of dealing with hop mildew that would 
effectively control one type. The belief in the spon- 
taneous generation of bugs, lice and other insects 
“out of corruption” was widely held by writers of 
that date, and was not disposed of until later 
scientists had shown that these pests were born out 
of eggs. New material had become available in the 
eighteenth century, and Richard Weston and others 
suggested the use of tobacco dust, spraying with a 
nicotine solution, and fumigating with tobacco 
smoke.. Steeps of brine and urine had continued to 
be used to control cereal rusts, but there was some 
dispute about their efficacy. Some remarkable 
randomized experiments were made by Tilly in France 
about 1750 to.test controls. 

Necessarily, Mr. Ordish’s paper was an outline of 
a vast subject, and, as was then said, it is to be 
hoped that he will make and publish an exhaustive 
study of the subject. The only existing treatise is a 
very brief American publication. 

Dr. Bennett traced the developmont of com- 
mercial market gardening from the sixteenth to the 
nineteenth century. Before 1500 he thinks there was 
little. The use of vegetables is said to have declined 
between the eleventh and the sixteenth centuries, and 
to have been revived only with the new methods of 
cultivation introduced to Great Britain by French 
and Dutch refugees from religious persecution. It is, 
however, a little difficult to accept this conclusion, 
because, if it is true, some other food must have 
taken the place of the onion, garlic, leek, cabbage, 
peas and beans, worts and other herbs that all went 
into the pottage commonly consumed by the gener- 


_ GELATINE 


A the fourteenth meeting of the Research Panel 
of tho British Gelatine and Glue Research 
Association, held on December 12, Dr. S. M. Part- 
ridge (Low Temperature Research Station) took the 
chair for the morning session and Mr. S. G. Hudson 
(Richard Hodgson and Sons, Ltd.) for the afternoon 
‘session. The first paper was by Mr. G. Russell (Ilford, 
Ltd.) with the title “Chemically Distinet Major Com- 
ponents of Gelatin’’+. . He outlined previous views on 
the level of impurities (other than inorganic ions) in 
high-grade gelatines. Methods such as heat coagula- 
tion, or adsorption on charcoal, suggest a protein 
impurity-level of not more than 0-5 per cent. In an 
attempt to separate these impurities from gelatin, 
experiments were carried out, in which chromato- 
graphic column technique was applied, using a finely 
divided form of the resin, ‘2.R.C.50’. Elution was 
effected with a buffer previously used for equilibrat- 
ing the column, so that the whole operation took place 
at the same pH. Protein in the fractions was estim- 
ated, after hydrolysis, by reaction with ninhydrin. 
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ality of the people. Be that as it may, Dr. Bennett 
made it quite clear that there was a great extension 
of market gardening in the sixteenth century. The 
refugees settled in the Sandwich area and elsewhere 
in Kent, around Norwich, end eventually in the 
immediate environs of London, where a part of 
Covent Garden was set aside for a vegetable and 
fruit market held three days a week. The Worshipful 
Company of Gardeners was organized by the growers 
to exercise control over malpractices and to look 
after their interests. From this time market gardening 
increased in importance, especially in the nineteenth 
century, when the growth of population in large 
aggregations, some rise in the standard of living, and 
changes in dietetic taste led to an immensely in- 
creased demand for fruit and vegetables. 

Mr. Hobbis indicated no such decline in the use of 
soft fruita during the Middle Ages as there may have 
been in vegetables and herbs. Strawberries, rasp- 
berries and gooseberries were known to our remote 
ancestors, but the raspberries were not very well 
liked until the sixteenth century. They were thought 
sour. Red currants were then regarded as a small 
kind of red gooseberry. From such small beginnings 
& very large soft-fruit growing industry had developed 
by the nineteenth century, and it expanded widely 
during that century, though it had not then spread 
to the eastern counties. The two wars had a bad 
effect, but the soft-fruit growing industry under 
modern influences—factory jam-making, canning, 
deep freezing, and so on—is reviving, while the 
results of research are providing growers with 
advantages unknown to their predecessors. 

Such subjects are not simple, and it is difficult to 
make a summary of all the important points raised 
in these two lectures and the discussion that followed 
them. All three lecturers demonstrated that there 
are large areas in the history of agriculture and 
horticulture that still require exploration. 

The headquarters of the British Agricultural 
History Society have now been moved to the 
Department of Agriculture, Parks Road, Oxford, 
and anyone interested should make inquiries of the 
Hon. Secretary at that address. G. E. FUSSELL 


AND GLUE 


Whereas at pH 6 the whole of the gelatin sample is 
eluted, giving a curve of concentration against eluant 
volume with a twin peak, at pH 5-5 only a portion 
of the sample (15 per cent) is eluted, the remainder 
(85 per cont} being firmly adsorbed on the resin. The 
latter fraction can be removed by raising the pH. 
Paper chromatograms show the smaller component 
to have a higher tyrosine content- than ordinary 
gelatin, no detectable hydroxyproline, and other 
characteristics giving it an amino-acid composition 
broadly similar to the serum albumins. The major 
component is similar to gelatin. Quantitative results 
for tyrosine, using ultra-violet absorption, show the 
major component to have zero or only a trace of 
tyrosine, whereas the minor component has about 
3 per cent. Assuming the tyrosine to be entirely 
present in the minor component, the content of this 
component in & series of gelatins ranges from 10 to 
20 per cent. Mr. Russell considered some of the 
implications of his work, and a keen discussion showed. 
the interest aroused. Dr. G. R. Tristram (University 
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of St. Andrews) reported a separation, presumably of 
the same two components, on a modified cellulose 
‘column. It was clear from many comments that the 
future course of research on gelatin may be very 
much modified by Mr. Russell’s work. 

The second paper, “Some Aspects of Connective 
Tissue in Relation to Age”, by Dr. R. Consden and 
Dr. P. C. Brown, of the Special Unit for Juvenile 
- Rheumatism of the Canadian Red Cross Memorial 
Hospital, Maidenhead, discussed the chemical make- 
up of connective tissue. Recent work, both on collagen 
and on the polysaccharides of connective tissue, has 
revealed the complexity of the problems requiring 
solution. Whereas certain polysaccharides are readily 
removed by very mild processes, others are so firmly 
held that their association with the collagen must be 
very intimate. This applies in particular to the 
neutral polysaccharides. The course of ‘fibrogenesis 
was outlined, and the contrast between young 
tissues, whether in young animals or in freshly formed 
tissue in wounds, and mature tissues was emphasized. 
The inertness of collagenous tissue was illustrated 
from Glynn’s experiments on embedding dead tissue 
in living animals to study their rate of destruction. 
Collagen appears to persist indefinitely, whereas 
liver or muscle is metabolized fairly quickly. If, 
however, the collagen is heat-shrunk, it then is 
attacked fairly rapidly. The collagen of the uterus, 
which Harkness has studied, shows unusual features 
in being able to undergo rapid growth during preg- 
nancy and rapid reabsorption at parturition. ‘The 
increased stability of collagen with age, which can be 
demonstrated also as an increase in the force to 
inhibit contraction under thermal shrinkage con- 
ditions, is related to greater orientation and crystal- 
linity. Keech has shown that a greater resistance to 


collagenase develops. A survey of human collagenous ` 


tissue shows that there is a significant increase of 
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shrinkage temperature with age, and older tissue is 
more resistant than young to the action of hydrogen- 
bond breaking reagents. Uterine collagen has a 
significantly lower shrinkage temperature than adult 
collagen from elsewhere. 

The third paper, “An Approach to the Non- 
Gelatin Constituents of Gelatines and Glues’’, was 
given by Mr. A. A. Leach, of the Association staff. 
Using bone glue as the starting material, it is possible 
to separate from it a component, present in sub- 
stantial amount, which partially coagulates at about 
pH 4 and can be centrifuged off. This component is 
made up of a complex of lipid, polysaccharide, non- 
collagenous protein and a gelatin-like substance. The 
lipid is derived from the bone fat, and the analytical 
evidence suggests that the polysaccharide .and non- 
collagen protein have their origin in the ‘osseomucoid’ 
isolated from compact bone and analysed by Eastoe 
and Eastoe. It is not certain to what extent the 
links between gelatin and the complex are formed 
during processing in bone glue manufacture, or are 
already present in the tissue. Attempts to 
separate the gelatin from the complex, using 
either heat coagulation of the second protein 
or differential trypsin attack on the gelatin, 
although partially successful, were not quanti- 
tative. : 

Bone glue from which the complex had been 
removed was fractionated by the alcohol method of 
Stainsby: It was then shown that the bulk of the 
non-gelatin components, other than the complex, 
remain in solution at the end of fractionation. They 
include substantial amounts of polysaccharide. It 
must be presumed that a further separation of the 
‘gelatin-like’ fractions into the two components of 
Russell above would still be possible using the resin 
column. technique. A. G. Warp 


1 Russell, G., Nature, 181, 102 (1958). 


PIGMENTATION OF INTESTINAL MUSCLE IN STEATORRHEA 


By Dr. G. AUSTIN GRESHAM and J. G. CRUICKSHANK 
Department of Pathology, University of Cambridge 


AND 


J. C. VALENTINE 
Bedford Group Hospitals 


NTESTINAL biopsy has proved of little value in 

the diagnosis of idiopathic steatorrhea. Paulley? 

has described changes in the mucosa which cannot 
be regarded as specific. 

The object of this communication is to report 
æ hitherto undescribed association between a lipo- 
protein pigment in intestinal smooth muscle and 
steatorrheea. 

The material was obtained from necropsies on & 
variety of intestinal disorders (Table 1). Four of the 
cases of steatorrhcea, were diagnosed in life on the 
basis of high content of fat in the stool, high propor- 
tion of unsplit fat, low serum calcium-level and 
megaloblastic anemia. The percentage of fat 
absorbed was found to be abnormally low in three 
cases, using a ‘fat balance’ test. In two other cases, 
in which pigment was found, the diagnosis of steator- 
rhoea, was not confirmed during life. In one of these 
cases a diagnosis of Whipple’s disease? rested upon 
histological findings alone. 


Pieces for histogical examination were fixed in 
10 per cent formal—-saline or in corrosive formal. 
Paraffin sections were prepared and stained by 
Harris’s hematoxylin and eosin; preliminary treat- 
ment with Lugol’s iodine and sodium thiosulphate 
was given to those fixed in corrosive formal. 

Those sections which showed pigment in the smooth 
muscle of the small intestine were stamed by histo- 
chemical methods. Sections were stained for protein 
by the tetrazo method of Danielli following the 
technique described by Dixon’. This method detects 
tyrosine, tryptophan and histidine groups in the 
protein molecule. The Feulgen method‘ for deoxy- 
ribonucleic acid and pyronin G® for ribonucleic acid 
were applied. The periodic acid—Schiff method’ and 
the permanganate—paraldehyde—fuchsin method’ were 
used for detecting carbohydrates. Sudan black was 
employed for detecting lipids. 

The presence of an unusual pigment was suggested 
in the case of Whipple’s disease by a brown coloration 
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‘of the muscular layers visible to the naked eye. In 
the five cases of steatorrhœa a delicate grey brown 
> pigment was found in the hematoxylin and eosin 
preparations almost filling the cytoplasm of the 
smooth musele cells of both the longitudinal and 
circular layers (Fig. 1). A remarkable feature was 
the total absence of pigment from the cells of the 
muscularis mucosæ. In the case in which stomach 
was examined and in the two cases in which colon 
was examined pigment was found in the same layers. 
Pigment was not found in any of the other examples 
of intestinal disease which were examined. 

The histochemical reactions of the pigment were, 
in every case, the same. It stained bright red with 
the tetrazo method, purple with permanganato- 

_.paraldehyde-fuchsin and black with Sudan black. 
The findings suggested that it is a lipoprotein. No 
== = reaction was obtained with the other methods 
employed. 









Fig. 1. Pigment in smooth muscle of jejunum. (Hematoxylin 
anG 


nd win, x 480} 


Pauley! saw pigmentation in the muscle co 
one case of idiopathic steatorrhwa, but. d 
consider it to be of any significance. Lap 
was done in this case for subacute intestina 
tion and consequently the full thickness of th 
was available for histological examination. H 
not remark upon such pigmentation in his other cases 
Further examples of idiopathic steatorrhcea need 
be examined before the association of muscle pigment 
and the disease can be clearly established. Such an 
association is of little diagnostic value except in thos 






cases in which the full thickness of gut-wall can be 
obtained. Since the pigment was not seen in the 
muscularis mucosx, intestinal biopsy by Wood's tube? 
would be of little value since mucosa and muscularis — 
only can be taken. : RE oreo 
Tho histochemical properties of this pigment. > 
closely resemble those of lipofuscin (wear and tear: - 
pigment) commonly seen in cardiac muscle and mo 
the olivary and dentate neurones. The pigment in 
the latter differs only in that it stains with par- — 
aldehyde-fuchsin without previous oxidation with 


permanganate. Scott and Clayton? consider that — 
this property indicates the presence of ‘highly. 


sulphated mucopolysaccharides’. Staining with pars < 
aldehyde-fuchsin following permanganate oxidation . 
was a feature of the pigment in the small gut and of 
brown atrophy pigment in the heart. This property, 
when the periodie acid—Schiff test is negative, suggests - 
the presence of either cystine or highly sulphated `: 
mucopolysaccharides. pacar ty 
The origin of lipofuscin is debatable’. Marinesco"! 
considers that it may arise from mitochondrial >- 
remnants. This would only seem likely if the ribo- 
nucleic acid content of mitochondria had previously 
been destroyed, since lipofuscin does not stain with 
pyronin G, which is considered to be a specific stain 
for this nucleic acid’. EE TRES 
It is tempting to suppose a mitochondrial origin 
for the pigment in the intestinal smooth muscle in — 
cases of steatorrhœæa, Mitochondrial surfaces are _ 
sites of enzymic activity’? which may be concerned 
with the absorption of fat through the intestinal wall. — 
This hypothesis would seem more probable if the 
pigment was situated in the mucosa rather than in: - 
the muscle. However, the mechanism of fat absorp- 
tion is still obscure! and such a hypothesis is worthy 
of consideration. > tents 
We are grateful to Dr. A. M. Barrett for his 
encouragement and permission to use the necropsy 


reports and material. 
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(nicotinamide or 
‘therefore, the amount of coenzyme I available for 
-. eytoplasmic dehydrogenation reactions depends on _ 
.. the relative rates of the synthetic reactions (equations 
-. Land 2) as compared with the degradative reactions. - 
_... Synthesis of new compounds by exchange reactions 
=: in vivo and studies with intact whole ceills® estab. 
disk in vivo is rapid and thus 
.. there must be a relatively high turnover-rate of | : 
-> eoenzyme I in the cell. wh a | 
.... Branster and Morton! therefore tested the hypothe- | 
sis that a sufficient change in the rate of synthesis of | 
T I by the nucleus would modify normal P 
-~ eell division and differentiation and thus lead to 
malignant growth. It was assumed that the activity  ~ 
_. Of the coenzyme I~pyrophosphorylase (equation 2). 
er : In comparative studies, a — 
unit of activity was taken as the synthesis from- 
Weak nanid. | 






lished that degradation 


ee coenzyme 


ee would limit synthesis. 











ENZYMIC SYNTHESIS OF COENZYME | IN RELA 
CHEMICAL CONTROL OF CELL GROWT 








By Pror. R. K. MORTON 
Department of Agricultural Chemistry, Waite Agricultural Research Institute, University of Adelaide 


r: is generally accepted that the cell nucleus carries 
. the genetic determinants of cell behaviour. It 
must. therefore exercise control of 
growth and differentiation, probably by means of a 
compound, or compounds, synthesized exclusively 
in the nucleus but essential for cytoplasmic reactions. 
Such a compound is coenzyme I (nicotinamide 
adenine dinucleotide, or so-called ‘diphosphopyridine 
nucleotide’). It is required for more enzymic reactions 
than any other known coenzyme and is as essential for 
the aerobic and anaerobic mechanism for provision 
of energy for the cell as adenosine triphosphate. 

In animal cells, coenzyme I is synthesized from 
- nicotinamide, according to the following reactions 
which are catalysed by the enzymes nicotinamide 
mononucleotide~pyrophosphorylase (equation 1)!, and 
coonzyme I--diphosphopyridine nucleotide—pyrophos- 
phorylase (equation 2)?.°. 


cell division, 


inorganie 


1. Nicotinamide + 5-phosphoribo-l-_. nicotinamide 4. pyrophos- 
phate 


pyrophosphate *~ mononucleotide 


inorganic 
+ pyrophos- 
phate 


nicotinamide 
adenine 
dinucleotide 


2. Nieotinamide =, adenosine _, 
mononucleotide T triphosphate “~ 


By a tissue-fractionation method, Hogeboom and 
Schneidert showed that coenzyme I~pyrophosphory]l- 
aso was mostly localized in the cell nucleus in mouse 
liver.. Branster and Morton® confirmed and extended 
_ this important finding by showing that the activity 

per nucleus is the same in isolated nuclei as in isolated 
intact liver cells*.”,. The enzyme is also found in the 
nucleus in normal and tumour cells from mouse 
_ maemmary gland! and in avian erythrocytes’. As 
<: yet it is the only enzyme known to occur exclusively 
in the cell nucleus. 

The coenzyme I produced in the nucleus, where it 
may occur in relatively high concentration”, is 
supplied to the cytoplasm wherein it participates 
in the reactions catalysed by numerous dehydrogen- 
However, it also may be degraded relatively 
-Yapidly by cytoplasmic nucleosidases!' and pyro- 
phosphatases?! “Provided that the dietary vitamin 
(nic nicotinic acid) intake is adequate, 





inamide mononucleotide of 1 umole of coenzyme 


amount of coenzym 


tissues. A decreased activity of nicotinamide mono 


I per hr. per 10° nuclei at 38°. With C,H mice they 
found that the activity of spontaneous mammary gland _ 
carcinoma (2-8 units) was about 20 per cent of that of- 
normal lactating mammary gland (13 units)’. With. 
strain A mice, the activity of hepatoma (9 units) 
induced by feeding aminoazotoluene was about 20 
per cent of that of normal liver (42 units) of control 
animals’. Very low rates of synthesis were also 
found’ with Ehrlich ascite cells (2 units) from mice; = 
and with post-operative human tumours. In the 
latter cases, however, no suitable normal tissues were 
available for comparison. 

Branster and Morton’ also found that the activity 
of normal liver of C,H mice markedly increases during 
growth, being 2 units for foetal, 12 units for young 
(7 and 17 days old) and 42 units for adult mice. 
Thus both tumour cells, and rapidly growing foetal 
cells, have low activities as compared with suitable. 
normal cells. On the basis of the rate of synthesis of 
coenzyme I per nucleus, therefore, the tumour cellos 
represents a change from an adult-type to an embry- oo 
onic-type of cell, and this is consistent with the general 
morphological and behavioural characteristics of 
tumour cells. ss 

A low content of coenzyme I (and of coenzyme IT) 
in tumour as compared with normal tissue has been __ 
established!*5, When expressed as ugm. of coenzyme © - 
per gm. of tissue, dye-induced hepatomas contain 
48 per cent of the total coenzyme I and 14 per cent 
of the total coenzyme II of normal rat liveri. : 
Hepatoma and normal rat liver contain the same 
amount of deoxyribonucleic acid phosphorus per 
nucleus but 546 and 249 ugm. of deoxyribonucleic 
acid phosphorus per gm. of tissue, respectively?. 
Thus there are about 2-2 times as many nuclei per 
gm. of tissue in hepatoma as compared with normal 
liver. Expressed on the preferable basis of amount < 
per nucleus*,1*.1%, therefore, the results of Glock and 
McLean’ indicate that hepatomas contain about : 
20 per cent of the coenzyme I of normal rat liver. ee 
Thus there is good agreement between the relative = 
amounts of coenzyme I and the relative coenzyme I- 
pyrophosphorylase activities in hepatoma and norma 
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mouse liver in animals injected with large amounts 
of nicotinamide*:. 

Weinhouse and his colleagues found that coenzyme 
I is a limiting factor in the respiration of homogenates 
and isolated mitochondria from tumours. This 
‘coenzyme I-effect’?? would be expected from the 
low content of coenzyme I in tumour mitochondria”, 
but it also may be due to the rapid dissociation of the 
so-called ‘bound’ coenzyme I from the tumour 
mitochondria and consequent rapid hydrolysis of the 
coenzyme”*. Structural imperfection of the tumour 
mitochondria®* could account for this rapid loss of 
coenzyme I, especially since a pronounced require- 
ment for coenzyme I may also be shown by damaged 
mitochondria from normal tissues**. Swelling and 
consequent damage to isolated respiring liver mito- 
chondria is prevented and even reversed by addition 
of adenosine triphosphate and coenzyme I*, and 
it is likely, therefore, that the addition of coenzyme I 
prevents similar changes in isolated tumour mito- 
chondria. 

The ‘coenzyme I-effect’ observed by Weinhouse in 
the respiration of tumour mitochondria, therefore, 
reflects the low rate of coenzyme I synthesis in the 
tumour cell. Furthermore, the high fermentative 
activity of tumour cells?*.2? and of embryonic cells”? 
may also be a consequence of the low rate of coenzyme 
I synthesis causing & kinetic imbalance of cytoplasmic 
enzyme systems and thus structural abnormalities 
in the cytoplasm. 


Modification of the Rate of Synthesis of Coenzymel 
as a Basis for Chemotherapy of Cancer 


The findings already discussed show that in 
rapidly growing cells synthesis of new cell material 
occurs against a limiting rate of supply of coenzyme I 
from the nucleus. Continued cell growth immediately 
after cell division will cause the concentration of cyto- 
plasmic coenzyme I to fall. It is assumed that when 
this declines to some critically low level, consequent 
interaction between the nucleus and cytoplasm causes 
the cells to divide again, thus providing more nuclear 
enzyme in relation to the amount of cytoplasm. The 
interaction which induces division probably involves 
a ‘feed-back’? mechanism, since the synthesis of 
adenosine triphosphate in the cytoplasm is dependent 
on the supply of coenzyme I from the nucleus (for 
oxidative reactions), and synthesis of coenzyme I 
in the nucleus on supply of adenosine triphosphate 
from the cytoplasm. If each cell division leads to a 
net increase of coenzyme J—pyrophosphorylase in 
the nucleus, the concentration of coenzyme I will 
increase and thus permit of greater production of 
cytoplasm before another cell division is induced. 
In normal embryonic tissues which have no permanent 
lesion of coenzyme I synthesis, this will lead to a 
continual decline with time in the rate of cell division 
and so permit of normal differentiation and stabiliza- 
tion of the adult tissue. This interpretation is 
consistent with observations on foetal, young, and 
adult mouse liver? and on regenerating mouse liver’. 

However, if there is a genetic lesion which prevents 
an increase in the activity of the coenzyme I-synthe- 
sizing enzyme, then cell division will not correct the 
limitation in the supply of coenzyme I, and synthesis 
of new cell material will rapidly lead to the interaction 
between the nucleus and cytoplasm which induces 
renewed cell division. The cells so formed would 
have the relatively high ratio of nuclear volume to 
cytoplasmic volume characteristic of many tumours, 
and cell division would remain uncontrolled. It is 


NATURE 


54] 


therefore considered that tumour cells differ from 
normal embryonic cells in lacking the inherited 
potential for increasing the amount of coenzyme I- 
pyrophosphorylase in response to the stimulus of cell 
division. Tumour cells may arise from normal adult 
cells by depletion of the enzyme system associated 
with synthesis of coenzyme IJ-—pyrophosphorylase. 
Other factors which follow this primary defect may 
account for the invasiveness and other distinguishing 
features of malignant tissues. 

Since the activity of the coenzyme I-~pyrophos- 
phorylase is very low in the tumour as compared with 
the normal adult cell5.8, and is probably close to the 
critical level for cell survival, inhibition of this enzymic 
activity would probably be lethal to the tumour cell. 
However, the much greater activity (about five-fold) 
in the comparable normal cell ensures that a similar 
percentage inhibition would probably have little 
serious effect on the metabolism of the normal tissue, 
especially if the inhibition is relieved soon after death 
of the malignant cells. For chemotherapy, the 
characteristics required of the compound are as 
follows. (1) It should specifically inhibit the coenzyme 
I-pyrophosphorylase. (2) Desirably, it should be 
taken up preferentially by the tumour cells, which 
may have surface properties differing from those of 
normal adult cells??. Moreover, it should not be 
excluded by nuclear or cellular membranes. (3) It 
should not react with other enzyme systems which 
may modify or destroy it. 

No organic inhibitors of the coenzyme I-pyrophos- 
phorylase have yet been described. The anti-tumour 
agent, acetyl podophyllotoxin w-pyridinium. chloride, 
apparently causes a marked fall in this activity of 
tumour tissue in treated animals, but has no effect 
on the tissue in vitro. In this Department, there- 
fore, inhibitors are being sought which will interfere 
with the area of attachment of nicotinamine mono- 
nucleotide to the enzyme (see equation 2), since 
compounds which would react with other sites would 
probably inhibit also other essential pyrophosphoryl- 
ases. Pyridinium compounds are being studied 
initially with purified enzyme from pig liver*?. It is 
hoped to be able to reduce the number of compounds 
to be synthesized and evaluated by prediction of the 
relative effectiveness of substituents on the pyridine 
ring*?. 

The powerful growth inhibitor and anti-leukemic 
agent 2:4: 6-triethyleneimino-1: 3: 5-triazine causes 
a marked decrease of coenzyme I in tumour cells, 
apparently by accelerating degradation rather than 
by inhibiting synthesis**. This and similar compounds 
may therefore be valuable for potentiating the action 
of an inhibitor of coenzyme I-pyrophosphorylase. 
As a long-range approach, investigation of the synthe- 
sis of the nuclear coenzyme I-pyrophosphorylase may 
also be of value in that activation of this system 
could possibly lead to production of sufficient coen- 
zyme I to prevent division of tumour cells. 

This new approach involving specific inhibitors 
and activators of coenzyme I synthesis would appear 
to deserve consideration alongside other biochemical 
approaches to cancer chemotherapy which were 
recently discussed in Nature**. The malignant cell 
has been cited here as a special example of uncon- 
trolled growth. However, it is believed that active 
compounds of the type envisaged here may have wide 
application for control of growth and differentiation. 
of normal cells, especially of plants. The problem of 
chemical control of coenzyme I synthesis is therefore 
being actively investigated in this Department. 
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Most of the ideas expressed here were formulated 
while I was on the staff of the Department of Bio- 
chemistry of the University of Melbourne, where in 
1953 I initiated a programme of investigation of the 
biochemistry of tumours. I wish to thank Prof. 
V. M. Trikojus, professor of biochemistry, and 
Prof. S. Sunderland, dean of the faculty of medicine, 
University of Melbourne, for their encouragement. I 
am grateful to the Anti-Cancer Council of Victoria for 
financial assistance for the work carried out with the 
collaboration of Miss M. Branster. 
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A REMARKABLE SOLAR RADIO EVENT 


By STAFF OF THE IONOSPHERE AND RADIO ASTRONOMY SECTION OF THE NETHERLANDS 
TELECOMMUNICATIONS SERVICES, THE HAGUE 


OX November 4, 1957, a large increase in solar 
radio noise was observed on a frequency of 
200 “Mc./s:- at’ the-receiving station ‘Nera’ of the 
Netherlands Telecommunications Services. The 
increase startéd father abruptly at 0848 v.r. and 
lasted for more than 5 hr., the greatest intensity being 
reached at about 0930 v.t., when it amounted to 
approximately 900 times the noise level of the quiet 
Sun. The smoothed intensity level showed consider- 
able fluctuations with periods of the order of a few 
minutes. No solar flare has been reported as occurring 
near the onset of the radio event, nor was a sudden 
ionospheric disturbance observed. The phenomenon 
manifested itself over a considerable frequency-range 
in the metre wave-length band. It was also observed 
at 169 Me./s. by the observatories at Humain 
(Belgium) and Nançay (France), but it was altogether 
absent on the decimetre—centimetre wave-length 
range and on a wave-length near 6 metres. The 
radiation was 100 per cent left-handed circularly 
polarized. The position of itg source, as determined 
at 1125 v.r. with a two-element interferometer 
operating on a frequency of 250 Mc./s., was about 
0:1 solar radius east of the centre of the solar disk. 
During & period of 2 hr., centred around local noon, 
no systematic displacement of the source of enhanced 
radiation was observed. 

The lack of correlation with a solar flare or associ- 
ated effects, and the absence of disturbances on the 
decimetre-centimetre wave-lengths, must be con- 
sidered as rather exceptional for so large a 200-Mc./s. 
event. However, the extraordinary character of this 
great radio phenomenon was particularly apparent 
from records obtained with a negligible time-constant. 
Some were recorded with a high-speed recording paper 


(5 mm./sec.). These records revealed short-period 
fluctuations of intensity, with a period of some 
0-2-0-3 sec., of a type not observed before at the 
Nera Observatory, altogether different from the kind 
ordinarily occurring during a noise storm. Part of 
this variability, strongly reminiscent of the iono- 
spheric scintillations of radio sources (Fig. 1, 1), 
showed an oscillatory type of intensity fluctuation 
(Fig. 1, 2). In other parts of the record there was a 
preponderance of decreases in intensity, short dips 
of a fading character, which were also present on 
records obtained by the Nancay Observatory on 
169 Mc./s. (for copies of which we are indebted to 
M. A. Boischot). During the later stages of the 
radio event dips and oscillations of a longer duration, 
of tho order of 0:1 min., occurred. These could also 
be identified on slow-speed records obtained at 
200 Mc./s. simultaneously at Nera and at Paramaribo 
(Surinam) with time-constants of, respectively, 1 sec. 
and 0:3 sec. This proves that the latter variability 
(which was also of a very uncommon type) certainly 
cannot be ascribed to ionospheric effects. No 
ionospheric scintillation of radio sources of any 
importance was observed at the Jodrell Bank Experi- 
mental Station or at the Mullard Radio Astronomy 
Observatory on November 4. Ionospheric scintillations 
of so short a period have never, in fact, been observed 
in Cambridge (Dr. A. Hewish, private communica- 
tion). The very short-period fluctuations of intensity 
must also, therefore, be ascribed to solar conditions. 

All these facts together justify the conclusion that 
the radio phenomenon which occurred on November 4 
is of a new, so far unknown type of great rarity. 
It should be noted that this peculiar type of vari- 
ability is revealed only by a recording instrument 
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Fig. 1. 1. Scintillations of the radio source Cas A on 200 Me./s. 
2. High-speed record of solar radio emission on 200 Mc./s. 
3. Slow-speed record of solar radio emission on 200 Mc./s. 


with a time-constant no greater than a very small 
fraction of a second. With slow-speed recording 
paper one then simply obtains a very blurred record 
(see Fig. 1, 3), which might suggest some kind of 
interference. In the present case, however, the 
possibility of interference is ruled out, both by the 
confirmation from the other observatories, and by the 
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regular pattern of the interferometer curve. The 
true nature of the intensity fluctuations can only be 
ascertained by high-speed recording. This is perhaps 
the reason, together with its extreme rarity, why this 
type of radio event has not been reported before. 
It differs from the so-called ‘non-selective fading’, 
observed by Payne-Scott and Little! on 62 and 98 
Mce./s., in that the intensity fluctuations have a much 
shorter period. 

The occurrence of fluctuations in intensity of the 
type shown in Fig. 1, 1, suggests that, in special 
circumstances, solar coronal gas may give rise to 
scintillation effects, possibly analogous in mechanism 
to ionospheric scintillations, but more varied in 
character. Irregularities in the solar corona, may be 
responsible for focusing and defocusing effects and 
perhaps to absorption effects. It is of interest to 
consider the possibility that the occurrence of storm- 
bursts during an ordinary noise storm may be due to 
a focusing mechanism. 

The radio event of November 4 occurred quite 
unexpectedly. The importance of observing such 
rare phenomena as completely as possible makes 
it very desirable that solar radio instruments 
should be operated on a routine basis, however 
specialized in type. 

We are indebted to Dr. R. Coutrez of the Humain 
Observatory and to Dr. Boischot of the Nancay 
Observatory for providing us with copies of their 
records ; and to the Jodrell Bank and Mullard Radio 
Observatories for information on the scintillation of 
radio sources on November 4. 


1 Payne-Scott and Little, Austral. J. Sci. Res., A, 5, 32 (1952). 
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By C. M. MINNIS 


Department of Scientific and Industrial Research, Radio Research Station, Slough 


HE recent unprecedented high levels of solar 
activity, as indicated by sunspot numbers and 


described by Dr. M. A. Ellison!, have been accom- . 


panied by equally exceptional conditions in the 
ionosphere. During the sunspot cycle there'is no 
appreciable change in the amount of visible light or 
heat radiation emitted by the Sun, but in other parts 
of the spectrum this is no longer true. As compared 
with June 1954, when solar activity was at a very 
low level, the intensity of the ultra-violet and 
X-radiation which is responsible for the existence of 
the H-layer of the ionosphere had increased by a 
factor of 3-2 in September 1957, 3-6 in October and 
3:1 in November. These values all exceed the 
previous maximum of 3-0 in May 1948 and are the 
highest recorded values since ionospheric measure- 
ments were begun at Slough in 1931. 

The figures quoted above are based on the critical 
frequency of the H-layer. Unfortunately there is, as 
yet, no adequate theory on which similar estimates 
of the intensity of the F2-layer ionizing radiation 
could be based. However, in November 1957 at 
Slough, the mean value of the electron density at 
the peak of the F2-layer rose to 2:6 x 10° cm.-3, a 
value which exceeds the previous highest value, for 
November 1947, by 9 per cent. In October 1957 the 


density was much lower than in November but, 
after making an appropriate allowance for the normal 
seasonal changes in the F2-layer, it may be concluded 
that the mean intensity of the ionizing radiation in 
October exceeded that in November, thus con- 
firming the conclusion reached using the Z-layer 
results. 

The large changes in the intensity of the ionizing 
radiation which are associated with the sunspot cycle 
lead to corresponding variations in the structure and 
the electron density of the layers of the ionosphere. 
The complicated ways in which these layers change 
are of great importance during investigations into 
the chemical constituents and the atomic processes 
which determine the electrical properties of the upper 
atmosphere. These changes are not, however, solely 
of academic interest, because the electron density 
controls the critical frequencies of the layers which 
are responsible for the reflexion of radio waves; a 
wave which is normally incident on an ionospheric 
layer will not be reflected for frequencies greater than 
the critical frequency. At very oblique angles of 
incidence, the greatest frequency at which a wave 
will be reflected will be 3-3-5 times the critical 
frequency for reflexion at the F2-layer and 5 times 
for the H-layer. 
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Reports from the B.B.C. receiving station at Tats- 
field show that during October 1957 radio stations in 
the United States could, on the average, be received 
at frequencies of 37:5 Mc./s. in the early afternoon ; 
in November this figure had risen to 46-9 Mc./s. On 
individual days even higher frequencies could be 
received: 50-7 Mc./s. in October and 55-3 Mc./s. in 
November. These observations are consistent with 
the reception, when propagation conditions are 
favourable, of B.B.C. television signals on 45 Mc./s. 
in the United States and in South Africa. An even 
more spectacular achievement, which has recently 
been reported in the Press, was the reception of 
B.B.C. television pictures in Australia at the end of 
November. 

The mean value of the critical frequency of the 
2-layer at Slough at noon was 13:4 Mce./s. in October 
and 14-6 Mc./s. in November; on individual days, 
values of more than 16 Mc./s. were fairly common. 
In the light of these figures, it is not difficult to 
account for reports, such as those mentioned above, 
of the propagation of radio waves in the very-high- 
frequency band over distances far in excess of those 
expected in normal circumstances. 

It may be recalled that even near sunspot minimum 
in 1954 it was not uncommon to find instances where 
European radio stations operating in the very-high- 
frequency band interfered with television and other 
radio services in southern England. The propagation 
in such circumstances must be attributed, not to 
reflexions from the £2-layer, but from the sporadic 
H-layer or, alternatively, to effects associated with 
the refractive properties of the troposphere during 
certain meteorological conditions. Fortunately, such 
interference is not sufficiently frequent to cause 
serious difficulties in planning radio networks in the 
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very-high-frequency band. On the other hand, the 
occurrence of fairly regular reception of distant very- 
high-frequency stations as a result of #2-layer propa- 
gation may prove to be embarrassing to some radio 
services for most of this winter. Although the 
seasonal fall in /'2-layer ionization during the first 
month or two of 1958 may give some respite from 
such difficulties, the seasonal rise in February and 
March 1958 will probably lead to a recurrence of 
interference problems except in the unlikely event of 
a very rapid fall in solar activity over the next few 
months. 

An examination of the twenty sunspot cycles which 
have occurred since 1749 shows that the present one 
and its predecessor must be regarded as having 
maxima which are well above the average. Com- 
munication engineers would certainly not be justified 
either in making long-term plans based on experience 
gained in 1947-48 or 1957-58, or in assuming that 
the steady rise in the level of the three consecutive 
maxima beginning with that of 1927 is part of a 
long-term trend. 

Peaks in solar activity which are in any way com- 
parable to the present one seem to occur only about 
once in & hundred years. Such an event may produce 
problems for radio engineers, but from the point of 
view of those engaged in upper atmosphere research, 
it may be said of the fortunate coincidence of the 


.1957-58 peak with the LG.Y.: “never had mortal 


33 
. 


man such opportunity... 

The work described above was carried out as part 
of the programme of the Radio Research Board, and 
is published by permission of the Director of Radio 
Research of the Department of Scientific and Indus- 
trial Research. 


t Ellison, M. A., Nature, 180, 1173 (1957). 


FOSSIL ALGAE IN INDIA 
By Pror. L. RAMA RAO 


Bangalore 


WENTY-FIVE years ago, I reported in Nature 
the discovery of abundant fossil algae in the 
Cretaceous rocks of South India, especially in one of 
the limestones belonging to the youngest division, 
the Niniyur group (Danian), of the Trichinopoly 
area. (The Cretaceous of the Trichinopoly Dt., 
South India, is divided into four groups. Starting 
from the oldest, these are: (a) the Utatur; (5) the 
Garudamangalam (Trichinopoly); (c) the Ariyalur ; 
(d) the Niniyur. The entire succession ranges in age 
from the upper Albian to the Danian of the European 
stratigraphical scale. A full description of these 
rocks has been recently given by me elsewhere.) 
Further examination of all the limestones of this 
group and the associated flints and cherts which 
are their silicified representatives yielded a rich 
harvest of fossil algae of various kinds; these 
were studied and described by me in, collaboration 
with Dr. Julius Pia, of Vienna?. Prior to this dis- 
covery, our knowledge of fossil algae in India was 
confined to casual references and brief descriptions 
of a few stray and solitary occurrences here and 
there. 
The finding for the first time in India of a rich 
assemblage of fossil algae in the beds of the Niniyur 
group was therefore an event of considerable interest, 


and the fact that this collection included several new 
genera and species of the three main families, 
Solenoporaceae, Corallinaceae and Dasycladaceae, 
made it particularly noteworthy. Many of these 
forms show features of significant phylogenetic and 
evolutionary importance, the entire collection con- 
stituting, according to Pia, “the most interesting 
algal flora”? he had ever studied. 

The publication of the memoir in 1936 dealing with 
the Niniyur algae thus opened out a whole field of 
research, and it is gratifying to note that many 
valuable contributions to our knowledge of fossil algae 
in India, especially from the Cretaceous and Eocene 
rocks, have since been made by a number of workers. 
The object of this article is to give a summary of 
these contributions and indicate their scope; for 
fuller details and descriptions, the reader may refer 
to the original papers published from time to time, 
of which the more important are given at the end of 
this article. 

In the rocks of the Niniyur group itself, more 
algae have since been noticed, including Neomerts, 
Acicularia®, Clypeina3.? and Piania ; along with these 
there is also the ‘unexpected’ occurrence of a primitive 
form like Holosporella. The coral-reef limestones 
(Upper Albian) at the base of the Trichinopoly 
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Cretaceous succession have also revealed a rich algal 
flora, indicating that the algae played quite an 
important part in the building up of these reefs. Of 
outstanding significance is the occurrence in several 
rocks of this area, including the Niniyurs, of species 
of Solenopora*, thus showing that the time-range of 
this genus extended up into the late Cretaceous, 
where it existed side by side with Archaeolithotham- 
nium. Such an association of these two genera in 
the Cretaceous also provides valuable material for the 
study of the mutual chronological and evolutionary 
inter-relationships of the two important families of 
fossil algae which they represent. In the year 1937, 
J. Pia, S. R. N. Rao and K. S. Rao described fossil 
algae, including Terquemella, Acicularia, Aceta- 
bularia (?), and four species of Neomeris from the 
intertrappean beds near Rajahmundry‘. This assem- 
blage, which shows a distinct Tertiary aspect, is 
Important not only in itself but also in throwing 
light on the age of the associated traps. A more 
recent examination of some of these intertrappeans 
which I have made shows that there are more of 
these Dasycladaceae here, probably including several 
other forms in addition to those mentioned above. 

From. the Lockhart limestone (Paleocene) of the 
Samana Range (now in Pakistan) S. R. N. Rao 
described in 1941 a rich algal flora belonging to the 
Melobesieae’. This includes several new species 
belonging to the genera Archaeolithothamnium, Litho- 
phyllum, Mesophyllum and Melobesia. It may be 
noted that one of these species of Archaeolithotham- 
nium (A. samanensts) found here shows “a concentric 
arrangement of the hypothallial rows’’—a character 
which is considered as a distinctive feature of the 
genus Lithophyllum. Associated with these algae 
here, the solitary occurrence of a Neomeris (Larvaria ?) 
has also been noticed. From a limestone in Sind 
(Pakistan) probably also of Paleocene age, S. R. N. 
Rao and K. P. Vimal have quite recently (1955) 
described certain species of Acicularia and Indopolia 
representing the Dasycladaceae, together with the 
form Boueina belonging to the Codiaceae. 

The occurrence of an abundant algal flora including 
both the Corallinaceae and Dasycladaceae in some of 
the limestones of doubtful Cretaceous or Eocene age 
of Assam was noticed in the year 1940; the Coral- 
linaceae in this material have been studied in detail 
by K. 5. Rao and the results embodied in a paper 
which he published in 1943°%. Both the sub-families 
Melobesieae and Corallinae are represented here; of 
the former, which are by far the more abundant, he 
has described five species of Archaeolithothamnium, 
five of Lithothamnium, and one each of Mesophyllum, 
Melobesia and Distichoplaz; and of the latter there 
is &@ new species of Corallina. The entire assemblage 
clearly indicates that the containing rocks are of 
early Tertiary age—a conclusion also supported by 
recent stratigraphical studies. The Dasycladaceae 
found in this material are yet to be described. These 
Assam limestones evidently constitute a rich store- 
house of a varied and well-preserved algal flora, 
worthy of further attention. 

Another important area where numerous fossil 
algae have been recently noticed is the Salt Range. 
The first report of this occurrence in the Eocene beds 
of this area (now in Pakistan) was made by me 
and K. S. Rao in 1939, recording the presence of 
Dissocladella, Acicularia and Neomeris, together with 
some surviving primitive forms like Oligoporella and 
Diplopora. More recently (1953) a rich algal flora 
from the lower Eocene limestones (of the Nammal 
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gorge) of this region has been described by C. P. 
Varma’. He has recognized here some new species— 
three of Archaeolithothamnium, two of Mesophyllum 
and one of Lithophyllum ; in this connexion he has 
also contributed a valuable discussion on the affinities 
of these and allied genera, especially in regard to 
Mesophyllum, where we can observe “a complete 
gradation from the Lithothamnium type to the 
Lithophyllum type of tissue among the various species 
of Mesophyllum”’. The same material also contains 
the remains of an alga very similar to the interesting 
form Solenomeris. Attention may also be directed to 
the three species of Gymnocodium recently described 
(1953) from the Permian beds of the same area. 

Lhe following classified list gives an idea of the 
variety and abundance of fossil algae described so 
far from the above areas: Dasycladaceae: Holo- 
sporella (2), Triploporella (1), Oligoporella, Diplopora, 
Dissocladella (1), Indopolia (2), Acicularia (4), 
Orioporella (1), Neomeris (9), Clypeina (3), Terque- 
mella (1), Acetabularia (?) and Pianta (1); Coral- 
linaceae: (Melobesieae) Archaeolithothamnium (14), 
Mesophyllum (5), Lithophyllum (2), Lithothamnium 
(6), Melobesia (2), Solenomerts (1) and Distichoplaz ; 
(Corallinae) Corallina (1); Solenoporaceae: Para- 
chaetetes (1) and Solenopora (3); Chaetophoraceae : 
Palaeachlya ;* Codiaceae: Gymnocodium (1) and 
Bouetna. (The figures within brackets indicate the 
number of new species recognized.) 

From the above brief review of the results of work 
done in India since the occurrence of abundant algae 
was first reported in 1931, it becomes clear that these 
algal remains “offer a vast field of research of which 
only the fringe has yet been touched”. Apart from 
the Cretaceous and Eocene rocks which have yielded 
most of the forms mentioned above and will no doubt 
reveal many more on further examination in due 
course, we have a whole series of marine sedimentary 
rocks in India of earlier ages which are still ‘un- 
touched’ from the point of view of their fossil algae. 
The farther back we go in time in this sedimentary 
succession, the more interesting will be their algal 
contents ; and when we go down to the Precambrian 
rocks, of which we have such a good development in 
India, the search for fossil algae becomes positively 
exciting. A beginning in the study of the Precambrian 
algae in India has just been made by the record of a 
few remains by R. C. Misra in the rocks of the 
Vindhyan system, and of some algal (?) structures in 
the even older Cuddapah formations by M. R. S. 
Rao. The scope and opportunities for further 
explorations in India in the study of Precambrian 
algae are practically unlimited. 

It is thus evident that a most promising field 
dealing with the study of fossil algae from rocks of 
various ages in India is still awaiting attention. It 
is earnestly hoped that this fruitful and fascinating 
line of research will be taken up and pursued in 
earnest before long; the results of these studies will 
undoubtedly be of the greatest value alike to the 
stratigraphical geologist and to the paleobotanist. 


1 Rao, L. R., Proc. Ind. Acad. Sci., B, 44, No. 4 (1956). 
s a dga” and Pia, J., Mem. Geol. Survey India, Pal. Indica, 21, 4 


? Rao, L. R., and Gowda, 8. S., Curr. Sci., 22, 11 (1953); 28, 6 (1954). 

' Pia, J., Rao, 8. R. N., and Rao, K. S., Sizungsber, Akad. Wiss. 
Wien, 146, & (1937). 

* Rao, S. R. N., Mys. Uni. J., 2, 7 (1941); J. Ind. Bot. Soc., M.O.P. 
Com. Vol. (1947). 

* Rao, K. S., Proc. Nat. Acad. Sci., 13, 5 (1948). 

* Varma, C. P., Palaeobotanist, Birbal Sahni Mem. Vol. (1952). 

* Varma, C. P., Proc. Nat. Acad. Sci. India, 18, 4 (1952); 19, 3 (1953) 
20, 3 (1954). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Presence of Triiodothyronine in Fowl 


THE observation of an unknown iodinated com- 
pound as a regular constituent of plasma and thyroid 
tissue of mice and rats!-3 led to the discovery of 
3-5 : 3’-triiodo-L-thyronine‘-’, It hag been established 
that triiodothyronine possesses all the thyroid hor- 
mone qualities of thyroxine when tested in a large 
number of species? and is more potent than thyroxine 
when tested by a variety of methods in vivo in mam- 
mals and amphibians’. Thus triiodothyronine has 
come to be recognized as being of physiological 
importance in laboratory mammals and man. How- 
ever, little is known of the distribution of triiodo- 
thyronine in other classes of vertebrates, beyond the 
fact that it has been found in reptiles!*, It seemed 
of interest to ascertain whether birds have the 
capacity to synthesize this compound. 

Light Sussex cockerels, 100 days old, were given 
250 ue. of iodine-181 by the subcutaneous route. 
24 hr. later they were killed while under light ether 
anzsthesia, and the thyroid glands removed, minced 
and placed in ammonium-chloride ammonia : urea 
buffer (pH 8-6). Trypsin (1 mgm.) was added, and 
the glands were allowed to incubate for 24 hr. at 
35° C. with a further addition of trypsin after 12 hr. 
After acidification with hydrochloric acid, the hydro- 
lysate (pH 2-6) was extracted three times with 
butanol and the combined butanol extracts reduced 
to dryness under diminished pressure. The residue 
was taken up in methanol: ammonia (3: 1) and 
applied to Whatman No. 1 filter paper for ascending 
chromatography in n-butanol-acetic acid—water 
(78:10:12 v/v) or n-butanol—dioxane (80 : 20 v/v) 
saturated with 2 N ammonium hydroxide systems. 
Thyroxine, triiodothyronine, diiodotyrosine, mono- 
iodotyrosine and iodide were added as carriers. The 
positions of the carriers were visualized in ultra-violet 
light, and the triiodothyronine and/or thyroxine areas 
of the paper cut out, eluted with methanol_ammonia 
and re-chromatographed in a single dimension in 
n-butanol-dioxane-~ammonia or in two dimensions in 
both solvent systems together with the appropriate 
carriers. The radioactivity of the paper was localized 
by radioautography and/or scanning with an auto- 
matic recording B-counter. The carriers were 
localized. with diazotized sulphanilic acid and palla- 
dium chloride. 


The results of two such experiments are shown in 


Fig. 1, and in both cases radioactivity was noted in 
the area of triiodothyronine. Other experiments, 
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carried out on both males and females, from a cross 
between Light Sussex and Rhode Island Reds, in 
some cases following stimulation of the thyroid 
gland with thyroid-stimulating hormone, have con. 
firmed: these observations, but in no case was the 
percentage of radioactivity ascribed to triiodothyron- 
ine higher than.l per cent of the total radioactivity 
extractable with butanol from the gland, or more 
than 5 per cent of the thyroxine radioactivity. 

It may be concluded from the present experiments 
that the thyroid gland of the bird possesses the 
capacity to synthesize triiodothyronine, and that 
triiodothyronine presumably has a role in thyroid 
physiology in this class of vertebrates. This finding 
may take on added interest in the light of two curious 
findings, that birds have a low plasma protein- 
bound iodine value! and that triiodothyronine is no 
more potent than thyroxine in various biological 
tests done in birds?3,13, 


CLAIRE J. SHELLABARGER* 
ROSALIND Prrr-Rrvers 
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Enzymes of the Tricarboxylic Acid Cycle 
and Cytochrome Oxidase in the Fat Body 
of the Desert Locust 


Various workers have shown the presence of some 
or all of the enzymes of the tricarboxylic acid cycle 
in insect muscle sarcosomes (for example, in Musca 
domesticat, Phormia regina’, Apis mellifera?) or in 
particulate fractions prepared from whole insects 
(for example, from Aedes aegypti*) ; but other 
specific insect tissues have received little attention. 
The insect fat body is often one of the most con- 
spicuous organs and is known to carry out many 
reactions involving nitrogen metabolism®; but 
almost nothing has been recorded of other oxidative 
capabilities. As the biochemical function of the fat 
body is probably not primarily concerned with energy 
production (unlike muscle sarcosomes), it appeared 
of interest to examine this tissue. 

The desert locust, Schistocerca gregaria Forsk., was 
used as @ source of the fat body tissue which was 
carefully dissected out and gently homogenized in a 
Potter—Elvehjom blender. Fifth instar nymphs were 
used for most of the work. The presence of a number 
of enzymes associated with the tricarboxylic acid 
cycle was demonstrated in this tissue for the first 
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time. Using spectrophotometric assay methods, the 
presence was shown of a specific triphosphopyridine 
nucleotide-linked ¢socitric dehydrogenase, aconitase 
and fumarase. A diphosphopyridine nucleotide- 
linked malic dehydrogenase was demonstrated both 
by optical observation of the reduction of oxidized 
cytochrome c in the presence of cyanide, and mano- 
metrically by measurement of oxygen uptake in a 
Warburg apparatus. Cytochrome oxidase was present 
in the fat body, and was completely inhibited by 
7:5 x 10-5 M cyanide and 94 per cent inhibited by 
1 x 10°’ M azide. The cytochrome oxidase activity of 
the fat body showed a striking variation with age in 
the fifth stadium. It fell from a relatively high value 
at the beginning to about one-thirtieth towards the 
end of the stadium (that is, about 160 hr. after the 
fourth moult), and then rose sharply at the time of 
the fifth and final moult, and was at a high level in 
the young adult. 

All efforts to demonstrate the presence of the 
condensing enzyme, succinic dehydrogenase and 
o-ketoglutarate oxidase were unsuccessful, both by 
optical and manometric methods. The apparent 
absence (or presence at a very low level below the 
sensitivity of the assay methods) of these key enzymes 
of the tricarboxylic acid cycle (although other enzymes 
which can take part in the operation of the cycle 
could readily be assayed), suggests that the cycle 
may not play an important part in the intermediary 
metabolism of the fat body of the locust. 

We are indebted to the Anti-Locust Research 
Centre for financial support and encouragement in 
this work. 

D. A. H. HEARFIELD 
B. A. KILBY 


Department of Biochemistry, . 
University, 9 Hyde Terrace, 
Leeds 2. 
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Phosphorylase Activity of Primary Rat 
Liver Cancer 


THE level of glycogen in the majority of tumours is 
considerably lower than in the normal homologous 
tissues}. According to Dickens and Weil-Malherbe? 
the glycogen content of primary rat hepatoma is 
lower: than that of normal rat liver. 
recently by Goranson et al., the phosphorylase 
activity of a transplantable rat hepatoma is very low. 
According to these authors, the addition of adenosine 
5-phosphate greatly increases the phosphorylase 
activity of hepatoma tissue, up to the values found 
with normal rat liver. Hence the low content of 
glycogen in hepatoma might be due to a lack of 
adenosine 5-phosphate, rather than a deficiency in 
the amount of the phosphorylase itself. On the 
other hand, Le Page® found that rat hepatoma 
contains approximately twice as much adenosine 
5-phosphate as normal rat liver. We have therefore 
studied the phosphorylase activity of primary rat 
liver carcinoma and the activating effect of adenosine 
5-phosphate on it. ot ont 

Discrete rat liver tumour nodes were selected for 
our experiments. The tumours were induced by 
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feeding rats for 5 months with a semi-synthetic diet 
containing 0-6 per cent 4-dimethylaminoazobenzene’. 
Experimental and control animals were fasted for 
24 hr. before killing ; the tumour nodes were separated 
from the adjacent parenchyma, necrotic areas being 
carefully removed, and were homogenized at 0° with 
isotonic potassium chloride in a Potter—Elvehjem 
glass homogenizer. As it was found that the degree 
of homogenization is of importance for the phos- 
phorylase activity, all experiments were made with 
homogenizers having an optimal clearance according 
to Potter®. 

Phosphorylase activity was determined by Suther- 
land’s method’, slightly modified according to the con- 
ditions of our experiments: the reaction was started 
by the addition of 0-5 ml. enzyme mixture to 1-0 ml. 
substrate solution (pH 6-1, glass electrode) contain- 
ing glucose-1-phosphate (0-05 M), glycogen (5-7 mgm./ 
ml.) and sodium fluoride (0:05 M). The enzyme 
mixture bad the following composition: 0-5 ml. 
2 per cent homogenate, 0-3 ml. M sodium fluoride, 
0-2 ml. distilled water. When the activating effect 
of adenosine 5-phosphate was to be studied, 0-2 ml. 
of a solution of adenosine 5-phosphate (Pabst) was 
added, instead of water (final, 0:04 M). Test-tubes 
were incubated at 30°. At 0, 10 and 20 min., samples 
were taken, deproteinized with an aliquot of 5 per 
cent trichloracetic acid, and centrifuged. Inorganic 
phosphorus was determined in the supernatant by 
the method of Fiske-SubbaRow as adapted to a 
photoelectric colorimeter. 

The phosphorylase activity of homogenates from 
normal rat liver (5 animals) and from primary rat 
liver cancer (7 animals) was studied. The effect of 
adenosine 5-phosphate (0-04 M), adenosine (0-04 M) 
and guanosine (0-02 M) was also investigated. In all 
experiments only fresh homogenates were used. The 
results of our experiments (Fig. 1) show that the 
phosphorylase activity of primary rat liver cancer 1s 
considerably lower (about one-third) than that of 
normal rat liver. The inorganic phosphorus released 
has the following average values: for tumour tissue, 
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42. 0 ugm. phosphorus, and for normal liver tissue, 
109-8 ugm. phosphorus per sample in the conditions 
of our experiment. The adding of adenosine 5-phos- 
phate in the above-mentioned concentrations in- 
creased the phosphorylase activity by 11 per cent for 
the primary rat liver carcinoma and by 11-2 per cent 
for normal rat liver. Adenosine and guanosine have 
no marked effect on phosphorylase activity. 

The results of our experiments suggest that the 
low glycogen content in hepatic tumours could well 
be explained by the low phosphorylase activity of 
these tumours. Contrary to the data of Goranson 
et al.®, our experiments indicate that rat liver tumours 
are characterized by a real decrease in the enzyme 
protein and not by a lack of adenosine 5-phosphate, 
the phosphorylase in tumour and normal liver 
homogenates being activated to the’same degree by 
adenosine 5-phosphate. 

A. A. HADJIOLOV 
K. I. DANCHEVA 


Department of Biochemistry, 
High Medical Institute, 
Sofia. 
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Occurrence of Independent Systems for 
the Cleavage of Folic Acid and Citrovorum 
Factor in Rat Liver 


RECENT work has demonstrated that extracts from 
animal tissues can actively degrade folic acid! and 
citrovorum factor? at the C,—N,, linkage with the 
liberation of a diazotizable amine. Whether the 
same enzyme systems are involved in the cleavage of 
the two substrates is, however, not established. The 
horse-liver fraction which has been shown to degrade 
citrovorum. factor was inactive towards folic acid’. 
In a recent paper, Dinning et al.* have suggested that 
the transformation of folic acid into a diazotizable 
amine by slices and homogenates of rat livers takes 
place with the intermediate formation of citrovorum 
factor. In the course of studies on folic acid degrada- 
tion by purified fractions from rat liver, we prepared 
extracts which degrade folic acid but not citrovorum 
factor. Furthermore, A-methopterin has been found 
to inhibit selectively the cleavage of folid acid in 
acetone-dried powder extracts, but the citrovorum 
factor remains unaffected. 

Three kinds of rat liver extracts were used. Fresh 
liver extracts were prepared by extraction of the 
liver in 0-15 M phosphate buffer, pH. 5-5 and dialysis 
in water (0-4° C.) for 20 hr.; acetone—powder 
extracts were made in the usual way and phosphate 
buffer pH. 5-5 added to give 10 per cent extracts. 

Extracts of acetone—powders of liver prepared as 
above were treated with solid ammonium sulphate 
(30-70 per cent) in the cold, and the precipitate sus- 
pended in water and dialysed for 20 hr. in distilled 
water (0-4° C.). 

Enzyme activity was determined by following the 
liberation of the aromatic amine, according tọ 
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Table 1, Co-FACTOR REQUIREMENTS 
The complete system consisted of 150 ugm. of folic acid or citrovorum 
factor, 0:08 M phosphate buffer, 1:5 x 10-? M adenosine triphosphate, 
1-0 x10 M manganese chloride, 1:0 x 10-7? M sodium citrate. 
1:0 x 10°‘ M coenzyme I, 1 ml. acetone powder extract. Total 
volume = 2 ron F 
cubation, 37° O 


time of incubation, 3 hr.; temperature of in- 
"(The values given have been corrected for the non- 
substrate blank) 





Folic acid de- | Citrovorum 
Sample System graded at pH | factor de- 
No. 5-5 (ugm.) air vir at ne ae 
1 Complete system 110-70 36-50 
2 Adenosine triphosphate 
omitted 73'380 8°85 
3 Manganese chloride 
omitted 5:30 17°30 
4 Sodium citrate omitted 12°70 12:90 
5 Coenzyme I omitted 8-50 9°90 
6 All the above omitted nil 5°b 
Table 2. Error oF Som SUBSTANOES ON ENZYMES DEGRADING 


FOLIO ACID AND CITROVORUM FACTOR 


comprese ay aystem asin Table 1. Total volume = 2 ml. ; 
cubation, 3 hr.; temperature of incubation, 87° C. 


time of in- 
' (The values 


given have been corrected for the non-substrate blank. ) 









Folic acid de- | Citrovorum 
















Sample | Supplements added to | graded at pH factor de- 
No, the complete system 5:5 (ugm,) graded at 
pH 6 (vgm.) 
1 Nil 35°7 
2 A-methopterin (10 “gm.) 35°0 
3 L-Glutamie acid 
10-? mole) 35:0 
4 -Formylglutamic acid* 







(10-3 mole) 81°2 





* N-Formylgiutamic acid was a gift from Dr. H. R. V. Arnstein. 


Table 3. COMPARATIVE DEGRADATION OF FOLIO ACID AND CITRO- 
VORUM FACTOR BY DIFFERENT RAT LIVER PREPARATIONS 


The incubation mixture consisted of 150 ugm. folic acid or citrovorum 

factor, same co-factors asin Table 1, and enzyme extract as specified. 

Buffer, 0°06 M phosphate, pH 6; time of incubation, 3 br.; tem- 

perature of incubation, 37° C. (The results have been corrected for 
the non-substrate blank) 















Citrovorum Ratio of 
Folic acid factor citrovorum 
Source of enzyme degraded degraded factor de- 
(vgm.) (ugm.) graded to 
folic acid 
Dialysed fresh liver 
extract (1 ml.) 12:7 0-233 
Acetone-powder ex- 
tract (1 ml.) 35:4 0446 





80-70 per cent am- 
monium sulphate 
. fraction from ace- 
tone powder extract 
(0:5 ml.) 








Bratton and Marshall’. Non-substrate blanks were 
determined by incubating tubes with all constituents 
of the reaction mixture except folic acid. The latter 
was added at the end of the incubation period. 
Dialysed extracts of acetone-dried powders from 
rat livers catalyse the liberation of a diazotizable 
amine from folic acid and citrovorum factor. The 
activity in presence of either substrate is dependent 
on coenzyme I, adenosine triphosphate, manganese 
ions, and citrate. These co-factors have also been 
found to be necessary for the cleavage of folic acid by 
chicken liver extracts*. Results of experiments given 
in Table 1 show that omission of any one of the 
supplements causes & considerable reduction in 
activity in presence of either substrate. In a pub- 
lication, which: has reached us while this com- 
munication was in preparation, Silverman et al.® 
report the purification of an enzyme system from 
hog liver which cleaves citrovorum factor. The latter 
enzyme differs in some of its properties from the rat 
liver preparations described here. It is activated by 


no. seos February 22, 1958 


Substrate degraded (#gm.) 





Fig. 1 


u-glutamic acid, inhibited by N-formylglutamic acid 
and apparently does not need any of the above 
co-factors required by the rat liver system. Results 
in Table 2 show that t-glutamic acid and N-formyl- 
glutamic acid produce negligible effects on the system 
cleaving folic acid or citrovorum factor in rat liver. 
A-methopterin selectively inhibits the folic acid 
degradation but citrovorum factor is still unaffected. 
Furthermore, the folic acid degrading system can be 
largely separated from the activity towards citro- 
vorum factor by ammonium sulphate fractionation 
of extracts made from acetone—dried powder (‘Table 3). 
The relation of pH to activity in presence of the two 
substrates is illustrated in Fig. 1. The two curves 
show marked differences. The pH optimum for folic 
acid is at pH 5-5 and for citrovorum factor at pH 6. 
Above pH 6 the activity in presence of folic acid falls 
rapidly. This may be a possible explanation for the 
higher rate of degradation of citrovorum factor 
obtained by Dinning et al.4 in rat liver homogenates, 
for their experiments were carried out at pH 7-4. 

The findings reported here indicate that, in rat 
liver, separate enzyme systems catalyse the conver- 
sion of folic acid and citrovorum factor into a diazo- 
tizable amine. The present results do not show 
whether these conversions proceed through the 
formation of tetrahydrofolic acid, as has been 
demonstrated for the system reacting with citrovorum 
factor in hog liver*. Differences between the co-factor 
requirements and the lack of effect produced by 
L-glutamic acid indicate, however, that the enzymes 
catalysing the cleavage of citrovorum factor in the 
two animal species may not be identical. 

.We thank Dr. V. R. Khanolkar, director of this 
Centre, for the facilities made available to us during 
the course of this work, and the authorities of the 
Lady Tata Memorial Trust for a scholarship awarded 
to one of us (U. W. K.). 

U. W. KENKARE 
BEeatTrRIzZ M. BRAGANCA 
Enzyme Chemistry Department, 
Indian Cancer Research Centre, 
Bombay. 
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A Possible Intermediate in the 
Biosynthesis of Tryptophan : 
l-Deoxy-l-N-o0o-Carboxyphenyl-Ribulose 


DURING an investigation of compounds formed by 
washed cell suspensions of mutant strains of Aero- 
bacter aerogenes blocked at various stages in trypto- 
phan synthesis, two strains (N3—-33 and N2-18) were 
found to form a compound which showed an intense 
blue-violet fluorescence under ultra-violet light, but 
the absorption spectrum of which did not correspond to 
any known compound. Neither strain of A. aerogenes 
would grow in the minimal medium described by 
Davis and Mingioli! unless either tryptophan or indole 
was added and they were therefore presumably 
unable to convert anthranilic acid to indole. 

Cell suspensions were incubated with a mixture of 
glucose (0-1 M), ammonium chloride (0-005 M), 
magnesium sulphate (10-* M) and phosphate buffer 
(0-1 M, pH 7-7) as described by Gibson, Jones and 
Teltscher?, After removal of the cells, spectrophoto- 
metric examination of the supernatant fluid showed 
the presence of a compound with a spectrum similar 
in some respects to that of anthranilic acid (Fig. 1). 
The compound was readily extracted by ethyl acetate 
after the supernatants had been acidified, but 
concentration of these extracts to dryness resulted 
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in decomposition of the compound. It has not been 
found possible to isolate the pure compound, but its 
identity has been established by the absorption 
spectrum, paper chromatography and by ‘the form- 
ation of the crystalline 2,4-dinitrophenylhydrazone. 
The examination of the absorption, spectra of a 
number of anthranilic acid derivatives indicated that 
the spectrum was consistent with the structure 


—COOH 


The compound appears to be 1-deoxy-1-N-o-carboxy- 
‘phenyl-ribulose. 


--COOH 
—NH—CH,—CO—CHOH—CHOH—CH,0H 


This compound was suggested? as a possible 
intermediate in the conversion of anthranilic acid to 
indole and is the Amadori rearrangement product of 
the riboside or arabinoside of anthranilic acid. It has 
been prepared from both the p-riboside and p-arabino- 
side and although not yet isolated was readily 
detected on paper chromatograms by reagents such 
as 2,3,5-triphenyltetrazolium chloride. Concentrates 
of the natural and synthetic compounds readily 
reduced alkaline methylene blue at room tempera- 
ture, a property of Amadori rearrangement products‘. 
The natural and synthetic products had the same 
Rp value in two solvent systems and gave the same 
colour reactions on paper chromatograms (Table 1). 
The absorption spectra of the natural and synthetic 
compounds in ethanol and in phosphate buffer at 
various pH levels were identical. 


Table 1. TESTS ON PAPER CHROMATOGRAMS SHOWING IDENTICAL 
RESULTS WITH THE NATURAL AND SYNTHETIO PRODUCT 


Result 


Ammonium molybdate | green-blue 

changing rap- 

idly to dark 

blue sugar present 
purple-brown pentose 
dark green keto-pentose 
keto-pentose 
evidence for 

Amadori re- 

arrangement 

products 


Reagent Inference Ref. 


Aniline-acetate 

Phloroglucinol 

Anthrone 

Alkaline 2,3,5,-tri- 
phenyl tetrazolium 
chloride 


purple 

immediate in- 
tense red 
colour without 
heating 





The 2,4-dinitrophenylhydrazone of the natural 
product was obtained by extraction of the original 
compound first into ethyl acetate and then into 
phosphate buffer (0-1 M, pH 7-7). An acid solution 
of 2,4-dinitrophenylhydrazine was then added and 
allowed to react overnight at room temperature. 
The product was recrystallized from alcohol and 
acetone. The 2,4-dinitrophenylhydrazones of the 
synthetic compound and of the natural product had 
the same melting point (213-215°) separately and 
mixed. The derivatives also seemed identical on 
paper chromatograms. Analysis of the 2,4-dinitro- 
phenylhydrazone of the natural product gave values 
for carbon, hydrogen, nitrogen and oxygen consistent 
with the structure proposed. 

Concentrates of deoxy-carboxyphenyl-ribulose when 
added to minimal medium supported the growth of 
various mutant strains of A. aerogenes and Escherichia 
colt which would utilize anthranilic acid and such 
strains were cross-fed by strains N3-33 and N2-18 
when tested by the technique described by Gibson 
and Jones’. The formation of the compound by 
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cell suspensions was stimulated by aeration and was 
detectable at 1 hr. by measurement of the absorption 
peak at 325 mp. For the isolation of the compound, 
the cell suspensions and substrates were incubated 
with aeration for 24 hr. Cell suspensions of A. 
aerogenes N3~33 in phosphate buffer (0-1 M, pH 7-7) 
readily converted anthranilic acid to deoxy-carboxy- 
phenyl-ribulose in the presence of glucose. Details 
of the experiments establishing the identity of the 
compound will be published elsewhere. 
We wish to thank Prof. S. D. Rubbo for his 
encouragement of this work which was aided by & 
grant from the Australian National Health and 
Medical Research Council. 
F. W. E. GIBSON 
C. H. Doy 
SHELAGH B. SEGALL 
Bacteriology School, 
University of Melbourne. 
Oct. 22. 
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Mode of Action of Chelates in protecting 
against Clostridium perfringens Toxin 


Ir was reported previously that ethylenediamine 
tetraacetic acid was capable of protecting mice 
against the toxin of Clostridium perfringens. The 
protection thus afforded was shown to be probably 
due to the removal of a metallic ion or ions necessary 
for the activity of the toxin from the area where the 
toxin was acting. Inasmuch as the metallic ion or 
ions necessary for the action of the toxin apparently 
were higher in the preferential chelation series than 
calcium, the calcium chelate was shown to be able 
to protect when given systemically*. In this report, 
studies on the duration of the protection afforded by 
calcium ethylenediamine tetraacetic acid are presented 
and their implications are discussed. 

The toxin, calcium ethylenediamine tetraacetic 
acid, and methods of administration of both of these 
were the same as described previously*. 2-5, 5 and 
30 per cent solutions of calcium ethylenediamine 
tetraacetic acid were injected intradermally into 
mice; at various time-intervals thereafter the mice 
were injected at a different site with toxin and the 
deaths occurring within a 48-hr. period were recorded. 
The results of three typical experiments are presented 
in Table 1. 


Table 1. DURATION OF EFFECT OF CALCIUM ETHYLENEDIAMINH TETRA- 
ACETIO ACID IN PROTECTING MIOR AGAINST Cl. perfringens TOXIN 


Calcium ethylene- | Time (hr.) after {injection of calcium ethylene- 


diamine tetraacetic | diamine tetraacetic acid that toxin was in- 

jected. Groups of ten mice were used for each 

time-interval and E that died is 
recorde 


acid injected 
(per cent) 
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It can be seen that the protective effects of 2-5 per 
cent calcium ethylenediamine tetraacetic acid lasted 
about 30 min., that of 5 per cent about 2 hr., and that 
of 30 per cent about 9 hr. Inasmuch as 2:5 per cent 
calcium ethylenediamine tetraacetic acid is capable 
of completely protecting mice against the toxin and 
this protection lasts for but about 4 hr., it indicates 
that once the Cl. perfringens toxin is inhibited by 
calcium ethylenediamine tetraacetic acid there is some 
mechanism present in the body to inactivate it. This 
ability of calcium ethylenediamine tetraacetic acid to 
protect against the toxin is certainly not due to the 
inactivation of the toxin inasmuch as it has been 
demonstrated that the protection can be reversed by 
either zinc, cobalt or manganese ions’. These results 
also may explain why it was possible to render the 
toxin inactive in mice simply by mixing it with a small 
quantity of ethylenediamine tetraacetic acid’. If it is 
necessary to inhibit the action of the toxin for a short 
interval of time to render it non-toxic in the body, the 
period of time that the ethylenediamine tetraacetic 
acid remained at the injection site was sufficient to 
allow the inactivating mechanism in the body to come 
into play. 

It was previously suggested that calcium ethylene- 
diamine tetraacetic acid protected against the toxin 
when given systemically by binding the ‘free’ trace 
metals that were available in the body?. If this inter- 
pretation obtains, the data presented here would in- 
dicate that, although the level of ‘free’ trace metals is 
reduced to the point where the toxin is inactive with 
2:5 per cent ethylenediamine tetraacetic acid, the 
trace metal equilibrium is restored within 4 hr. by the 
release of metals from depots in the body. The fact 
that higher concentrations of calcium ethylene- 
diamine tetraacetic acid protect for proportionately 
longer periods of time suggests that sufficient calcium 
ethylenediamine tetraacetic acid remains in the cir- 
culation during the respective time-intervals to bind 
the metals that are released. An implication of these 
findings is that in attempts to use chelating compounds 
as detoxifying or therapeutic agents in other diseases & 
mode of administration other than that used with Cl. 
perfringens toxin will probably be necessary. In order 
to inhibit the growth of micro-organisms in vivo with 
agents such as antibiotics it is necessary to maintain 
the inhibitory level of the antibiotic until the micro- 
organisms are no longer active. In instances where 
the removal of ‘free’ trace metals may be inhibitory 
to the activities of a micro-organism im vivo, this 
condition probably would have to be maintained 
until the activities of the micro-organisms are 
suppressed to the point where they are no longer 
harmful to the body. A mode of administration of a 
chelating compound such that the level in the body 
is maintained sufficiently high to keep the ‘free’ trace 
metals at the requisite low level would be indicated 
in such instances. 

In another series of experiments toxin was injected 
into groups of 10 mice, and at intervals of 2 hr. there- 
after 5 per cent calcium ethylenediamine tetraacetic 
acid was injected at another site. The results of 
these experiments can be summarized as follows: If 
calcium ethylenediamine tetraacetic acid was given 
within 6 hr. after the injection of toxin, the mice 
survived ; if it was given at 8 or 10 hr., the majority 
of mice, and all of them in some experiments, died. 
The median death time for the dose of toxin used 
was about 10 hr.; after 6 hr. all the mice were 
severely ill with a small percentage of deaths occurring 
by this time. It would appear that the action of the 
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toxin is cumulative, and if its activity is inhibited 
by calcium ethylenediamine tetraacetic acid before it 
reaches the lethal level the mice are able to recover. 

This investigation was supported by Grant H—-1099 
of the National Institutes of Health. 


MERWIN MOSKOWITZ 


Department of Biological Sciences, 
Purdue University, 
Lafayette, Indiana. 
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Adherence and Viscosity of Blood 
Contacting Foreign Surfaces, and the 
Plasmatic Zone in Blood Circulation 


THe cell-free marginal zone of plasma in vessels of 
living animals, due to the axial accumulation of red 
blood cells, was already known to Haller and Spallan- 
zani in the eighteenth century’. The formation of 
this zone was later studied by Poiseuille? in arteries, 
veins and capillaries in various species of the living 
animal. He found that, with increased velocity, the 
thickness of this layer was augmented. Recently, in 
the course of investigations on the flow of blood 
columns using a tilting viscometer (Scott Blair, 
G. W., personal communication), we made the 
folowing observation. If an index of human or 
rabbit blood, containing 0-01 mgm. heparin/ml. as 
anticoagulant, be permitted to flow down a large 
capillary tube held at varying angles from the vertical, 
then films of blood of varying thickness can usually 
be seen macroscopically on the wall after the column 
has passed. This finding led to investigations on the 
flow of varying indexes of blood, plasma and serum 
in glass tubes 0-5-1-4 mm. in diameter, where the 
Reynolds number is so small that turbulence is out 
of the question. We found that the adherence of 


‘fluids from moving indices in such capillary tubes 


can be determined by simply measuring the reduction 
in the length of the index after it has travelled a 
certain distance, and then calculating the thickness 
of the adherent layer. By this method, we found 
that this phenomenon is not limited to blood, but 
can also be detected when cell-free plasma or serum 
is used instead. Moreover, this adherence is not 
dependent on glass surfaces, as we found it in tubes 
coated with silicone, ‘Lusteroid’, ‘Perspex’ and 
paraffin as well. 

The question now arises whether the plasmatic 
zone in the living blood vessels can be related to 
this phenomenon of adherence in tubes lined with 
various surfaces, and also whether adherence of 
fluids in capillary tubes can be found to be a general 
physical phenoménon. In examining how the nature 
of the surface affected the adherence of blood, we 
discovered that the velocity of flow differed markedly 
with all surfaces at various angles of tilt. With 
higher velocities, more blood adhered to glass and 
other surfaces. 

Table 1 shows the effect of various surfaces on the 
velocity of flow and the adherence of blood and 
plasma in capillary tubes of radii ranging from 507u 
to 492u. Rabbit’s heart blood and plasma from the 
same blood withdrawal was used in all tests. Indexes 
100 mm. long were run in duplicate and triplicate 
along lengths ranging from 441 mm. to 426 mm. and 
at 20° tilt of the tube; the same glass tube being 
used throughout the entire series of experiments, 
comparative tests were run with coatings of 
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Table i. FLOW AND ADHERENOH VALUES OF INDEXES. 100 HM. LONG, 

OF BLOOD AND OF SAME RABBIT HEART BLOOD (0-01 MGM. 

HBPARIN/ML.) SAMPLE CONTACTING VARIOUS SURFACES AT 20°C. 

AND AT 20° ANGLE OF TILT. rie OF RUN VARYING FROM 426 
FO MM. 


Flow Adherence 
Yelo- | Vol. of Calcu- 
city |indexad-| lated 
(mm./ | herent (thickness 
sec.) (per of layer 
cent) (u 


Time 
Tluid | (sec.) 


1 Glass 


Blood 
Plasma 


Blood 
Plasma 
Blood 
Plasma 


Blood 
Plasma 


Blood 
Plasma 


Ho 
s~ 


‘Perspex’ 
| "Lusteroid’ 


| Parafin 


and ore Orn tt A] 
Ho BOLD A AY 


| Silicone 





‘Lusteroid’, paraffin wax, ‘Perspex’ and silicone, 
after control runs against the uncoated glass surface. 
Table 1 shows clearly that both blood and plasma 


indexes from the same blood withdrawal have widely — 


varying velocities of flow depending on the surfaces 
with which they are in contact. For any particular 
surface, plasma always flowed faster than blood. As 
ean be seen, variations in diameter of the tube due 
to the coatings being of different thickness cannot 
be made responsible for these wide divergencies in 
the velocity of plasma and blood indexes from the 
same blood sample. Nor do the anomalous flow 
properties of blood entirely explain these phenomena, 
since plasma behaves like a Newtonian fluid’. Table l 
also demonstrates that the amount of adherence, 
rather than being directly related to the velocity of 
the index per se, depends on the nature of the surface 
as well, with silicone exhibiting least adherence and 
paraffin the most in spite of the very low velocity 
of flow with tho latter. For each surface, plasma 
gave relatively lower values of adherence than those 
of blood. The above phenomena occurred with 
blood—air interfaces. However, similar findings were 
obtained in a system without air through capillary 
tubes, 600 mm. long, maintained horizontally. A 
column of oil was merely used to act as a piston with- 
out coming in contact with the blood over the 
measured region of the tube. 

Our results appear to be significant because : 
(1) Measurements of the adherence of blood and 
plasma have not been made thus far. The fact that 
blood and plasma adhere to the silicone and paraffin 
suggests that the well-known physical anticoagulant 
effect of these surfaces may be independent of the 
phenomenon of adherence. (2) Observations on @ 
marginal layer in living blood vessels as well as in 
capillary tubes have always been related to whole 
blood or to suspensions of red cells in different 
fluids?.4 but have never been considered for plasma, 
without suspended red cells. It appears from our 
observations that the immobile layer of plasma at 
the blood vessel wall, as established by Poiseuille?, 
is not necessarily due to a suspension of red cells, 
but may as well exist when plasma alone flows 
through a living blood capillary, for example, in 
plasma skimming. (3) Viscosity studies of blood and 
plasma have been made in the past only in glass 
tubes. Hence, until the nature and physical properties 
of the surface lining the blood vessel* have been 
established, the widely divergent values we report for 
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blood and plasma in contact with various surfaces 
make it seem doubtful whether the results of all 
previous studies on viscosity of shed blood and 
plasma in glass tubes can be applied to blood and 
plasma circulating in living blood vessels. 

Nevertheless, our observations invite new rheo- 
logical studies with blood and plasma from different 
subjects of various species in health and disease. 
These findings on adherence of blood and plasma 
could explain why arteries and veins may differ out- 
side of their morphological structures, because, due 
to the various velocities in vessels of varying 
diameters, one should then expect various degrees 
of thickness of adherent layers. Finally, our observa- 
tions may throw a new light on a number of problems 
related to the physiology of blood circulation as well 
as on certain vascular disorders associated with 
changes in the structure of the imner or endo- 
endothelial lining® facing the lumen of the vessel. 

I am indebted to Dr. G. W. Scott Blair for his 
helpful discussions. 

This work was aided in part by a grant from the 
National Science Foundation, Washington. 

ALFRED L. COPLEY 
Medical Research Laboratories, 
Charing Cross Hospital, 
London, W.C.2. Nov. 22. 
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Isolation of Reserpine from 
Vinca rosea Linn. 


Iw recent years considerable interest has been 
aroused in the use of the alkaloid reserpine in the 
treatment of hypertension and various mental 
disorders. Various plants in the family of Apocyna- 
ceae other than Rauwolfia have been investigated, 
and among them the isolation of reserpine from 
Alstonia constricta! is noteworthy. With the view of 
detecting the presence of reserpine in the plants of the 
Apocynaceas family we have studied the plant Vinca 
rosea. Several alkaloids have been reported from this 
plant: vinceine (melting point, 259-260° C.)’, and 
vincaine (melting point, 250-252° C.)*, which appears 
to be identical or stereoisomeric with 8-yohimbine. 
According to Beereboom et al.*, vinceine and vincaine 
are indeed identical with ajmalicine, and the same 
authors have reported* the presence of serpentine 
(melting point, 156° C., with decomposition) and a 
new alkaloid, Co5-2,Hes-2gN2O02 (melting point, 200- 
201° C.) which they propose to name ‘lochnerine’. 
Recently, ursolic acid (melting point, 280° C.)* has 
been reported present in Vinca rosea. 

We have been able to isolate an alkaloid (melting 
point, 265-266° C.) from the ether-insoluble weakly 
basic resin of the roots of Vinca rosea grown in West 
Bengal. This is now confirmed to be reserpine by 
determination of the mixed melting point with 
authentic reserpine, as well as by the Ry values of 
the samplo isolated, authentic reserpine and the 
mixture of the two. Whatman paper No. 1 and a 
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Fig. 1. A.R., Authentic reserpine; V.R., reserpine isolated from 
Finca rosea; N.V.A., a new alkaloid isolated from Vinca rosea 


n-butanol/hydrochloric acid/water system were em- 
ployed for chromatography. 

Another alkaloidal base (melting point, 242° C., 
with decomposition) with Ry 0-70 (Rp reserpine 0:86) 
has been isolated from the same fraction. Further 
work on this alkaloid is in progress. Experimental 
details of the isolation and further work on this plant 
will be published elsewhere. 

N. K. Basu 
B. SARKAR 
Department of Pharmaceutics, 
Banaras Hindu University, 
Banaras. 
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Auxins in Immature Maize Kernels 


THER extracts of maize-kernel pulp at pH 6 
contain only part of the growth-promoting activity 
of the kernels. ‘The juice expressed from the ether- 
extracted kernels is still highly active in the straight- 
growth test. In Table 1 the activity of the expressed 
juice from ether-extracted maize kernels is compared 
with that of an equivalent concentration of ether- 
extractable material. 

At first, it seemed possible that these results were 
due to incomplete extraction of indole-3-acetic acid. 
Lo test this, ether-extracted juice was partly purified 
by ethanol (4 vol.) precipitation of inactive material. 
After removal of ethanol, the juice was acidified to 
pH 3-6 with sulphuric acid, exhaustively extracted 
with ether and then neutralized with barium 
hydroxide solution. 

The activity remaining in the acid/ether-extracted 
juice is compared with that of the acid/ether extract 


Table 1. EFFECT OF Maize EXTRACTS ON WHEAT COLEOPTILES 






Final length sections (mm.) 


x 10 x 100 
dilution dilution 





Original 
solution 










Ether extractable 






fraction 11-9 19'4 
Juice after ether 
extraction i 11:2 n r oz n 
mgm.jl. -1 mgm./l. 
Indole-8-acetic acid 19:2 ies 
Water controls 14:5 





1 
Initial length of sections, 10 mm, 


NATURE 


553 


Table 2 





Final length of sections (mm.) 





Original x 10 x 100 
solution dilution dilution 
Acid/ether extract- 
able fraction 12-9 16:1 14°4 
Juice after acid/ 
ether extraction i 16:2 n i A °7 i 15-8 i 
mem./l. ‘1 mgm. /l. | 0°01 mgm./I. 
Indole-3-acetic acid 17°38 188 | 14 3. ! 
Water controls 13-4 





Initial length of sections, 10 mm. 
In this experiment, oat coleoptiles were used, as in the straight- 
growth test of Bentley and Housley (ref. 1). 


in Table 2. In this experiment and the subsequent 
ones activity was tested by the Avena straight- 
growth test of Bentley and Housley’. 

Table 2 shows that approximately only a further 
10 per cent of the activity of the ether-extracted 
juice can be obtained under these conditions. 
Indole-3-acetic acid would be completely removed by 
this treatment. The activity of the juice is due, 
therefore, to some constituent which is not indole-3-. 
acetic acid. For an investigation of this unknown 
active constituent, the juice was first purified as 
before by ethanol precipitation. It was then 
evaporated to a syrup and exhaustively extracted 
with ether at pH 6. 
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Fig. 1. Histograms of ether-extracted maize juice chromatographed 

in: (a) n-butanol saturated with N ammonium hydroxide 

solution; (b) isopropanol : water (4:1) containing a trace of 

ammonia; (¢) acetone: water (1:1). Broken lines show activity 

extractable by ether after chromatography, while full lines show 

activity not extractable under these conditions. Assay was by 
the Avene coleoptile straight-growth test 
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The results in each histogram in Fig. 1 were 
obtained from material equivalent to 4 gm. of maize- 
kernel pulp. Fig. 1 shows that the activity of the 
juice appears at lower Ry values than does indole- 
3-acetic acid. 

From strips of paper chromatograms run in the 
presence of ammonia some activity can be extracted 
by ether. The activity coincides with a Salkowski- 
reacting region on the paper. In the three chromato- 
grams in Fig. 1, the colour of the Salkowski reaction 
was rather patchy and in the case of the paper run 
in acetone/water, very faint and indistinct. The 
other two papers, run in the presence of ammonia, 
appeared to show that a substance with a purple 
Salkowski reaction was present. At slightly greater 
Rp values, though not completely separated from 
the purple zone, there was a reddish Salkowski 
reaction. 

The general impression obtained was that in 
ammoniacal solvents a substance with a purple 
Salkowski reaction was giving rise to a substance 
with a red Salkowski reaction and a greater Ry value. 
The indistinctness of the spots was thought to be 
due to the effect of large amounts of other consti- 
tuents present. 

A further concentration of the juice was made. 
Juice equivalent to about 200 gm. pulped maize 
kernels was partly purified by ethanol precipitation 
followed by exhaustive ether extraction as previously 
described. The syrup (25 ml.) obtained after evap- 
oration of the ethanol was mixed with anhydrous 
sodium sulphate (100 gm.) and the mixture stirred 
with absolute ethanol. The ethanolic extract was 
filtered off and the process repeated three more 
times. The combined ethanolic extracts were 
evaporated to a small volume. Fig. 2 shows the 
histogram obtained when one-eighth of the syrup was 
chromatographed in‘n-butanol saturated with water. 
A tank completely free from ammonia was used. 

The peak of activity corresponded to s region with 
a purple Salkowski reaction. After treatment of the 
paper with N sodium hydroxide solution, the same 
region no longer gave a purple Salkowski reaction. 
Instead, there was a red Salkowski reaction exactly 
like that given by indole-3-acetic acid. This red 
colour was more intense than the original purple, 
and had a greater spread of Rr value. Before 
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Fig. 2. Histogram of maize juice concentrate chromatographed 
in water-saturated n-butanol and tested by the Avena coleoptile 
straight growth test 
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sodium hydroxide treatment, no zone of the paper 
gave any trace at all of a red Salkowski reaction. 

Both the red and the purple Salkowski reactions 
appeared to be given by two overlapping spots, 
indicating that the activity is not due to one com- 
pound only. A purple Ehrlich reaction given by the 
same region of the chromatogram also appeared to 
result from two overlapping spots. 

The high activity relative to the indole-3-acetic 
acid controls shown in Fig. 2 has been noted in 
other experiments, but is not always reproducible. 

These results were obtained with extracts from a 
Himalayan strain of maize, and also from a commer- 
cial variety, Northern Cross. The Salkowski and 
Ehrlich tests were carried out by the methods of 
Stowe and Thimann?. This work is continuing, and a 
further report will appear later. We wish to thank 
Profs. 8. C. Harland and E. R. H. Jones for facilities 
and also Mrs. V. Shaw for carrying out biological tests. 
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Influence of Introduction of a Fructosyl 
Group into Galactosylglucoses on their 
f-Galactosidase-inducing Activity 


INTRODUCTION of a fructose group at the reducing 
carbon position of melibiose (to form raffinose) is 
known to abolish the §-galactosidase-inducing cepa- 
city of this «-galactoside in Hscherichia colit.2, The 
question arises whether this effect of tho fructose 
group applies also to induction effected by f-galacto- 
sides. A study was therefore made of the (@-galacto- 
sidase-inducing capacity of an homologous (8-galacto- 
sidic oligosaccharide pair, namely, the pair lactose 
and «-lactosyl-6-fructofuranoside*. This last sugar, 
which will be referred to as ‘lactsucrose’, has a 
terminal B-galactosidic linkage, and is readily cleaved 
to galactose and sucrose both by E. coli K-12 
8-galactosidase in solution and by a washed suspension 
of lactose-induced cells of this strain (Table 1). It 
proved, however, to be a negligible inducer of the 
6-galactosidase. Thus, the relative behaviour of 
lactose and lactsucrose resembles that of melibiose 
and raffinose in respect of the capacity to induce 
-galactosidase in Æ. colt K-12. Moreover, it has 
also been shown recently that raffinose can be 
metabolized by melibiose-induced cells*. This indi- 
cates that raffinose is able to penetrate such cells. 
The cleavage of lactsucrose by lactose-induced cells 
indicates similarly that lactsucrose can enter these 
cells. 

It is thus evident that the introduction of a fruc- 
tosyl group at the reducing carbon of lactose results, 
as with melibiose, in a marked diminution of the 
ability of the disaccharide to serve as inducer of 
the B-galactosidase system. Such behaviour can be 
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Table 1. ACTIVITY OF ŒE. coli B-QALACTOSIDASE TOWARDS LACT- 
SUCROSE 
re 
Hydrolysis of the 
B-Galactosidase B-galactosidic 
Sugar in activityt linkagel| 
growth Inducert ————— 
mecdi..m* Lact- 
sucrose 
Glucose — — 
Glucose | lactsucrose — 
Glucose | lactose + 
Lactose — + 





a 

* Growth was conducted for 24 hr. in ‘66’ synthetic medium con- 
taining 2 per cent sugar (ref. 1). 

+ Washed cells (in a concentration equivalent to 6 mgm. dry bien ar 
ml.) were incubated 5 hr. at 37° C. in an induction medium (ref. 4 
containing 0:02 M inducer. 

Expressed in terms of units of hydrolysis of o-nitrophenyl-f- 
galactoside (ref. 5) per mgm. dry weight. 

§ Cells were mechanically disintegrated with glass beads in a 
Mickle vibrator. The supernatant solution iven by centrifuging for 
15 min. at 8,000g served as the enzyme solution. 

1](+) indicates > 50 per cent and (- ) < 2 per cent hydrolysis of 
substrate, both by cells and by their extract. The reaction mixture 
contained 0'1 Af sugar, 0-05 W phosphate buffer pH 7:0 and fresh 
cells (5 mgm. dry weight/ml.) or enzyme solution (1 mgm. dry weight/ 
ml.). After incubation at 37° C. for 6 hr. products-of hydrolysis and 
decrease in the initial amount of substrate were observed by methods 
of paper chromatography and reducing sugar determination (ref. 3). 


attributed to inability of the trisaccharide to reach 
the site of B-galactosidase induction, and/or a lack 
of inductive capacity proper. The permeation step 
is known to be controlled by a specific inductive 
system?’-*. It is conceivable that raffinose and 
lactsucrose are incapable of inducing the permeation 
system, whereas cells induced by lactose possess it 
and hence are also penetrated by trisaccharides. 

T wish to thank Prof. S. Hestrin for helpful advice. 
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Demonstration of Some ‘Masked’ Lipids 
in the Oocytes of Chrotogonus trachypterus 
with Sudan Black B and Phenol 
‘Unmasking’ Techniques 


Supan black B, in spite of being the most specific 
and vigorous dye for the demonstration of lipids in 
tissue gsections)2, has its limitations®.*. The cell 
inclusion believed to be lipid may not be coloured 
with sudan black B, because: (1) some lipids (like 
phospholipids) may escape from the tissue into the 
fixative by the process of emulsification®’ ; (2) the 
lipids present have a high melting point and thus 
' remain ‘solid’? in tissue sections? ; or (3) the lipids 
present are ‘masked’ by proteins or other substances. 

All these difficulties have been experienced in this 
laboratory during the histochemical investigation of 
the lipids in the oocytes of a number of animals’. 
The first one can always be eliminated by fixing the 
tissue in fluids containing free calcium ions? (like 
formaldehyde-calcium of Baker*), and by post- 
chroming ; while the second difficulty can be over- 
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come to a great extent by using the dye at 60° C. 
for longer periods (say 30 min.). But the lipids still 
remaining uncoloured have either a melting point 
much higher than 60° C. (for example, cholesterols 
and cholesteryl esters), or they may be ‘masked’. 
The cholesterols and cholesteryl esters can always be 
detected by using specific histochemical tests'4.*. It 
is the presence of ‘masked’ lipids which has troubled 
many previous workers. 

Although the ‘masked’ lipids may be ‘unmasked’. 
and thus coloured with sudan black B by a simple 
treatment of the tissue sections with the various fat- 
solvents like acetone, ether, ete., which ‘unmask’ the 
lipids not removed by these solvents5.7,8, yet such 
treatments are inadequate to ‘unmask’ the lipids in 
larger lipid bodies for which some special unmasking 
techniques recommended by Ciaccio® must be 
employed. 

In the oocytes of Chrotogonus it has been found 
that a large number of sudanophil lipid spheres 
constantly give a ‘ringed’ or ‘crescentic’ appearance 
(that is, a dark sudanophil sheath enclosing & com- 
pletely non-sudanophil core of various sizes) even 
when the sections of the material fixed according to the 
formaldehyde—calcium/postchroming technique? are 
coloured with sudan black B in propylene glycol’? at 
60° C. for 1 hr. ‘These bodies give a completely 
negative reaction to all the tests for cholesterol and 
its esters4°, in spite of repeated attempts. This 
shows that if lipids are present in the core they must 
be ‘masked’. 

Ciaccio’s® various techniques were tried to ‘unmask’ 
them. The methods, which include an ‘unmasking’ 
fixative, namely, Da Fano, Ramon y Cajal with 
or without potassium dichromate, did not prove 
successful. Of the two special ‘unmasking’ agents 
recommended, trypsin also was not so successful, but 
phenol gave excellent results. The material fixed in 
formaldehyde-calcium for 6 hr. was treated with 1 per 
cent phenol solution at 37° C. for 24 hr. The gelatin 
sections of this material when coloured with sudan 
black B did not reveal any ‘ringed’ or ‘crescentic’ 
appearance of the lipid bodies, which now coloured 
uniformly blue-black. This shows clearly that the 
lipids present in the uncoloured cores of the ‘crescen- ~ 
tic? and ‘ringed’ lipid spheres in the oocytes of 
Chrotogonus were ‘masked’ ordinarily by proteins ; 
the presence of the latter is shown by the stainability 
of these lipid bodies with mercuric—bromophenol 
blue". 

The kindness of Dr. S. Bradbury, Cytological 
Laboratory, Department of Zoology, University of 
Oxford, for sending the details of Ciaccio’s techniques 
not available here, is gratefully acknowledged. 
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Influence of Time on the Reversible 
Association between Large Molecules : 
the Collagen System 


Ir is increasingly evident that reversible interactions 
between macromolecules underlie many important 
biological functions; the actomyosin system is & 
classical example. Time-related changes in associa- 
tion between large molecules, which give rise to 
altered solubility and tensile strength (often associated 
with increased order), are well known to polymer 
chemists. It is suggested here that biological systems 
which rely on controlled intermittent association 


between specific macromolecules may, by increasingly - 


long periods of association, become fixed in an 
irreversible or very slowly reversible state, resulting 
in impaired or lost function. 

This communication reports an example of time- 
related changes in solubility of fibrils formed in 
relatively homogeneous solutions of collagen. Cold 
neutral salt extracts of fresh skin from growing 
animals contain collagen in solution which may be 
precipitated as an opaque gel. composed of cross- 
striated fibrils, characteristic of the native-tissue, by 
warming to 37° C.4. Purified collagen isolated from 
such extracts behaves in like manner’. Dilute 
acetic-acid extracts of collagen dialysed against 
neutral buffers can be gelled in a similar way. The 
effect of certain electrolytes and non-electrolytes on 
the rate of heat gelation has been briefly described’. 

It was observed in the course of these studies that 
the opaque collagen gels would occasionally be 
re-dissolved on cooling in the refrigerator. Fessler* 
has independently reported that one fraction of 
purified collagen obtained from rabbit skin by 
neutral salt extraction would, after precipitation by 
warming, redissolve on cooling. ‘The investigations 
reported here revealed that one factor determining 
whether or not a gel would dissolve on cooling was 
the time it remained at the higher temperature. 

Clear viscous solutions of collagen were prepared 
from calf dermis by extraction with 0:5 M acetic acid 
and dialysis consecutively against phosphate buffer, 
pH 7-6, T'/2 = 0-4, and sodium chloride, T/2 = 0-45. 
Other samples were similarly prepared at physiological 
ionic strength and pH. These solutions are ‘homo- 
geneous’ electrophoretically and in the ultracentrifuge. 
Partial composition of the dissolved collagen was 
reported earlier’. 

When warmed to 37° C. the opacity of. the rapidly 
formed gel increased with time along a sigmoid curve 
as observed in a ‘Klett’ photoelectric colorimeter 
(No. 540 filter). Opacity, in this system, was 4 
direct function of precipitated protein sedimentable 
at 80,0009 for 1 hr. This was demonstrated by 
analysis of the supernatant solution and weighing of 
the dried, salt-free precipitates. Series of samples of 
the two neutral solutions described above were 
allowed to stand in a water-bath at 37° C. for varying 
time-intervals ranging from 10 min. to 48 hr. after 
reaching maximum opacity. At the end of each 
period the tubes were transferred to an ice-bath and 
the fall in opacity was measured at 1-min. intervals in 
the colorimeter. After the rate of decrease in opacity 
had diminished nearly to zero the samples were 
centrifuged cold at 80,000g for 1 hr. and the collagen- 
content of the supernatant solutions was determined 
by hydroxyproline analysis, and the dry salt-free 
precipitates were weighed. Results of a typical 
experiment using a collagen solution, sodium chloride 
0-14 ionic strength buffered to pH 7:4 with 0-008 M 
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Fig. 1. Effect of tooling to 2° C. on the opacity of collagen gels 

incubated at 37° C. for different periods of time. Reading from 

the lowest curve upward: @, 10 min.; A, 1 hr.; @, 3 hr. ; 

®.6hr.; C, 24hr; x, 48hr.; O---- O, 56 hr. (control, 

not cooled). Starting solution contained about 0:2 per cent calf- 

skin collagen dissolved in cold 0:14 M sodium chloride buffered 
' with phosphate to pH 7'68 


phosphate, are shown in Fig. 1. On cooling a gel for 
10 min. after it had reached maximum opacity at 
37° C., there was a fairly prompt fall in opacity, 
levelling off at about 40 per cent of the control value. 
After 48 hr. of incubation, less than 10 per cent 
reduction in opacity was observed on cooling. The 
same phenomenon in a greater degree occurred 
in solutions of 0:45 ionic strength. The loss in 
opacity on cooling after 10-min. incubation was 
100 per cent and after 48 hr. of incubation was less 
than 10 per cent. ' : 
` This phenomenon was also observed in cold saline 
extracts of fresh guinea pig skin which contained 
relatively high concentrations of a collagen fraction. 
thought to be the precursor of the characteristic 
tissue fibrils. 

Changes in solubility of the gels at acid pH as a 
function of time of previous incubation at neutral 


` pH were also investigated. Between one and two 


weeks of incubation at 37° C. were required for the 

collagen gels to become almost completely insoluble 

in cold citrate buffer at pH 3-5. 

It is improbable that the system reported here 
required interaction with non-collagenous components 
or enzymes. It is suggested that the increasing 
degree of irreversibility may result from the action 
of Brownian movement, allowing the associated 
molecules to find their most stable and sterically 
matched fit, thus permitting the establishment of 
more intermolecular cross-links. i 

The results of this study suggest the possibility 
that increasing time of association between biological 
high polymers may, at least- in some instances, be 
contributing factors to ageing changes in structure 
and function in the organism. 

This work has been supported by Grant No. A 90 
(C7) of the Institute of Arthritis and Metabolic 
Diseases, U.S. Public Health Service, and an Estab- 
lished Investigatorship of the American Heart 
Association. 
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isomorphous Replacement in the Kaolin 
Group of Minerals 


Ir has been customary to classify the groups of 
layer silicate minerals as trioctahedral or dioctahedral 
according as all the octahedral ion sites in the lattice 
are-occupied, or only two sites out of three. Vir- 
tually all minerals in the layer silicate groups fall 
clearly into one of these two divisions, the number 
of octahedral sites per unit cell occupied being 
usually nearly round numbers. 

In the kaolin group the purely aluminous minerals, 
kaolinite, dickite and nacrite are dioctahedral 
members. Hallimond}.2, Brindley** and Brindley 
and Youell> have shown that the chamosite present 
in sedimentary ironstones is a member of the kaolin 
group and that its molecular formula is very close 
to a trioctahedral structure, typically 2-9 octahedral 
sites out of every 3 being occupied by iron, magnesium 
or aluminium. There has been considerable recent 
evidence from microradiography®, and chemical 
analysis and X-ray diffraction’ that the composition 
of chamosite can vary between wider limits than had 
béen supposed originally. Previous attempts to 
classify chamosite? have considered the Pauling 
structure for the kaolin and chlorite groups, triocta- 
hedral members of which have a common empirical 
formula X,(SiA1),0,(OH),(X = Fe,Mg,Al....] repre- 
senting half the unit-cell content of kaolin, and a 
quarter of the unit cell of chlorite. Agreement with 
this structure has not, in general, been very good. 
Other methods of classification®.* have used the oxide 
ratios in the formula of chamosite originally suggested 
by Zalinski®. This method has no justification from 
a structural point of view, but has indicated that for 
most chamosites derived from sedimentary ironstones 
the numbers of silicon and aluminium atoms in the 
structure are very nearly equal, although RO (where 
R = Fe or Mg) is often substantially lower than in 
Zalinski’s formula. 

It has recently been possible?! to obtain a complete 
analysis of a chamosite from the chamosite—kaolinite 
(top) beds of the Northampton sand ironstone forma- 
tion at Wellingborough. There were strong indica- 
` tions? that this specimen was particularly low in 
iron content, and analysis has confirmed these. The 
low iron content could not be accounted for by simple 
admixture of kaolinite. The structural formula, 
evaluated on a basis of 9(0 + OH) ions in the 
formula, was : 


- 


Alj.o9 Fete Fes 12 Mgo.15 (Sis-s9 Alo 41) Ossis (OH) 5-¢5 
eK ——_—_—— 


2°67 


This compares with the formula of a chamosite. from 
the Main Ironstone beds of the same formation® at 
Corby : 


Alo-as Fosi 01 Fort ‘83 Mgo 23 (Sii. 38 Alo. a7) Os. 02 (OH)s. 0B 
a ey 
2-92 


It is clear that (a) the RO value is much lower than 
for the main ironstone chamosite, even when all iron 
is included as RO (1°58 against 2°07); (b) the occu- 
pation of octahedral sites is so low (2:67 against 2-92) 
that the Wellingborough specimen can scarcely be 
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RO Cncluding all Fe) 






' Antigorite 


Kaolin 


SiO, ALO, 


Fig. 1. Chamosite analyses: W, present work; @, Taylor; 
acid-extraction method (low aluminium); x, lateritic rial 
(high aluminium) 


regarded as properly trioctahedral ; and (c) the Si/Al 
ratio is still nearly 1. Replacement of tetrahedral 
silicon by aluminium is low, whereas the amount of 
octahedral aluminium is high; this represents a 
deviation towards the kaolinite composition. 

This formula is so far from the Pauling structure 
composition that it seems necessary to seek some 
other method of classifying chamosite. It would 


-appear that isomorphous replacement of iron and 


aluminium occurs between chamosite and kaolinite 
over & wide range of compositions, and that structures 
intermediate between dioctahedral kaolinite and the 
trioctahedral ‘normal’ chamosite are possible. Fol- 
lowing Taylor®, it is useful to present chamosite 
analyses as a triangular composition diagram (Fig. 1) 
based on SiO,, AlO, and RO (the latter including all 
iron, calculated as ferrous). On the basis that the 
silicon—aluminium ratios in chamosite are nearly 1, a 
line joining RO with the kaolinite formula (28i0,, 
AlO.) should include all possible intermediates 
between chamosite and kaolinite. The chamosites _ 
from Wellingborough’? and Corby® lie very close to 
this line and five analyses by Taylor! (although in 
some cases obtained by difference from materials 
containing only 30 per cent chamosite) are also in 
reasonable agreement with this line. Analyses 
quoted by Hallimond? and Taylor? made by the acid- 

extraction method (which tends to give low values 
for the aluminium content of the mineral) are well 
on the silica-rich side of the line, whereas a chamosite 
of lateritic origin’ is, as may be expected, divergent 
in the aluminium-rich direction. Work by Grimshaw 
et al., and Brindley, Robertson and Mackenzie has 
shown that a very small amount of substitution in 
the kaolinite lattice produces considerable disorder 
in the mineral. Very small amounts of iron present 
in place of aluminium produce a highly disordored 
fireclay and not a well-ordered kaolinite. This is in 
agreement with the much larger size of the ferric ion 
compared with the aluminium ion. 

At the other end of the series, an iron-rich chamosite 
agreeing fairly well with the Pauling structure (as 
represented by the amesite—antigorite line) contains a 
high proportion of large ferrous and magnesium ions. 
Considerable substitution of small aluminium ions in 
the octahedral positions may occur without disrupting 
the lattice, although appreciable disorder is apparent 
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in X-ray photographs of chamosites with high 
octahedral aluminium values. 

There appears to be a zone which is structurally 
unstable for which no specimens have yet been 
found. <A substantial part of the chamosite—kaolin 
series 18, however, represented by actual specimens, 
and it is suggested that this series forms a sounder 
basis for classification than the Pauling formula 
composition or Zalinski’s oxide-ratios. 

Thanks are due to Dr. E. Cohen, of the British Iron 
and Steel Research. Association, and Prof. J. H. Taylor 
for specimens. A full account of this work will be 
published later. 


B. E. Your 
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Dynamics of Chain Molecules in Dilute 
Solutions, with Special Reference to 
Non-Newtonian Viscosity 


SEVERAL aspects of the phenomena appearing when 
chain molecules in dilute solutions are subjected to 
a velocity field seem to be satisfactorily explained by 
the theory which I have recently proposed’. In 
particular, the correct shape of the curve giving tan « 
(initial slope of extinction angle curve, as resulting 
from flow birefringence measurements) as a function 
of ho (viscosity of solvent) has been obtained ; 
quantitative agreement has been observed between 
the calculated and the measured slope of the asymp- 
tote to the preceding curve, in the case of polystyrene ; 
the correct dependence on molecular weight of the 
- internal viscosity term B in tan « has boen obtained 
(proportionality of B to the molecular weight, as 
established experimentally by Leray for polystyrene?) ; 
and finally it has become possible to understand 
some of the characteristics of non-Newtonian visco- 
sity. 

Furthermore, an expression of the intrinsic vis- 
cosity for molecules of low internal viscosity, valid 
in a wide range of velocity gradients, has recently 
been obtained*; this expression contains three 
molecular parameters which can all be determined 
experimentally : the molecular weight M, the zero 
gradient intrinsic viscosity [n]o and the ratio, 
BİM, which is characteristic of each kind of 
polymer. - 

These last results have been compared with the 
non-Newtonian viscosity measurements of Čopič‘ on 
a series of polystyrene fractions. The theoretical 
curves giving the intrinsic viscosity [y] as a function 
of the velocity gradient G were computed, using the 
values of M and [n] given by Čopič and the value of 
B/M deduced from flow birefrmgence measurements 
of Leray?. The agreement, though not perfect; is 
quite significant’. 


NATURE 


February 22, 1958 voi. 


161 


1:0 









POLYISOPRENE 
M=3,4 x10" 





~--~- €xp. 
calc. 





-^0 


A B= 2x10 ‘ 


0°83» 


in\ii7o] 


0:7 


0 5 10 
G x 10 
Fig. 1 


Here, I wish to make the comparison with the 
measurements of Golub on a series of polyisoprens 
fractions®. No flow birefringence data are available 
in this case; therefore it is not possible, as in the 
case of polystyrene, to compute the [n] versus G 
curves from the theory, not using any adjustable 
parameter. : 

I have first computed three theoretical curves for 
polyisoprene lc, giving B/M respectively the values 
5 x 10-4, 10-9, 2 x 10-0». In Fig. 1 it can be seen 
that a reasonable agreement with the experimental 
curve is obtained taking BIM = 10-1°. 

The theoretical curves for the samples la, 3a and 
3b have then been computed (taking B/M as a 
constant). The comparison with the experimental 
curves is made in Fig. 2 for the samples 3a and 3b: 
the agreement is quite good. For sample la the 
agreement is of the same type as for le ; “the curves 
relative to la are not represented here. 
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hheory are not rigorously — fulfille 
viscosity of polyisoprene is a little 
‘ince the theory becomes insuffi 
approaches: infinity. e 
=i = ‘Thus the theory explains a large number of facts, 
and is well suited to describe many essential features 
in non-infinitely small gradients. It is hoped that 
new possibilities of the hydrodynamic methods will 
follow ; it is already possible to: obtain the parameter 
B, and therefore the internal viscosity of the molecule, 
from one single [7] versus G curve. 



















| ROGER CERF 
-Centre de Recherches sur 
les Macromolécules, 
6. rue Boussingault, 
B Strasbourg. 
Nov. 22. 


- 'Ceri, Ru, C.B. Acad, Sei., Paris, 240, 531 (1955); 241, 496, 1458 
4955); 243, 1875 (1956); 244, 456 (1957); J. Polymer Sci., 
88, 120 (1957); 25, 247 (1057). 

oo cA Leray, J., C.R. Acad. Sci., Paria, 241, 1741 (1965), 

-o > Cerf, Ra, C.R. Acad. Sei., Paris, 245, 1062 (1957). 

+ Copit, M., J. Ohim. Phys., 54, 848 (1957). 

--* Golub, M., J. Phys. Chem., 80, 431 (1956). 


A Survey of Terrestrial Craters 


The domination of the Moon’s surface by circular 
_ erater-like features raises the question as to whether 
< this is a phenomenon peculiar to:the Moon or whether 
it has significance for the solar system as a whole, 
ineluding the Earth. The latter view has been urged 
_ by Baldwin! and others*.*, who conclude that the 
. lunar craters are due to meteorite impact and that 
the Earth has suffered a similar bombardment. of 
< which known meteorite craters are the residual 
evidence. 
- Baldwin’s correlations are on the whole rather 
 sonvincing, but the data on terrestrial meteorite 
_ craters available at the time his work was done were 
-Statistically less impressive than might be desired. 
= Although widely distributed over the Earth, speci- 
< mons being found in Europe, Asia, Africa, Australia 
= and North and South America, only 17 craters or 
-clusters of craters were known prior to 1950. While 
_ some of the clusters contained many pits, they were 
or the most part small, and only ten individual 
aters were known to be more than 100° metres 
330 ft.) in diameter, the limit of size which can be 
bserved on the Moon (Kuiper, G., P., private com- 





















“recent geological epoch, whereas there is evidence 
nting to a wide distribution of ages among lunar 
BLULOS. 

_ Discoveries made during the past seven years have 
rovided appreciable extensions to the data in the 
rections of numbers, diameters and ages of craters. 
ese include the Chubb or New Quebec Crater, 
4 km. diameter (Recent), the Talemzane Crater, 
“8 km. diameter (Late Pliocene or early Quat- 
-ernary)’, the Brent Crater, 3-7 km. diameter (Early 
‘Paleozoic)*, the Holleford Crater, 2-4 km. diameter 
Early Paleozoic)’ and the crater at Deep Bay, 
Saskatchewan, diameter 13-7 km. (Late Mesozoic)". 
n addition, two large circular arcs have been 
ioted in Canada, the Belcher Islands are in 
fudson Bay, 400 km. diameter, and the are con- 
ig Prince Edward Island and outlined by the 


munication). In addition, all these craters belong to — 
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this communication to suggest that tho wide 
photographie coverage which now exists thro 
the world represents an opportunity to mako 
could be a decisive contribution to this bran 
astronomical and geophysical science. The eq 
ment necessary for studying aerial: photograp 
very modest, and a determined worker can cover 
relatively large area of country in a short time. If 
systematic searches could be initiated in many 
countries, it would be reasonable to expect a trend to 
emerge which would go far to settle the still unsolved 
problem of the relationship between terrestria ay 
meteorite craters and the astonishing array of circular = — 
objects covering the surface of the Moon. oe 
i C. 8. Beats o on 
(Dominion Astronomer) < 
Dominion Observatory, oe 
Ottawa. 
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Etch Figures on Sodium Chloride 
Crystals ae 

GYULAI and his co-workers have for some years RES: 
been investigating the properties of alkali halide 
crystals. In the course of etching sodium chloride 
and rock salt crystals I have made some observations 
which may throw light on the dislocations supposed 
to exist in real crystals. 

Cleaved crystals of sodium chloride were etched in 
alcohol mixed with a small quantity of formaldehyd 
After etching for a few minutes, that part of the 
sample which was in contact with the container 
revealed etch-figures, shown in Figs. 1 and 2. The 
examination and photography of these samples was 
carried out in transmitted light, with an ‘L-Stativ 
Zeiss microscope. The etch-figures are most instri 
tive. The growth layers, and the lamellar struct 
of the crystals show up clearly. On the single gro 
steps right- and left-handed spirals and their vario 
combinations have become visible. The single spira 
are squares with rounded corners, their orientatic 
corresponding with the cubic edges of the eryst: 
The direction of observation was (001). | oe 

The photomicrographs give a detailed picture of 
the etched (001) plane. The etch-figures are similar 
to those obtained by A. R. Verma! on silicon carbide. 5 
Voltava and Amelinckx? obtained spiral figures on 
the surfaces of sodium chloride crystals by thermal  __ 


etching, The spirals and their combinations obtained. ee S 



















by the use of etching reagents are, however, cloarer, 












| Fig. t: Surface of a sodium chloride crystal after etching in aleohol 
eee +formaldehyde for 30 min, x 500 


more easily obtained and are durable in dry air. 
‘The etching method described here may be applied 
to synthetic as well as to natural crystals, and with 
-appropriate modification may also be used for 
potassium chloride crystals. Investigations in this 
direction are being carried out. | 
Another observation has been made on deformed 
_érystals of sodium chloride. Synthetic blocks of 
sodium chloride a few millimetres in length and 
diameter were slightly deformed by bending. After 
_ etching a deformed crystal for 0-1 sec. in glacial 

acetic acid very regular etch-pits were obtained on 
every side of the sample. The etch-pits are regular, 
square-shaped concave pyramids. These observations 
- were also made with a Zeiss ‘L-Stative’ microscope, 
-with a magnification of about 100, in transmitted 

light. The etch-pits are located on the (001) plane 
_ 48 seen from the direction of the bending axes on 
_ the (110) slip planes. The etch-figures are grouped 
- in more or less dense strips. It is, however, unneces- 
sary to deform the sample, because cleavage itself 

Initiates slips, which seems to be unavoidable. When 
preparing the sample by cleaving it on six sides, 





Fig. 2. Cleaved surface after etching for 0-1 sec. in glacial acetic 
a acid. x 350 . 
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Relativistic Aberration Formula 


Ir has been stated that “the relativistic aber- 
ration formula, tan’ = sinĝ(1 — v?/c*)1/2/(cos6 + 
vic)... deviates from the equation ... of the ether 
theory by quantities of second order only, a deviation 
which is negligible compared with the present accuracy 
of the measurements’!. The aberration is also 


_ referred to as a “displacement, @ — 62, 


The angles 6, 0’, however, which appear in the 
formula, are measures in different frames of reference, © 
and subtraction of them is meaningless observation. a 
ally. The ‘displacement’, as measured by the ob- > 
server, would be © — 0”, where 0, 0” give, respectively, 
the apparent and actual directions of the source in 
the frame of the observer, simultaneously for him. e 
But in that frame, since the source has moved vt wo 
while the ray has moved ct, t being the time of transit == 
from source to observer, we have tan 0” = sin6! (cos6 +- 
w/e), exactly as in the classical theory for an observer ae 
at rest in the ether. It is obvious, in fact, that there 
would be no deviation between the classical and 
relativity theories for such an observer, since no. 
transformation of co-ordinates is involved. i 

If it is the source which is at rest in the ether, the. 
classical theory requires us to superpose on the 
picture relative to the observer an ether drift ofo 
in the direction of the source’s velocity. The velocity- 
of the light-ray being now approximately (e + v cos). 
relative to the observer, by the same argument we- 
find tan0” = sin@/{cos@ + v/(e + v cos6)}, which gives 
a second-order deviation between the theories 
amounting to twice the deviation now accepted, ce 
In general, with an ether drift of V (not commensur. = 











ate with c) away from the observer, the deviation 
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is (VV |c?) tan 0 instead of 4(v?/c?) tan 6, as given by 
the accepted formula. 
J. H. M. WHITEMAN 
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Random Time 


Ir the point of the hand of a clock moves along 
the circumference of the unit circle with constant 
angular velocity œ, then the time measured is 
determined by the position : 


exp tat (1) 


This formulation depends, however, on the abstrac- 
tion of a ‘uniform time’, a concept which, after 
Mach’s critique, fails to be meaningful and cannot 
be made legitimate even if a built clock is replaced 
by a clock determined by the gyrations of the Earth 
(or, for that matter, of a galaxy). Clearly, the con- 
ceptual difficulty remains unaltered if, instead of 
astronomical clocks, recourse is had to electron 
clocks—those supplied by electromagnetic or oe 
troscopic measurements. 

Actually, the irreducibility of the vague notion of 
what is the ‘uniformity’ of the independent variable ¢ 
(classical or relativistic) is not merely an epistemo- 
logical issue. For ‘time’ can be defined only by 
measurements, and the measurements can be carried 
out only on the movements of instruments (clocks, 
planets, electrons), whereas every physical object and 
its observations are necessarily subject to imperfec- 
tions or, at best, to statistical fluctuations. What is 
more, the same holds for every physical law as well 
(by physical law we understand here differential 
equations in which ¢ is an independent variable). The 
object of this communication is the harmonic analysis 
of the simplest (and, in a certain mathematical sense, 
uniquely determined) model of the statistical fluc- 
tuations of ‘time’ itself. 


If f(t) is defined for — œ < t< œ as a function 
for which the auto-correlation : 


T 


l as 
F(t) = hi f(t + s)f(s)ds 2 
() = lim zm |f sje) (2) 


exists as a continuous function for — w<t< œ% 
(the bar refers to complex conjugation), then F(t) is 
necessarily of the form! 


F(t) = i exp ttudọ(u) (3) 


where 9(u) is a certain bounded function satisfying 
de(u) = 0. 

If f(t) is chosen to be the function (1), then it is 
identical with f(t + s)f(s) for every s. Hence (2) 
shows that F(t) = f(t) if f(t) = exp iwat, which means, 
by (3), that the distribution function 9 (representing 
the spectral energy) is a Dirac distribution, consisting 
of a single saltus: g(u) = 0 for — œ < u < o and 
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eu) = 1 for wo <u< œ. Clearly, the statistical 
fluctuations of time, referred to above, will have to 
dissolve the resulting infinite concentration (repre- 
sented by a discrete, sharp spectral line) at u = œ. 
Let the fluctuations be realized as follows : 

Add to the ? of (1) the function ax(t, œ), where a 
denotes a positive constant and z(t, «) is a normalized 
function as defined in the theory of differential space’. 
Then, since (1) or f(t) = exp(twt) is replaced by : 

f(t, æ) = exp(iw{t + ax(t, «)}) (4) 
where x is real-valued and « is a parameter (to be 
averaged over the interval 0 S « < 1), the function 
(2) becomes : 


F(t, a) = 
p 


OXP twt im gm | oxption(a +s, %) —2x{s,a)})ds (5) 


Here « is a point (not contained in a set of measure 
zero) on the integration-range of differential space. 
In view of the Gaussian definition of measure in 
differential space, it can readily be concluded from 
the ergodic theorem? that, for almost all values of «, 
the time-average which multiplies exp tæt in (5) is 
identical with the corresponding space-average in 
differential space, and, therefore, with the integral 


(e a] 
f oxp(ioav)(2x]t])-+! oxp(— Jo*/|t])de 
-0 


But this is Laplace’s integral, the value of which is 
known to be exp(—}o°a?°|t|). If this evaluation is 
substituted in the representation (5) of the function. 
F(t, œ), a function which, being independent of « 
(for almost all «), can now be denoted by F(t), and 
if the result is compared with (3), it follows that : 


anD 
J exp itu dọ(u) = exp twt exp(—}w’a*|t)) 
— oO 
This can be written in the form 
9 . 
f exp itu dg(u — œ) = exp(—p|t]) (7) 
— 0 
where 
lje = 2/(wa)? (8) 
Finally, the integral of exp (¢#w)/(l + u?) over 
— œ <u< o is known to be x exp(—|t|). Hence 


it is clear from (7) that the spectral distribution, 
instead of being concentrated (as for (1) above) at the 
single frequency u = œ of infinite density, is spread 
out continuously over the entire range — 0 <u <œ. 
In fact, the density of probability in the resulting 
distribution is seen to be 


(9) 


if either the value of a in (4) or the unit of length on 
the u-axis is so chosen that the constant (8) becomes lL. 

It should be mentioned that the result (9) is 
precisely the elementary distribution of Cauchy, a 
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stable distribution of infinite standard deviation, 
already encountered by P. Lévy in his work on 
normal stochastic processes*. 
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Contraction of Time and Protoplasm 


-IN recent discussions concerning the clock paradox, 
biological time is mentioned but dismissed as of little 
consequence in the matter.” Contrary to this view 
and regardless of the solution finally found acceptable 
in the clock paradox, the entire problem really 
centres in biological time. Whether we accept or 
reject a completely mechanistic view of protoplasmic 
processes and therein compare them to an actual 
clock in the sense of their mechanical workings, or 
believe in other processes, in addition to the mechan- 
istic view, the statement that biological time is the 
centre of the matter still holds. No one has ever 
shown that biological processes are identical in their 
functional attributes to the mechanical universe 
envisaged by the physicists. If biological time is 
not identical to the physicists’ time then asym- 
metrical ageing is meaningless, so far as biological 
phenomena are concerned. One of the most out- 
standing physicists, upon analysing the meaning of 
life, gives an opposite view. 
“from all that we have learnt about the structure 
of living matter we must be prepared to find it 
working in a manner that cannot be reduced to the 
ordinary laws of physics’’. I take it from this state- 
ment, and my own experience of more than twenty- 
five years of working with living materials, that the 
laws which control protoplasm are of a different 
order of integration from those of ordinary physics. 
This is not surprising in view of its functional 
complexity. 

If we admit the postulates of the relativity theory 
apply to time-space factors, using a mechanical clock 
to reveal the asymmetry of the result, this is one 
thing; if we use a human or other living organism to 
reveal the result, the effects may predictably be an 
entirely different matter. The space-time dilatation 
is most profoundly related to biological processes in 
two obvious aspects: (1) all primary data upon 
which the concept is based are biologically sensorially 
derived; (2) if time-space factors are to show 
asymmetrical age differences in the stay-at-home 
versus the space traveller, then the biological pro- 
cesses of growth and ageing are involved. 

Aspect (1), of course, looks directly into the whole 
` problem of reality and causality. If as Russell? dnd 
others think, namely, that causality originates in 
perception, we can scarcely escape the implication of 
this in our reasoning about time dilatation and 
biological time. The two are closely linked. While 
the final status of biological time is probably in as 
confused a state* as is the clock paradox, we can, in a 
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sense, deal with it in a more direct experimental 
manner. ` 
The involvement of biological factors of ageing 


-and growth processes in the relativistic contraction 


of time is very real. Biological matter has to exist 
not only in a physical inertial frame, of some sort, 
but also in some kind of time continuum. The 
problem here is whether or not biological material 
(protoplasm to be specific) is in any way affected as a 
function of velocity, or if it is affected in any way, or 
if the narrow bios zone which is an absolute necessity 
for survival of protoplasm also includes absolute 
velocity. (The discussion disregards acceleration, 
deceleration effects upon the intact animal which are 
in part understood.) - 

McCrea® mentions biological time but denies its 
importance through the route of making the difference 
between biological time and clock time arbitrarily 
small. Hoe says that biological processes need not be 
standardized with a standard clock accompanying 
the system. This is the heart of the problem: is 
not our entire interpretation of time sense biologically 
conditioned ? The question must be asked whether 
all the biological processes depend upon rate of 
travel of protoplasm The supposition is that growth 
processes will be retarded or actually reversed, yet 
everything we know about protoplasmic processes 
denies that this is possible. Living processes may be 
temporarily suspended under certain conditions, or 
slowed down, but the range of this is extremely 
narrow. Since all other factors, which maintain 
protoplasmic integrity, are of a narrow limited range, 
may not the same be true of the function of velocity ? 
The interesting thing is that it does not seem to 
have occurred to anyone that experiments might well 
be performed in this connexion. 

The implication in the work on asymmetric ageing 
is astounding since the physicists predict that 
increased velocity will slow up or reverse what are 
major biological functions, namely, the ageing and 
growth functions. It is as though they believe both 
of these are simply physical models of systems 
identical in final analysis to a clock. Without getting 
into the idea of entelechy, it suffices to state that 
while we may accept the physicist’s view of bio- 
logical materials we cannot deny that the order 
of organization of protoplasmic processes may be 
such that the ultimate upper integrative level of 
biological processes may function in @ manner 
entirely different from the materials thus far tested 
on the electron—proton level. 

Taking the other facet of the argument, assuming 
that the physicists are correct, and that growth and 
ageing processes are connected with velocity in the 
fashion they assume, it would be of extreme impor- 
tance to determine this, since by utilization of the 
velocity factor we could modify living processes 
almost at wil. Again an experimental approach is 
called for in order to secure the answer. 
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Propagation of Ultrasonic Waves 
in Liquids 

We had observed? that the heat generated by 
ultrasonic waves in carbon disulphide and in other 
liquids, such as toluene and xylene, is not in con- 
formity with their widely divergent absorption 
coefficients as measured by other (acoustic) methods. 
To clarify the point further, we have made a set of 
measurements with the type of apparatus described 
in ref. 1. 

Working at about 32° C., it was observed with a 
particular apparatus that the total power generated 
by a vibrating quartz crystal, placed inside a con- 
tainer with kerosene oil or xylene, was 9 watts, 
as obtained from the steady temperature difference 
between the container and the circulating water 
outside. Energies were also measured in a trap- 
vessel, placed at a definite distance from the quartz ; 
on both sides of it when the quartz was in the middle 
of the container, and on one side only when the 
quartz was near the end. It was observed that the 
energy propagated forward from the quartz placed 
near one end was 25 per cent higher than from the 
other position, where it was propagated equally on 
both sides. The energy propagated forward was 
thus found to be 5-6 watts only. 

Measurements were taken with trap-vessels of 
different sizes, placed at different distances from the 
quartz, which was near the. end of the container. 
The liquids outside and inside the trap vessels were 
varied. It will be seen from Table 1 that a/f?, 
obtained from the variation of power with distance, 
‘drops from a comparatively large value near the 
quartz to a value of approximately the same order 
as that obtained by other methods. 

A direct measure of the energy incident on a trap- 
vessel, passing through kerosene oil and out on the 
farther side, was obtained by placing the trap in a 
closely fitting glass container, 5 cm. from the quartz. 
The container was thus virtually partitioned into 
three thermostatic chambers, except for the com- 
municating mica windows. It was cooled by water 
circulating outside. The power on the farther side 
of the trap-vessel was measured from the temperature 
difference between it and the circulating water. This 
is a measure of the vibrational and turbulent energy 
as well as of the heat passing out of the trap, having 
regard to the temperatures on the two sides. We 
obtained a value of 4-5 watts, incident on the trap- 
vessel transmitted through the windows, irrespective 
of the liquid inside. 

The variation of the measured power with distance 
has already been noted. It shows that when the 
incident energy at 5 cm. from the quartz is 4:5 watts, 
the power output at the quartz is not less than 
5-6 watts. It accounts for the energy that was 
found to be propagated from the quartz, and it 
appears that the mica windows do not reflect any 
detectable energy. 

The power measured in the different vessels, placed 
at 5 cm. from the quartz, gives, having regard to the 
incident energy, a very high absorption coefficient 
for liquids known to have low absorbing power. 

The coefficients, in the form «/f*, so derived are 
shown in Table 1 (column 7). ` 

The higher absorption of ultrasonic waves near the 
source as determined by energy variation with dis- 
placement is to be associated with the inharmonic 
character of the waves observed by Hubbard?. 
Moreover, the excessively high absorption in the 
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Table 1 


Inci- 

Trap | Power | dent 
from | vessel in power |from dis-! incident 
size | traps at |placement, onergy, 
(cm.) (watts)| 5 cm. liquid lie d 


Liquids 
(æ) outeide 
(b) in trap 


(watts) (a) 


(a) Kerosene 
(b) Kerosene 


(a) Xylene 
(b) Xylene 


(a) Kerosene 
(b) Carbon 
disulphide 





l-cm. trap-vessel, for low-absorption type liquids, 
was not caused by reflexion from the mica. It has 
also been confirmed that diffraction by the aperture 
does not account for this effect. The observations 
appear capable of explanation on the basis of a 
phase retardation of the components of the inhar- 
monic wave-form, introduced by the first mica 
window. They become progressively out of step and 
are thus prevented from béing fully transmitted by 
the second mica window. Even in unobstructed 
liquids, this mechanism appears to operate to a small 
extent and to account for the larger loss of energy at 
smaller distances. It supports the conclusion that 
the excessive absorption of ultrasonic waves noted 
in carbon disulphide and benzene (and possibly also 
the discrepancy from the Stokes absorption coeff- 
cient in other liquids) is due to a mechanism which 
produces more or less effectively a confusion in phase 
relationship during propagation, in the same way 
that the mica window does for low-absorption liquids 
such as xylene. It thus appears that wave trains in 
liquids can lose energy, as if by scattering, in a manner 
similar to that noted by Richardson’ in the case of 
gases. i 
A. K. DUTTA 
K. SAMAL 
Ravenshaw College, 
Cuttack. 
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Protection of Foetuses against Radiation 
Injury 

T= protection against a lethal dose of radiation, 
conferred on mice by grafts of hamopoietic tissue, is 
being attributed to repopulation of homologous 
tissues of the host by cells from the graft}. This 
does not, however, exclude the possibility that such 
grafts might also be supplying a subcellular factor 
able to contribute to the recovery of the host. 

To test the latter possibility, female mice of strain 
A were given, on the fourteenth day of pregnancy, & 
dose of X-rays amounting to 275 r. Immediately 
following this, and always under ether anesthesia, 
they were splenectomized. One group was treated 
no further, while each animal of a second group was 
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Table 1. WEIGHTS (GM.}) OF SURVIVING YOUNG AT THE AGH OF 37 DAYS 


Young from ‘ungrafted’ mothers 
Litter Weight 
Al 


Young from ‘grafted’ mothers 


A2 


ran 
Dham 


5-0 
4-0 
6:0 
5:5 
4-9 
5'2 1 
5:9 
4-0 
4-2 
2°4 
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given an intraperitoneal graft of six macerated livers 
from 18-day old fcetuses of the same strain. 

Only six out of ten animals of the first (‘ungrafted’) 
group gave birth to litters. Dissection showed that 
resorption of foetuses had occurred in the others. 
Lhe six litters born included several still-born as well 
as twenty-six live young. Of the latter, twelve died 
within a week and another four died before weaning, 
having reached a weight of no more than 2-4 gm. 
each. The weights of the remaining ten at the age 
of 37 days are given in Table 1. 

In contrast, all four females of the second (‘grafted’) 
group gave birth to litters, with a total of twenty-two 
live young and six still-born. Another five died 
before weaning; but the remaining seventeen 
developed to normal adult weight. 

It would appear from these observations that the 
grafting of foetal livers into the peritoneal cavity of 
pregnant mice subjected to irradiation improves the 
chances of the foetuses to survive and enables those 
actually surviving to reach an adult weight twice as 
great as that of young from irradiated but ungrafted 
mothers. Experiments are being continued, based on 
the hypothesis that the effect of the graft is due to a 
humoral factor from it reaching the foetuses in utero. 

I am indebted to Prof. C. H. Waddington and 
Dr. D. Falconer for facilities provided at the Institute 
of Animal Genetics, Edinburgh, and to the Melville 
Trust for a Research Fellowship. 
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Hemoglobin Types in Ox and Buffalo 


STUDIES of ox and buffalo hemoglobins by the 
technique of electrophoresis have been made by 
several workers. Geiger’, using a technique of 
cataphoresis, resolved ox hemoglobin into & com- 
ponent moving anodally and a component moving 
cathodally at a neutral reaction, and noticed that 
the two components had different oxygen-dissociation 
properties. Reiner, Moore, Lang and Green? and 
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Munro and Munro’, using the moving-boundary 
technique, resolved ox hæmoglobin into two com- 
ponents at an acid reaction. Using paper electro- 
phoresis, Cabannes and Serain4 found two varieties 
of hemoglobin (which they called « and B) in 270 
samples of North African oxen (« alone in 76-3 per 
cent, « plus B in 20-7 per cent, « alone in 4-0 per cent). 
Giri and Pillai® studied buffalo hæmoglobin on agar 


electrophoresis and resolved it into two components. 


In the course of an investigation of human and 
animal hemoglobin by the silicone-treated glass- 
plate electrophoresis technique! using veronal buffer 
pH 8-6 (ionic strength 0-06) and citrate buffer pH 6:5 
(ionic strength 0-05), it became possible to study the 
hemoglobin patterns in 27 oxen (Bos banteng) and 28 
buffaloes (Bubalus bubalis) imported into Singapore 
from Bali. 

In the ox, three types of hemoglobin were detected 
(A, B and C, Fig. 1) and five patterns were obtained : 
A alone (nine cases, 33-3 per cent), B alone (eight 
cases, 29-6 percent), C alone (one case, 3-7 per cent). 
A plus B (four cases, 14-8 per cent), and A plus C 
(five cases, 18-4 per cent). A was found in eighteen 
cases (66-6 per cent), migrated at a faster rate than 
normal adult hemoglobin and is probably identical 
with Cabannes and Serain’s 8. B moved more slowly 
than A, very similar to normal adult hemoglobin, 
and is probably identical with Cabannes and Serain’s 
æ. C moved faster than A. All three types moved 
anodally at pH 8-6, 4 and B being well separated, 
A and C less so. At pH 6-5 all three types moved 
cathodally, their relative migrations being reversed. 
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Fig.1. Electrophoresis (Whatman 3MM filter paper) at pH 
8-6 (ionic strength, 0-06), 360 V., 20 mA., 5-6 hr. 


In the buffalo two components with mobilities 
identical with those of ox A and B were found in 
27 cases (96-4 per cent), while in one case a small 
amount of a third component, moving more slowly 
than B, was noticed. 

The one-minute alkali denaturation values! for the 
ox bloods varied between 70-90 per cent (average 
75:2 per cent) and for buffalo bloods 64-90 per cent 
(average 79 per cent). Alkali denaturation patterns 
over 4 hr. were indistinguishable when ox A, B, O, 
AB, AC or buffalo bloods were used, indicating that 
several alkali-resistant hemoglobins may occur in 
the same species. 


No.4cos February 22, 1958 


Absorption spectra for ox A, B and C were determ- 
ined between 2000-5000 A. They were found to be 
identical in all three cases. 


FRANCIS VELLA 


Dept. of Biochemistry, 
Faculty of Medicine, 
University of Malaya, 

Singapore. 
Oct. 31. 
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Some Nutritional Requirements of 
Colletotrichum coffeanum Noack 


In the course of the studies on the physiology of 
plant pathogenic fungi causing diseases in tropical 
crops of Mexico, several strains of Colletotrichum 
coffeanum Noack were isolated from coffee plants 
(Coffea arabica) showing typical signs of leaf spotting 
and die-back. Very little is known about the nutri- 
tional requirements of this fungus, although obser- 
vations concerning the taxonomy and pathogenicity 
have been reported from time to time’. However, 
some previous reports have made reference to various 
aspects of the physiological behaviour of the conidial 
stage of Glomerella cingulata’, which is identified as 
C. coffeanum’. The purpose of this communication 
is to summarize our observations:on one of the 
isolated strains. 

A stock culture of C. coffeanum (CF-2) was main- 
tained by serial transfers on potato—dextrose-agar 
slants. In all the experiments the fungus was grown 
in submerged culture using rotary shakers at 25° C. 
for 72 hr. The extent of growth was determined by 
weighing the previously washed and dried mycelium. 
Preliminary experiments revealed that the organism 
could grow in a wide range of pH values, from 2 to 
9-5; 3-8 being the optimum. A basal medium was 
selected consisting of KH,PO,, 
1:00 gm.; K,HPO,, 1-30 gm. ; 





KCl, 0:50 gm.; MgS0O,.7H,0, yeh 
0:50 gm. ; (NE .),.50,, 2-0 gm. ; NH4 KOs 
distilled water, 1 litre and the pH —_ |cssuytoscetare 
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TRYPTOSE 
TRYPTONE 
NEOPEPTONE 
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ALYCINE 
DL-ALANINE 
B- ALANINE 


adjusted to 3-8. All the chemicals 
were analytical grade. For the 
experiments on the effect of trace 
elements, a modified Pfeffer’s 
solution was used containing, 
KH,PO,, 5 gm.; MgS0O,.7H,0, 
2:5 gm.; (NH,).SO,, 10 gm.; 
sucrose, 50 gm.; triple glass- 
distilled water, 1 litre. Most of 
the cultures were carried out in 
125-ml. Erlenmeyer flasks con- 
taining 25 ml. of culture medium ; 
however, for the experiments with 
trace elements it was found that 
125-ml. polyethylene bottles could 
replace the ‘Pyrex’ glass flasks 
favourably, giving 2—5 times more 
efficiency in the growth .response. 
As inoculum 2-5-3:0 millions of 
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washed conidia obtained from submerged culture 
were added to each flask or bottle. 

No significant stimulation was observed when. the 
following vitamins at two concentrations (0:2 ugm. 
per ml. and 4-0 ugm. per ml.) were added separately 
to the basal medium : riboflavin, thiamine, pyridoxine, 
inositol, nicotinic acid, calcium pantothenate, 
p-aminobenzoic acid and folic acid. Biotin at the 
same concentrations gave slight stimulation. The 
mixtures of all vitamins did not significantly stim- 
ulate growth. These results indicated that C. 
coffeanum is self-sufficient so far as vitamins is 
concerned. 

The utilization of different nitrogen sources was 
studied by adding the nitrogen compounds at a 
concentration of 0:5 gm. of nitrogen per litre of 
culture medium. The results (Fig. la) indicated that 
the fungus was able to assimilate nitrogen from both 
organic and inorganic sources. Among the inorganic 
sources, ammonium sulphate produced maximum 
growth; among the organic sources of nitrogen, 
DL-alanine was the best individual source, and a 
mixture of all the amino-acids tested supported 
maximum growth. Casein hydrolysates and 
some kind of peptones were satisfactory sources, 
whereas neopeptone (Difco) was a poor source of 
nitrogen. 

Several carbon sources including carbohydrates, 
sugar alcohols and organic acids were added to the 
basal medium at a concentration corresponding to 
8 gm. carbon per litre of medium. The results 
(Fig. 1b) indicated that D-fructose induced maximum 
growth ; sucrose, maltose, D-galactose and D-glucose 
were fairly good carbon sources and, as a rule, sugar 
alcohols and organic acids did not support growth. 
When ammonium sulphate was replaced by pu-alanine 
as the nitrogen source, D-glucose appeared to be the 
best carbon source. The effect of trace eloments was 
studied on a modified Pfeffer’s solution purified by 
the Steinberg’s technique’ and dispensed in poly- 
ethylene bottles. The addition of iron and/or zinc 
ions at æ final concentration of 0:2 ugm. per ml. 
favoured the growth of C. coffeanum strikingly 
(Fig. 1c). Combinations of iron, zinc and manganese 
ions gave the maximum growth response. Under the 
conditions of the experiments the addition of copper 
ions antagonized the favourable effect of iron ions. 
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Fig, 1. (a) Growth of C. coffeanum on a basal medium containing different nitrogen sources ; 
C. coffeanum on a basal medium containing different carbon sources; 
(c) effect of trace elements on the growth of C. coffeanum 
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Detailed accounts of the experiments will be 
reported elsewhere. 
S. BARTNISKI-GARCÍÁ 
C. CASAS-CAMPILLO 
Laboratorio de Microbiología, 
Escuela Nacional de Ciencias Biológicas, 
Instituto Politécnico Nacional, 
México, D.F. 
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Henrard, P., Agricultura (Louvain), 5, 39 (1957). Rayner, R. W., 
East African Agric. J., 17, 130 (1952). 


1 Lin, Ch. K., Amer. J. Bot., 32, 296 (1945). Sussman, A. S., Coughey, 
P., and Strain, J. C., Amer. J. Bot., 42, 810 (1955). 


>` Small, W., Kew Bull., 2, 57 (1921). 
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Nutritional Requirements of the Common 
Housefly, Musca domestica vicina Macq 
Tut housefly Musca domestica vicina Macq., which 

has been reared in our laboratory for four years with 
a modified NAIDM medium}, was used in these 
experiments. Eggs were collected from oviposition 


dishes, washed and sterilized. The most satisfactory ` 


sterilizing solution and technique were as follows. 
Modified Vanderzant’s solution? was prepared, with 
the omission of sodium glycocholate and less mercuric 
chloride (0:15 gm. instead of 0:25 gm.). Instead of a 
single treatment, the eggs were submerged in the 
solution twice, each for 10 min., with an interval of 
1 hr. between the two treatments. After each treat- 
ment, the eggs were rinsed with bacteriologically 
sterile water. Plating on common bacteriological 
medium revealed that the percentage of contamina- 
tion was less than 10 per cent and the percentage of 
eggs hatched was more than 50 per cent. 

The sterilized eggs were transferred to cotton- 
stoppered vials with sterile media, one egg to each 
vial. Observations on the growth and development 
of the larvee were made at frequent intervals and 
growth-rates recorded. Vials contaminated with 
micro-organisms were discarded. 

The composition of the medium was based on the 
medium for Hylemyia antiquat and Calliphora 
erythrocephala’, since it is reasonable to assume that 
the nutritional requirements of these flies might be 
similar. The ingredients of the medium per ml. 
were as follows: 


= aa 20:0 mgm 
Ribonucleic acid 10 =,; 
Cholesterol O01 ,, 
Dextrose i 150 ,, 
Mineral mixture (U.8.P. XIII, No. 2) 20 ,, 
Casein 11:0 ,, 
Vitamin mixture (per 100 mi.) 
Vitamin A 5,000 U.S.P. units 
Rachitosterol D 1,000 wa ia 
Thiamine 2:0 m 
Riboflavin 265 n 
Ascorbic acid 30:0 ,; 
Niacin amide 20-0 ,, 
Pyridoxine hydrochloride 02 ,, 
Calcium pantothenate 1:0 ,, 


. Solutions of casein and ribonucleic acid were prepared 
separately by dissolving in distilled water, the former 
with 2 N sodium hydroxide. The mineral mixture 
was dissolved in hot distilled water. These solutions 
were mixed and agar added. When agar was dis- 
solved by heating, the whole mixture was autoclaved 
at 15 lb. for two minutes. Cholesterol was first 
dissolved in 95 per cent ethyl alcohol, and emulsified 
with 5 per cent gum arabic solution. This emulsion, 
together with dextrose solution and vitamin mixture, 
were then added. The final mixture was adjusted 
to pH 6-4 with 2 N sodium hydroxide. 2 ml. of this 
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mixture was put in each food vial, a cotton stopper 
was used, and the vials were again sterilized at 15 lb. 
for 15 min. 

Larve developed normally in the basic medium 
except that the larval period was somewhat prolonged. 
and the pupal weight decreased (Table 1). This 
was probably due to the deficiency of glycine and 
cystine in casein. Further retardation of growth- 
rates resulted when ribonucleic acid or vitamins A, 
C and D were omitted. Non-sterile eggs on the same 
basic medium showed no advantages, suggesting 
that bacteria or other micro-organisms were not 
necessary symbionts for the housefly larvæ, at least 
when all other nutritional requirements were fulfilled. 


Table 1. GROWTH-RATES AND PUPAL WEIGHT OF HOUSEFLINS REARED 
ON BASIO MEDIUM AND MODIFIED MEDIUM 


Larval period 
First |Second| Third 
instar | instar | instar 
(days) | (days) | (days) 

3-6* 


Pupal | Pupal 
eriod | weight 
days) | (mgm.) 


Medium 


Basle medium 

Basic medium less 
ribonucleic acid 

Basie medium less 
vitamins A, C and D 

Basic medium non- 
sterile eggs 

Casein hydrochloride 
hydrolysate 

Casein pancreatin 
hydrolysate 

Ten amino-acids 

Modifled NAIDM 





* One larva had an extremely long third instar of 10 days. 


Preliminary experiments on the amino-acid require- 
ments of the housefly larve had been studied by 
using different hydrolysates of casein. The casein 
hydrochloride hydrolysate failed to support growth 
due to the lack of tryptophan, while pancreatin 
hydrolysate of casein (tryptophan not destroyed 
during hydrolysis) will support normal growth. 
Preliminary studies by varying the contents of 
amino-acid mixture to substitute for casein had also 
revealed that the essential amino-acids were probably 
the same for other dipterous insects such as Droso- 
phila melanogaster! and Pseudosarcophaga affinis”. They 
are arginine, lysine, leucine, ésoleucine, tryptophan, 
histidine, phenylalanine, methionine, valine and 
threonine; but the rate of growth with only these 
ten acids was very much retarded. Further studies 
are now in progress. 
J. T. CHANG 


, M. Y. WANG 
Department of Biology, 


National Peking University, 
Peking. 
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5 Sedea, D. J. W., Acta Physiol. et Pharm. Neerl., 8, 262 (1954). 
e Hinton, T., Genetics, 40, 224 (1955). 
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Occurrence and Filterability of 
Protoplast-like Elements in Aged Bacterial 
Cultures 


CELLULAR or subcellular units of certain bacteria 
that have been deprived of a rigid cell wall have been 
regarded in the recent literature as protoplasts. The 
conversion of rods into spherical protoplasts was 
observed mostly in media containing penicillin and 
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magnesium ions plus sucrose as stabilizers’, although 
Jeynes? has reported their natural occurrence. 

The present communication describes the spon- 
taneous occurrence of units in aged Escherichia colt 
cultures? which conform to the description of arti- 
ficially induced bacterial protoplasts. 

The Æ. coli strain used was isolated from human 
urine in 1952 and originally showed a certain degree 
of spontaneous polymorphism. Cultures were aged 
in horse-meat broth kept at 37° C. or at room tem- 
perature for several months in paraffin-sealed flasks. 
In electron-microscope preparations of samples from 
aged cultures the complete disintegration of some 
bacterial cells into naked plasmatic material con- 
taining electron-dense spots was readily observed. 
The disintegration was preceded by swelling of the 
cell and rupture of the rigid cell wall. Collodion 
membrane filtrates of the supernatant fluid (obtained 
after centrifugation at 2,000 r.p.m., 16 min.) of aged 
cultures contained units capable of regeneration 
when placed in fresh medium. The size of the 
smallest units so far found to regenerate has been 
estimated as approximately 350 my in diameter. 
Certain details of the regeneration were studied by 
light- and electron-microscopy. An initial fusion or 
coalescence followed by cell wall formation was 
noted. The individual protoplastic units were never 
observed +o undergo division prior to fusion. The 
addition of washed Sarcina lutea cells to the filtrate 
appeared to stimulate the regeneration of the sub- 
cellular units. Microscopic observations and centri- 
fugation experiments (Table 1) showed that this 
enhancement involved the adsorption of the proto- 
plastic particles to the surface of the Sarcma 
cells. 


Table 1. RATIO OF THE NUMBER OF CULTURES SHOWING GROWTH OF 
E. coli CELLS TO THE NUMBER OF TUBES INOCULATED WITH VARIOUSLY 
TREATED FILTRATES FROM AGED CULTURES 


Samples 


Experiment No. 
1 2 


Filtra.e (a) 
Sedimen {2 
Sediment (e) 





(a) Aged broth culture was filtered through a membrane with an 
average pore diameter of 600 mz; the filtrate was adjusted to pH 5:8. 


(b) The filtrate (pH 5-8) was centrifuged at 1,000 r.p.m. for 20 min., 
the sediment was resuspended in the original volume of fresh broth. 


{0 Filtrate (a) (pi 5:8) was centrifuged at 2,000 r.p.m. for 20 min., 
following the addition of approximately 10° Sarcina lutea cells per ml, ; 
the sediment was resuspended in the original volume of fresh broth. 


0-2 ml. amounts of all the samples were distributed in broth tubes 
and incubated. 


These results support the assumption that aged 
E. coli cultures can-survive in the form of sub-units 
having no cell walls which, under adequate condi- 
tions, can regenerate into the vegetative form. Recent 
observations on ribonucleic and deoxyribonucleic 
acids as well as protein synthesis in protoplasts or 
in their subcellular fractions’ give credence to the 
conception that they may retain the potential for 
reversion into the bacillary form. However, in 
relation to the number of protoplastic structures seen 
in the electron microscopic fields, the efficiency of 
regeneration obtainable so far must be considered as 
poor, even in samples filtered through membranes 
with large pore diameters. . 

The morphological resemblance of the L forms of 
Proteus to the protoplasts was recently pointed out 
by Pease®. The stimulatory effect of Sarcina or 
other bacterial cells on the growth of both protoplasts 
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and pleuropneumonia organisms’ suggests the exis- 
tence of similar metabolic pathways. 


J. 8 s* 
State Institute of Hygiene, eee 
Budapest. 


o Present address: Institute of Microbiology, Rutgers, The State 
University, New Brunswick, New Jersey. 
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Sexual Behaviour and the Vaginal Cycle 
in the Cat 


DiFrFICULTIES have been encountered in studying 
the neural and endocrine mechanisms which underly 
the control of sexual behaviour in the mammal for 
two main reasons. First, conspicuous and easily 
observable patterns of stereotyped behaviour, which 
are uninfluenced both by learning processes and the 
conditioning effects of the experimental situation 
itself, are rather few among laboratory mammals. 
Innate reflex patterns of behaviour similar to those 
successfully utilized by ethologists in lower animals, 
that are stable and difficult to disturb, occur quite 
infrequently in higher forms. The sexual behaviour 
of the female cat is a conspicuous exception to this. 
Though Marshall has emphasized the virtual impos- 
sibility of determining the state of the sexual cycle 
in many species by external signs alone, the present 
study shows this is not the case in the cat. The 
second source of difficulty arises from the observation 
that some of the components of the total pattern of ' 
sexual behaviour may not be dependent upon the 
secretory activity of the gonads ; this is most evident 
in the male, but is also quite apparent in the female 
of several mammalian forms. The female chimpanzee 
may accept the male at any time in her cycle (Yerkes 
and Elder’); similar behaviour has been observed in 
the female rat (Boling et al.*); and acceptance by 
both dicestrous and ovariectomized rabbits is well 
established®.4. Sexual receptivity and the associated 
postural responses cannot be regarded as depending 
solely upon ovarian hormones in these species. This 
makes for difficulties in the interpretation of behav- 
ioural changes which appear to follow hormone 
administration. However, earlier studies by Bard’ 
have indicated that the full pattern of sexual behav- 
iour of the female cat may be strictly dependent on 
hormones. 

Patterns of sexual behaviour shown by thirty 
reproductively active female cats were studied for 
two years. Specially trained males were used for ` 
conducting timed mating tests under standard 
environmental conditions. These tests are best 
carried out in an observation pen of suitable design 
where the male is allowed to establish territory rights. 
After an initial training period, a suitable male will 
mount and attempt copulation with any female 
that is presented. The normal sexual displays of 
mature, cycling females running with the male under 
free colony conditions were compared with the 
patterns of response obtained during these formally 
conducted mating tests, enabling an assessment to 
be made of the effect of the test situation upon 
behaviour throughout the cycle. The responses to 
artificial sexual stimulation and vaginal probing were 
also investigated. 
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Table 1 
Behaviour 
An- Pro- Alet- 
œstrus cestrus (Estrus oestrus 
oe 72-13 | —12-41 | —37-10 | —12-60 
M irus |181 2 142 
688-87 20-41 39-10 18:60 
ba —14-92 24-65 —?2 83 —§ 90 
i e Oe E 17 72 
& 84-92 10°35 19-83 6°90 
~ 37-26 | 49°14) —~4-95 
Œstrus 3 T2 3 gS 
40 -26 22-86 7°95 
cestrus 17-95 10 +19 3-54 
162 92 32 334 









Table 2 
QO-E 
0 

E 
(0 — EY _ 75-544 (O — E) _ 85202 
E 6:375 E 0-404 
84:484 105 -632 
5-515 8-288 
7-646 11-674 
58-707 6-900 
4-026 8-082 
5-820 169-009 
x? = §87-707 


n = (4 —1)(4— 1) = 9 
From Fisher and Yates y? = 27-877 for P = 0-001. 


It has been found that tho behaviour patterns of 
individual animals are remarkably constant and that 
a well-defined behaviour cycle oxists in this species. 
The behavioural characteristics specific to each of 
the four stages of the cycle, the ancestrous, the 
pro-osstrous, cestrous and metcestrous responses, will 
be enumerated in detail elsewhere. They were 
determined by combining the data on the responses 
of females to both artificial stimulation and the coital 
activity of the male during nine hundred mating 
tests. With the behavioural criteria established, an 
investigation was made of the relationship between 
behaviour and the cytology of the vaginal smear. 
340 mating tests were conducted with 15 mature 
females and a corresponding number of vaginal 
smears collected. The description of the vaginal 
cycle given by Scott and Lloyd Jacob’ was used, 
and the smears were examined without prior know- 
ledge of the behavioural state of the animals from 
which they were obtained. 

Correlating these deta by means of a contingency 
table (Tables 1 and 2) reveals a highly significant 
agsociation (P < 0-001) between the behavioural pat- 
terns and the appearances of the vaginal smear at 
every stage of the cycle. The characteristic pattern of 
cestrous behaviour and the associated state of sexual 
receptivity, though commonly first appearing when 
the smear is pro-cestrous, continues throughout the 
period of full vaginal cestrous. The appearance of 
the metcestrous leucocytic infiltration in the smear 
closely coincides with the development of the metces- 
trous refusal pattern. Of the 142 observations on 
behaviour where the smear was ancstrous only once 
did mating occur, and in this particular animal the 
smear had cornified 24 hr. later. It can be concluded 
thet mating behaviour with an ancestrous vaginal 
smear is a very unusual occurrence in this form, and 


NATURE 


February 22, 1958 VoL. 18! 


further, that mating behaviour is almost invariably 
associated with either a pro-cestrous or œstrous 
smear. It was repeatedly observed that unless the 
specific cestrous posture is adopted, mating cannot 
take place no matter how energetic the copulatory 
efforts of the male. Only behaviourally cestrous 
animals can be mated; falsely positive mating tests 
due to ‘rape’ by the male do not occur in this species. 
Approximately 300 mating tests were conducted with 
8 spayed females for periods of up to six months after 
operation during which time no vestige of oestrous 
behaviour was seen. Mating never occurred in this 
group even in those animals spayed at the height of 
cestrus and tested upon recovery from the anesthetic 
24 hr. later. 

The highly conspicuous stereotyped mating response 
of the cat provides a sharp behavioural end-point for 
quantitative study and places it, in this respect, in a 
special position among laboratory mammals. The 
complete dependence of cestrous behaviour upon the 
presence of the ovaries has been confirmed beyond 
doubt. The relationship established between behav- 
ioural patterns and the state of the vaginal smear, 
together with the technique for conducting reliable 
mating tests, considerably facilitates the further 
study of sexual behaviour in this form. 


Rrowarp P. MICHAEL* 
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Institute of Psychiatry, 
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Diseases of the Intervertebral Disk of the Cat 


Atrnovucs the domestic cat is known to suffer 
occasionally from spondylitie lesions of the vertebree** 
it is not supposed to be susceptible to diseases of the 
intervertebral disks themselves*. If any species of 
mammal can be shown to be free, or relatively free, 
from diseases of the disk it should be profitable to 
compare the functional anatomy of its vertebral 
column. with that of mammals known to be suscep- 
tible. This might uncover anatomical factors 
influencing diseases of the disk in general, or protru- 
sion of the disk (herniation of the nucleus pulposus) 
in particular. This line of reasoning has in fact 
already been attempted on the basis that the dog 
and man are much more susceptible than the cat**. 

In 100 adult cats we have found dorsal (posterior) 
protrusions in 26, a total of 91 disks being affected. 
Two types could be distinguished: in one the 
protruded mass perforated the annulus, fibrosus, and 
in the other it caused a bulge without passing right 
through the annulus. The distribution of protrusions 
along the vertebral column is summarized in the 
histogram in Fig. 1. 

In 50 of the cats, we investigated the incidence of 
macroscopic degenerations other than dorsal protru- 
sions. Ventral (anterior) protrusions were found in 
eight cats, and a lateral protrusion was found in one. 
Calcification was seen in three cats and ‘brown 
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degeneration’ in 15. General disorganization of the 
disk, sometimes attaining almost complete destruc- 
tion, was much the commonest form of degeneration, 
for it was found in 27 cats and involved 178 disks ; 
the distribution along tho vertebral column of this 
general degeneration is summarized by the graph in 
Fig. 1. 

These findings show that the cat is by no means 
indifferent to diseases of the intervertebral disk. If 
our survey of the incidence of dorsal protrusions in 
the cat is compared with the two main corresponding 
surveys in the dog®.® it appears that the cat is in fact 
nearly as susceptible as the dog. Unfortunately this 
nullifies the attempt, referred to above, to detect 
anatomical factors behind protrusion of the disk. 
However, it is a consolation that it helps previous 
efforts’, hitherto based only on the dog, to dispose 
of the idea’ that man’s susceptibility to disk protru- 
sion is simply due to his upright posture. 

Analysis of the distribution along the vertebral 
column of dorsal protrusions and of other degenera- 
tions has been employed as another way of detecting 
anatomical factors. Taken as a whole, the first nine 
thoracic disks (11-2 to 79-10 inclusive) are relatively 
immune to dorsal protrusion in the cat (and in the 
dog), even though general degeneration is particularly 
common. The conventional explanation for this in 
the dog is that the conjugal ligaments (which cross 
over each of these nine disks, in order to join the 
heads of nine pairs of ribs} support the disks dorsally 
and so prevent protrusion®.*«. However, this is 
unlikely to be the whole answer. In the cat the first 
conjugal ligament is usually of negligible thickness, 
and therefore could scarcely be the sole reason for 
the rarity of protrusions from the disk which it 
covers {T'1-2). A similar objection applies for the dog’. 

In the dog the highest incidence of both dorsal 
protrusions and general degeneration occurs in the 
last thoracic disks, between T10-11 and 713-L18. 
This region includes the point of maximum normal 
kyphosis and the supposed site of maximum mobility 
of the trunk; consequently curvature and mobility 
seem to have been suspected as possible factors 
controlling disk disease in this quadruped*. The 
point of maximum norma] kyphosis and the supposed 
site of maximum mobility® in the trunk are much 
the same in the cat as in the dog. Yet in the cat 
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Distribution of dorsal protrusions (histogram) and general degenerations (graph) of 
the intervertebral disks in the vertebral column 
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the incidence of dorsal protrusion and general 
degeneration is low in this region. This seems to 
show that curvature and mobility may not be so 
Important after all. However, there are reasons 
why this argument may be altogether too facile. 
First, although kyphosis may look similar in the dog 
and cat, the anatomical reasons for it may be different. 
At least two independent features can produce it, 
wedge-shaped disks and wedge-shaped vertebre ; 
these have not yet been assessed in mammals other 
than man. Secondly, mobility seems to have been 
inadequately studied®. When these and other 
fundamental data are available about the functional 
anatomy of the vertebral column of various mammals, 
analysis of the distribution of lesions of their disks 
may be a useful approach to the underlying causes 
of diseases of the intervertebral disk and especially 
of dorsal protrusion. 
A. 8. Kiya 
R. N. SMTH 


Department of Veterinary Anatomy, 
University of Bristol. 
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Sudanophil Inclusions in Ameloblasts, 
Odontoblasts and Cells of the Oral 
Epithelium 


DuRING studies of the lipid. inclusions in cells of 
teeth and of the oral cavity of the rat, Baker's sudan 
black B method} was employed. The oral soft tissues 
were fixed in formalin—calecium solution, postchromed, 
embedded in gelatin, and cut on the freezing micro- 
tome. The enamel organ and pulp were dissected 
from the upper incisor tooth and similarly treated. 
Equally good results could be obtained from teeth if 
the entire tissue was decal- 
ecified with ethylenediamine 
tetraacetic acid (0-5 M) at 
pH 7-4, or with 10 per cent 
acetic acid, after fixation 
and before post-chroming. 
Beams and King? had investi- 
gated the Golgi bodies of 
dental tissues using Nas- 
sanow’s method’, and so this 
procedure was also used. 
Pyridine extraction of the 
tissues using Baker’s method‘ 
was made in some cases. 
The results of the two 
methods agreed well on oral 
mucosa and that of the 
tongue. 

Ameloblasis. Beams and 
King’, using the Nassanow 
i technique, described the 
changes in orientation of the 
osmic acid staining material 
in ameloblasts as these cells 
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approached maturity and functional activity. These 
results were confirmed by me using Nassanow’s 
technique. But with the sudan black stain, deep 
blue or black granules were seen in the undiffer- 
 entiated ameloblasts, scattered throughout the cyto- 
plasm in an almost haphazard way. In the tall 
functional ameloblasts, the granules tended to be 
more on the enamel side of the nuclei (Fig. 1), but 
were still scattered throughout the cell. The cytoplasm 
on the enamel side of the nucleus took up more sudan 
black than that elsewhere. These granules were 
completely removed by pyridine if extraction was 
made before postchroming, but were little affected 
if extracted after postchroming. In contrast, the 
lipid granules of the oral mucosa were completely 
removed by pyridine whether extraction preceded or 
followed postchroming. Pyridine extraction likewise 
removed all osmiophil granules from ameloblasts and 
oral epithelium cells. 
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Fig. 1. Tall ameloblasts of the rat’s upper incisor tooth stained 
by Baker’s sudan black method. The sudanophil granules are 
black and the stippled area also stained with sudan black. 
X approx. 1,200. 
@, Stratum intermedium: b, row of basal granules; e, tall 
ameloblasts ; d, enamel 


Basal granules. These are found only in the tall 
ameloblasts, at the stratum intermedium end of the 
cell. Beams and King? found them strongly osmio- 
philic, which I have confirmed. They also stained 
intensely with sudan black, with or without prelim- 
inary postchroming, and their staining was not 
affected by pyridine extraction. They thus seem to 
be chemically different from the lipid granules in the 
ameloblasts ; but their nature is not known. 

Odontoblasts. Unlike the osmiophil granules des- 
cribed by Beams and King?, the sudanophil granules 
were distributed at random throughout the cyto- 
plasm. These granules were removed by pyridine 
if extraction was done before postchroming, but were 
not soluble after postchroming. 

Baker® has recently given a summary of the Golgi 
controversy, from which it would appear that 
inclusions in any cell, staining with osmic acid or 
silver, in a manner similar to that originally dəs- 
cribed by Golgi for nerve cells, have often unreservedly 
been called Golgi bodies or apparatus. It seems clear 
from the above results that sudan black stains more 
structures in the tooth cells than does osmic acid, 
and also that the properties of these inclusions differ 
in some respects from those of the oral epithelium. 
It is therefore unwise to append the name Golgi to 
them at all; in fact, Baker? has suggested that the 
name ‘Golgi apparatus’ should be abandoned. 
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Note added in proof. Since this communication was 
written, Symons’ has reported findings with sudan 
black similar to those described above. 

J. T. IRVING 
Joint Dental Research Unit of the 
C.S.I.R.O. and the University of the 
Witwatersrand, Johannesburg. 
Oct. 17. 
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Effects of Simulium Control on 
Insectivorous Fishes 


EXTENSIVE evidence from North America shows 
that DDT, at concentrations lethal to Simulium 
larvee, need have no direct, harmful effect on fishes!. 
However, it may severely affect other aquatic 
insects*-*, notably Ephemeroptera and Trichop- 
tera*,4,5, which are known to be important as food 
for many insectivorous fishes. It follows that the 
feeding habits of some fishes are likely to be modified 
considerably by insecticidal treatment, yet apparently 
this aspect of control has only once received attention 
in the past. In view of the Simulium control measures 
envisaged in Africa, it is considered desirable to 
record some effects of DDT on the feeding habits of 
fishes in Uganda. 

During March 2—-May 4, 1956, the Victoria Nile at 
the Owen Falls, Jinja, was treated with DDT in 
order to eliminate larve of Simulium damnosum 
(Theobald) between Jinja and Mbulamuti. This 
dosing has been described elsewhere®. On several 
occasions before and during the treatment the sluice 
gates in the Owen Falls Dam were closed temporarily, 
resulting in marginal exposure of the river bed. 
Advantage was taken of this opportunity to sample 
the fauna and thus to assess the effects of the treat- 
ment. 

In the Victoria Nile the DDT affected the inverte- 
brate fauna differentially: some groups seemed 
unaffected, whereas almost all species of Ephemerop- 
tera and Trichoptera were eliminated. Certain species 
of insectivorous fishes were collected before and after 
March 2 from points 100-500 m. below the dosing 
point, and their stomachs examined for food. These 
fishes adapted themselves to the changed conditions 
with varying success. 

Clariallabes petricola Greenwood (Clariidae) proved 
the most adaptable. Before March 2, 83 pər cent of 
fishes contained lithophilic Ephemeroptera larve. 
When. deprived of these, C. petricola exploited a wide 
range of plant and animal food: on various post- 
treatment occasions it fed extensively on chironomid 
and tipulid larve, on Copepoda and on fresh plant 
material. After recolonization of Ephemeroptera 
and Trichoptera had begun in mid-June, it returned 
to its original diet. 

Gnathonemus longibarbis Hilgendorf and Mormyrus 
kannume Forskal (Mormyridae) had previously ob- 
tained their food from two sources: stones of the 
river bed and marginal grass swamp. When the 
lithophilic insect fauna became reduced, these fishes 
fed to a greater extent on the swamp insects, the 
position of which had protected them from the effects 
of DDT. G. longibarbis proved better able to adapt 
itself in this way than M. kannume. 
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The most specialized feeding habits were encoun- 
tered in Mastacembelus victoriae Boulenger (Masta- 
cembelidae), of which 92 per cent bad been feeding 
on lithophilic Ephemeroptera larvæ before March 2. 
For at least five weeks after the dosing, specimens 
were very scarce, and only 50 pər cent (as against 
94 per cent previously) of the fishes collected had 
food in the gut. Then the commonest items of food 
were small fishes and Hirudinea, which had seldom 
featured in earlier gut samples. It appears that M. 
victoriae either moved away from the area, or else 
was obliged to suffer starvation. Like C. petricola 
it gradually resumed its original feeding habits 
repopulation of the lithophilic insects took 
place. 

These observations provide an indication of 
responses to DDT to be expected in certain insecti- 
vorous fishes. In the present instance, effects of 
treatment were greatly mitigated by the rapid 
recolonization of the main food items, which occurred. 
from unaffected breeding populations upstream from 
the dosing point. This mode of relief, however, must 
be regarded as exceptional, since most Simulium 
control in Africa is planned for highland streams 
where repopulation is unlikely to take place rapidly 
enough to be effective. Since many fishes in such 
habitats rely mainly on lithophilic insects for food, 
Simulium control there may cause the extinction of 
many little-known or undiscovered animals. It is 
felt, therefore, that a strong case exists for making 
collections and hydrobiological surveys before exten- 
sive control measures are put into force. 

The work described here is to be published in full 
elsewhere. 


Purr S. CORBET* 


East African Fisheries Research 
Organization, , 
Jinja, Uganda. 


* Present address: Virus Research Institute, Entebbe, Uganda. 
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Photosensitization of Bacteria by 
Furocoumarins and Related Compounds 


Ir has been known for many years that exposure 
to the simultaneous presence of various dyes and 
visible light results in the death of bacterial cells. This 
effect has been found to vary with different organisms, 
but in general, Gram-positive bacteria appear to be 
more sensitive!. Recently, Stainer and Cohen- 
Bazire?, and Dworkin and Staniert have reported 
that a mutant of Rhodopseudomonas spheroides 
devoid of carotenoid is killed on exposure to visible 
light, due to the photosensitizing action of endogenous 
chlorophyll. Photosensitization of human skin by 
topical application of another, group of compounds, 
the furocoumarins, has been shown by Musajo et al.* 
to result in erythema, oedema, and vesicle formation 
on irradiation with long wave-length ultra-violet 
light. Fitzpatrick et al. have demonstrated the same 
responses, as well as increased pigmentation, upon 
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ingestion of the furocoumarin 8-methoxypsoralen. 
Photosensitization of bacteria by psoralen and 
related compounds is described in this communication. 

The compounds were tested for activity by & 
paper-disk diffusion method on agar plates. The 
nutrient agar medium contained 0-3 per cent beef 
extract, 0-5 per cent peptone, 0-1 per cent yeast 
extract, 0-1 per cent dextrose, 0:05 per cent dipotas- 
sium hydrogen phosphate and 1:5 per cent agar. 
Whatman No. 2 filter paper disks, 6-1 mm. in 
diameter, were impregnated with 100 pgm. of the 
test compound. Six disks impregnated with different 
compounds were arranged uniformly on 4 freshly 
solidified 12-ml. agar layer in a 10-cm. Petri dish, 
with a dish impregnated with psoralen in the centre. 
A 6-ml. agar layer seeded with 0-02 ml. of an over- 
night broth culture of the test bacteria was carefully 
poured over the disks. After solidification of the 
second layer, the plates were incubated in the dark 
at 37° for 3 hr. before irradiation, to allow for diffusion 
of the test compound through the agar. Duplicate 
plates were left in the incubator to determine anti- 
bacterial activity. The test preparations, with the 
Petri dish covers removed, were irradiated 15 cm. 
from the pressed glass Wood’s filter of a Model 70 
Glo-Craft lamp (Switzer Bros., Inc., Cleveland, Ohio). 
The principal output of this lamp 1s the 3654-A. 
band of the mercury high pressure are spectrum. 
After irradiation, the plates were reincubated in the 
dark at 37° overnight. 

Single strains of Bacillus subtilis, Escherichia colt, 
Proteus vulgaris, Pseudomonas aeruginosa, Staphylo- 
coccus aureus and Streptococcus faecalis were tested 
against each compound at irradiation times of 20 
and 40 min. Activity of the compounds was determ- 
ined by measuring the diameter of bacteria-free zones 
surrounding the impregnated disks; the minimum 
measurable zone of inhibition was 6:1 mm., the 
diameter of the disk. The irradiation procedure 
itself had no effect on bacterial growth. Table 1 
presents tho results of 20-min. irradiation of those 
compounds found to be active. Irradiation for 40 min. 
resulted in only slightly larger zones. As noted in 
Table 1, partial, rather than complete, inhibition was 
observed with four compounds against some organ- 


Table 1. INHIBITION PRODUCED BY ULTRA-VIOLET IRRADIATION IN 
THE PRESENCE OF FUROCOUMARINS AND BELATED COMPOUNDS 





Inhibition zone (mm.) 
































Compound Gram-positive Gram-negative 
B. sub-| 5. S. | E. coli |P. vul- |P. aeru- 
tilis | aureus | faecalis ginosa 

Psoralen la 21 20 9 
5’ Methyl- 

psoralen 19 21 19 0 
5’ ,8-Dimethyl- 

psoralen 20 21 22 0 
4,5’ ,8-Tri- 

methyl- 

psoralen 21 23 18 0 
5-Methoxy- 

psoralen 16 18 18 0 
8-Methoxy- 

psoralen 19 20 20 0 
5,8-Dimeth- 

oxypsoralen 12 11* 10* 0 
Psoralen 

quinone 16 20 12 0 
4,5’Dimethyl- 

angelicin 15 14 11 0 
5-Methoxy- 

angelicin 8 9 0 0 
Thiocoumarin 12 12 9 0 
Visnagin 16 17 2 0 
Khellin 14 12* 11* 0 

S es Oe Se 
* Partial inhibition. 
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isms. In these cases the zone boundaries were not 
distinct. On non-irradiated plates there were a few 
instances where anti-bacterial activity of the com- 
pounds shown in Table 1 was observed. The zone 
diameters of inhibition on such plates were as follows : 
psoralen with B. subtilis, T mm. ; 8-methoxypsoralen 
with B. subtilis, 9 mm.; psoralen quinone with B. 
subtilis, 12 mm.; with S. aureus, 11 mm., with S. 
faecalts and E. coli, T mm.; thiocoumarin with S. 
aureus, 8mm. Photosensitization was demonstrated 
by the appearance of much larger zones of inhibition 
on the irradiated plates, and this effect compared 
with that of 16 hr. or more dark contact with the 
diffusing compound, leaves no doubt about the role 
of light in the phenomenon. Indeed, most of the 
furocoumarins and related compounds showed activity 
only on the irradiated plates. As with dyes and 
visible light, Gram-positive organisms are more 
susceptible to photosensitization by these com- 
pounds. 

The following furocoumarin derivatives were found 
to be inactive: 8-hydroxypsoralen, 5-geranyloxypso- 
ralen, 2-thio-8-methoxypsoralen, 5-amino-8-methoxy- 
psoralen, 5-nitro-8-methoxypsoralen, and 3,4-dihy- 
dro-8-methoxypsoralen. Of the furochromones, khel- 
lin and visnagin were active, but chellolglycoside and 
visamminol were not. The pyranocoumarins samidin, 
dihydrosamidin, and visnadin were also inactive. 
3-Hydroxyflavone and six naturally occurring flav- 
anoids gave no photosensitization ; conversely, anti- 
bacterial activity on the unirradiated controls of 
three of the compounds was lost on irradiation. 
Other related compounds showing no activity were 
o-hydroxycinnamic acid, caffeic acid, cinnamic acid, 
2-acetobenzofuran, phloridzin, 4-(y-methoxypheny])- 
3-buten-2-one, and twenty-two variously substituted 
coumarins. Coumarin was inactive at the usual 
100 ugm. per disk; but very slight photosensitiz- 
ation did appear at 200 ugm. per disk. Eosin and 
methylene blue were inactive when tested in this 
system. 

Eight of the thirteen active compounds reported 
here are found in various plant species. All the active 
compounds are weakly fluorescent except for psoralen 
quinone and thiocoumarin. However, since many of 
the inactive compounds are also fluorescent, this 
characteristic cannot per se confer photosensitization. 
activity. Estimation of the relative activity of the 
various compounds would be hazardous, since the 
comparative rates of diffusion are unknown. How- 
ever, their similar molecular weights and solubilities 
should result in similar diffusion rates. 

The simultaneous presence of bacteria and com- 
pound is required for the effect since pre-irradiation 
of disks impregnated with 8-methoxypsoralen either 
alone or on the base agar layer resulted in no activity 
against S. aureus or P. vulgaris, no matter whether 
the seed layer was added immediately following 
irradiation or after three hours incubation. Irra- 
diation of mixtures of 8-methoxypsoralen and bacteria 
in saline, followed by conventional plating techniques 
for surviving organisms, clearly shows that this 
photosensitization is bactericidal. Investigations are 
in progress on the kinetics of the lethal action and 
the effect of environmental factors. 

We are indebted for some of the compounds used 
in this study to Dr. B. E. Christensen, Oregon State 
College, Corvallis, Ore.; Paul B. Elder Co., Bryan, 
Ohio; Givaudin-Delawanna Inc., New York; S. B. 
Pennick Co., New York; Sandoz Ltd., Basel, Swit- 
zerland; Sunkist Growers, Corona, Calif.; Trubek 
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Laboratories, E. Rutherford, N.J.; U.8.D.A. Fruit 
and Vegetable Research Laboratories, Pasadena, 
Calif. ; and Van Ameringen Haebler Inc., New York. 
This investigation was supported in part by 
Public Health Service grant number C2837 (PET). 
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Cell Wall Composition in Bacterial and 
L Forms of Proteus vulgaris 


a%-¢-DIAMINOPIMELIO ACID is known as an impor- 
tant constituent of the ‘basic structure’ of the 
bacterial cell wallt-*. As £ forms seem to have 
a much less rigid cell wall than bacteria, the 
assumption that the L forms lack a normal wall 
became a main issue. It was suggested that 
penicillin blocks some of the steps necessary for 
the condensation of the definitive wall. Recently, 
Weidel® has concluded from his experiments on phage 
enzyme that the main site of action of penicillin is 
the ‘basic structure’, consisting of «-e-diaminopimelic 
acid, glutamic acid, alanine, glucosamine and mura- 
mic acid. Accordingly, this fraction should be 
missing in the L forms. 

Comparative studies of the amino-acid composition 
of the bacterial form and the unstable and stable L 
form of Proteus vulgaris have shown’ that the 
unstable form still contains «-«-diaminopimelic acid, 
whereas it is absent in the stable form. In recent 
studies, Weibull found small amounts of «-e-diamino- 
pimelic acid also in a stable L form strain®. 

Attempts were made to isolate the “basic structure’ 
from the L form of Proteus vulgaris. The material 
and culture methods used were the same as those 
described earlier®:1°, Most of the experiments were 
carried out on a stable (A strain) form cultivated on 
penicillin-free media for more than 200 passages 
without any sign of reversion to the bacterial form, 
and on an unstable (B strain) form, which had been 
transferred about 100 times on penicillin-containing 
media, without losing the ability to form normal 
rods when penicillin was omitted. 

To isolate the wall material a recently described?! 
simple method was applied. Bacterial or L forms 
were cultivated in a liquid medium and harvested 
by centrifuging for 20 min. at 15,0009. After 
washing the organisms twice in a 2 per cent sodium 
chloride solution they were suspended in I N sodium 
hydroxide and heated at 60° C. for 60 min. After 
diluting the sodium hydroxide to 0-5 N the undis- 
solved material was centrifuged for 30 min. at 25,000g 
and the resulting gelatinous sediment was suspended 
again in 1 N sodium hydroxide. After heating at 


- 60° C. for another hour the sediment was kept at 


37° C. for 12 hr., then centrifuged again, washed with 
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Table 1. AMINO-ACID CONTENT OF HYDROLYSATES FROM THE BACT- 

ERIAL AND UNSTABLE L FORM OF Proteus vulgaris, EXPRESSED IN 

MOL, (a-e-DIAMINOPIMELIC A ID (DAP) REFERRED TO AS 1) OR IN PBR 
CENT OF ALL THE COMPOUNDS MENTIONED IN THE TABLE 


Mol. 


Bacterial form 
———_} Z form 
Wall Wall 
fraction | fraction 


Total (per cent) 
Bacterial form 


Whole 
cells 


1°0 : 0°63 


16-3 
14:5 


1:35 
? 


fraction | fraction 


1 
e 


0-3 
0:2 
1:0 
0:8 
1:2 
0:70 
1:3 
0°8 





1 N sodium hydroxide and then three times with 
distilled water. Then the sediment was suspended 
in 6 N hydrochloric acid and boiled under reflux for 
36 hr. The hydrolysate was tested for its amino-acid 
content by two-dimensional paper chromatography 
using two solvent systems—<sopropanol (70), acetic 
acid (10), water (20); and picolin (78), ammonia (2), 
water (20) or picolin-solvent and water-saturated 
phenol. For the qualitative determination of «-e- 
diaminopimelic acid the method of Ruhland et al.%2 
was used. 

Lhe quantitative determination of the amino-acids 
was carried out according to Barrollier!’. As shown 
in Table 1, «-e-diaminopimelic acid predominates 
strongly in the wall fraction. Threonine, tyrosine, 
methionine, histidine, phenylalanine, proline and 
cystine (cysteine) are scarcely detectable in the wall 
fraction and are therefore not mentioned in Table 1. 
The composition of this cell wall fraction is probably 
very similar to the fraction, which Weidel® was able 
to'split off X. coli using the phage enzyme. According 
to the density of the spots in his Fig. 2, there are also 
considerable amounts of lysine, glycine and valine 
(leucine is not shown) besides the main components 
(«-e-diaminopimelic acid, glutamic acid and alanine). 

When treating the stable L form (A strain) in the 
same way, the alkaline solution becomes entirely 
clear, and nothing can be centrifuged down. Sometimes 
very little of a white sediment could be obtained, 
but the hydrolysate showed a very complex com- 
position without a trace of «-e-diaminopimelic acid. 

On the other hand, when unstable L forms (B 
strains) were used there was a slimy sediment as in 
the bacterial form. The hydrolysate showed a very 
pronounced pattern on the chromatogram, much 
more like the ‘basic structure’ of the cell wall of 
Gram-positive bacteria than that of the bacterial 
form. More than 80 per cent of the ninhydrin- 


Table 2. a-s-DIAMINOPIMELIO ACID (DAP) CONTENT OF THE HYDRO- 
LYSATE FROM WHOLE CELLS OF THE BACTERIAL AND L FORM OF 
Proteus vulgaris; PEROENTAGE CALOULATED ON A MOLAR BASIS 






















Bacterial form L form 
| Total | DAP | DAP | Total | DAP | DAP 
nitrogen | (“mol.) (per jnitrogen| (#mol.) | (per 
(umol.) cent) | (#mol.) (cent) 
357 0°31 0:085 470 0-82 0:17 









350 0:39 
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positive substances are main components of the 
‘basic structure’. 

Further investigations will be made to find out if 
the high percentage of glycine, serine, valine and 
other ‘impurities’ in the wall fraction from the 
bacterial form is due to incomplete extraction or if 
it indicates that in the normal wall a protein com- 
ponent is present which is missing in the unstable L 
forms. 

Although the results in Table 1 show that the 
‘basic structure’ of the wall is also present in the 
unstable L forms, it might be possible that the total 
amount is much less than in the normal rods. To 
answer this question, rods and L forms were harvested 
from growing and resting cultures (bacterial form 4 
and 25 hr., respectively ; L form 18 hr. and 4 days), 
washed with 2 per cent sodium chloride and 
hydrolysed. Aliquots from the filtered hydrolysate 
were subjected to total nitrogen determination and to 
1-dimensional chromatography in isopropanol-acetic 
acid, which allowed the measurement of a-¢-diamino- 
pimelic acid. The results in Table 2 illustrate that 
in growing cultures as well as in resting ones the 
a-e-diaminopimelic acid content of the L forms is 
higher than that of the rods. 

Thus, penicillin does not prevent the synthesis of 
the ‘basic structure’ of the cell wall, nor does it 
prevent its condensation to an alkaline-insoluble 
macromolecular structure. The reason for the 
fragility of the unstable L forms must be sought in 
another wall component. Tho fact that our stable L 
forms lack the basic structure completely is in good 
agreement with our earlier findings’? and indicates 
again that we are dealing with different types of 
L forms. 

We are indebted to Dr. R. E. Strange, Dr. K. 
McQuillen and Dr. C. Weibull for kindly supplying 
the muramic acid and the «-c-diaminopimelic acid. 
This work has been sponsored by the Deutsche 
Forschungsgemeinschaft. 


j O. KANDLER 
A. HUND 
C. ZEHENDER 
Botanical Institute, 
University of Munich. 
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Antigenicity of a Bacterial 
Deoxyribonucleic Acid 


SINCE earlier evidence (refs. 1~3 and Medawar, 
P. B., personal communication) suggesting a serol- 
ogical reactivity for deoxyribonucleic acid (or the 
deoxyribonucleic acid moiety of a nucleoprotein) has 
been indirect or controversial, the problem has been 
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Fig. 1. Effect of deoxyribonuclease on quantitative precipitation. 
abortus -19M deoxyribonuclele acid; s 
omologous deoxyribonucleic acid after treatment with Worthington deoxyribo- 


ooled rabbit anti-Brucella 


nuclease for various periods of timet. 


* 277 mu is the wave-length of maximum tae ae for the dissolved precipitate 


in 0:25 M acetic acid. 


t Action of deoxyribonuclease was terminated by addition of ethylenediamine 


tetraacetic acid to the reaction mixture. 


re-investigated with the aid of a preparation rich in 
deoxyribonucleic acid - with transforming activity, 
isolated from B. abortus cells by extraction with 
0:5 per cent phenol in citrate-saline. The extracted 
material was ‘deproteinized’ by chloroform and amyl 
alcohol treatments, but the final material still 
contained, in addition to typical deoxyribonucleic 
acid’, approximately 20 per cent protein that could 
not be dissociated by conventional procedures. Such 
preparations of deoxyribonucleic acid were used for 
immunizing rabbits, and the resulting antisera were 
tested first for precipitating antibodies against 
homologous deoxyribonucleic acid by the gel diffusion 
method’. 

Five bands of precipitation, indicating more than 
one antigen—antibody system, were detected. One of 
these bands yielded a strong Feulgen-positive reaction, 
suggesting the presence of deoxyribonucleic acid in 
the precipitate. The described reactions remained 
identical when the test antigen was treated either 
with detergent, 6 M sodium chloride, trypsin, trypsin 
plus chymotrypsin, or when the antisera were first 
absorbed with whole cells. However, even though 
deoxyribonuclease alone did not react with the anti- 
serum, treatment of deoxyribonucleic acid with 
deoxyribonuclease (Worthington 1 x crystallized) 
resulted in a noticeable decrease in intensity of 
one of the bands and a simultaneous increase in 
another. 

A more decisive indication of the involvement of 
deoxyribonucleic acid in these precipitin reactions 
was obtained by quantitative procedures? in which 
various amounts of antigen were mixed in test tubes 
with a constant amount of antiserum. The resulting 
precipitates were washed free of contaminating serum 
proteins and excess antigen, were dissolved in 0-25 M 
acetic acid, and were analysed spectrophotometrically 
at 277 my. Normal serum controls were also included 


in all tests. The number of maxima in the resulting - 


quantitative precipitin curve (Fig. 1) again indicated 
the complexity of the material under study. How- 
ever, what appears to be of greater significance are 
the changes occurring following treatment of the 
antigen with deoxyribonuclease for different periods 
of time. A significant decrease in the amount of 
precipitate occurred throughout most of the tested 
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range following treatment with 
deoxyribonuclease for as little as 
15 min. An analysis of the pre- 
cipitate in the region of lowest anti- 
gen concentration, in terms of the 
ratio of absorptions at 260 and 
277 mu, revealed the presence of 
deoxyribonucleic acid which de- 
creased with increasing time of 
treatment with deoxyribonuclease. 
This deoxyribonucleic acid could 
have been precipitated either be- 
cause it contributed to the im- 
munological specificity of the anti- 
gen, because it was firmly bound 
to the antigen, or because it co- 
precipitated with an unrelated 
antigen-antibody precipitate. The 
virtual abolition of antigenicity 
folowing prolonged enzymatic 
treatment, the absence of co- 
precipitation with known unrelated 
antigen—antibody precipitates, and 
the absence of any detectable pro- 
teolytic activity in the deoxyribo- 
nuclease used, favour the conclusion that deoxy- 
ribonucleic acid itself contributed to the specificity 
and is not merely an inert part of the antigens. This 
is further supported by the apparent interdependence 
of the specific precipitates formed as a function of 
the time of treatment with deoxyribonuclease (note 
vacillations in the quantity of precipitin formed and 
apparent shift of maxima to regions of higher antigen 
concentrations in Fig. 1). This may be due to the 
formation, during partial depolymerization of deoxy- 
ribonucleic acid, of antigenically active molecules 
with quantitatively differont antigenic character- 
istics. 

Additional support for the involvement of deoxy- 
ribonucleic acid in these antigen—antibody reactions 
has come from preliminary tests of cross-reactions 
between the described antisera and deoxyribonucleic 
acid from different sources. Deoxyribonucleic acid 
from both smooth and non-smooth Brucella cells gave 
the same patterns of precipitation in gel diffusion. 
In contrast, equal amounts of deoxyribonucleic acid 
isolated either from calf thymus (duponol-extracted) 
or salmon sperm (phenol-extracted) yielded much 
weaker reactions. However, exposure of the hetero- 
logous antigens to deoxyribonuclease resulted in a 
striking increase in their cross-reactivity, as evidenced 
by an increase in precipitation and the appearance 
of additional zones. Such effects would be difficult 
to explain on the basis of similarities in the protein 
moiety. Finally, preliminary evidence suggests a, 
capability of these antisera to antagonize the selective 
effects of deoxyribonucleic acid breakdown products 
upon changes in population from non-smooth to 
smooth in growing Brucella cultures‘. 

The present information fails to reveal whether 
the formation of specific antibodies requires protein 
bound to deoxyribonucleic acid or involves only the 
acid molecule. However, from a genetic, biological, 
and analytical point of view it would appear that the 
answer to this question may be less critical than the 
indication that deoxyribonucleic acid can contribute 
to the specificity of an antigen. 

We wish to express our appreciation to Prof. M. 
Heidelberger for his interest, suggestions and stim- 
wating discussions. This work was supported in part 
by grants from the U.S. Public Health Service 
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Relaxation of Snails before Fixation 


NUMEROUS narcotizing agents have been used for 
relaxing snails, and among the more important of 
these employed recently are menthol and nem- 
butal?-4, Menthol has been reported as giving 
variable results‘ ; some snails become well extended, 
‘but others contract when this agent is used. This 
variation in results is observed especially when larger 
freshwater snails (shell height 15-25 mm.) such as 
Lymnaea palusiris and Physa gyrina are placed in 
water to which menthol crystals have been added. 
On the other hand, smaller lymnzids such as L. 
humilis (maximum shell height, 12 mm.) relax well 
with menthol’. Nembutal gives good results with 
Pomatiopsis lapidaria and P. cincinnatiensis‘, but, 
like menthol, is unsatisfactory for the much larger 
L. palustris. This snail will contract slowly over a 
period of 4-5 min. when placed in 10 per cent form- 
aldehyde even after being in rather high concen- 
trations of nembutal (5 ml. stock veterinary nembutal 
in 150 ml. water at 4° C. for more than 40 hr.). Using 
this concentration of nembutal at room temperature 
results in contraction of L. palustris before it is 
properly narcotized, so that it is unsuitable for 
fixation. The same result occurs with snails in higher 
concentrations of nembutal (10 ml. in 150 ml. water) 
at 4° ©. 

However, by combining nembutal and menthol in 
the following way good results with L. palustris and 
P. gyrina are obtained. As many as 80 animals are 
placed in 150 ml. of tap water containing 1 ml. stock 
solution of veterinary nembutal (60 mgm. per ml.). 
The snails are left in the nembutal-treated water at 
room temperature for 14-14 hr., and at the end of 
this time the soft parts are well extended. Then 
powdered menthol crystals are added (sufficient to 
cover the surface of the water), and the snails are 
refrigerated (4° C.) for 16-18 hr. in & capped jar. 
After this period of refrigeration, the snails can be 
fixed with the soft parts remaining in a well-extended 
position. When first placed in ‘the fixative, slight 
movements of the tentacles may occur. During the 
period of relaxation in nembutal alone, the snails 
must be kept separated from one another and 
prevented from clinging to the sides of the container, 
otherwise interference with the extension of the foot 
may result. After the snails have been placed in the 
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nembutal-treated water (before menthol is added), 
the time necessary for extension of the foot with 
cessation of movement is related to the size of the 
snail. L. palustris with a shell height of 6 mm. takes 
about 35 min., a 17 mm. snail about 55 min., and a 
26 mm. snail about 65 min. 

An interesting seasonal difference has been observed 
with L. palustris using this nembutal—menthol method 
of relaxation. Better results have been obtained with 
snails collected in the spring than with those collected 
in late summer and early autumn. 


Bruce M. McCraw 
Division of Biology, 
Ontario Veterinary College, 
Guelph, Canada. 
Nov. 14. 
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Occurrence of a ‘Rare’ Earthworm in 
Montgomeryshire 


A PRELIMINARY survey of the Lumbricidae in 
Montgomeryshire has revealed large numbers of 
Eisenia veneta (Rosa) var. zebra (Michaelsen) in 
compost heaps, manure, under decaying wood and 
under stones at Caersws. 

Michaelsen’s specimens were from the Caucasus, 
and up to 19471 the only British records were two 
specimens from Limerick? and one specimen (?) 
from Colwyn Bay, North Wales’. In 1954, two 
specimens were sent to the British Museum (Natural 
History) from a compost heap in Staffordshire. 

Var. zebra occurs, in Caersws, together with the 
common lumbricids of compost heaps, Dendrobaena 
subrubscunda (Eisen) and Eisenia foetida (Savigny); 
but has not been found in similar habitats in any of 
the neighbouring villages. 

K. Sytvia RICHARDS 


Department of Pharmacy and Biology, 
College of Technology, 
Birmingham. 

Nov. 29. 
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Three Zoopagales from Brackish Water 


TuE Zoopagales are a small group of predacious 
fungi, at times placed in either the Mucorales or the 
Entomophthorales, but now more generally given 
ordinal rank. Most species prey on rhizopods (usually 
amoebze) ; a few on ‘eelworms, by adhesion to their 
rather sparse mycelium. Consequently they are most 
frequently found where these animals are active. 
Duddington! and Dixon? have recorded several 
species from compost heaps, decaying wood and moss 
cushions, and Juniper? from decaying animal dung, 
while Peach‘ restricted her searches to the aquatic 
habitats of pond and stream, which produced a 
remarkably rich flora. 

So far no known recordings have resulted from 
saline habitats, but I have recently obtained three 
species from & salt-marsh in the Blackwater Estuary. 

Samples were collected on three occasions during 
1957 near Maldon, Essex ; and consisted of decaying 
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debris and roots from tufts of the grass Puccinellia 
maritima, and swards of the alga Enteromorpha. 
Both regions were covered normally at high tides, 
with salinity readings of covering water of 24-6—-32-4 
(normal sea-water 35). Material was plated on rabbit 
dung agar. (2 per cent agar in water rendered a pale 
straw colour by addition of filtrate from stewed 
rabbit dung.) 

Fungus a was readily identified as Stylopage 
rhabdospora Drechs.' by spore measurements, coni- 
diophore structure and nature of the haustoria. This 
species is also common in terrestrial and fresh water 
habitats in Great Britain. 

Fungus 6 may be provisionally described as a 
variety of Stylopage rhynchospora Drechs.® from which 
it differed mainly in smaller conidial size and the very 
slight and non-evacuated terminal beak to the 
conidium. It has not been recorded before from any 
other habitat. 

Neither of these fungi produced zygospores or 
showed any evidence of sexuality, though from non- 
saline habitats these species do so very readily. 

Fungus c has been recorded on two separate 
occasions from the same locality and cannot satisfac- 
torily be placed with any of the described species of 
Zoopage. It may therefore be found necessary to 
create a new species to accommodate it, if warranted 
by further studies of this seemingly complex genus. 
This fungus is very persistent, and is characterized 
by the conidial chains of regularly only four conidia, 
each up to 60u long and the stalked haustoria with 
short dichotomously branched lobes. Although under 
close observation for four months, no signs of 
sexuality have appeared. 

The three fungi briefly described preyed on small 
amoebe (unidentified) 10-18% in diameter, and 
appeared 14-24 days after inoculation on several 
plates of each series. None showed sexuality, though 
most of the Zoopagales readily do so. 

A full description of these fungi will be published 
later, when further work on similar habitats has been 
completed. 

I wish to record my appreciation to Mr. C. Everard 
who collected the samples and determined the salinity 
readings, and Dr. C. L. Duddington for his interest 
and advice. 


F. R. JONES 


The Biological Laboratories, 
The Polytechnic, 
Regent Street, 
London, W.1. 
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Salmonellae in Uganda 


Tars communication presents the preliminary 
results of an investigation into the carrier-rate of 
Salmonellae in zebu cattle arriving at the municipal 
abattoir of Kampala. 

The cattle from which samples were collected had 
all been brought to Kampala from the Karamoja 
district, which occupies the north-eastern corner of 
the Protectorate and lies between latitude 1° 21’ and 
4° 12’ N. and longitude 33° 20’ and 35° 0’ E. This 
district, which is administratively a closed area with 
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relatively little contact with other territories, is the 
most primitive part of the Protectorate, and wild 
animals, including snakes and other reptiles, are 
present in considerable numbers. 

Bacteriological examination was confined to fæces 
samples. The samples were collected by hand from 
the rectum a few hours after the animals had arrived 
at the abattoir. The samples were placed in a 
refrigerator within two hours of collection and 
cultured the following morning. 

The method of isolation of Salmonellae, with a few 
minor modifications, was that used by Smith and 
Buxton! in the survey which they carried out in the 
United Kingdom. The types of Salmonellae isolated 
were identified by orthodox biochemical and sero- 
logical methods, and the majority of the cultures 
were also sent to the Salmonella Reference Labora- 
tory in England for confirmation. 

Up to the present time, samples of fæces 
from 1,618 cattle have been examined and 337 
samples, or 2-0 per cent, have been found to contain 
Salmonellae. 

The species of Salmonellae encountered during the 
survey are as follows (the figures in brackets indicate 
the number of times each type was isolated): wien 
(1), hetdelburg (1), shubra (1), stanleyville (2), ituri (1), 
makiso (2), oranienburg (2), newport (1), zega (1), 
orton (1), chandans (2), aberdeen (1), mishmar-haemek 
(1), brazil (1), cerro (1), chicago (1), kibust (1), adelaide 
(1), nairobi (2), berkeley (1), new type 1 (1), new 
type 2 (1), new type 3 (4), new type 4 (1), new type 5 
(1). 

The large variety of Salmonella types isolated and 
the complete absence of S. dublin is in striking con- 
trast to the results of similar surveys undertaken in 
the United Kingdom, where in the course of five 
surveys!’ 250, or 96 per cent, of 260 Salmonellae 
isolated were S. dublin and the remainder consisted 
of four other types only. 

The finding by other workers of various Salmonella 
types in lizards*,?, snakes* and tortoises® might 
suggest that some of the types found during the 
present investigation had originated from reptiles or 
game. What their significance is in cattle this com- 
munication makes no attempt to decide. However, 
some of the types isolated have been implicated in 
the cause of disease elsewhere, and since, according 
to definition!®, all the known types are pathogenic 
for warm-blood animals, including man, the finding 
of @ variety of these organisms in 2 per cent of the 
cattle entering an abattoir must be regarded as a 
potential danger to public health. 

During the investigation five new types of Sal- 
monellae were encountered. Their antigenic struc- 
tures are as follows: 

New type 1 1, 4,12, 27 : 23: Ze 
a Pe. 16: y: 
55 i 8 40: Za : 1,2 
ds O° 4 : 
5 


a? 3? 


Types 1, 2 and 3 have been named S. entebbe, 
S. kikoma and S. karamoja respectively. Types 4 
and 5 are still being examined at the Salmonella 
Reference Laboratory, and when their complete 
antigenic structures have been confirmed it is pro- 
posed to name the former S. kampala and the latter 
S. moroto. 

It is intended to extend the survey to cover cattle 
other than those for slaughter and also to compare 
the carrier-rates in healthy and sick animals. 










-L wish to thank Dr. Joan Taylor, 


-of the Salmonella isolated. My thanks are also due to 
~ the Medical Officer of Health, Kampala, for allowing 
= me to collect samples at the abattoir. 
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An inexpensive Easily Constructed 
Fish-marking Tag 


>o A SIMPLE inexpensive fish tag, after the style of 
the hydrostatic tag devised by Einar Lee, has been 
constructed as follows (Fig. 1). Transparent vinyl 
_ plastic tubing (Crystal Vinyl tubing No. 6A, supplied 
by Portiant Plastics, Ltd.) 4 in. int. diam. is cut in 
lengths of 2 in. One end of the tube is softened by 
heating near the edge of a very low Bunsen flame 
and then the walls are pressed together with large 
forceps. Dipping the forceps in cold water between 
< each operation keeps them cold and thus increases 
. the desired effect of welding the inner walls of the 
tube while minimizing distortion of the outer walls 
which cool more rapidly by contact with the cold 
<- forceps. Cooling the forceps also eliminates a tendency 
_ of the warm vinyl plastic to stick to them. A slip 
of white paper with the mark number and instructions 
<in indian ink for the finder is next inserted and then 
. the other end is closed. In one of the flattened ends 
= 2a hole is made to take a 12-in. length of 0-65 mm. 
diam. monofilament nylon (sold for anglers as 
27} pounds or 12-5 kilos breaking strain). After 
insertion the nylon is knotted to form a loop. The 
= cost of materials works out at less than 4d. a tag. 
- The tag is attached to the back of the fish, just 
z anterior to the dorsal fin, in the case of pike and in 
_ front of the posterior dorsal fin in the case of pollack. 
A daring needle (which has the eye cut open on 
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“nylon loop through the skin and the muscles, and 
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double looped knot is made to hold the tag in. place. 





Darning needles are now used instead of medica 
suture needles which were originally used. The 














former are easier to insert and are considera 
cheaper. oe 
We have used this tag in both freshwater (for 
and sea water (for pollack). So far we hav 
had recoveries of pike ; but these show that t 
is satisfactory. The wound made in the fish by tagg 
heals rapidly when this method is used and is con 
pleted in pike by the end of 48 hr. at water 
peratures of about 10°C. E: 
For freshwater work, at least, the tag ha 
advantages over the Einar Lee type; it is consi 
ably less expensive and it is less conspicuous w 
submerged. | re 
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P. MAKINGS 


Department of Zoology, 
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Chromosome Number of Marsilea 
Tux genus Marsilea has not previously been inves- 
tigated by modern cytological methods, and we have _ ae 
only the early investigations of Strasburger and es 
do Litardiere? using techniques which experience has 





shown? to be unreliable when applied to ferns. It — i 3 
is therefore perhaps of importance to record a clear 


count of n = 20 (see Fig. 1) for a race of Marsilea 
minula from northern India. We believe this to. be 









a diploid and have found 2n = 40 in squashes of 

root tips. Other cytotypes are, however, also present 

in this species, notably a sterile triploid with 2n = 60 

which reproduces vegetatively but which is otherwise 

very like the diploid and frequently intermixed with 

it. Further observations on this material will. be 

published elsewhere. ee 
D. 5. Loyan > 

Botany Department, ko 

Panjab University, 
Amritsar, India. 
1 Strasburger, E., Flora, 97, 123 (1907). 
* Litardiere, R. de, La Cellule, 31, 255 (1921). 


* Manton, L, “Problems of Cytology and Evolution in the Pterido- 
phyta” (Cambridge Univ, Press, 1950). E 


~ Growth ‘Responses of Fusarium oxysporum 
to Metabolites of Some Rhizospheric — 
Microflora of Egyptian Cotton Varieties 








Durme studies on the rhizospherie microflora of aie 

2 < dierent cotton varieties grown in Egypt, Fusarium ; os ‘Waperimental Dilution 
- wilt-resistant Ashmouni cotton variety rhizosphere 

- -proved to be inhabited by the highest percentage of | 
oo strains of Bacillus subtilis, while susceptible Giza 26. 7 
_ cotton variety rhizosphere contained the highest > 


5, s percentage of a strain of B. megathervum’, 











ave ved that B. 
antagonistic to tho wilt-inducing pathogen; the 
former spread rapidly and overgrew Fusarium 
mycelium and encircled it completely. Hyphe of 
Fusarium were lysed and malformed. On the other 
hand, B; megatherium was stimulatory to Fusarium 
<i mycelial growth. The latter overgrew B. megatherium 
- and produced comparatively very abundant conidia 
cal with abnormally large size and high septation. 
-e Growth responses of Fusarium ox ‘ysporum, which 
“proved: to be a virulent pathogen causing wilt of 
either Karnak or Giza 26 cotton variety seedlings, 
to metabolites of either B. subtilis or B. megatherium 
Jon Dox’s liquid medium have been tested by the 
following two methods : (1) germinative potentialities 
of Fusarium microconidia in hanging-drop cultures 
of either B, subtilis or B. megatherium metabolites ; 
>(2) growth. of Fusarium mycelium on differently 
treated metabolites of either B. subtilis or B. mega- 
~ thertum.. Filtrates of the test organisms were 
‘obtained from cultures of two ages, that is, 5- and 
10-days old and were either cold-sterihzed? or auto- 
- elaved... Control solutions using either Dox’s liquid 
or water were also used. 
-= The results (Tables 1 and 2) show that considerable 
“suppressed germination of Fusarium microconidia 
-< and mycelial growth took place in response to either 
Bor 10-days old culture filtrates of B. subtilis 
- whether unheated or autoclaved. Ageing of culture 
>o opapplication of heat to its filtrate did not appreciably 
affect the latent period and final percentage of ger- 
5 mination or the mycelial dry- -weight of Fusarium. 
On the other hand, on using filtrates of B. megatherium 
f either 5- or 10-days old cultures, the final 
ntage germination of Fusarium microconidia 
-100 per cent. At the same time, Fusarium 
lig growth was significantly higher as compared 
iat on control Dox’s liquid media. A stimula- 
‘actor for Fusarium microconidial germination 
nd mycelial growth seems to be. present in filtrates 
B. megatherium the potency of which is not affected 







































‘ab 1. Growrn RESPONSES OF Fusarium MIcROCONIDIA TO META- 
Oa AT OF Bacillus subtilis AXD B. megatherium AT 80° C. 


Aeneane aaien 





imental Filtrate 





per A: i o 
meditim lé treatment 
KE period | (percent) Case W30 
5 days | unheated | Shr. | 40 | 
autoclaved hr, 40 i 
10 days | unheated {| hrn | 48 
autoclaved | Shr. | 50 
5 days | unheated | 6 hr. 100 i 
autoclaved 5 hr. 100 j 
days | unheated 5 hr. 100 
autoclaved. 4 hr. 100 
2 hr 90 
i 





Preliminary screening tests in which each of thè 
‘terial strains was streaked against Fusarium — 
‘on either Dox’s or soil-extract agar media 


on 75 per cent Dox’s liquid, 61 mgm. ; 


identified on an enriched sawdust medium in a glas 


Soames aN e Cu apearen D. Don, Ae: i 
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LTRATES OFO 7 ‘subtilis AND 2. ‘jaegatherium. “PURE Dors. oT 
Deere WITH WATER: AND, METABOLITE FILTRATES. vaka FURE 












Filtrate from o 
§-day old cultures 10-day old. oultutes 




















= Beam (per cent) la Ga malar aan PRCT: 
J Un- Autos |  Un- i Auto- ae 
F E | heated | z claved | _heated : slaved pa 
Le subtilis 100 7 35 | 29 E 30 | 
filtrate 50 88 j 40 E 8o 85 jo 
2 | 45 | 48 | 88 | 41 e 
B. mega- | 100 | 40 | 43 | 88 | g a 
| therium 50 73 j) 77 80 | 8b 
filtrate 25 | 8l | B o1 
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t Ù 
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subtilis strains were highly alae 


* Mycelial dry weight on 100 per cent pure Dox’s liquid, 75 mgm. ; g 
on 50 per cent Dox’s liquid, — 


40 mgm. | 
by heating. On the other hand, ageing of culture ` 
results in an increased stimulative effect over, 


Fusarium mycelial growth. i 

Further work concerning the nature of the inhib- 
itory anti-fungal metabolites of B. subtilis and the - 
stimulatory factor of B. megatherium for Fusarium — 
growth are still in progress. The former are probably — 
of the nature of an antibiotic? while the latter seems. 
to be a growth factor. Difference in the rhizosphere 
microflora of wilt-resistant and susceptible cotton 
varieties might explain why Fusarium oxysporum 
fails to invade Ashmouni cotton roots while its 
pathogenicity is established on susceptible Karnak 
and Giza 26 cotton varieties. 

Thanks are due to Prof. A. H. 
unfailing help. 


Montasir for his 


M. 8. Narm* 
A. M. HUSSEIN 
Faculty of Science, 
A’in Shams University, 
Abbassia, Cairo. 
* Present address: Shambat Agricultural Institute, P.O. Box 71, 
Khartoum North. 


1 Naim, M. S., Mahoud, S. A, Z., and Hussein, A. M., d'in Shams 
Sei. Bull., Na. 1, 173 (1956). 
Menon, K. P. YV., Ann. Bot., 48 (1934). 
3 Presentt, S. ©. and Dunn, ©., “Industrial Microbiology”, 
(McGraw-Hill Co., 1949). 
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A Simple Technique for producing Fruit 
Bodies of Wood-destroying Basidiomycetes 


Ix attempts to identify some of the many basidios = + 
mycete cultures isolated in our investigations of 
decay, we have tested a number of methods and 
have found that described here of the greatest value. > 
It produces relatively large, identifiable fruit bodies. 
from cultures representing a wide range of genera 
and families, and it has given consistent results in 
the hands of a number of workers, is not. laborious, 
and requires no special equipment or materials. 

The method involves establishing the culture to. be 












jar and then allowing it to grow through, and fruit 
on, a block of readily decayed wood incubated in 
diffuse daylight in a humid but not ‘stagnant 
atmosphere. z 
The medium now used is a mixture of air-dt 
sawdusts (4-24 mesh) of seven timbers in the following 
proportions: Pinus radiata D. Don (sapwood), 25 
Eucalyptus obliqua L'Herit. (sapwood), 25; E. 
diversicolor F. v. M., 10; Acacia dealbata Linka. 10; 
Nothofagus cunninghamii Oerst., 10 ; Rhizophora sp. 
a ir 





e.: 
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Fig. 1. Production of fruit bodies of wood-destroying baaigio- 

-~ myeetes. 1, culture jar, with cover jar, after incubation at 25° 
©.; 2, culture jar showing fruit bodies of Fomes gileue (Pr.) 
iaa Lloyd on wood block 


complex mixture, intended to ensure that fungi 
showing a strong host preference for fruiting in 
Nature will receive any accessory nutrients they 
require, is based on the general origins of our culture 
collection, and may be varied to reflect the origins of 
particular cultures.) The following nutrients are 
added to each 100 gm. of air-dry sawdust: 2-5 gm. 
maize meal; 1-5 gm. bone meal; 0-75 gm. potato 
starch ; 0-2 gm. dried yeast; 0-5 gm. malt extract ; 
0:175 gm. casein hydrolysate ; 0:0033 gm. thiamine 
hydrochloride. The first four are mixed in powder 
form with the dry sawdust; the last three are 
dissolved beforehand in the water used for moistening 
it. Sufficient water is added to saturate the sawdust 
particles without allowing free water to collect at the 
base of the culture jar, the amount required being 
determined for each batch of mixed sawdusts by 
draining saturated samples for 48 hr. 
Enough moist nutrified sawdust is packed into a 
glass jar, 5} in. high and 24 in. wide, to come slightly 
cci above the mouth, which is then covered with an 
-< inverted wider jar (Fig. 1, 1) and the assembly auto- 
=z @laved. An inoculum from a Petri-dish colony of the 
test fungus on malt agar is placed just below the 
surface of the sawdust and the jar incubated in 
darkness at 25° C. until a vigorous mycelium develops 
throughout the medium (Fig. 1, 1). 
_ The inverted cover jar is then aseptically replaced 
by a sterile wooden block, 24 in. square by 1} in. 
high, with a }-in. deep well in the lower face to fit 
over the mouth of the jar, and a $ in. deep well in 
the upper face as a water reservoir (Fig. 1, 2). Blocks 
are usually either Pinus radiata sapwood or balsa, 
and are brought to a suitable moisture content for 
fungal growth (approximately 100 per cent for P. 
radiata and 300 per cent for balsa) before being 
autoclaved. It is essential that the block makes good 
contact with the top of the sawdust and fits tightly 
© around the neck of the jar to prevent movement 
during subsequent handling. The block is covered 
with a sterile sheet of polyethy lene film, gathered 
around the neck of the jar by a rubber band, to 
exclude contamination. 
- The culture jars are then incubated at laboratory 
temperatures (12-25° C.) in a shallow tank with a 
plate-glass lid, receiving abundant diffused light from 
the southern (polar) sky but no direct sunlight. Water 


Gn the t bot of the ae maintains a high humidit y 


foot, seta and capsule of a number of species of both. 
liverworts 



















and aeration is provided by bubbling compress 
air through water in a flask and then into. the tan 
As soon as the fungus reaches the surface of the wood 
block, the polyethylene film is removed and the. 
block is kept moist by adding water periodically to. 
the well in its upper face. (Some contamination 
usually Penicillium spp., may develop on the blocks 
but has little adverse effect, though Trichoderma virid 
will often completely inhibit fruiting.) Jars ar 
disturbed as little as possible, and if removed f 
inspection are replaced in the same position i anc 
orientation. 

Fruit bodies are usually produced by 30-40 } pe 
cent of the culture jars included in each experiment 
the time taken (after the jars are placed in the tanks). 
varying from 2 to 3 weeks, for Schizophyllum commune. 
Fr., to 6 months or more, for Fomes gilvus (Fr.) Lloyd. 
They are usually of normal shape and coloration and © 
of reasonably large size although some pileate species o 
develop only a resupinate form. Fruit bodies may 
develop on any face of the blocks, but tend to be 
more frequent on the end grain and on the side. 
facing the light; many develop from the lower face... 
of the block. Satisfactory fruit bodies have now 
been obtained with species of Polyporus, Coriolis, 
Trametes, Hexagona, Fomes, Ganoderma, Elfvingia, 
Poria, Dedalea, Merulius, Corticium, Peniophora, . 
Coniophora, Stereum, Hydnum, Hymenochete, Odontia, 
Lenzites, Lentinus, Paxillus, Schizophyllum and 
Hypholoma ; but it is not claimed that the technique’ 
described is suitable for all species of these genera, 
and research is continuing on further modifications 
and on other methods. 

N, TAMBLYN 
E. W. B. Da Costa 


Division of Forest Products, 
Commonwealth Scientific and 
Industrial Research Organization, 
Melbourne. 


Comparative Chlorophyll Content of the 
Two Generations of Bryophytes 


Tu oceurrence of chlorophyll in the sporophyte of : Be 


Bryophytes has been noted by a number of investi- 2 : 


gators. Bold'.* has reviewed the older literature, and, = 
by cytological studies on living material, has = > 
demonstrated chloroplasts and starch grains in the 













and mosses. In the liverwort, Rielk 
americana, “as the sporange approaches maturity, its 
eolor is much more deeply green than is that of the 
gametophyte’*. Douin't has examined the pigments 
of gametophytes of forty species of mosses belonging 
to twenty-eight genera, finding that all of them con 
tain chloro phylls a and b, as in higher plants. In i 
comparative study of the sporophyte and gameto- 
phyte of five species of mosses, no qualitative differ- 
ences in chlorophylls a and b or carotenoids were 
found’, o 
It is the purpose of this communication to present: oes 
quantitative results concerning the chlorophyll con- 
tent of sporophytes and gametophytes of Anthoceros 
carolinianus Michx., Polytrichum commune L.a, and 
Dicranum scoparium (L.) Hedw. After macroscopic 
separation of the fresh plant material into gameto- 
phytic and sporophytie portions, the samples were 
weighed. Extraction of the pigments and spectro- 
photometric determination of the quantities of 
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T, While the much smaller sporophytes contain less- 





total chlorophylls than the gametophytes, when com- 
_ parisons are made on the basis of equal fresh weights, 
the chlorophyll concentration in the sporophytes 
' exeeeds that in the gametophytes by a factor of 
o .1+64-2-41... These findings have an obvious bearing 
on the question of the nutritional relationship between 
the two generations. 


FREDERICK T. WOLF 


AGS Department of Biology, 
-Vanderbilt University, 
_ Nashville, Tennessee. 


-ct Bold, H. ©., Amer. J. Bot., 25, 551 (1938). 
<a Bold, H. C., Amer. J. Bot., 27, 318 (1940). 
3 Studhalter, R, A., Ann. Bryol., 11, 153 (1938). 
+ Douin, B., C.R. Acad. Sei., Paris, 248, 1051 (1956). 
ee ‘Freeland, R. O., Plant Physiol., 82, 64 (1957), 
voo **Opfielal Methods of Analysis’, 112, 7th edit, (Assoc. of Official 
oo Agricultural Chemists, 1950). 


~ Propagation of Cacao in Plastic Bags 


Tum basic physiological requirements for the 
vegetative propagation of cacao (Theobroma cacao) 
<- have been broadly worked out by Evans (1951) and 
may be summarized in that semi-hardwood cuttings 
_. in an atmosphere near 100 per cent relative humidity, 
at a reduced light intensity (15-20 per cent of the 
incident sunlight), given adequate aeration at the base 
of the cutting, will produce roots in the order of 
70-90 per cent rooting efficiency. 
-A comparison of the costs of commercial propaga- 
tion in Trinidad has been made by Murray and 
Bridge’, and McKelvie? has shown that cacao may be 
propagated at greatly reduced cost, on a commercial 
scale, using sawdust-cored baskets’ containing cacao 
ttings, covered by polyethylene sheets. This 
ethod adequately dispenses with the expensive 
stallation of commercial propagating bins, and 



































osts. Another method, making use of the properties 
of polyethylene, which restricts water-vapour diffusion 
but permits some gaseous diffusion, is being developed 
here. Cuttings are rooted entirely in plastic bags, 





afterwards established in the field. 


round the base of the cutting 


; nd 1 


o with an clastic band. The final size of t 




















| added and the neck closed with string. The bag is 
-| -suspended under a shade of domestic cloth, and no 

- further attention is required until root formation has 
--eceurred. | 
| may be readily seen through the plastic. 
intensity, calculated by means of an actinograph, is- 
- approximately 7 per cent of the incident sunlight,- 
but is not critical over wide limits providing the light ` 
ee >> is diffused. ve 
hlorophylls present were performed in accordance 
rith Official Methods of Analysis of the Association — 
f Official Agricultural Chemists’. In Table 1, the > 
hlorophyll concentrations found are expressed as- 


-and planted under heavy shade with the roots still _ 


considerably reduces water consumption and labour _ 


transported to the field in the same fashion and — 
“The base of a semi-hardwood cacao cutting bearing Imperial College of Tropical Agriculture, 
-6 trimmed leaves is dipped in hormone solution. 
ne base of the cutting is first placed in wet, leached ` 
dust laid in coconut fibre. The fibre is then. 


eld in : -2 McKelvie, A. D., Trop. Agrie., 34, 260 (1957). 













nched fis cutting is inserted into a plast 
ag (150 gauge, 20 in. x 11 in.), water (150-200 ml 








The roots emerge through the fibre and 
The light- 


The cutting is transported to the field in the bag. 


enclosed in the fibre. The surplus water from the  _ 
plastic bag is tipped over the plant and the bag is. 


inverted afterwards over the cutting with the mouth ` an 


of the bag lying loosely upon the soil surface. Two ` 
banana leaves, which provide local shade, are arranged | ae 
in the form of an inverted V over the cutting, with 
the petioles firmly pressed into the soil. Natural 
drying-out of the banana leaves permits progressively = 
more light to fall on the cutting. After 4-5 days, > 
the bag is removed and re-used for further propaga- 
tion. The purpose of the inverted bag is to reduce 
transpiration and replaces the conventional hardening 
procedure. The probable reason why success is 
achieved by this method is that the roots of the 
cutting are intimately interwoven with the wet fibre __ 
and sawdust, which retains moisture for a considerable = 
time during the critical period when the roots are __ 
becoming established in the soil. ee 

The rooting percentage in the bag is of the order = 
of 80-90, depending upon the clone, and establish- __ 
ment in the field about 60-70 per cent of the cuttings 
set in the bags. Plants of the more vigorous clones 
are ready for planting 22 days from setting. 

The advantages of the method are many. The 
plastic bag costs 24d. and may be used a number of 
times without deterioration. Labour charges and 
initial installation are negligible when compared with 
conventional methods. Plants are introduced into 
the field more quickly and are very easily transported 
by hanging the bags from wires in a vehicle. Further- _ 
more, drying-out, which is frequently observed with 
plants in baskets transported over long distances, __ 
does not occur. The combined weight of a plant 
and basket is between 34 and 4 Ib. as compared with- 
1 lb. for a plant in a plastic bag. One man may. 
carry up to 20 plants in bags without difficulty; 
whereas he is restricted to two basketed plants owing 
to the weight and shape. This means that inacces 
sible bush areas may be more readily planted witl 
clonal cacao. Skilled labour is not required at any 
stage in the process, and normal care is all that i 
required at planting. 7 7 a 

Further work is being conducted on the storage o. 
plants in bags containing a nutrient solution, and.: 
full account will be published elsewhere. E 

Thanks are due to Mr. G. W. Smith for tho measure 
ments of light-intensity using the actinograph. . 



















R. Nicwors 
Regional Research Centre, ; 


Trinidad. 


1 Murray, D. B., and Bridge, O. J. R., “A Report on Cacao Research” 
41 (imp. Coll. Trop. Agric., Trinidad, 1957). aiai 





* Murray, D, B., “A Report on Cacao Research”, 53 (mp. Coll. Trop 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, February 24 


BRITISH SOCIETY FOR THE HISTORY OF SOIENCE (in the Council 
Room of the Sclence Museum, Exhibition Road, South Kensington, 
London, We at 5.30 p.m.—Dr. A. Armitage and Dr. N. H. de V. 
Heathcote: “The First International Polar Year, 1882-88—Fore- 
runner of the International Geophysical Year’’. 


INSTITUTION OF EDLBOTRIOAL ENGINEERS, RADIO AND TELE- 
COMMUNICATION SECTION (at Savoy Place, London, W.C.2),at 5.30 p.m. 
—Informal evening on “Stereophonic Recording on Gramophone 
Discs”. Talk by Mr. H. A. M. Clark. 


UNIVERSITY OF LONDON (in the Chemistry Lecture Theatre, Univer- 
sity College, Gower Street, London, W.C.1), at 5.30 p.m.—Dr. E. 
Heilbronner (Swiss Federal Institute of Technology, Zürich): ‘‘Some 
Studies on Non-Benzenoid Aromatic Compounds’’.* 


ROYAL GEOGRAPHICAL Soorety (at 1 Kensington Gore, London, 
S.W.7), at 8.80 p.m.—Mr. Eric Shipton: “The Imperial College 
Karakoram Expedition”. 


Tuesday, February 25 


UNIVERSITY COLLEGH, LONDON (in the Physiology Theatre, Gower 
Street, London, W.C.1), at 5.15 p.m.—Dr. ©. A. G. Wiersma (Cali- 
fornia Institute of Technology): ‘‘Integration in Single Units of the 
Crayfish Central Nervous System’’.* 


INSTITUTION OF CIVIL ENGINHERS (at Great George Street, London, 
8.W.1), at 5.30 p.m.—Mr. L. R. Creasy: ‘“‘Prestressed-concrete 
Cylindrical Tanks”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
6.80 p.m.—Prof. R. King: “Energy”. (Further lectures on February 
26 and March 4 and 5. ctures for Sixth Form Boys and Girls from 
Schools in London and the Home Counties.) 


SOOIETY OF CHEMICAL INDUSTRY, LONDON SEOTION, and PLASTICS 
AND POLYMER GROUP (at 14 Belgrave Square, London, 8.W.1), at 
6.30 p.m.—Mr. G. Dring: “A Plastics Jubilee: 1907-1957” (Jubilee 
Memorial Lecture). 


Wednesday, February 26 


ROYAL Soormry oF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 pn- or . W. Brian: “Gibberellic Acid—a New 
oer D Rong ontrolling Growth and Flowering” (The Fernhurst 

ecture). 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Royal Society, Burl- 
ington House, Piccadilly, London, W.1), at 4.80 p.m.—Annual General 
Meeting. 5 p.m.—Sir Hugh Linstead, O.B.H., M.P.: “Science and 
Politics” (Bernard Dyer Memorial Lecture). 


INSTITUTE OF FUEL (at the Institution of Civil En ineers, Great 
George Street, London, 8.W.1), at 5.80 p.m.—Dr. J. A. Gray: “Boiler 
Water Treatment-—a formula for the Control of Sludge and Seale in 
Internal (Carbonate) Treatment”; Mr. E. F. Thurston and Mr. L. 
Furnival: “Boiler Water Treatment—a Formula for the Control of 
Sludge and Scale in Internal Carbonate Treatment: Experiments 
in a Laboratory Boiler’’.* 


ROYAL AERONAUTICAL SOCIETY (at Church House, Westminster 
London, 8.W.1), at 6 p.m.—Sir George R. Edwards—Presidential 
Address. 


BRITISH INSTITUTION OF RADIO ENGINEERS (in the Lecture Theatre 
of the London School of Hygiene and Tropical Medicine, Keppel 
Street, Gower Street, London, W.C.1), at_6.80 p.m.—Mr. O. Powell 
and Mr. D. A. Hendley : “DECTRA—a Long-range Radio-naviga- 
tional Aid”, 


WOMEN’S ENGINEERING SOCIETY, LONDON BRANOH (at the Central 
Electricity Authority Headquarters, Winsley Street ndon, W.1), 
at 6.45 p.m.—Mr. Geoffrey Denton: “Three Cage Studies in Auto- 
mation”. 


Thursday, February 27 


INSTITUTION OF THE RUBBER INDUSTRY; and the PLASTIOS IN- 
STITUTH (at the Institution of Civil Engineers, Great George Street, 
Westminster, London, S8.W.1), at 9.45 a.m.—Joint Conference on 
“Recent Advances in Polymer Technology”. 


ROYAL SOOTY (at Burlington House, Piccadilly, London, W.1), 
at 4.80 p.m.—Mr. ¢ Cotson, Mr. S. J. Holt, Mr. b. G. O’Sullivan, 
Mr. P. W. Sadler and Mr. R. F. J. Withers: ‘Studies in Enzyme 
Cytochemistry”. 


INSTITUTION OF ELEHOTRONIOCS (in the Assembly Hall, Universit 
of London Institute of Education, Malet Street, London, W,0-1), 
.m,—Mr. ©. H. Gardner: “Germanium Transistors, Their 


at 7 p ; rà 
Principles and Manufacture”. 


CHEMIOAL SOCIETY (in the Anatomy Lecture Theatre Kingi College, 
Strand, London, W.C.2), at 7.30 p.m.—Prof. R. G. W. Norrish, 
F.R.S.: “Some Isothermal Reactions of Free Radicals Studied by 
Kinetic Spectroscopy” (Liversidge Lecture). 


Friday, February 28 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, S.W.1), at 6 p.m.—Mr. L. J. Cheshire, Mr. 
J. V. G. Evans, Mr. W. A. Goodsell and Mr. P. H. W. Wolff: ‘The 
Design and Construction of the Compressor for the 8’ x 8’ High- 
Speed Wind Tunnel at R.A.E., Bedford”. 


NATURE 


58] 


INSTITUTION OF CHEMICAL ENGINEERS, GRADUATES’ AND STUDENTS’ 
SECTION (at Caxton Hall, Westminster, London, 8.W.1), at 6.30 p.m. 
Mr. E. A. Stallworthy: “Project Cost Estimation”. 


—_— 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Dr. Leon Radzinowicz: ‘Changing Attitudes Towards 
Crime and the Devices Used to Combat It”. 


Saturday, March | 


BRITISH INTERPLANETARY SOOIETY (in the Tudor Room, Caxton 
Hall, Caxton Street, London, 8.W.1), at 6 p.m.—Prof. G. A. Witfield : 
“The Guidance and Control of Long-Range Vehicles”. 


BRITISH GLACIOLOGIOAL Soorrty (joint meeting with the Scorr 
POLAR RESEARCH INSTITUTE, at the Scott Polar Research Institute, 
Lensfield Road, Cambridge), at 8.80 p.m.—Mr. R. J. E. Brown: 
“Permafrost in Canada—lIts Nature, Distribution and Influence on 
Northern Development”. 


APPOINTMENTS VACANT 


APPIIOATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURERS (2) (honours graduates, preferably with some 
research experience in physical, inorganic or physical-organic chem- 
istry) IN CHEMISTRY—The Secretary, Bedford College (University of 
London), Regent’s Park, London, N.W.1 (February 28). 

PROFESSOR (with high academic qualifications in engineering with 
teaching and research or industrial experience) oF APPLIED MECHANIOS 
af the Royal Naval College, Greenwich—The Civil Service Commission, 
ad alata lic Gardens, London, W.1, quoting Ref. No. 4808/58 (March 


ASSISTANT LECTURER IN GEOGRAPHY; an ASSISTANT LECTURER 
IN GEOLOGY; and an ASSISTANT LECTURER IN PHysics—The Regis- 
trar, Queen ‘Mary College (University of London), Mile End Road, 
London, E.1 (March 8). - 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF PURE 
MATHEMATIOS—The Registrar, The University, Liverpool (March 8). 

LECTURER IN GEOLOGY at the University College of éthana—The 
Secretary, Inter-University Council for Higher Education Overseas, 
29 Woburn Square, London, W.C.1 (March 10). 

UNIVERSITY LECTURER (preferably with qualifications in applied 
thermodynamics) IN MECHANICAL ENGINEERING—The Secretary, The 
University, Aberdeen (March 11). 

ASSISTANT LECTURER (preferably with special qualifications in 
algebra and/or geometry) IN MATHEMaTICS—The Secretary to the 
Council, Westfield College (University of London), Hampstead, 
London, N.W.8 (March 12). 

ASSISTANT LECTURER IN NEAR EASTERN AROHEZOLOGY—The 
Registrar, The University, Manchester 13 (March 15). 

SISTANT LECTURER or LECTURER (with special interests in sedi- 
mentation) IN THE DEPARTMENT OF GEOLOGY—The Registrar, 
University College, Singleton Park, Swansea (March 15). 

EXPERIMENTAL OFFICER (with a degree in chemistry or agricultural 
chemistry or equivalent qualio tons) to carry out chemical analyses 
of soils and plants—The Secretary, Rothamsted Experimental Station, 
Harpenden, Herts (March 15). , 

PROFESSOR or READER IN AGRICULTURE —The Registrar, The 
University, Nottingham (March 15). 

RESEAROH ASSISTANT (graduate, with research experience) IN. THE 
DEPARTMENT OF PHYSICS, to take part in research, under the direction 
of the Head of the Department, leading to the development of solid 
state image amplifters ; and an ASSISTANT LECTURER IN GEOGRAPHY— 
The Registrar, The University, Hull (March 15). 

LECTURER OT ASSISTANT LECTURER IN MATHEMATICS at the Univer- 
sity of Hong Kong—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (Hong 
Kong, March 20). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF PURE 
MATHEMA ce ine Registrar, The University, Birmingham 15 

SENIOR RESEAROH FELLOW and RESEARCH FELLOW IN THE DEPART- 
MENT OF THEORETIOAL PHYSICS, Research School of Physical Sciences, 
Australian National University—The Secretary, -Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia, March 28). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEMISTRY, 
BIOLOGIOAL CHEMISTRY, ENGINEERING, PHARMACOLOGY, PHYSICS or 
related subjects—The Registrar, The University, Bristol (March 80). 

LECTURER and an ASSISTANT LECTURER IN PHysios—The Regis- 
trar, The University, Hull (March 31). 

LECTURER or ASSISTANT LECTURER IN AGRIOULTURAL BOTANY at 
Makerere College Ao iveriity College of East Africa}—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (March 31). 

PLANT GENETICIST (preferably with some research experience) IN 
THE PLANT BREEDING SECTION of the Department of Agronomy, 
Waite A eculural Research Institute, to investigate factors affecting 
the quality and yield in barley and their mode of inheritance and to 
apply them in a barley breeding programme—tThe Registrar, Univer- 
sity of Adelaide, Adelaide, South Australia (March 31). 

RESEARCH FELLOW (zoologist, with interests in marine biology) 
IN THH DEPARTMENT OF ZOOLOGY—The Registrar, University College, 


Singleton Park, Swansea (March 81). 
- IMPERIAL 


CHEMICAL INDUSTRIES RESEARCH FELLOW IN CHEMISTRY 

OR PHysios—The Registrar, The University, Leicester (April 9). 
TANT Or ASSOCIATE PROFESSOR IN THE DEPARTMENT OF 
ENTOMOLOGY—Head of the Department of Entomology, University 
of Alberta, Edmonton, Alberta, Canada (April 15). 
OHAIR OF PHYSIOS in the University of Khartoum—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 

Square, London, W.0.1 (April 15). 
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SENIOR LECTURER or LECTURER IN EPIZOOTIOLOGY in the Faculty 
of Veterinary Science, University of Khartoum—tThe Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C,1 (April 15). 

SENIOR LECTURERS or LECTURERS IN MATHEMATICS, GEOLOGY, 
ZOOLOGY, AGRICULTURAL CHEMISTRY, ENGINEERING MATHEMATICS, 
MROHANICAL ENGINEERING, and AROHITEOTURE at the University 
of Khartoum—tThe Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Squares, London, W.C.1 (April 15). 

SENIOR LECTURER (preferably with special qualifications in num- 
erical analysts) IN MaTaEMatios at Victoria University, Wellington, 
New Zeeland~—The Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, London, W.C.1 (New 
Zealand, April 30). i 

ASSISTANT CONSERVATORS OF FoRrSTS (with @ university degree 
in forestry) in the Western Region of Nigeria—The Director of Re- 
cruitment, Colonial Office, London, 8.W.2, quoting BCD.61/410/01. 

ASSISTANT PROFESSOR (preferably with the Ph.D. degree or equiva- 
lent) IN THE DEPARTMENT OF MECHANICAL ENGINBERING—The De- 
partment of Mechanical Engineering, University of Vermont, Burling- 
ton, Vermont, U.S.A. : 

EAD (with qualifications, teaching and research experience 
necessary for recognition as a teacher of the University of London) 
OF THE DEPARTMENT OF METALLURGY—The Secretary, Sir John Cass 
College, Jewry Street, London, E.C i i , 

LROTURER (preferably with experience and interest in experimental 
techniques) IN AERONAUTIOAL STRUCTUBES—Professor of Aero- 
nautical Structures, Department of Aeronautics, Imperial College of 
Science and Technology, London, 5.W.7. 

SQIRNTIFIC OFFICER (with an honours degree in biochemistry, 
chemistry or physlology, and preferably with postgraduate experience) 
WITH THE EAST AFRICAN TRYPANOSOMIASIS RRSHAROH ORGANIZATION, 
Tororo, Uganda, to undertake research on the physiological, bio- 
chemical and/or chemical aspects of trypanosomiasis related especially 
to the assessment of the efiicacy and toxicity of new trypanocidal drugs 
in East African cattle—The Director of Recruitment, Colonial Office, 
London, §$.W.1, quoting BCD.195/198/013. 

SENIOR LECTURER (honours graduate, preferably with research 
and/or industrial experience) IN Paysi0s—-T[he Registrar, Hatfleld 
Technical College, Hatfield, Herts. ; 

SYSTEMATIC BOTANIST AND Econoaist (with an honours degree in 
botany and at least two years research experience, referably in 
ecology; or an honours degree or equivalent in agricultural sclence 
plus two years completed postgraduate training in botany, preferably 
with an ecological bias) in Sierra Leone, to carry out ecological studies 
appertaining to agricultural and forestry problems (including the 
maintenance and enlargement of a herbarium)—The Director of 
Recruitment, Colonial Otfice, London, 8.W.1, quoting BCD.63/15/012. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Jreland 


Ministry of Health: D tment of Health for Scotland. Report 
of the Conmities to Consider the Future Numbers of Medical Practi- 
tioners and the Appropriate Intake of Medical Students. Pp. vi+38. 
(London: H.M. Stationery Office, 1957.) 2s. 6d. net. [212 

Department of Scientific and Industrial Research. Forest Products 
Research. A Handbook of Softwoods. Pp. vil+73. (London: H.M. 
Stationery Office, 1957.) 8s. 6d. net. [212 

Structural Concrete Hospitals. Pp. 24. (London: Cement and 
Concrete Assoclation, 10i ; [212 

Science Masters’ Association. Science and Education: a Policy 
Statement by the Committee of the Science Masters’ Association. 
Pp. 12. (London: John Murray abana) Ltd., 1957. Published 
for the Science Masters’ Association.) [212 

Trade Effluent and Water Supplies in Western la Report 
ofa tour by an F.B.I. Delegation. Pp. iv+6¢4. (London: Federation 
of British Industries, 1957.) 3s. 6d. {212 


Laboratory Animals Bureau. Collected Papers, Vol. 6, 1957: 


Report of a § osium on Humane Technique in the Laboratory, 
held by the Universities Federation for Animal Welfare at Birkbeck 
College, London, 8 ele 1957. Pp. 81. (London: Laboratory 
Animals Bureau, 1957. £. 

Boiler Availability Gonmibteb: Bulletin No. MC/286: Methods of 
Cleaning Modern Boiler Plant. Pp. 40. (London: oiler Availability 
Committee, 1957.) [212 


Philosophical Transactions of the Royal Society of London. Serias 
A: Mathematical and Physical Sciences. No. 978, Vol. 250 (28 
November, 1957): Precise Measurements of the Density of Mercury 
at 20° ©. 1: Absolute Displacement Method. By A. H. Cook and 
N. W. B. Stone. Pp. 279-323. (London: Royal Sociaty, ie 
17s. Y 

Local Government Bill. Pp. 78. (Bill 15.) (London: H.M. 
Stationery Office, 1957.) 3s. 6d. [212 

Fifth Special Report from the Select Committee on Estimates, 
Session, 1956-57. Pp. 25. (House of Commons Paper, No. 307.) 
(London: H.M, stationery Office, 1957.) 1s. 3d. net. [212 

Colonial Office. Fishery Publications, No. 9 (1957 J: A Preliminary 
Survey of the Hydrography of the British East African Cogstal Waters, 
By B. S. Newell. PD. ipa. (London: H.M. Stationery Office, 
1967.) 5s. 6d. net. [412 

City of Leicester M' seums and Art Gallery. 51st Report to the City 
Council, Ist April 1956-31st March, 1957. Pp. 43-+4 plates. (Leices- 
ter: The Museums and Art Gallery, 1957.) (612 

The Planning of international Meetings. (A Handbook issued by the 
Councll for International BA ety of Medical Sciences established 
under the joint auspices of UNESCO and WHO.) Pp.v+113. (Oxford: 
Blackwell Scientific Publications, 1957.) 78. 6d. [612 

Southern Regi nal C «nell for Further Education. Tenth Annual 
Report. October 1957. Pp. 36. (Reading: Southern Regional Council 
for Further Education, 1957.) [612 
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The National Council for Technological Awards. Report for the 
period December 1955 to July 1957. Pp. 20. (London: National 
Council for Technological Awards, 1957. [612 

Air Ministry : Meteorological Office. Professional Notes, No. 123: 
Forecasting Cirrus Cloud Over the British Isles. By Dr. D. G. James, 
Fp. 10 (M.O. 6236.) Od. net. Meteorological Reports, No. 18: Air 
Fiow Over Mountains : Notes for Forecasters and Pilots. G. A. Corby. 
Pp. ii-+58. 8s. net. (London: H.M. Stationery Office, 1967.) [612 

Pharmaceutical Research in I.0.1., 1936-57, Pp. vili+ 78. (Wilms- 
ow: Imperial Chemical Industries, Ltd.. 1957.) {1612 


Other Countries 


United States Department of the Interior: Geological Survey 
ater eure y Paper 1305: Compilation of Records of Surface Water 
ted States through September 1950.. Part 3-A : Ohio River 
Basin except Cumberland and Tennessee River Basins. Prepared 
under the direction of J. V. B. Wells. Pp. v+652+plate 1. 2.25 
dollars. aver Supply, Paper 1331: Surface Water Supply of the 
United States, 1954. Part 1—-A: North Atlantic Slope Basins, Maine 
to Connecticut. Prepared under the direction of J. V. B. Wells. 
Pp. viil+261. 1 dollar, Water-Snupply Paper 1372: Compilation of 
Records of Quantity and Quality of Surface Waters of Alaska throu 
September 1950. Prepared under the direction of J. V. B. We 
and S. K. Love. Pp. v-+262+1 plate. 1.50 dollars, Water-Supply 
Paper 1384: Surface Water Supply of the United States, 1955. 
Part 2-B: South Atlantic Slope and Eastern Gulf of Mexico Basins 
Ogeechee River to Pearl River. Prepared under the: direotion o 
. V. B. Wells. Pp. x-+-388. 1.25 dollars. Water-Supply Paper 
1885: Surface Water Supply of the United States, 1955. Part 3-A: 
Ohio River Basin except Cumberland and Tennessee River Basins. 
Prepared under the direction of J. V. B. Wells. Pp. xit+581. 2 
dollars. (Washington, D.C.: Government Printing Office, 1957.) [2511 
Forest Research Institute, Dehra Dun. Indian Forest Ret 
No. 147 (Timber Mechanics): Strength Tests on Bamboos. By A. C. 
Sekhar and B. S. Rawat. Pp. 6. 0.56nP; 102. Indian Forest flet 
No. 153 (Statistical): Statistical Sampling in Timber Surveys. By 
K. R. Nalr and R. P. Bhargava. Pp. 1+7. 0.75nP.; 1s. Indian 
Forest Records (New Series.) Vol. 1, No. 1 (Wood Seasoning): The 
Steam Bending Properties of Indian Timbers. By M. A. Rehman, 
Jai Kishen and D. P, Kukreti. Pp. ii+10. Re. 1; 1s. 6d. Vol. 1, 
No. 2 (Timber Mechanics): Grouping of Indian Timbers and their 
Properties, Usea and Sultability. By V. D. Limaye. Pp. 19-644-24 
plates. Rs. 9.50; 158. (Delhi: Manager of Publications, 1957. 
The Structure and Reproduction of some Members of the 
meniaceae. By Shirley Bay Sparling. (University of California 
Publications in Botany, Vol. 29, No. 8.) Pp. 319-896. (Berkeley and 
Los angelos > University of California Press; London: Cambridge 
University Press, 1957.) 1.50 dollars. [212 
International Sanitary Regulations adopted by the Fourth World 
Health Assembly in 1951, and amended by the Eighth and Ninth 
World Health Assemblies in 1955 and 1956. Annotated edition. 
Pp. 129. (Geneva: World Health Organization; London: H.M. 
Stationery Offices, 1957.) 3 Swissfrancs; 6s.; 1 dollar. [212 
Norsk Polarinstitutt. Meddelelser Nr. 80: Research Into the 
Prevalence of Trichinosia in Animals in Arctic and Antarotio Waters. 
By K. Thorshaug and A. Fr. Rosted. Pp. 115-130. 1.50 Kr. Meddelel- 
ser Nr. 81: Glacfer Dammed Lakes in Norway. By Olav Liestøl. 
Pp. 121-150. 2 Kr. Skrifter, Nr. 109: The Quaternary Geology of 
Brageneset, Nordaustlandet Spitsbergen. By J. J. Donner and R. G. 
West. .29+5 plates. 5 Kr. Skrifter, Nr.110: Magnetic Observa- 
tions in Svalbard, 1596-1963. By Kaare Z. Lundqvist. Pp.34. 6 Kr. 
Skrifter, Nr. 111: The Stress of the Wind on the Ice of the Polar 
Sea. By H. U. Sverdrup. Pp.11. 2 Kr. (Oslo: Norsk Polarinstitutt, 
1956 and 1957.) [212 
Fortieth Annual Raport of the National Research Council of Canada 
1956-57, including the Annual Report of Canadian Patents and 
Development Limited. Pp. 58. (N.B.C. 4370.) (Ottawa: Queen’s 
Printer, 1957.) [212 
English Version of Introduction and Remarks from the Seventh 
Supplement to the First Edition of the General Catalogue of Variable 
Stara (by B. V. Kukarkin, P. P. Parenago, Yu I. Efremov and P. N. 
Kholopov, Moscow, 1955) ; Containing Information about 261 Variable 
Stars, which were newly named during 1955, and also more precise 
information about 358 previously named Variable Stars; and from the 
Eighth Supplement to the First Edition of the General Catalogue of 
Variable Stars (by B. Y. Ku.arkin, P. P. Parenago, Yu I. Efremov 
and P. N. Kholopov, Moscow, 1956); contatning information about 
629 Variable Stars which were newly named during 1956. Pp. 52. 
(Leiden: International Astronomical Union, 1957.) [212 
Institut pour l’Encouragement de la Recherche Solentifique dans 
VIndustrie et l'Agriculture. Comptes Rendus de Recherches, Nr. 19; 
Travaux du Centre National de Recherches Métallurgiques. Pp. 122. 
(Bruxelles: Institut pour Encouragement de ia Recherche Scienti- 
fique dans I’Industrie et l'Agriculture, 1957.) 180 Belgian franes. [212 
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Your enquiries are invited 


J. W. TOWERS & CO. LTD., WIDNES 


Branches: MANCHESTER : LIVERPOOL: 
44 Chapel St., Salford 3 134 Brownlow Hill 
STOCKTON : LONDON : 
28 Bridge Road Industrial Estate, Uxbridge 
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Fuller details gladly sent on request. 
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LECTURES AND COURSES 
COLLEGE OF AERONAUTICS 


The Board of Entry of the College invites appli- 
cations from suitable candidates for the two-year 
course which begins in October, 1958, and ends 
in June, 1960. The course is intended for selected 
students of graduate standard. Candidates who 
do not possess a university degree may offer 
alternative evidence of educational attainment, for 
example, a good higher national certificate with 
a satisfactory record of apprenticeship or equiva- 
lent experience in industry. All applications are 
considered by the Board of Entry which may call 
candidates for interview. The College, a post- 
graduate institution, is devoted to the study of 
aeronautical science and engineering. The curricu- 
lum covers the five main subjects of aerodynamics, 
aircraft design, aircraft electrical engineering, air- 
craft propulsion, and aircraft economics and pro- 
duction. Instruction in the first year is designed 
to provide all students with a broad background 
of knowledge in all these subjects, with oppor- 
tunity for limited specialization in two or three of 
them. In the second year students specialize more 
Particularly, usually in one subject, The teaching 
in the syllabus is designed to fit students for a 
career in either aircraft or guided weapon engin- 
eering. Experiments in the air are an important 
part of the work, both in the first year when all 
students take part in them and in the second year 
when they are linked to the specialist work of 
the departments. Students who satisfactorily com- 
plete the course receive the Diploma of the 
College. 

Further particulars and details of the procedure 
for enrolment may be obtained from the Warden, 
a of Aeronautics, Cranfield, Bletchley, 

ucks. 





UNIVERSITY OF LONDON: A COURSE 
of three lectures entitled ‘*‘ Physics as Geometry— 
the Present. Status of Einstein’s Programme ° will 
be delivered by Professor John A. Wheeler 
(Princeton) at 5.30 p.m. on March 3, 5, and 10 
at King’s College, Strand, W.C.2. Admission 
free, without ticket.—James Henderson, Academic 
Registrar. 


UNIVERSITY OF LONDON: A COURSE 
of three lectures on ‘‘ Endogenous Diurnal Period- 
icity in Plants and Animals ” ; (i) ‘* The Internal 
Clock System of Plants and Animals ”’ ; (ii) ** The 
Phenomenon of Time Measurement in Photo- 
periodic Reactions ” ; Mii) ‘* The Role of Yellow 
Pigments in Phototropic and Phototactic Move- 
ments ” will be delivered by Professor E. Binning 
(Titbingen) at 5.30 p.m. on March 4, 5, and 7 at 
King’s College, Strand, W.C.2. Admission free, 
without ticket.—James Henderson, Academic 
Registrar. 








UNIVERSITY OF LONDON: A COURSE 
of two lectures on (i) ‘‘ Bacterial Endotoxins 
{Lipopolysaccharides)—Chemica!] and Immunologi- 
cal Aspects ’’'s (ii) “ Bacterial Endotoxins—Bio- 
logical Activities and Investigations on their Mode 
of Action” will be delivered by Professor O. 
Westphal (Freiburg) at 5.30 p.m. on March 3 and 
5 at the Westminster Medical School (Meyerstein 
Lecture Theatre), Horseferry Road, Westminster, 
S.W.1.—Admission free, without ticket.—James 
Henderson, Academic Registrar. 


UNIVERSITY OF LONDON 


KING’S COLLEGE 
CHEMICAL ENGINEERING 
Applications for, places next October in the 
postgraduate one-year course for the College 
Diploma should reach the Registrar, from whom 
particulars and forms may be obtained, by 

March 15. 

The College offers Shell Studentships of the 
value of £375, with free tuition and examination 
fees. Applications for these should also be in 
by March 15. 

This course is approved by the D.S.J.R. for 
Advanced Course Studentships. Applicants in- 
terested in these should inform the Registrar of 
the College by February 24. 

Kine’s College London, 

Strand, W.C.2. 


CHELSEA COLLEGE OF SCIENCE 


AND TECHNOLOGY 
MANRESA ROAD, S.W.3 
DEPARTMENT OF GEOLOGY 
Head of Department: W. E. Smith, M.Sc., F.G.S. 

An advanced evening course of six lectures on 
“ Hydrogeology and Water Supply ” will be given 
by Dr. J. Ineson on Friday evenings, 7 to 
8.30 p.m., commencing May 2, 1958. The course 
is intended for geologists working on water supply 
problems and engineers with a basic knowledge 
of geology. 

Further particulars can be obtained from the 
Head of the Department of Geology. 


UNIVERSITY OF LONDON: A COURSE 
of four lectures entitled ‘‘ Acoustic and Magnetic 
Effects in Compressible Shear Flow ” will be de- 
livered by Professor H. W. Liepmann (California 
Institute of Technology) at 5.30 p.m. on March 3, 
5, 10 and 12, at Queen Mary College (Stern Hall), 
Mile End Road, E.l. Admission free, without 
ticket._James Henderson, Academic Registrar. 


OFFICIAL APPOINTM ENTS 


PETERBOROUGH JOINT 


EDUCATION BOARD 
PETERBOROUGH TECHNICAL COLLEGE 
SCIENCE LABORATORY STEWARD 
Required in April, a Science Laboratory Steward 
to take charge of stores and equipment in Chem- 
istry, Physics and General Science Laboratories 
to be opened in April. Salary in accordance with 
the National Joint Council’s Miscellaneous Scales, 

Grade IV, i.e., £540 by £20 to £620. 

Application within ten days, by letter, to the 
Chief Education Officer, Education Offices, Town 
Hall, Peterborough. 


McMASTER UNIVERSITY 
POST-DOCTORAL FELLOWSHIPS IN 
PHYSICS 
Applications are invited for National Research 
Council and other Post-Doctoral Fellowships ten- 
able in the Department of Physics, McMaster 
University. Successful applicants may choose to 
work full-time on their research or to supplement 
their research with a modest amount of lecturing. 
Inquiries and applications should be addressed 
to Professor H. E. Duckworth, Chairman, Depart- 
ment of Physics, McMaster University, Hamilton, 

Ontario, Canada. 





BATTERSEA COLLEGE OF TECHNOLOGY 


BATTERSEA PARK ROAD, LONDON, S.W.11 
Principal: R. W. West, C.B.E., D.Sc., A.R.C.S., F.R.LC., F.IR.I. 


DEPARTMENT OF METALLURGY 


Head of Department: L, W. Derry, B.Sc.(B’ham.), M.Sc.(Tech.)(Vict.), F.1.M., 
M.I.M.M., A.F.R.Ae.S. 


POSTGRADUATE COURSES IN CRYSTALLOGRAPHY 


Postgraduate courses in Crystallography leading to the examinations for the degree 


of M.Sc. of the University of London or the postgraduate diploma of the Battersea 


College of Technology, D.C.T.(Batt.), will be held in the Metallurgy Department com- 


mencing in September, 1958. 


The duration of the courses wil] be one session. 
The entry qualifications to the courses will be those laid down by the University of 


: London or the College of Technology, respectively. 


Intending students are eligible to apply for D.S.IL.R. Advanced Studentships, appli- 
cations for which must be made before March 31, 1958. 


Applications for entry to the course should be made to the Head of the Metallurgy 


Department. 


UNIVERSITY OF EDINBURGH | 


AND HERIOT-WATT COLLEGE ' 
JOINT DEPARTMENT OF CHEMICAL 
TECHNOLOGY AND CHEMICAL 

i ENGINEERING ` 

Applications are invited for either a Lectureship 
or an Assistantship. Lectureship: the initial 
salary will be at a point on the scale £900 to; 
£1,650 per annum, according to qualifications and ` 
experience. It is hoped to appoint a man who 
will be active in some field of chemical engineer- 
ing research of his own choice. Assistantship: 
the initial salary will be in the range £700 to £850 
per annum. Teaching duties will not be heavy 
and the Assistant may engage in research for a 
Ph.D. Both posts are subject to superannuation, 
and family allowance will be payable where ap- 
plicable. The successful applicant will be expected 
to take up duty on October 1, 1958. Applications 
will be considered from chemical engineers, physi- 
cists, chemists or mechanical engineers, or from 
mathematicians who have experience in applied 
science, 

Further particulars may be obtained from the 
undersigned, with whom applications (four copies), 
giving the names of two refcrees, should be lodged 
not later than March 24, 1958. (A candidate from 
overseas may submit one copy of this application.) 

_ CHARLES H. STEWART, 
Secretary to the University. 


UNIVERSITY OF BRITISH 


COLUMBIA 
DEPARTMENT OF PHYSICS 

Applications are invited for appointments as 
Lecturer, Assistant Professor, Postdoctorate Fellow 
and Research Assistant in the Department of 
Physics. The vacancies have been created by the 
rapid expansion of the university. They are 
mainly in the fields of nuclear physics, optical ° 
spectroscopy, solid state physics and geophysics. 
Applicants should have an honours degree in 
physics and, except in the case of Research Assist- 
ants, a Ph.D. degree. They should not be more 
than 30 years of age and should be available in 
September, 1958. There are also Teaching Assist- 
antships available to help students who wish to 
pursue graduate work towards a Ph.D. degree., 

Applicants wishing fuller information regarding 
any of these positions or awards should write tc 
G. M. Shrum, Head, Department of Physics, Uni 
versity of British Columbia, Vancouver, B.C.. 
Canada. 


UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF AGRICULTURE 

The Council invites applications for appoint- 
ment as Professor or Reader in Agriculture. The 
appointment carries with it the Headship of the 
Department of Agriculture which is one of the 
four Departments of the Faculty of Agriculture 
located at the School of Agriculture, Sutton Bon- 
ington. Salary: Professor £2,450; Reader within 
the scale £1,650 by £75 to £2,150, with supe - 
nuation (F.S.S.U.) and family allowances. 

Conditions of appointment and form of apr 
cation, which should be returned by March 15 
1958, from the Registrar. 


UNIVERSITY OF LONDON: APPLICA- 
tions are invited for IMPERIAL CHEMICAL 
INDUSTRIES RESEARCH FELLOWSHIPS in 
Biochemistry, Chemistry, Chemotherapy, Engineer- 
ing, Metallurgy, Pharmacology, Physics, The Fellow; 
ships will be within the range of £800 to £1,000 
per anunum and will normally be tenable from 
October 1, 1958, for three years. Family allowance: 
and F.S.S.U.—Detailed regulations and applica- 
tion forms may be obtained from the Academic 
Registrar, University of London, Senate House, 
W.C.1. Applications must be received not later 
than April 30, 1958. 


UNIVERSITY OF LONDON: APPLICA- 
tions are invited for a TURNER AND NEWALL 
RESEARCH FELLOWSHIP in Engineering, In- 
organic Chemistry, or Physics. The Fellowship 
will be within the range of £800 to £1,000 per 
annum and will normally be tenable from Octobe 
1, 1958, for three years. Family allowances anc 
F.S.S.U. Detailed regulations and application 
forms may be obtained from the Academic Regis- 
trar, University of London, Senate House, W.C.1. 
Applications must be received not later than Apri) 
30, 1958. 

E a a 

PROTEIN CHEMIST OR PHYSICIST, TO 
work on immunological problems. Preferably 
Ph.D. or equivalent research experience. Salary 
£750 to £850, F.S.S.U. Appointment for one 
year with possibility of extension.—Apply in 
writing to the Secretary. The Wright-Fleming In- 
stitute of Microbiology, St. Mary’s Hospital 
Medical School, Paddington, W.2. 
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Apparatus 


; \ 
FOR STANDARD MANOMETRIC 


GAS ANALYSIS 


For the determination of carbon dioxide or 
carbon monoxide in blood, plasma etc. and 
for many applications in biochemistry. and 
micro-analysis where an amount of ‘gas 
evolved from a fluid has to be measured, 
the B.T.L. Van Slyke Apparatus is far and, ġ 
away the most advanced and convenient `, Me ae 
equipment now available. The principal " 
features are: 


Shaking motor with variable speed 
control up to 200 per minute. 


The fine capillaries employed give 
extremely accurate control of the 
mercury. 


Graduated manometer with illum- 
inated meniscus reader. 


Shaking pipette, with sloping 
shoulders to avoid trapping gas 
bubbles. 


Glass water-jacket, with thermo- 
meter, illuminated from rear so that 
pipette is clearly seen. 


Synchronous motor-operated timer 
and alarm buzzer can be fitted as 
optional extra. 


complete laboratory service E 
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BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND. 
Agents throughout U.K. and all over the world. 


Branches in London, Manchester, Glasgow. 


TAS/BT. 19 
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_ PHASE CONTRAST 


This nahod 
supplements the more 
usual techniques of 
‘ microscopical 

illumination, 
rendering visible 

details not observable 

by ather methods. 




























THE HAWKSLEY | 
-MICRO-HAEMATOCRIT 
CENTRIFUGE 
ae “4 A new, high- 
cat Be .. speed centri- 
a 2 fuge specially 
ee designed to 


give complete 
cell packing in 






















































Full five minutes 
particulars ; using a micro 
ee j quantity of 

i | capillary or 

application D rta es se 4 venous blood. 


Your usual supplier of Hawksley products 
will gladly give full details 


HAWKSLEY & SONS LIMITED 
LONDON, ENGLAND 











R:-& J. BECK LTD. 
69/71 Mortimer Street, London, W.| 
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Ultra-Violet & Infra-Red Sampling Accessories 





ULTRA-VIOLET. ABSORPTION GELLS INFRA-RED ABSORPTION CELLS 

VARIABLE path-length cells for liquids . VARIABLE path-length cells for liquids 

FIXED path-length cells for liquids FIXED path-length demountable and o 
, sealed cells for liquids a 

KBR EVACUABLE DIE MICROCELLS for liquids 

for making 13, 15 and 16 mm. Discs GAS cells in pyrex and metal . 
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HYDRAULIC 20-TON PRESS HIGH-SPEED VIBRATION MILL 
especially designed for KBr Disc Technique indispensable for KBr 
Disc Technique l 
Rotating Electrode (Solution available for 230 volt 50-cycle 
Excitation) Spark Unit and 110-volt 60-cycle mains 







4 


RII Sampling Accessories are marketed by the leading spectrometer 
z manufacturers of the world. Descriptive literature on application. 
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RESEARCH & INDUSTRIAL INSTRUMENTS CO. 
30 Langton Road, London SW9 Telephone : ReLiance 6171 
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| TECHNE 
\TEMPUNIT 


The Techne Tempunit is a 
self-contained constant tem- 
perature control for fitting to 
any vessel. 


HYDROGEN 


Veet LAMPS 


Provide a source of continuous 
ultra-violet from 3,700A to 
below 2,000A., with a smooth 
spectral distribution. . 


SPECTROPHOTOMETER CELLS 


Vitreosil, pure fused quartz 
spectrophotometer- cells are 
available, matched or un- 
matched, in rectangular or 
cylindrical form, with open 
tops or stoppered. 


We also manufacture an extensive 
range of Vitreosil Industrial Ware. 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, Wallsend, Northumberland. Tel: Wallsend 6-3242 
London: 12-14 Old Pye St., Westminster, S.W.1. Tel: ABBey 5469 












Indicating Thermostat. 

e Patented pfeumatic control. 
è + .05°C. in unlagged 4 gallon 

. bath over the, range, room 

temperature to 90 

e Circulation to external 

apparatus. 

e Brushless silent motor. 

e Rugged solid drawn 1000w. 

heater. 

Efficient stirrer. 

Available for 200/250v., 

50 cycle a.c. or 100/120v., 
50/60 cycle a.c. supply. 





for full 
details write 
or telephone 


TECHNE (CAMBRIDGE) LTD., 
DUXFORD, CAMBRIDGE, ENGLAND Tel: Sawston 2246 
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Largest capacity ... 





_, . lowest price 


All Models are fitted: with hermetically sealed and fully 
guaranteed refrigerator units. The larger Models— 
“Magnum” and “Major”—have stainless steel centri- 
fuging bowls. Detailed catalogues on request. 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
SPENSER STREET, LONDON, S.W.1. ss WiCtoria 5426 
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accurate 


tely WE MEASURE 
EVERY ASPECT OF VACUUM APPLICATION 


AND SPEEDILY LOCATE THE TINIEST VACUUM LEAK! 





With the most comprehensive range of 
precision vacuum gauges and ultra-sensitive 


e leak detectors in the world! _ 
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„ER THERMIONIC IONISATION LKB “‘AUTOVAC” (LKB-Produkter) Bis 
Hit RANGE: 10-2 to 10-20 mm. Hg. ` RANGE : 0001 to 70-0 mm. Hg. HE 
HHH For the continuous indication of the highest A new Pirani-like gauge which extends to SR 
HHH vacua, higher pressures than those normally HHH 
sasse associated with this gauge. iN 


Hi = KNUDSEN Hit 
ie RANGE : 10- to 10-? mm. Hg. McLEOD H 


HHH The only high vacuum gauges measuring RANGE: 10-0 to 10 mm. Hg. E 
FEH absolute pressures of gases or vapours. The classic gauge which retains its suprema EEH 
AH as the standard reference gauge against sit 
EER PENNING-TYPE IONISATION which all other gauges are calibrated. ja 
HEH RANGE: 5 x 10- to 10-5 mm. Hg. HH 
are A gauge in the high vacua range with valu- “VAGUSTAT” MINIATURE McLEOD He 
eH able operational advantages for industrial RANGE: 10-0 to 10- mm. Hg. FH 
ft service. Only 9 in. high . . . in various forms for HEH 
HITT: bench use... control panels . . . fusing to tH 
suit COMBINED VACUUM GAUGE glass systems. al 


iE, RANGE: 0-5 to 10-5 mm. Hg. 3 iig- 
HEE A combined gauge covering the Penning- BAROMETRICALLY COMPENSATED ER 


iH type ionisation and the Pirani-type. Par- | l l HH 
HEHH ticularly valuable for industrial vacuum CAPSULE DIAL. GAUGE O5 jijni 
HE systems. ' RANGE: 760 to I-0 mm. Hg. ay 
iso Also a complete range of oil and mercury manometers fik 
vb seoneonsroneeseeneerroneszs pengende sunnunpnevennsnngeeaneeeegereeenneene FFE E EEEn 
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For better vacuum service... BRANCHES: GUSCOW = TORONTO & WLAN SRN 
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BACTO-C PROTEIN ANTISERUM 
NEW for detection and quantitation of- 


inflammatory diseases. 


BACTO-STREPTOCOCCAL ANTISERA 
' for detection of Streptococci of 
Groups ABCDFG. 


_: BACTO-E, COLI OB and O ANTISERA 
ANTIS F RA 10 SEROTYPES and 2 POLYVALENT 
for identification of Enteropatho- 
genic E. Coli Serotypes. 


Specify DIFCO; Antisera 


POTENT e SPECIFIC e RELIABLE 
BAIRD & TATLOCK (LONDON) LIMITED 


SOLE AGENTS FOR GREAT BRITAIN 
RRESHWATER ROAD, CHADWELL HEATH, ESSEX 


General Medical Council 


BRITISH PHARMACOP@GIA 1958 


This new edition of the Pharmacopceia supersedes, as from September 1, 1958, the British 
Pharmacopeeia 1953 as amended by the Addendum 1955. The book has been completely 
revised and greatly extended. It now contains 826 monographs of which 160 deal with 
substances and preparations new to the Pharmacopeia. 

The monographs provide standards and methods of test for a wide range of inorganic and 
organic compounds, synthetic chemicals, antibiotics and biological substances and also for 
preparations, including tablets, injections and ointments. 

There are 27 Appendices providing descriptions of chemical, physical and biological assay 
procedures including: | 

Quantitative tests for arsenic and lead. 

Determination of melting-point, boiling-point, viscosity and light absorption. ` 
Determination of ash, alcohol content, and total solids. 

Chemical analysis of fixed and volatile oils. f 

The Appendix on biological assays and tests includes a section on the design and accuracy 
of biological assays and methods for antibiotics, serological and bacteriological products, 
hormones, etc. 


Publication Date: March 3, 1958 Official from: September 1, 1958 
Pages xxvi -+ 1012 Postage 2s. 3d. (overseas 4s.) Price 63s. 
= Published for the 
General Medical Council 
by | 
THE PHARMACEUTICAL PRESS, 17, Bloomsbury Square, London, W.C.1 
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LOCAL ADMINISTRATION IN A TECHNOLOGICAL AGE 


DDRESSING the Association of Municipal Cor- 
porations last September, Sir John Wolfenden 
asked what would be lost if the whole panoply and 
paraphernalia of local government were scrapped and 
the administration of Great Britain undertaken by 
local agents of the central authority. The question 
deserves & considered answer before, and not after, 
judgment is passed on the Local Government Bill 
now before Parliament; the Windscale incident 
alone is sufficient reminder that the issues are not so 
remote from the scientist and technologist as might 
appear at first sight. That the question should be 
asked at all is evidence that a well-known passage in 
de Tocqueville might not pass unchallenged to-day : 
“Local assemblies of citizens constitute the strength 
of free peoples. Town meetings are to liberty what 
primary schools are to science; they bring it within 
the people’s reach, they teach men how to use and 
enjoy it. A nation may establish a system of free 
government but without the spirit of municipal 
institutions it cannot have the spirit of liberty”. 
In this passage de Tocqueville was concerned with 
the function of local government in civic self-education 
and, ag was made clear in the three White Papers 
which preceded the Bill, and again by the Minister 
of Housing and Local Government, Mr. H. Brooke, 
` in moving the second reading of the Bill on December 
9, that is a main purpose of the Bill—to create con- 
ditions in which local government can gain new 
vitality. As was said in the first of the White Papers, 
on. “Areas and Status of Local Government Author- 
ities in England and Wales’: “The test of any 
system of local government in this country should be 
whether it provides a stable structure, capable of 


discharging efficiently the functions entrusted to it, , 


while at the same time maintaining the local demo- 
cratic character’. In introducing the Bill, Mr. 
Brooke rejected, however, the argument of this 
White Paper that comprehensive reform is unneces- 
sary, and claimed that the Bill, while retaining the 
broad lines of the existing system of local government 
as the framework of re-organization, points the way 
towards achieving effective local government in 
present circumstances without going too far and 
causing rigidity. The financial provisions, In par- 
ticular, he said, are designed to strengthen the local 
character of local government by enabling local 
authorities to exercise greater responsibility over the 
expenditure of money in their own areas, and in the 
provisions relating to the area and status of all con- 
cerned, the local authorities, the two Local Govern- 
ment Commissions and the Minister are enjoined to 
secure “effective and convenient local government”. 

During recent years, much public discussion besides 
the series of White Papers has prepared the way for 
the Bill. Mr. H. Maddick, for example, in an article 
in the Westminster Bank Review entitled “Local 
Government—Partner or Agent ?”, some three years 
ago discussed essentially this question put by Sir 


John Wolfenden.. Mr. Maddick unhesitatingly 
answered “Much”? to Sir John’s question and 
argued that, in spite of the admitted dangers, in most 
areas the quality and nature of the local services 
should be left to the action of local inhabitants. It is a 
most cogent argument for a continuing, viable system 
of local government that it teaches citizens how 
democracy works in a context that is not too wide 
and too complex for them to understand; it pro- 
vides them with expert advisers who are familiar 
with. all the local problems and peculiarities ; and it 
brings them up against the cost of providing 
services. 

It is significant, in view of the trend of Opposition 
criticism in the House of Commons of the present 
Bill, that Mr. Maddick particularly specifies the value 
of the much wider realization of the cost of education 
to be secured in this way, and he would obviously 
support the Government’s policy to place education, 
so far as possible, under local control ; nevertheless, 
be recognizes the difficulties over finance and stresses 
the importance of providing local authorities with 
alternative sources of finance, at once adequate, resil- 
iont and independent of Government sanction. He 
also supports the principle of block grants rather 
than percentage grants, and suggests that more 
could be done to bring the experience of one locality 
to the notice of the council and electors of another. 
Further research into such questions is needed which, 
he suggests, could be the main function of a central 
department. y 

The most casual reading of the debate in Parlia- 
ment on the second reading of the Bill indicates the 
value of such independent academic opinion. Con- 
cern about the possible effect of the Bill on education 


- led to attacks which were pressed with complete 


disregard of the impossibility of effective reform 
of local government unless the local authorities were 
entrusted with greater responsibilities and, zpso facto, 
with the possibility of making mistakes. Yet Mr. 
Frank Bower, in an article in Progress last year, 
written after the publication of the first of the White 
Papers, argued convincingly that the present financial 
subservience to the central Government needs to be 
replaced by a real independence and correspondingly 
by a real responsibility to the ratepayers. A revision 
of the functions of central and local government in 
this sense would eliminate much waste of effort and 
money in the detailed control of local authorities 
from Whitehall, and by giving new vitality and 
independence to the loca] authorities would also 
encourage responsible citizens to undertake the work 
of councillors. 

Once again, Mr. Bower recognizes the difficulty 
over education, which represents some seven-eighths 
of all expenditure on the dozen services covered by 
the Government’s proposed block grant ; 
points out that while the central Government should 
assist the local authority by a block grant to provide 
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a minimum standard of service, the authority could 
be left to add to that standard at its discretion and 
its own cost. Mr. Geoffrey Lloyd has indeed affirmed 
most specifically his intention of seeing that standards 
are observed. It is no part of the Government’s 
policy, he said in the debate on December 10, to 
reduce the central Government’s grant aid to local 
authorities’ expenditure on education or to freeze 
the contribution at its present level; on the con- 
trary, the Government’s policy is to increase thas 
contribution m accordance with the conditions laid 
down in Clause 2 of the Bill. In this speech, Mr. 
Lloyd laid bare what appears to be the hard core of 
the opposition to the Bill—the fear that the local 
authorities will be unwilling or unable to provide the 
money required. It is clear, as Mr. Lioyd pointed 
out, that the changes proposed in the Bill will 
involve education (and other) committees much more 
closely in explaining and defining their proposals to 
their councils and finance committees and to local 
public opinion, and this is undoubtedly all to the 
good. If indeed local authorities are not to be trusted 
to administer so vital a service and fail to seek the 


essential understanding and support from local, 


public opinion, they will frustrate the national policy 
approved and provided for by Parliament; in that 
event we may well turn to the further question asked 
by Sir John Wolfenden: Is local government in 
danger of ceasing to be government at all? 

In the debates on December 9 and 10 the Opposition 
seemed to take the view that local government has 
already gone far towards becoming simply & system 
of local administration of national policies ; but there 
is substance in Sir John’s contention that local agents 
of a central authority are nut necessarily less sym- 
pathetic than local authorities to local needs and can 
be just as good from the point of view of sheer 
efficiency. The retention of local government cannot 
be justified on such grounds, least of all when local 
councils are increasingly content to behave as agents 
of the State, rather than as independent bodies, 
serving in matters of national concern as its junior 
partners but carrying the primary responsibility for 
social welfare in local affairs. Throughout the debate, 
the chorus was not of dependence on Government 
grants but of the inadequacy of those grants: the 
manifest loyalty of local councillors was not so much 
to local government itself as to their own adminis- 
trative unit. Yet until local government as such 
receives not merely lip service but also the devotion 
and firm support which can break the present 
vicious spiral and over-ride the prejudices and 
obsolete patterns which have caused its structure to 
lose all touch with rapid changes of twentieth-century 
life, there is no hope of effective reform. Independent 
and impartial observers and students have pointed 
the way, although social and technical changes have 
enormously extended both the scope and scale of 
the services which local authorities are required to ad- 
minister. But the whole task would still be well within 
the competence of local government, organized on a 
two-tier’ basis, if its administrative units hed been 
adapted to the radical! changes in the pattern of town 
and country life and social habits, and if Parliament 
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had conceded the financial resources of independ- 
ence. : 
This, however, is nob to assert that local authorities 
and local electorates are enlightened enough about 
national needs for a service so important as education, 
for example, to be entrusted more closely to their 
responsibility ; but without such trust and respons- 
ibility the prospect of progress is slight. Indeed, 
local government reform fundamentally is a task of 
education—of awakening and holding the interest 
and loyalty of the average citizen, of bringing him to 
an awareness of the issues that will lead him to 
vote the necessary supplies and to resist the blandish- 
ments of those who wish to bring party political views 
to bear. For the sound administration of both local 
affairs and national affairs in this technological age, 
the average citizen must be sufficiently aware of such 
issues. 

That is the real reason why local government is 
the concern of those who wish to see the fullest 
public benefit derived from the application of 
scientific knowledge. Effective delegation of local 
issues to the maximum extent is the only way of 
easing the pressure on the central administration and 
making the task of central government possible 
among the complexities of to-day without resort to 
autocracy or dictatorship. Local-administration is 
essential, moreover, not simply to lighten the burden 
at the centre but also for the value of the contribution 
it can make to efficient government itself, and to the 
preservation of the personal touch and awareness of 
human issues; it can keep the central adminis- 
tration itself sensitive to public needs and views, as 
well as stimulate a closer interest on the part of 
the citizen himself, and a sense of being able to 
influence his own affairs. 

One difficulty is that of reconciling a shift of 
responsibility with the needs of good administration, 
when most functions call for highly specialized staff 
and some may require substantial resources and can 
be administered efficiently and economically only on 
the basis of large areas or populations. Even here, 
however, as the experience of the Nature Con- 
gervancy and the National Parks Commission 
indicates, without local understanding and support 
it is difficult to achieve the ends of national policy 
or to eliminate real or imaginary clashes between 
local or sectional and national interests. l 

In principle, the Local Government Bill is sound. 
The block grant will make the local council & more im- 
partial body and put more responsibility for getting 
value for money on those who make the decision to 
spend it. Provided the transitional period for redistri- 
bution of grants is not too protracted and some room 
is provided for experiment with incentive factors in 
weighting the block grant, any serious diversion of 
money from education is unlikely, and there is every 
prospect of much more effective olimination of 
waste. 

‘At one extreme, local authorities are-local govern- 
ment bodies performing local services to meet local 
needs. At the other, they are administrative agents 
for implementing locally a national policy which 
has been laid down by Parliament. Conflict arises 
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when the local authority is required to raise for 
the latter purpose large sums of money for local 
resources, and it is the blindness of both major 
political parties to this ever since the National Parks 
Commission was established that is the real reason 
for legitimate doubts as to the efficacy of the present 
measures. There are adequate sanctions for the 
Minister to deal with those authorities which are 
reluctant to maintain standards, just as the proviso 
that the Minister may alter the boundaries of 
individual urban areas or groupings of areas when 
the responsible commission is unable to make appro- 
priate recommendations may avoid the frustration 
that befell the earlier Local Government Boundary 
Commission. 

Criticism there should and will be on points of 
detail, and it should also be recognized that in regard 
both to functions and areas the White Papers on 
which the Bill is based sought to bridge the consider- 
able gap between what was needed and that on 
which the local authority associations themselves 
had been able to agree. Neither the Minister nor the 
Commissions should be unduly limited by that 
restricted measure of agreement, but should seek 
with imagination and courage to exploit- to the full 
the opportunity .of rebuilding democratic strength 
provided by this new widening of the areas of decision 
open to local government. Much hard’ and unpre- 
judiced thinking is needed, to which the central 
Government itself and especially the Treasury has 
something to contribute, if the existing anomalies are 
to be removed and new strength and flexibility im- 
parted to local finance. But at least we are shown the 
way forward to local institutions which could be kept 
abreast of changing conditions and values, and in 
which local needs are met by local decisions made 
increasingly in a context of real awareness of national 
problems in a technological age. 


‘STEAM INTELLECT SOCIETIES 


George Birkbeck 

Pioneer of Adult Education. By Thomas Kelly. 
Pp. xii+380+11 plates. (Liverpool: At the Univer- 
sity Press, 1957.) 45s. net. 


The Mechanics’ Institutes of Lancashire and York- 
shire Before 1851 . i 

By Dr. Mabel Tylecote, Pp. x+346+8 plates. 

(Manchester: Manchester University Press, 1957.) 

378. 6d. net. i 


HARLES DUPIN, a French mathematician and 
naval engineer visiting Britain in 1816, was 
much struck by two brothers who worked in a bake- 
house which they had equipped with portable gas- 
lights. In the intervals of baking bread, these two 
made a steam engine which they used in turn to 
make “‘des machines et des instruments de physique”. 
Their uncle (who apparently owned the bakehouse) 
was neither amused nor interested; according to 
Dupin, “il préfére de beaucoup lẹ boulangerie et la 
patisserie à la gazomeitrie et l’astronomie’’. 
These baking brothers, who symbolized for Dupin 
the incubation of technological zeal in Britain, were 
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neither an isolated nor a now phenomenon. As early 
as 1717 tho weavers and artisans of Spitalfields were 
working out mathematical problems on their slates. 
In 1789, a group of young men in Birmingham began 
to earn for themselves the title of ‘The Cast Iron 
Philosophers’ from their habits of discussing mechanics 
and natural philosophy with foundry workers and 
others. In 1800, the geologist, Thomas Webster, 
was discussing, at the newly founded Royal Institu- 
tion, “the application of science to the common 
purposes of life”. In the autumn of the same year 
George Birkbeck, a twenty-four-year-old medical 
graduate of Edinburgh, enrolled seventy-five work- 
men for a course of lectures “‘abounding in experi- 
ments, and conducted with the greatest simplicity 
of expression and familiarity of illustration, solely 
for persons engaged in the practical exercise of the 
mechanic arts’. The steam-intellect societies had 
begun. Technology-hungry artisans were, as Dupin 
rightly said, a portent. One of them, Timothy 
Claxton, was determined to form a “Society of 
Ingenious Working Mechanics . . . to study and 
improve the Arts of this Kingdom”. It began in 
1817 and lasted until 1820, when Claxton went to 
Russia. _ Four years later he appeared in Boston 
with an air pump and some apparatus. 

The anastomizing threads of all this activity came 
together in’ 1823 when a mechanics’ institute was 
founded in London. As Dr. Kelly, in his long-needed 
and well-documented biography, points out, Dr. 
Birkbeck was not the literal founder. That honour is 
reserved for a Fleot Street journalist and patent agent 
named J. C. Robertson. Yet the London Mechanics’ 
Institution was based on Birkbeck’s earlier work in 
Glasgow, the effects of which M. Dupin so much 
admired; and the London Mechanics’ Institution 
was the real starting point of the mechanics’ institute 
movement in Britain. Nine years after Birkbeck’s 
death in 1841 there were 700 mechanics’ institutes 
in Britain alone, catering for a membership of 120,000. 
More than 600 of these were in England. 

Since more than a quarter of the total number of 
such institutes in England were in Yorkshire and 
another ninth in Lancashire, it. is natural that a 
survey of these two areas should have been made. 


‘Dr. Mabel Tylecote’s, begun more than thirty years 


ago, reinforces what has previously been suspected 
about the efficacy of these institutions. Nearly a 
hundred pages of her text are virtually proto- 
histories of the Manchester College of Science and 
Technology and of the Huddersfield Technical College. 
Of the latter in its days as a mechanics’ institute she 
writes (p. 66), “There was not in Lancashire a success 
parallel to that of the Huddersfield Mechanics’ 
Institute, or even, perhaps, to that of some of 
Huddersfield’s neighbouring institutions”. 

Some of those who laboured in the cause were, 
incidentally, keen students of the history of tech- 
nology: Henry Dircks of Liverpool and ©. F 
Partington laboured in their spare time on such 
seventeenth-century figures as Hartlib and the 
Marquess of Worcester. Others, like James Hole, 
the secretary of the Yorkshire Union, looked out 
from existing institutions to an ‘industrial university’ : 
“Inefficient as they may be as a means of industrial 
instruction”, he wrote, “they afford the best instru- 
ments for introducing an improved system”. That 
‘Improved system’ was to occupy the efforts of 
scientists and statesmen for the rest of the century 
and at each stage apathy, indifference, hostility and 
misunderstanding dogged their efforts. 
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Dupin’s prediction to the mechanics of Paris that 
in the next twenty years “‘the conquests of science and 
industry in Great Britain [would] surpass those of 
all the generations which had given so much pros- 
perity to her people” was, as we know, fulfilled. 
What we did not know, and do now, thanks to these 
meticulously careful and patient studies of Dr. 
Kelly and Dr. Tylecote, is the way in which the 
mechanics of those days took their instruction and 
their fun. For the Yorkshire Union was a regular 
Channel 9; Dickens and Emerson trod their lecture 
platforms as well as the local cognoscenti. They 
were the Royal Institutions of the plebs, as virile as 
those for whom they catered. -~ 
W. H. G. ARMYTAGE 


AN ECOLOGICAL PERSPECTIVE 


Biogeography 
An Ecological Perspective. By Pierre Dansereau. 
Pp. xiii+394. (New York: The Ronald Press 


Company, 1957.) 7.50 dollars. 


HE sub-title of this volume is more appropriate 
to its contents than the main title, for it is 
essentially a text-book of general ecology, containing 
but little of the traditional material of plant and 
animal geography. The principal sub-divisions 
indicate the scope of the work: history of biota; 
bioclimatology ; synecology; autecology ; and man’s 
impact on the landscape. These form the five 
‘levels’ of Prof. P. Dansereau’s perspective, and 
within this framework he deals with all the more 
important aspects of the environmental relationships 
of living organisms. As he states, much of his 
ecological philosophy: is derived from the Zurich- 
Montpellier school; it is not surprising that this 
should be so, for his mind is evidently given strongly 
to systematization. 

In fact, Prof. Dansereau adopts a taxonomic 
approach to all aspects of ecology, descriptive and 
otherwise, for while he stresses that the crux of 
ecological thinking is in the holocoenotic point of 
view, his method of treating phenomena both static 
and dynamic is to dissect, define and classify. As a 
result his text is copiously subdivided, and studded 
with tabulations. This is undoubtedly a treatment 
admirably suited for the student seeking to gain 
some sort of grasp of this huge and inherently 
somewhat amorphous field; for him it has the all- 
important merits of clarity, apparent unambiguity 
and memorative value. 

The demerits of this sort of treatment should not 
be overlooked, however ; many issues are not to be 
resolved merely by classification and definition, and 
indeed such a process may create a mask for ignorance 
and obscurity. It is questionable, for example, 
whether even for an elementary student it is justi- 
fiable to present so cut-and-dried a view of the climax 
hypothesis as Prof. Dansereau does in his synecologi- 
cal section. 

Be this as it may, bringing order to so wide a field in 
so compact a volume represents a fine achievement, 
even if the treatment involved in doing so is occa- 
sionally procrustean. Although as is to be expected 
the illustrative material is predominantly botanical, 
the width of example quoted is impressive, based as 
it is upon Prof. Dansereau’s acquaintance with 
American ecology from tropies to arctic. The biblio- 
graphy of more than 400 references supplies an excel- 
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lent entry to ecological literature, notwithstanding 
its marked bias towards that of the New World. 

A word must be said, also, about the illustrations. 
Like many recent North American text-books, this 
one makes frequent use of a cartoon-style of diagram 
which, at its best, is capable of lending an immediate ` 
force to @ point and of registering it upon a reader 
more securely than many pages of text. The bulk 
of the diagrams are outstandingly successful, but one 
or two have reached a degree of over-elaboration 
which reduces them to a form of puzzle or intelligence 
test—sometimes, like those concerning the structural 
description of vegetation, merely to an exercise in 
memory. 

A similar charge of over-elaboration may be levelled 
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‘at some of the technical vocabulary. True, precise 


expression demands an adequate terminology, but 
it does little service to a subject to snow it under with 
polysyllables. In the introduction to his glossary, 
Prof. Dansereau notes the need to avoid calling a- 
spade & geotome, but a sneaking sympathy with those 
who do so is surely shown when he himself refers to a 
long-day plant as a longidiurn and a short-day plant 
as a brevidiurn. 

In summary, it may be said that this is a treatment 
of a wide and difficult subject which,- by careful 
planning and avoidance of controversy, manages to 
be both comprehensive and concise. To the good 
teacher and the thoughtful student it should supply 
an excellent basis for a course in general ecology ; 


but there is at least a risk that the very efficiency of 


the author’s rationalizations of the subject-matter 
could tempt the mediocre to an under-estimation of 
its complexities. J. HESLOP-HARRISON 


SIXTH-FORM PHYSICS 


New Intermediate Physics 

By G. R. Noakes. Pp. viii+962. (London: Mac- 
milan and Co., Ltd.; New York: St. Martin’s 
Press, Inc., 1957.) 30s. net. 


R. G. R. NOAKES has a very high reputation 
as a writer of physics text-books for use in the 
sixth forms of public schools and grammar schools. 
The present work collects into one volume his 
previous books on separate branches of physics ; but 
since two of these, on light and on electricity, were 
not easily adaptable, thosé sections have been com- 
pletely re-written. The other sections have been 
somewhat modified so as to keep them within the 
comprehension of that increasing number of students 
who cannot be regarded as possible entrants for 
university scholarships, but who may nevertheless be 
valuable contributors, at a lower level, to the scientific 
man-power of the nation. 

In his new section on light, the author uses both 
the real-is-positive and the new Cartesian conven- 
tions ; this seems to augur the final—and very proper 
—victory of the latter. It would, indeed, be inter- 
esting to know whether any English university 
department of physics now uses the real-is-positive 
convention. The section has most of its discussions 
in terms of wave theory, which makes for greater 
interest than the rather bare bones of geometrical 
optics. The somewhat short treatment of the dif- 
fraction grating might have been-expanded to answer 
explicitly the’ usual schoolboy question as to why 
more than two lines on the grating are necessary. 
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It is, however, in the section on electricity that 
Mr. Noakes is at his best. The arguments, which are 
remarkably ingenious, are based entirely on the 
M.K.S. system. Mr. Noakes takes trouble, by simple 
analogies, to make clear the relations and differences 
between lines of force and lines of induction, usually 
left very vague, in books of this standard, and in 
many others. It is pleasant, also, to find a short 
discussion of magnetic domains, which gives details 
of the structure of both antiferromagnetic and ferri- 
magnetic materials. 

A few omissions have been noted; thus, the term 
‘enthalpy’, coming into increasing use, does not 
appear in the index. A more striking omission is 
radioactivity, of which no mention in any form 
appears. A chapter on this subject is surely desir- 
able, in view of its great importance, which has caused 
it to be introduced already into the syllabuses of some 
of the examining boards for the Advanced Level 
General Certificate of Education. A rather fuller 
account .of Essen’s experiments on the velocity of 
electromagnetic waves might have been given, since 
these are of much higher accuracy than the more 
usually described optical methods. 

On the whole, the book may be commended as an 
excellent production, well worthy to rank with the 
author’s previous works, and very good value for 
money. W. H. DOWLAND 
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Chemical Phase Theory 

A Comprehensive: Treatise on the Deduction, tho 
Applications and the Limitations of the Phase Rule. 
By Prof. J. Zernike. Pp. xv+494. (Deventer : 
Kluwer’s Publishing Co., Lid.) n.p. 


‘iL phase rule is physical chemistry par excel- 
lence; yet older physical chemists in industry 
cannot help feeling that the modern young recruit, 
bristling with university degrees and knowing his 
electronic theory and quantum mechanics inside out, 
is less well versed in the phase rule and its applica- 
tions than his predecessors. This is doubly unfor- 
tunate, since not only does every chemical manu- 
facturing process come up against the rule sooner or 
later, but the study of equilibria between phases and 
the construction of phase diagrams offer a wealth of 
intellectual delight that fow other subjects, if any, in 
chemistry can surpass. l 

Good books on phase equilibria are few and far 
between, and the appearance of a new one can be 
regarded as something of an event. Once again the 
veteran is apt to hold the view, with some justifica- 
tion, that there is only one treatise on the subject 
worthy of consideration, namely that commenced by 
Bakhuis Roozeboom in 1901 and concluded by his 
successors Schreinemakers, Buchner and Aten. These 
books are now very rare, and any library or individual 
owning a copy of the complete work can be considered 
exceedingly fortunate. Any physical chemist desirous 
of winning the lasting gratitude of his peers could do 
no better than translate Roozeboom into English, 
and persuade an enterprising publisher to bring out 
& new edition. 

It would not be fair to compare Prof. J. Zernike’s 
500 pages with Roozeboom. Nevertheless, “Chemical 
Phase Theory” is a very good book indeed. I prefer 
the rigorous thermodynamic proof using the partial 
molar Gibbs functions to the rather elementary proof 
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adopted by Prof. Zernike in Chapter 1. The rigorous 
proof of the phase rule, however, cannot be appre- 
ciated without a good introduction to thermo- 
dynamics, and Prof. Zernike may have felt that this 
was outside the scope and aim of his book, which is 
to be, above all things, descriptive. The concept of 
the number of components of a phase system, which 
is often confusing to the beginner, is very well 
explained. The fact that the system made up from 
sodium chloride, sodium sulphate and water is one of 
four components, not three, should puzzle no one 
after reading this book. 

One-component systems are dealt with in less than 
40 pages, but with no lack of thoroughness. Poly- 
mers, glasses and infusible substances are all con- 
sidered. It is impossible not to share Prof. Zernike’s 
enthusiasm as he suggests new experiments for testing 
some moot point in the theory. It will come as a 
shock to many physical chemists to learn that as long 
ago as 1901 á case of superheating above the melting 
point of a crystalline solid was reported. 

- It is by the treatment of the binary systems, how- 
ever, that the merit of a treatise on phase equilibria 
can best be judged. Since such systems can be 


‘described in terms of pressure, temperature and one 


composition variable, they are eminently suitable for 
pictorial representation on paper in all their aspects, 
either as pressure-temperature, temperature-com- 
position or pressure-composition diagrams. Every 
chemist can draw the simple diagram showing the 
eutectic in a system composed of a salt in aqueous 
solution. ‘The humps for the intermediate hydrates 
can. probably be put in as well. lLiquid-vapour 
equilibrium diagrams showing high and low boiling 
azeotropes are also part of the industrial chemist’s 
repertoire. But how many of them can draw the 
diagrams showing equilibrium between solid, liquid 
and vapour phases together; especially if the com- 
ponents are only partially miscible in the liquid 
phase or completely miscible in the solid phase ? 
What do temperature-composition and pressure-com- 
position diagrams look like in the region of the 
critical points of the components ? It is particularly 
pleasing to observe that the recent work on the 
nitrogen-ammonia system at high pressures, which 
has been reported as exhibiting two immiscible gas 
phases, is shown by Prof. Zernike to be entirely 
accounted for by classical theory, in that it is simply 
a system showing immiscible liquid phases at a 
temperature: above the critical point of one of the 
components. 

Prof. Zernike describes the systems which have been 
experimentally investigated, but points out that all 
the theoretically possible cases are by no means 
exhausted in his book. Having been shown the way, 
the astute reader is left to work out and draw new 
combinations for himself; certainly the quickest 
and best method of becoming an expert in the 
subject. 

Ternary systems are not as difficult to deal with as 
might be at first imagined because no new parameter 
is involved; only a second composition variable. 
Prof. Zernike’s treatment of ternary systems is just 
as, thorough as that of the binary systems. His 
descriptions of the ‘salting out’ process and of systems 
of reciprocal salt pairs are masterly. In the case of 
multicomponent systems the chief interest lies in the 
graphical dodges which can be used to depict these 
systems, in part if not in entirety, on paper. 

In his text Prof. Zernike has included 64 problems 
to tax the imagination and understanding of the . 
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reader. The answers are given at the back, and they 
should be tackled by every serious student. The 
book is very well produced, and the numerous diagrams 
are beautifully clear. Here and there a “bij’’ and a 
“probleem” have escaped the proof reader to remind 
us that this book is published in the Netherlands. 
Prof. Zernike’s meaning is always clear although his 
English is occasionally unorthodox. These are not 
criticisms of the work; they add to the delight of 
reading it. 

This book should be owned by every library and 


every serious student of the phase rule. It can be 
put alongside Roozeboom; no further praise is 
necessary. FE. Din 


PROPERTIES OF SYNTHETIC 
PIEZOELECTRIC CRYSTALS 


Piezoelectricity 

(General Post Office: Selected Engineering Reports.) 
Pp. x +369. (London : H.M. Stationery Office, 1957.) 
75s. net. 


S stated in the foreword, this volume is the first 
of its kind which makes available to the general 
public the results of engineering reports of the 
English General Post Office. This report by the 
staff of the Materials Division of the Research 
Branch is in the field of synthetic piezoelectric 
crystals. Dr. R. Bechmann (now at the U.S. Army 
Signal Corps Engineering Laboratory, Fort Mon- 
mouth, New Jersey) was responsible for the theoretical 
investigations and indicated suitable fields for experi- 
mentation. A. ©. Lynch, and later P. L. Parsons, 
were responsible for the physical measurements. Dr. 
R. Taylor supervised the crystal-growing experiments. 
The preparation of the reports for publication was 
undertaken by Dr. R. Taylor and Mrs. S. Ayers. 

The book starts out with a general description of 
the fundamental properties of piezoelectric crystals. 
The notation for the fundamental quantities, and for 
rotated cuts, follows that standardized by the Piezo- 
electric Committee of the Institute of Radio En- 
gineers (United States). A chapter on the use of 
tensor transformation in calculating the properties 
of rotated cuts was.written by Bechmann. Since all 
the properties of the crystal are measured by means 
of the resonant and anti-resonant frequencies of 
fundamental modes, a complete discussion of modes 
of motion is given by Bechmann and Ayers. A 
feature of this discussion is the use of contour modes 
for measurements. However, little mention is made 
of the very extensive thickness mode solutions 
obtained recently by Prof. R. D. Mindlin and his 
associates at Columbia University. 

These studies are preliminary to the determination 
of crystal constants by resonant frequency and 
capacitance measurements. A chapter by Lynch and 
Parsons discusses automatic methods for tracing out 
such resonances. The coupling factor is determined 
by the differerice in capacitance above and below 
the resonant frequency. 

Next follow chapters on methods for growing 
water-soluble crystals, for measuring their orienta- 
tions by X-rays and for cutting them with wet 
string saws. The crystals studied seem to be nearly 
identical with those studied at Bell Laboratories as 
substitutes for quartz in filter plates and for under- 
water-sound transducers. The particular crystals 
studied are ammonium dihydrogen phosphate, 
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sodium chlorate and sodium bromate, ethylene- 
diamine tartrate, lithium sulphate monohydrate and 
di-potassium tartrate. A rather complete study has 
been made of the tartrates, but no new crystals are 
produced. Very complete determinations have been 
made for the elastic, piezoelectric and dielectric con- 
stants of these crystals, which will probably remain the 
most authoritative determinations of these properties. 

The present reviewer misses a chapter giving a 
survey of probable uses for such crystals. In the 
United States, the only water-soluble crystal which 
survived competition with natural and synthetic 
quartz is ammonium dihydrogen phosphate, which is 
still used in underwater sound equipment. This 
may not be true in Britain. In any event, the 
series of reports can be recommended as giving a 
very broad background in piezoelectric crystal 
investigations and as containing the most recent set 
of elastic, piezoelectric and dielectric constants for 
piezoelectric crystals. The general idea of making 
available for wider circulation a series of engineering 
reports of one organization is also a commendable 
one and should be extended further. 

WARREN P. Mason . 
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HAMOLYTIC DISEASE OF THE 
NEW-BORN 


Comparative Aspects of Hemolytic Disease of the 
Newborn 

By G. Fulton Roberts. Pp. 199. (London: William 

Heinemann (Medical Books), Ltd., 1957.) 17s. 6d. net. 


HIS account of hemolytic disease of the new- 

born in man and animals is divided into nine 
chapters. The first, which deals with the history of 
the human disease, will probably be of limited 
appeal, but it serves a very useful purpose in giving 
proper credit to earlier workers in what is often 
assumed to be a modern preserve. Chapters 2 and 3 
deal with hemolytic anemia and the problem of 
kernicterus, respectively. The latter chapter clearly 
suffers from the Jack of knowledge on neonatal 
jaundice and the metabolism of the bile pigments, 
but the author comes through this ordeal well and is 
on firmer ground when discussing serological con- 
siderations in Chapter 4, which is stimulating and 
very much to the point. 

At this stage, Dr. Roberts leaves the human infant 
and discusses, in two chapters, the disease as it is 
seen in the horse and the pig, and then, in Chapter 7, 
work on the experimental production of the condition. 
His grasp of the veterinary ‘aspects of hemolytic 
disease is sure and there is no lack of balance between 
human and veterinary medicine throughout the book. 
Chapter 8 is devoted to comparative pathology, and 
here the author best exhibits his gift for bringing 
together and assessing widely scattered data. A final 
chapter on treatment is brief but adequate for a 
book of this type. . 

In an age of increasing specialization, it is & 
pleasure to find an author who can see a disease as 
a whole. But Dr. Roberts does more than this in 
venturing along the many scientific paths that 
radiate from the clinical case. The book is written 
clearly and with great economy of words, and 
although the author describes it as a short account 
of present-day views it is, in fact, a comprehensive 
review with more than five hundred references. 
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PRACTICAL MODERN 
MICROSCOPY 


Traité de Microscopie 

Instruments et Techniques. Par A. Policard, M. 
Bessis et M. Locquin. Pp. vi+608. (Paris: Masson ` 
et Cie., 1957.) Broché, 4,500 francs ; Cartonnétoile, 
5,200 franos. 


HIS book is concerned with the use of modern 

microscopes in biology. It contains much 
information that would be valuable to all users of 
microscopes, but it is especially well suited to the 
needs of pathologists, histologists and cytologists. 
The attempt to cover the requirements of these three 
groups in a single volume is becoming increasingly 
difficult, for new instruments and techniques are 
being invented one after another in almost bewildering 
profusion. The authors make a bold attempt to deal 
with the whole subject, from direct microscopy -with 
the light microscope through phase-contrast and 
interference to electron-microscopy. The book is 
logically arranged and can be used as a work of 
reference as well as a text for systematic study. It 
can be strongly recommended. There is probably no 
other single volume that contains so much useful, 
up-to-date information on the subject. It is adapted 
throughout to the needs of the practical man, anxious 
to get the best results from his instruments by the 
use of rational techniques but not interested in the 
niceties of physical and chemical explanations. 

In writing such a book as this, it is difficult to 
know how much physical and chemical explanation 
to include. Some of the theoretical sections are not 
satisfactory. A considerable amount of space is 
devoted to the theory of phase-contrast. It would 
not seem that the authors have had much experience 
in explaining the optical principles involved to 
intelligent persons ignorant of the subject. The 
treatment is neither well adapted to the needs of the 
beginner nor helpful to the initiated. It is possible 
to explain phase-contrast in a much more straight- 
forward way, without any sacrifice of accuracy. The 
remarks on the theory of fixation and dyeing also 
leave a good deal to be desired. Indeed, it seems 
questionable whether the short sections on these 
subjects were worth including in the book. One 
might get the impression from the general remarks 
on pp. 289-290 that almost nothing is known about 
the chemistry of dyeing. In fact, of course, there is 
an immense wealth of knowledge, gained by the 
researches of Ehrlich, Fischer, Mann, von Modllen- 
dorff, Seki, Lison, Singer, and many others. 

The balance of the book is on the whole good, 
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though there may be a few subjects to which an . 


unnecessary amount of space is devoted (secondary 
fluorescence, for example, and the shadowing of 
objects for light microscopy). Insufficient information 
is given on certain other subjects. It would not be 
possible to use collodion successfully as an embedding 
medium without more detailed instructions than are 
given here. Not nearly enough space is devoted to 
vital coloration. This important branch of micro- 
technique has unfortunately been pushed into the 
background by the invention of phase-contrast. Two 
objects that look identical by phase-contrast may 
react very differently to vital dyes, and a pointer 
may thus be given to differences of chemical com- 
position. The techniques of vital colouring are not 
very easy to learn, and the account given in this 
book is inadequate. 
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The book contains a few mistakes in matters of 
fact. For example, neutral red is said to be a neutral 
dye, and the cochineal insect is described as a beetle ; 
there is no mention of the use of tannin in the 
instructions for carrying out del Rio-Hortega’s tannin— 
silver method. There are some queer words in the 
list of English equivalents of French technical terms 
(falx image, gelatinous glycerin (for glycerine-jelly), 
kristall, microscop, prisma, etc.). 

A defect of the book is the casual way in which the 
illustrations are introduced. Many of them are not 
referred to in the text, and one might suppose that 
they were chosen after the book had been written. 
The legends do not suffice in all cases to make the 
meaning clear. 

The merits of this book greatly outweigh the minor 
defects that have been mentioned. It is clear, logical, 
modern, comprehensive, and eminently useful. 

Joun R. BAKER 


H. K. MOOKERJEE MEMORIAL 
VOLUME 


H. K. Mookerjee Memorial Volume of the Pro- 
ceedings of the Zoologica! Society, Calcutta 
Edited by J. L. Bhaduri, B. Biswas and S. P. Ray- 
Chaudhuri. Pp. ix+396+21 plates. (Calcutta: The 

Zoological Society, 1957.) Rs. 30; 50s. 


ROF. MOOKERJEE had a distinguished career, 
both in Great Britain and in India, where he was 
the first occupant of the Sir Nil Ratan Sirear pro- 
fessorship of zoology at Calcutta. His influence on 
the development of Indian zoology is outstanding. 
When he was a student, teaching in zoology was 
intended for medical students and there was no 
special course of study in zoology followed in Bengal. 
The fact that thirteen contributions of the present 
issue have been written by Indian zoologists is ample 
evidence of his achievement in fostering the study of 
zoology in India. 

In this memorial volume, thirty-two contributions 
are collected dealing with almost all aspects of 
They range from an article on “Sex 
Determination in Metazoa” by J. B. S. Haldane to 
an essay on “The Growth of Knowledge of Animals 
in Palestine from Paleolithic Times” by F. 8. Boden- 
heimer. There are notes on mammals collected during 
a Himalayan Expedition by Biswamoy Biswas and 
H. Khajuria, and a study of the chromosome numbers 
in human cervical cancer by G. K. Manna. 

Of the thirty-two papers, four deal with sex 
determination and genetics ; four with cytogenetics ; 
four with experimental biology ; four with descriptive 
embryology ; ten with evolution and systematics ; 
and the remaining ones with entomology and proto- 
zoology, except for a contribution on palzozoology. 
It is obviously impossible to review in a brief space 
any of the contents of this book adequately, but it 
is perhaps worth while pointing out that of the non- 
Indian contributions, eight come from the United 
States, seven from the United Kingdom, one from 


` the U.S.S.R., two from Australia and one from Israel, 


thus again bearing testimony to Prof. Mookerjee’s 
influence on the development of zoology, not only 
in his own country but also abroad. 

Indeed, the collection of papers on so many un- 
related subjects, which at first sight appears somewhat 
haphazard, may be taken as a tribute to the width 
of Prof. Mookerjee’s interests. A. GLUCOKSMANN 
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Bulletin of the Institute of Nuclear Sciences ‘Boris 
Kidrich’ 

Vol. 7. Pp. 166. (Belgrade: Institute of Nuclear 

Sciences ‘Boris Kidrich’, 1957.) 


HIS volume contains papers in English, French 

and German, describing work by members of 
the Institute. The work is mainly in chemistry, 
including radio-chemistry, but there are also papers 
in nuclear physics and electronics. 

My chief qualification for this brief review is that 
I spent a week in the summer of 1956 at the Institute, 
which is about ten miles east of Belgrade, at a place 
called Vinéa. It is a ‘little Harwell’, equipped with 
canteens, houses, ete., as well as laboratories. The 
main equipment is to be an experimental reactor 
(with a power of 1 megawatt or more) which was 
being engineered in the U.S.S.R. The building work 
was half complete in 1956, but I have not heard that 
the reactor is working yet. 

The Institute is therefore planned to centre on the 
physics and chemistry of nuclear reactors. But there 
are groups, as at Harwell and Saclay, working on 
nuclear physics research, instrumentation, etc. The 
atmosphere is very enthusiastic, and there are a 
number of able scientists there, many of whom have 
studied abroad, mostly in the Western countries but 
some in the U.S.S.R. The Institute is, of course, 
entirely Government supported and there are no 
formal ties with the University of Belgrade, though 
some of the staff also lecture there. The Government 
has evidently realized that it must start by building 
up research work, and my impression was that they 
have made a very good beginning. The British 
Council is interested in the Institute and in par- 
ticular in arranging the exchange of publications 
with research departments in Britain. 

H. W. B. SKINNER 


= The Flora of Wiltshire 

By, Donald Grose. Pp. iv + 824. (Devizes: Wilt- 
shire Archeological and Natural History Society, 
1957. Copies obtainable from The Museum, 41 
Long Street.) 42s. 


HIS fiora is presented to a large extent in 'the- 

format which has become traditional for such 
works in Britain. These publications are the pro- 
duct of much industry, stimulated largely by local 
pride and enthusiasm, but to botanists accustomed to 
dealing with the systematic problems on a world 
scale, county floras such as this seem proportionately 
to have scant scientific value. It is true that in the 
“Flora of Wiltshire” some ecology is included in the 
section dealing with the vegetation of the county, 
in the form of lists of species forming associations 
typical of selected habitats. In a county which is 
mainly agricultural and pastoral, with little elevation 
above 600 ft., and dominated by the chalk formations 
of Salisbury Plain and the Marlborough Downs, 
there is a surprising number of species represented. 
In all, some 1,406 flowering plants, ferns and charo- 
phytes are listed, of which just over 900 are deemed 
to be native to the county. No descriptions are 
given, and, as is usual in this typically British pro- 
duction, @ very extensive knowledge is assumed of 
the British flora. 

The book is really in the nature of a detailed 
catalogue and it is a pity that, in the fashion 
of the Druce era, there is such a proliferation of names 
of subspecific rank to which botanists will have 
difficulty in referring plants. 
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Check-List of North American Birds 

Prepared by a Committee of the American Ornitho- 
logists Union. Fifth edition. Pp. xiii +691. (Ithaca, 
N.Y.: American Ornithologists Union, 1957.) n.p. 


HIS big volume is a result of many years work 

(1989-57) of a committee of eleven eminent 
American ornithologists with Dr. Alexander Wetmore 
as chairman. The fourth edition of 1931 covered 
1,420 species and subspecies, and in the present 
volume this number has grown to 1686. A hypotheti- 
cal list including 41 species is also added. The area 
covered is North America north of Mexico, Greenland, 
Bermuda and Baja California. The distribution of 
each species or subspecies is treated with great care 
and detail, and especially in regard to some rarer 
species the amount of evidence and the manner of 
presentation deserve the highest commendation. 
The title of the book does not sufficiently indicate its 
contents, since it is much more than a simple check- 
list normally is. This long-awaited, excellent work is 
invaluable for everyone interested in the distribution 
of birds in general and especially of those of North 
America. Serious ornithologists will find it an indis- 
pensable source of information. It is very desirable 
that a similar check-list of European birds should be 
prepared as a counterpart of this American work, and 
the forthcoming twelfth International Ornithological 
Congress to be held at Helsinki in June offers a good 
opportunity to discuss the problem. The international 
compilation of such a monumental work seems not 
impossible and would certainly be a very valuable 
undertaking because no modern check-list of the 
birds of Europe as a whole exists at present. 

W. RYDZEWSKI 


Determinism and Indeterminism in Modern Physics 
Historical and Systematic Studies of the Problem 
of Causality. By Ernst Cassirer. Translated. by O. 
Theodor Benfey. Pp. xxiv+227. (New Haven, 
Conn.: Yale University Press; London: Oxford 
University Press, 1956.) 40s. net. 


N the halcyon days of the 1920’s, most of the 
essentials of modern physics had been. achieved. 
It is not surprising, therefore, that this distinguished 
book, written originally in German, but published in 
Sweden, should contain a large part of the epistem- 
ology necessary for the basic understanding of almost 
any system of natural philosophy. But it was 
intended to supply (in 1936) a final-chapter on the 
causality problem, a project destined to failure, on 
account of the author’s death. Luckily, Prof. 
Margenau, a close associate of the late Prof. 
Cassirer, has been able to contribute a very im- 
pressive preface on the most important developments 
in this field. It does two things: it brings out the 
contrast between ‘causality’ and ‘determinism’—as 
Cassirer conceived them—and current interpretations, 
and it discusses recent advances. 

Where the author himself is strongest is in his 
insistence upon the intimate connexion (almost 
amounting to fusion at times) between physics and 
the theory of knowledge. He takes account of the whole 
cycle, from the most mechanistic beginnings to the 
present-day sub-quantum determinism of David 
Bohm. In this way, the build-up of thought is seen 
to be continuous through the periods of matrix- 
calculus and wave-mechanics, and much of the dual 
character of Nature is made more comprehensible. 
The translation into English is excellent. 

F. I. G. RAWLINS 
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NON-FLOWERING STRAINS OF HERBAGE GRASSES 


By Pror. M. L. PETERSON*, Dr. J. P. COOPER and P. B. VOSE 


University of California, Department of Agronomy, Davis, California, and 
Welsh Plant Breeding Station, University College 
of Wales, Aberystwyth 


HE results of more than thirty years of grass 

breeding, together with the insight that has 
been gained into the physiology of flowering, now 
make it feasible to examine the possibility of pro- 
ducing ‘non-flowering’ strains of herbage grasses. 
These strains would remain permanently vegetative 
within the regions of their agronomic adaptation. 

It has been realised since the early work of Fagan 
and Jones! and Woodman et al.* that the leaves of 
herbage grasses are lower in fibre, higher in protein 
content, and more digestible than the stems, and 
hence of greater nutritive value. For these reasons, 
plant breeders have deliberately selected leafy strains 
with a high proportion of vegetative to fertile tillers 
at flowering time. In spite of the lower proportion 
of heads, seed production of these leafy strains has 
proved quite practicable. The development of strains 
of grasses which remain permanently vegetative 
seems possible by continued selection in this 
direction’. 

Most herbage strains show marked seasonal produc- 
tivity, characterized by a steady rise in production 
during the spring and early summer, and reaching 
œ% peak with the emergence of the inflorescences. 
Flowering and seed formation are followed by a 
depression in yield, which is succeeded by a secondary 
period of aftermath growth reaching a peak in the 
early autumn. This midsummer depression of yield 
has often been attributed to water shortage, but 
Hunt! has recently emphasized the seasonal growth- 
cycle and the seriousness of the summer gap under 
Ayrshire conditions, with a relatively high summer 
rainfall. Non-flowering strains should not exhibit 
such periodicity of growth, since their seasonal 
production would be determined by environmental 
factors, such as rainfall and temperature, rather than 
by the sequence of the reproductive cycle. They 
should also maintain a higher protein and lower fibre 
content than flowering strains. 

The efficient utilization of incoming radiation for 
photosynthesis depends on the maintenance of a high 
leaf area index in the crop>. Langer? has found that 
S.48 timothy attains its maximum leaf area at about 
the time of ear emergence, this being followed by a 
period of rapid decrease during flowering, and then 
by a smaller rise in early autumn. In a non-flowering 
strain, the leaf area should remain at a high level 
during midsummer when both the incoming radiation 
and the net assimilation rate are at a maximum. 

The absence of elongated flowering shoots may also 
make it easier to maintain a balanced grass-clover 
sward with a relatively constant proportion of grass 
to clover. It is during the stem-elongation stage of 
the grass that competition for light is most liable to 
depress the clover content of the sward’. 

The management of non-flowering strains could 
prove easier than that of normal herbage. Many 
farmers refuse to grow cocksfoot, Dactylis glomerata, 


*Senior Fulbright Scholar; 


Professor of Agronomy, Davis, 
California. : 


because of the difficulty of retaining it in a palatable 
condition, and avoiding the ‘tussocky’ growth that 
easily arises under lenient cutting or grazing. Pas- 
tures of ryegrass, Lolium perenne, frequently become 
very stemmy after midsummer, and good management 
requires that they should then be topped over with 
the mower. The importance of keeping herbage short 
and leafy is emphasized in the gang-mowing technique 
of Merricks*®, and a non-flowering strain could supply 
such short, leafy herbage. A non-flowering strain of 
Te would also be an obvious choice for playing 
elds. 

There are, „however, certain difficulties attached 
to the use of non-flowering strains of grasses, the 
most obvious being their economic propagation. 
Although vegetative propagation is practicable for 
special purposes, such as lawns and sports grounds, 
adequate seed supplies are essential for use on a 
farm scale. A study of the physiology of inflorescence 
development in the herbage grasses suggests several 
ways of overcoming difficulties in propagation. A 
strain which fails to flower in one environment may 
produce heads freely in another, so it should be pos- 
sible to choose seed-growing areas of appropriate 
climate and. latitude. 

Absence of heading may be associated with low 
vigour or with late spring growth, but the main 
advantage of such strains would lie in their steady 
mid-season production. Sylvén® observed that a 
strain of meadow fescue, Festuca pratensis, from 
north Sweden which failed to flower in the south 
because of inadequate photoperiod also showed poor 
vegetative vigour. On the other hand, spaced plants 
of perennial ryegrass and cocksfoot, which remained 
vegetative when grown in California, were quite 
vigorous in relation to flowering plants. In the 
ryegrasses, late heading and late spring growth are 
not invariably correlated. The late-flowering pasture 
strains, 8.23 and §.101, are known to be later in 
spring growth than the early-flowering strains. 
However, Italian ryegrass is later in heading date, 
but is earlier in spring growth than the early-flowering 
perennial ryegrasses. 

Most grasses of temperate regions require long 
photoperiods for floral initiation and stem elongation, 
although the time from ear initiation to ear emergence 
is modified by spring temperature’, Species of 
economic value the flowering behaviour of which has 
been studied include Bromus inermis)?-4, Cynosurus 
cristatus!5, Dactylis glomerata}*.15,15,16, Lolium 
perenne4,15,17, Phleum pratense’, and Poa praten- 
stsi?,13,18, Both species and strains vary in their 
exact photoperiodic responses, earliness or lateness 
of heading depending on the critical photoperiod. 
In Lolium perenne, for example, the early-flowering 
strains, Irish, Ayrshire and S.24, will initiate heads in 
a photoperiod of 11-12 hr., while the later-flowering 
S.23 and S.101 require 13-14 hr. or more for spikelet 
initiation™?’, Similarly, in Phleum pratense the 
early-flowering American strain Marietta, from Ohio, 
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will begin to produce heads in a 
12-hr. photoperiod, while the later- 
flowering Canadian strain Huron 
requires 134 hr. or more’*?. The 
photoperiodic requirements of a 
strain are closely related to its 
latitude of origin, and the trans- 
fer of material to different lati- 
tudes often results in altered flower- 
ing behaviour. Allard and Eivans?, 
for example, find that strains of 
Phleum nodosum from north Europe (50-60° N.) 
fail to head or head very sparsely in natural photo- 
periods at Washington, D.C. (39° N.), but will flower 
freely under supplementary illumination. In Sweden, 
Sylvén® gives examples of plants of Festuca pratensis 
from north Sweden (66° N.) which fail to head when 
brought down to the south (56° N.). 

The flowering behaviour of 8.23 perennial ryegrass 
has recently been compared at Aberystwyth (52° N.) 
and Davis, California (38° N.). Seed of this strain 
when grown at Davis gave rise in 1955 to a number 
of non-heading plants. These were induced to 
flower the following year and interpollinated in a 
group, the seeds from each mother plant being 
harvested separately. The nineteen progeny lines 
and the original §.23 were grown. outdoors at Aberyst- 
wyth and at Davis, and the percentage of plants 
heading and the median heading date were recorded 
for all lots in summer 1957 (Table 1). The results 
indicate that while at Aberystwyth all plants headed 
except for two in line 7,.in California most lines 
showed a proportion of non-heading plants, this 
being as high as 40 per cent in line 7. The two plants 
which failed to head under natural photoperiods at 
Aberystwyth produced heads when transferred to 
continuous light in the glasshouse. At both Davis 
and Aberystwyth nearly all the progeny lmes were 
later than the original S.23, and there is a significant 
correlation (+-0:828) between the median heading 
dates for the two stations. Furthermore, those 
lines which were later heading at Aberystwyth showed 
a higher proportion of non-heading plants at Davis, 
suggesting that in both cases a high photoperiod 
requirement is involved. 

These studies suggest that it is possible to select 
plants which fail to flower in a particular latitude 
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Table 1. HEADING BEHAVIOUR OF 8.23 PERENNIAL RYEGRASS AND 
DERIVED PROGENY LINES AT DAVIS, CALIFORNIA (38° N.), AND AT 
ABERYSTWYTH, WALES (52° N.) 


Aberystwyth 
palan 
Shaper ding ding 
(per cent) dae. (1987) “(por cent) cent) 


100-0 


eee 
date (1967) 


Material 


Original $.23 June 


Line No. 8 
10 





California material,sown October 15, 1956, planted outdoors November 
26, 1966. Aberystwyth material, sown November 25, 1956, given 
80 “days cold treatment at 0-5° C., planted outdoors February 23, 1957 
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Table 2. RESPONSE TO SELECTION FOR mm AND LATE FLOWERING IN KENT PERENNIAL 
YEGRASS 


Or EMN population 


xtreme) 
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First 
generation 
n 


Second 
generation Direction of 


Third generation 
gelection 


Mean (Extreme) 
28,2 April) (16 April) 
8.7 June | (21 June) 


Early—early 
Late-late 


5.9 May 
80.4 May 


27.2 April 
3.6 June 


All figures refer to date of ear sa, Sa in 1957. Each mean based on fifty seedlings; 


E. of mean = 1-06 


because photoperiodic requirements are not satisfied. 
It is not yet known whether such plats will fail to 
flower in succeeding years. There is the possibility 
that such plants may be carried only part way towards 
floral induction in the first season, and failing to head 
will proceed from that point on in the next season 
or seasons until heading ultimately occurs. The 
answer to this problem awaits further research. 

There have been few detailed investigations of 
the inheritance of flowering behaviour in the herbage 
grasses, but in Lolium, Cooper! finds the difference 
between the early-flowering group (Wimmera and 
Irish) and the late-flowering S.23 perennial ryegrass to 
be polygenically controlled, with no evidence of one 
or a few main gene differences. In these outbreeding 
strains, most plants are highly heterozygous for genes 
controlling flowering date, and the genetic variance 
of progenies from selfing or crossing individual plants 
is of the same order as that of the whole population. 
As a result, much potential genetic variation is stored 
in the population, making possible considerable 
response to selection. In Kent perennial ryegrass, 
three generations of selection were made for early 
and late flowering, beginning with four early and 
four late-heading plants. As shown in Table 2, selec- 
tion for earliness advanced the mean heading date 
16-9, 25-6 and 24-6 days, respectively, in each of 
three generations of selection. Selection for lateness 
retarded mean heading dates 7-6, 11-8 and 16-9 days, 
respectively, for three generations. A divergence in 
mean heading dates of 41-5 days and a divergence 
between extreme plants of 66 days was obtained in 
the third generation®®, This difference of sixty-six 
days corresponds to a difference in photoperiod of 
about 34 hr. at Aberystwyth (52° N.). 

In addition to their long-day requirement for 
floral initiation and subsequent development, many 
temperate perennial grasses possess a ‘winter’ requiro- 
ment for short day and/or low temperature before 
floral induction is possible, little or no heading occur- 
ring after a late spring sowing. Such a ‘winter’ 
requirement has been reported for Bromus inermis'4, 
Cynosurus cristatus, Dactylis glomerata*, Lolium 
perenne,21, and Poa pratensis!®, but does not occur 
in Phleum pratense*™.*3, In Lolium, both low tempera- 
ture and short days have an inductive effect, either 
alone or when combined. Cold induction can be 
given to the imbibed seed, to the young seedling, or 
to the mature plant, but for short-day induction, some 
leaf tissue must be expanded. In Poa pratensis, 
Peterson and Loomis’ find that both low tempera- 
ture and short days are necessary for floral induction, 
while in Dactylis glomerata, Gardner and Loomis!’ 
report that short days must accompany or precede 
the cold treatment. 

Strain or ecotype differences in ‘winter’ require- 
ment also occur. In Lolium, there is a close correla- 
tion between the degree of ‘winter’ requirement and 
the annual, biennial or perennial habit®*.*1. The 
summer-annual Westernwolths ryegrass possesses no 
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requirement for either low temperature or short-day, 
while the winter-annuals, such as Wimmera ryegrass, 
show a quantitative response, heading being acceler- 
ated by either cold or short-day. In the biennial 
Italian ryegrass, some plants fail to head without 
exposure to winter conditions, the proportion of 
non-heading plants varying with the climatic origin 
of the material. In perennial ryegrass nearly all 
plants have an obligatory requirement for cold or 
short day or both, this being greatest in the per- 
sistent pasture strains and least in the shorter-lived 
‘commercial’ types. Plants of Irish, $.24, S.23 and 
8.101 perennial ryegrass have been kept vegetative 
for more than two years under continuous light in 
a warm glasshouse. 

As with the requirements for long photoperiods, 
the response to low-temperature induction in Lolium 
is polygenically controlled!*, no main gene differences 
having been detected in crosses between the annuals, 
Wimmera and Westernwolths ryegrass, and perennial 
ryegrass. Furthermore, considerable genetic varia- 
tion is carried in the heterozygous state within 
individual plants, and gradually becomes available 
for selection. 

In the temperate herbage grasses, therefore, at 
least two developmental mechanisms exist whereby 
the timing of inflorescence development can be 
controlled; a ‘winter’ requirement for short-day 
and/or low temperature before floral induction is 
possible, and also a requirement for long photoperiods 
for floral initiation and subsequent development. 
Considerable genetic variation in all these responses 
has been shown to exist within species, its distribu- 
tion being related to the climatic or agronomic origin 
of the material. It should therefore be possible to 
select, in @ particular region, plants which remain 
vegetative indefinitely, because their requirements 
for either ‘winter’ exposure or long summer photo- 
periods are not satisfied under local conditions. They 
may then be grown for seed production in districts 
or under artificial conditions favourable for reproduc- 
tive development. 

A fundamental problem in the production of & 
non-flowering strain is to decide whether to con- 
centrate on the photoperiodic response or the ‘winter’ 
requirement, as the factor limiting inflorescence 
development. In this connexion, the seasonal 
regularity of the limiting factor is important. Winter 
temperatures in one locality vary considerably from 
year to year, and the response to winter conditions in 
one season may not be strictly reproducible in 
subsequent years. The effective temperature-range 
for cold induction is not known for most herbage 
grasses, nor do the usual meteorological records 
give an exact measure of the temperature experienced 
by the growing point of the grass plant. It is clear 
that the regional mapping of effective winter tempera- 
tures may be rather difficult. On the other hand, the 
seasonal distribution of photoperiod is reguler from 
year to year, and being based only on latitude, can 
be calculated accurately for any locality. Apart from 
the modifying effects of temperature during inflores- 
cence elongation, flowering performance in any one 
season may therefore serve as a guide to future 
behaviour. Response to photoperiod thus forms a 
more reliable basis for the production of non-flowering 
strains. 

The next step is to obtain plants the critical photo- 
period of which is above that of the longest summer 
day in the region where the strain is to be used. One 
obvious source is the collection of late-flowering 
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material from higher latitudes. In the case of Davis, 
California (38° N.), this presents few difficulties. The 
longest summer photoperidd (as measured by civil 
twilight) is only about 16 hr. and the British pasture 
strain of perennial ryegrass, 5.23, has already pro- 
vided some non-flowering plants when grown in 
California. For Aberystwyth (52° N.), with a maxi- 
mum summer photoperiod of about 18 hr., the prob- 
lem is rather more difficult, since plants with a 
critical photoperiod above this figure are only likely 
to occur naturally in arctic or sub-arctic latitudes, 
thus restricting the initial choice of material. Plants 
with such high critical photoperiods do exist in 
arctic regions. Material of Oxyria digyna brought 
back from Jan Mayen Island (71° N.) by Wilson** 
remained vegetative under natural photoperiods at 
Reading (51°N.), but flowered freely when given 
continuous illumination. 

Another source of non-flowering material lies in 
selection from within existing late-flowering strains. 
As already mentioned, outbreeding strains of Lolium 
perenne contain considerable potential genetic varia- 
tion which is released in each generation by segre- 
gation and recombination, and thus becomes available 
for selection. For example, samples of Kent perennial 
ryegrass showed a mean date of ear emergence of 
May 23, 1957, at Aberystwyth, with extreme plants 
on May 3 and June 6, but three generations of 
selection. for lateness of heading from this strain have 
produced plants in which heading is delayed until 
June 21, 1957 (Table 2). The later-flowering strain, 
S.23, might provide even more useful material for 
selection (see Table 1). One advantage of using 
existing strains is that they are already fairly well 
adapted for vigour and herbage production under 
local conditions. 

There remains the possibility of using non-flowering 
routants. .These have been recorded from inbred 
progenies of Italian ryegrass at Aberystwyth*. 
Natural mutants occur infrequently, but induced 
mutants might be obtained by irradiation. 

Whether the non-fiowering plants are derived from 
collections from high latitudes, or by selection from 
within existing strains, they will provide only raw 
material for further breeding and selection. They 
may, for example, lack the ability to grow at low 
temperatures in the spring, a character which could 
then be introduced from Italian ryegrass. 

Even when non-flowering plants of satisfactory 
performance have been obtained, the problem arises 
of seed supply on an economic basis. Obtaining seed 
from small lots of non-flowering plants, either for 
breeding purposes or for the production of foundation 
seed, offers no problem. Flowering may readily bo 
induced by extension of the day-length using incan- 
descent lamps of low wattage, the plants being kept 
outdoors or in an unheated greenhouse. In long-day 
plants, it is the length of the dark period which is 
important in preventing flowering, and reproductive 
development can be induced by a short break in the 
middle of the dark period. Artificial light, therefore, . 
need only be used for a short time at midnight, and 
has in fact been employed for this purpose in the 
production of sugar beet seed in breeding nurseries 
in the United States. 

For larger quantities of seed, artificial lighting is 
not practicable, and seed production would have to 
be carried out at higher latitudes, where the day- 
length is adequate for floral induction. In Britain, 
this would mean growing seed crops in the north of 
Scotland, preferably above latitude 58° N. A strain 
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could probably be selected which would flower at 
that latitude, and yet remain vegetative in the 
south of England. The flowering and vegetative 
limits of such a strain would be an integral part of 
its description. 

The farther north the strain is to be used for 
pasture, the more difficult it will be to produce a 
non-flowering strain, since there will be fewer areas 
suitable for seed production. To obtain a strain 
which would remain vegetative everywhere in Britain, 
for example, seed would have to be grown on a com- 
mercial scale at latitudes above 60° N., probably in 
Scandinavia. 

Although the biochemical basis of the photoperiodic 
response is not yet fully understood, it seems probable 
that in the future it will be possible to induce flower- 
ing in unfavourable photoperiods by suitable chemical 
treatment, thereby removing the main difficulty of 
seed production in non-flowering strains. 

in conchision, it seems clear that the production 
of non-flowering strains is now technically possible, 
but their economic use in farming practice will 
depend largely on the cost of seed production. It is 
suggested that the development and testing of such 
non-flowering strains deserve serious consideration. 
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RADIOMETRIC AND GEOCHEMICAL SURVEY TECHNIQUES 


A the Geophysical Discussion of the Royal 
Astronomical Society held on January 31, Sir 
William Pugh introduced four invited speakers. He 
referred to the importance of atomic energy to our 
national economy and added that, although we hed 
recently heard of the possibilitios of the controlled 
release of thermonuclear energy, the present reactor 
programme was based upon uranium as the main 
fuel element. In view of this, and- of the increased 
demands for rarer metals of value to our expanding 
industries, he stated that it was particularly appro- 
priate to discuss radiometric and geochemical 
methods of prospecting at this time. 

Mr. 5. H. U. Bowie, in opening the session, recalled 
that prior to the Second World War only two mines, 
namely, Shinkolobwe in the Belgian Congo and 
Eldorado in Arctic Canada, produced significant 
tonnages of uranium ore; but, as a result of the 
Intensive search during the past decade, more than 
300 mines were now in production. Most of tho 
discoveries had been made by the sound application 
of geological knowledge aided by instruments capable 
of detecting and measuring the gamma radiations 
from near-surface mineral occurrences. Both Geiger- 
Miller and scintillation counters are used in pros- 
pecting, and a variety of different instruments had 
been designed for specific purposes. The choice of a 
suitable instrument depends largely on the degree of 
reproducibility sought. If no allowances are made 
for terrain factors such as local topography, absorp- 
tion of gamma photons by soil cover, or disequi- 
librium between uranium and its daughter elaments 
due to weathering, a high statistical accuracy in the 
measurement of count-rate is unnecessary. Thus, a 
light-weight ratemeter, which averages the pulse- 
rate over a short period of time and has a-count-rate 
of one or two pulses per second over flat-lying bed- 
‘rock of a grade equivalent to 0-001 per cent equi- 


valent U;04, is adequate for preliminary prospecting 
purposes. More sensitive instruments are necessary 
for use by geologists in the detailed gridding of an 
area of anomalous radioactivity. In car-borne and 
airborne surveys, where the average radioactivity 
over intervals of traverse is recorded, scintillation 
counters of high sensitivity are necessary. For 
example, to obtain a count-rate of an accuracy of 
10 per cent over 50-ft. intervals of traverse at a 
speed of 30 m.p.h., the count-rate of the instrument 
would have to be about 85 pulses per second over 
the same low-grade bedrock. 

Airborne ratemeters designed by the Atomic 
Energy Research Establishment have single or triple 
thallium-activated sodium iodide crystals each. 4$ in. 
in diameter and I in. thick coupled optically to a 
photomultiplier tube. Flight altitude and lane 
widths are dependent on the geology of the terrain 
to be surveyed, but two general techniques have been 
evolved. In one, flying is undertaken at an altitude 
of 500 ft. and at lane-widths of a quarter of a mile ; 
in the other, the altitude is usually between 200 and 
300 ft. and the lane-widths reduced accordingly. 

Mr. Bowie concluded by saying that because of 
the ease with which uranium and thorium can be 
detected by geophysical means, geochemical tech- 
niques were not so important’ in the search for 
uranium as in the search for base metals. However, 
because of the high degree of mobility of the uranyl 
ion (UO,)*+ in solution, the detection of uranium in 
run-off water, particularly in river basins draining 
mountainous or forested country, was a valuable aid 
in the delineation of favourable areas. 

Dr. J. 8. Webb, who followed, said that geo- 
chemical methods of mineral exploration are based 
on the premise that diagnostic disturbances in the 
normal distribution pattern of chemical elements may 
exist in accessible material in the vicinity of concealed 
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ore deposits. Such geochemical anomalies result from 
the natural dispersion of elements from the site of the 
parent deposit and are commonly sought by the, 
systematic sampling and analysis of rock, soil, 
vegetation, stream water and stream alluvium. 

Geochemical dispersion patterns are subdivided 
into two genetic categories, namely, primary dis- 
persions formed in depth at the time of mineralization, 
and secondary dispersions, which are usually formed 
in the zone of weathering. Primary dispersion 
patterns may occur as regional variations in the 
trace element content of rocks and minerals associated 
with metallogenic provinces, aureoles of impreg- 
nation in the wall-rocks surrounding individual 
deposits, or ‘leakage’ dispersions of trace metals in 
the channel-ways followed by mineralizing solutions. 
In all cases, the primary dispersion is genetically 
related to the ore-forming processes. ‘The inter- 
pretation of the geochemical anomalies in terms of 
the location of possible associated deposits is often 
difficult and is dependent on the understanding of 
the local geology. Secondary dispersions, on the 
other hand, are usually associated with the weathering 
cycle, and although the dispersion processes are 
complex, considerable progress has been made in the 
development and application of techniques having a 
proved practical value in prospecting. This is par- 
ticularly true of geochemical soil surveys in areas of 
rosidual overburden, where the methods have been 
successfully used for detecting the presence of sub- 
outcropping deposits of copper, nickel, arsenic, gold, 
antimony, chromium, tin, tungsten, molybdenum 
and other metals. 

At times, positive results have been obtained 
where copper, lead and zinc mineralizations have 
been concealed by transported glacial cover up to 
some tens of feet thick. Here, the metals have had 
the opportunity of migrating upwards mto the 
overlying material by diffusion and other processes, 
including the growth of vegetation which has ex- 
tracted the ore metals as part of its nutrient uptake. 
Although the systematic analysis of the plants them- 
selves has been employed on, occasions, it is normally 
found more practicable to sample the underlying 
soil wherein metal has accumulated over generations 
in the biogeochemical cycle. Geochemical soil and 
vegetation anomalies are usually restricted to the 
immediate vicinity of the parent mineral deposit, 
but abnormal concentrations of metal may some- 
times be detected in the surface drainage system up 
to several miles downstream from mineralization. 
Where such geochemical dispersion does exist, the 
systematic sampling of stream water or alluvium 
may constitute a useful aid in the rapid mineral 
reconnaissance of comparatively large areas. Sam- 
pling and analysis of stream alluvium for metals 
extractable at normal temperatures have given 
particularly encouraging results in reconnaissance 
for copper and base metal deposits. 

The practical application of geochemical methods 
has been made possible only by the development of 
extremely rapid, simple tests and there are now trace 
analytical techniques for a wide range of metals 
capable of being performed with adequate accuracy 
by semi-skilled personnel. For the most part, these 
tests are simplified versions of classical colorimetric 
and chromatographic methods, although spectro- 
graphic, fluorimetric and other procedures may be 
utilized for particular problems. 

Current research is active and aimed at broadening 
the scope of existing methods, extending knowledge 
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of dispersion processes, investigating the regional 
approach to comprehensive geochemical reconnais- 
sance and developing appropriate analytical tech- 
niques. Progress in the application of geochemical 
techniques indicates that, when used in conjunction 
with geological, geophysical and other sources of 
information, they will play an increasingly greater 
part in modern mineral exploration. 

Mr. J. E. T. Horne next spoke on the determination 
of the age of radioactive mineralization and the 
importance of this in the search for further deposits. 
Knowledge of the age relationships between 4 
mineralization, its enclosing sediments, and any 


- igneous activity in the area could give, in many 


instances, a clearer indication of where to look for 
further occurrences. Such information was also 
valuable in understanding the genesis of ores, par- 
ticularly in deciding between epigenetic and syn- 
genotic origins. An example of a detailed age study 
that had led to practical results was the work of the 
United States Geological Survey on the uranium 
mineralization of the Colorado Plateau. There, field 
evidence had suggested a mineralization penecontem- 
poraneous with the Triassic and Jurassic sediments, 
but analysis of more than fifty samples pointed to a 
late: Cretaceous or early Tertiary age. This conclusion 
assisted in guiding a most successful prospecting and 
driling programme. 

Mr. Horne outlined the principles of dating uranium 
and thorium minerals from the four ratios lead-206/ 
uranium, lead-207/uranium, lead-208/thorium and 
lead-207/lead-206, and discussed some of the factors 
responsible for the frequent lack of agreement in the 
derived ages. Formerly, the fact that lead/lead ages 
are commonly higher than the lead/uranium ages was 
attributed to the loss by diffusion of radon generated 
in the uranium-238 series, but laboratory measure- 
ments had failed to substantiate such loss in most 
cases. Lead derived from uranium and thorium 
before the deposition of a radioactive mineral and 
incorporated in it at the time of formation would 
seriously affect the apparent ages, and there was 
good evidence that such original radiogenic lead is 
present in some ore deposits. In this case, not only 
did all the apparent ages differ from one another, but 
also they were all too high. A third major cause of 
discrepancy was the loss of lead, either recently by 
leaching or earlier by solid diffusion. It was inter- 
esting that leaching experiments on some materials 
had effected a differential loss of lead-208 with 
respect to the other lead isotopes, indicating a 
difference in the distribution of uranium and thorium 
in the mineral. Finally, age discrepancies might arise 
from the loss of uranium or thorium and it was 
imperative to minimize this effect by obtaining the 
freshest possible material. 

Age determination was not simple, but neither 
should it be dismissed as thoroughly untrustworthy. 
Some deposits were much more difficult to date than 
others; these latter required the analysis of a com- 
prehensive set of carefully selected samples, supported 
by meticulous observations in the field and mineral- 
ogical laboratory. Processes postulated to account 
for discrepancies must be established beyond reason- 
able doubt by independent evidence. 

The last of the four principal speakers, Dr. W. 
Bullerwell, approached radiometric methods in bore- 
hole logging by discussing geophysical logs in general. 
He indicated, with examples from a deep boring for 
coal, how such records assist where core-recovery is 
poor and how geophysical marker horizons can help 
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correlation between adjacent uncored boreholes. He 
stressed the importance of obtaining physical data on 
the properties of rocks from measurements made in 
situ, as the information so obtained could be applied 
in interpreting surface geophysical surveys. The 
continuous nature of the records also facilitates 
sampling and the averaging or integration of physical 
properties over a column of strata. 

Just as classical studies first concentrated on 
natural radioactivity and later turned to activation 
methods, so borehole measurements of natural gamma, 
radiation were followed by neutron techniques. For 
natural radiation measurements, ionization chambers, 
Geiger counters and scintillation counters have been 
used. The latter have a shorter ‘active length’ and 
this gives improved discrimination of thin beds. A 
relatively recent development is the scintillation 
spectrometer, which is capable of differentiating 
between the various energy-levels of incoming gamma, 
rays. Since different elements are associated with 
gamma rays of differing energies, it becomes possible, 
in some instances, to obtain an indication of the 
nature of the nuclides responsible for the radioactivity 
by studying the pulse height distribution. 

In neutron methods a neutron source is lowered 
into the borehole, followed by a detector. Neutrons 
will be captured by nuclei of the atoms that make 
up the surrounding rock, and the gamma rays emitted 
during these reactions can be recorded on a gamma 
detector. Similarly, if a neutron detector is used the 
distribution of neutrons in the borehole can be 
studied. Neutron sources commonly used, for 
example, radium—beryllium, also emit gamma rays, 
and it is necessary to shield the detector from the 
source in both neutron—neutron and neutron—gamma 
methods. Compton scattering and natural activity 
of the formation add complications. In gamma- 
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gamma logging, which combines a gamma, source and 
gamma radiation detector, scattered radiation, how- 
ever, provides information related to formation 
density. Neutrons lose.most of their energy in 
collisions with hydrogen, and as this element is 
abundant in both water and oil, neutron logs are 
important for porosity studies in oil exploration. In 
mentioning the combination of a neutron source with 
a scintillation spectrometer as detector, Dr. Buller- 
well said that this would seem to offer the possibility 
of obtaining geochemical data by a geophysical 
method. A miniature Van de Graaff particle accel- 
erator, 3 In. in diameter, 47 in. long and generating 
200,000 V., has been used to produce an intense beam 
of neutrons during borehole experiments in the 
United States. 

Radiometric logging methods have been applied in 
widely differing fields. Applications to detailed 
studies of radioactive ore-deposits are usually quite 
direct and closely controlled by assayed samples. 
Quantitative comparisons between sedimentary 
formations in oil-wells or deep structural boreholes, 
however, are complicated by varying conditions of 
observations. Calibration of instruments provides 
little difficulty, but ancillary data must be recorded 
to permit adequate correction for variations in bore- 
hole-diameter, mud-density, cement collars and 
thickness of casing. In concluding, Dr. Bullerwell 
stressed that these methods provide basic geophysical 
information, and he expressed the hope that should 
the proposal to drill a deep borehole to explore the 
Mohorovičić discontinuity come to fruition, then the 
opportunity to obtain a comprehensive series of. 
geophysical logs should not be overlooked. 

The chairman closed the meeting after a short 
informal discussion in which several speakers took 
part. S. H. U. Bow 
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CLIMATE, VEGETATION AND LAND UTILIZATION IN THE 
HUMID TROPICS 


AF the Ninth Pacific Science Congress, which was 
held at Bangkok, Thailand, during November 
18—December 9, two days were devoted to a sym- 
posium on climate, vegetation and land utilization in 
the humid tropics, in which some eleven speakers 
dealt with different aspects of these closely related 
subjects: In addition to papers read by their authors, 
a few papers were read on behalf of contributors who 
were not present, and some invited guests, including 
one of the present writers (P. W. R.), who did not 
prepare papers, were asked to contribute to the 
discussions. The convener was Dr. F. R. Fosberg 
(Pacific Vegetation Project, Washington, D.C.), and 
the symposium was organized, and its proceedings 
will be published, with the financial support of 
Unesco. As so often happens, tho time allotted for 
general discussion proved insufficient ; nevertheless, 
a valuable opportunity was provided for an exchange 
of ideas between workers in different disciplines 
which do not come often enough into contact. 

At the outset there was the question of definition : 
What do we mean by the tropics in general and by 
the humid tropics in particular? Broadly, as Dr. 
Fosberg said in his opening remarks, the two belts 
of trade-winds blowing towards the equator and the 


shifting belt of calms or doldrums are of greatest 
importance in defining these regions. Dr. David I. 
Blumenstock (Hawaii), who contributed a paper on 
the characteristics and distribution of tropical 
climates, expanded this by reminding the Congress 
of the special significance of weather or circulation 
regions, such as the monsoon region and, perhaps 
surprisingly, the hurricane areas; he regarded the 
tropical climatic realm as best defined as the region 
within which the temperature of the coldest month 
in the lowlands averages at least 64:4°F. (18°C.), 
with the included upland and mountain areas. In this 
sense the lowland humid tropics are the frost-free 
areas of the world, where the unique features are in 
the illumination and radiation regimes rather than in 
that of insolation. Dr. Blumenstock considered that 
radiation is a more important factor than previously 
believed. In regard to temperature he emphasized 
the importance of extremes; in regard to moisture, 
the significance of dew and the variability of rain 
through the year. 

Dr. C. G. G. J. van Steenis (Leyden) and Dr. Carl 
Troll (Bonn) dealt, respectively, with the lowland and 
the mountain vegetation of the tropics. In the 
course of & very comprehensive review of tropical- 
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vegetation types, van Steenis took the discussion 
away from mathematically defined climatic types to 
vegetation types related to different phytoclimates. 
After briefly discussing plant life-forms and the use 
of individual plant species as climatic indicators, he 
proposed a system of ten ‘fundamental’ climatic 
types of tropical lowland vegetation. This was later 
criticized by Prof. P. W. Richards as consisting of a 
mixture of climatic, edaphic and seral types of very 
unequal importance in the tropics as a whole. Dr. 
Troll made out the case for six altitudinal zones of 
tropical mountain climates, again based chiefly on 
vegetation. He demonstrated the use of thermo- 
isopleth diagrams and stressed the importance of 
frost in determining the altitudinal zones in the 
tropics. 

A trend-away from the definition of tropical 
climatic types in terms solely of a mathematical inter- 
pretation of figures, and towards one based on their 
influence on vegetation and crops appeared in the con- 
tributions of Dr. F. Kgler (Aton Forest, Connecticut) 
and Prof. P. Dansereau (Montreal); the former, in 
fact, stated the case for the geographer’s approach 
(though he did not refer to it as such, but called it 
‘holism’) in suggesting that climate, soil and vegeta- 
tion must not be regarded, as they sometimes have 
beon in the past, as mutually exclusive fields of study. 

The sad death of Dr. R. L. Pendleton and the 
illness of Dr. D. L. Bramao left the proparation of a 
statement on tropical soils to Dr. R. Dudal (Food 
and Agriculture Organization). Although he described 
his paper as & hurriedly prepared draft and it was 
not available to the Congress until the symposium 
was over, his succinct oral presentation conveyed 
conviction that at last a logical classification of 
tropical soils was being worked out. Where tests 
had been made, in Java and Borneo, the ten types 
in the scheme proposed arrange thomselves in a 
logical sequence related primarily to relief—slope 
and drainage. The principle that the soil types are 
related to a certain range of land-forms as weil as to 
vegetation was in line with points made by Dr. Egler 
and later by Dr. Christian. 

The whole symposium stressed the need for the 
survey or observational approach to many of the 
problems. The huge areas in tropical Australia, 
Papua and New Guinea surveyed from the air and 
mapped under his direction led Dr. ©. S. Christian 
(Commonwealth Scientific and Industrial Research 
Organization) to ask how best the results may be 
utilized. He saw that the land must be considered 
as embracing all factors of importance to man’s 
well-being. Specific areas identifiable by their ‘major 
observable inherent features’ {of topography, soil, 
vegetation and climate) are termed by Christian 
‘land units’ grouped into ‘land systems’. These are 
more or less equivalent, respectively, to the ‘stows’ 
and ‘tracts’ of J. F. Unstead, and because of the 
other uses of the word ‘system’ as applied to land, 
‘tracts’ is perhaps a safer word to use.: 

The cartographic approach to the problems dis- 
cussed in the symposium was dealt with particularly 
by Prof. Henri Gaussen (Toulouse), who exhibited a 
number of the vegetation maps of France and other 
countries produced by his laboratory. He suggested 
the publication of a series of maps of vegetation in 
the tropics on the seale of 1: 1,000,000, the only 
scale on which base maps are generally available. 
Gaussen’s scheme agrees essentially with thet 
advocated by the Commission on World Lend Use 
Survey of the International Geographical Union in 
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mapping the vegetation actually present (that is, 
without making any theoretical assumptions about 
‘climaxes’, etc.), but whereas Gausson uses only eight 
types of vegetation—four types of forest, savanna, 
desert, shores and cultivation—the World Survey 
considered it possible to go further in separating 
categories of land-cover; it also thought that the 
interpretation of the pattern found should be made 
in explanatory memoirs, while Gaussen believes it 
possible to indicate ecological conditions by colours 
on the map itself. The case for these two alternative 
approaches has been argued before on many occa- 
sions. The World Land Use Survey wished to make 
the maps as objective as possible; the facts can be 
interpreted in more than one way and if, as Gaussen 
proposes, the ecological factors believed to be 
responsible are shown on the map itself, a subjective 
judgment is necessarily introduced. Given the 
validity of the underlying assumptions, however, the 
magnificent quality and value of the Gaussen maps 
will be generally acknowledged. 

If the first day of the symposium may be said to 
have dealt with the fundamental features of man's 
environment, the contributors on the second day 
dealt mainly with the effects, direct and indirect, on 
these features of man himself. The opening speaker, 
Dr. E. Aubert de la Riie (Paris), gave a broad review 
of the rapid disappearance of the natural plant cover 
in all parts of the tropics, which in the future may 
be seen only if national parks and nature reserves 
are established. Dr. Dioscoro S. Rabor (Silliman 
University, Philippines) in a communicated paper 
dealing with wild life in the Philippines made the 
further point that wild life (that is, mammals and 
birds) depends on the natural vegetation, and as long 
as that is conserved it, too, is protected. 

Dr. Carl Sauer (University of California) in a com- 
municated paper on “Man in the Ecology of Tropical 
America” accepted as proved (perhaps rather sur- 
prisingly} the view that there was formerly a much 
larger population in the American tropics and argued 
for the presence of numerous agricultural tribes even 
in the forests of Amazonia. Both he and Dr. Ooi 
Jin-Bee (University of Malaya), who followed with a 
paper on the distribution of present-day man in the 
tropics in a historical and ecological perspective, 
noted the comparatively simple relationship between 
human distribution and favourable environmental 
conditions (such as the wet lowlands suitable for rice 
in south-east Asia) in the past and the changes con- 
sequent on the development of exploitable resources. 
Dr. Sauer held that in the American tropics European 
livestock were able to range over the former fields of 
a decimated sedentary population. Whether this was 
so or not, it is generally agreed that much savanna 
formerly regarded as climax vegetation does not 
correlate well with either climate or soil and can only 
be explained by the destruction of tree seedlings 
during man’s annual burning of grass. ‘Tropical 
grasses are only palatable to stock when young and 
tender, hence the need to burn off the old tough 
stems and encourage new growth. A paper from 
Dr. R. O. Whyte (Food and Agriculture Organiza- 
tion) here reminded the symposium that scientific 
management of tropical grasslands has scarcely 
begun, and that a first step in any area is to try to 
understand the relationship between grassland and 
the climatic climax vegetation when the biotic 
factors of grazing and burning are eliminated. 

A major current problem in the tropics is un- 
doubtedly the integration of agriculture and forestry. 
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A paper from Mr. Colin Marshall (Malaya) emphasized 
some fundamental truths which are certainly not 
appreciated by most policy makers in tropical coun- 
tries at the present day. The increase of population 
with the spread of Western medical, sanitary and 
economic systems in tropical countries makes 
scientific land-use planning and its acceptance by 
governments and peoples absolutely essential. It is 
perhaps because scientific forestry—the intelligent 
management of forested land on æ sustained yield 
basis—has been imposed on the peoples of tropical 
Asia from outside that in their new-found inde- 
pendence there is an undoubted tendency to regard 
forest reserves not as an attempt to conserve & 
valuable resource or to control soil erosion and 
make good use of land unsuitable for other eco- 
nomic use, but as a restriction on the liberty 
of the people. The creation of useless wastes in 
many parts of the world is due to the mistaken 
concept that forest is simply an impediment to 
be destroyed in order to free land for grazing and 
cultivation. Nothing is more important than that 
forests should be maintained to perform their many 
functions in a balanced land economy; only land 
which can be used more effectively in that way should 
~ be turned over to cultivation. 

This leads on to the question of shifting cultivation, 
which was dealt with by Dr. Karl Pelzer (Yale 
University), who, however, wished to replace the 
term ‘shifting cultivation’ by ‘swidden farming’. It 
is not wholly bad, he said, as is sometimes main- 
tained. Where it is a deliberate agricultural tech- 
nique (as with ‘bush fallow’ in parts of Africa) the 
cultivator knows the value of rotating his patches 
of cultivation to maintain soil fertility and can be 
regarded as conservation-minded. Yet the forester 
recognizes the extravagance of a system in terms of 
lend, which prevents the regeneration of natural 
_ forest or economic timber while maintaining the lend 
almost completely idle for perhaps a dozen years out 
of fourteen. In exceptional cases, useful quick- 
growing trees such as Casuarina are deliberately 
planted in the fallow period, but normally there can 
be little doubt that the substitution of some other 
system or systems is vital and urgent. But what 
other systems ? Almost certainly not the permanent 
dry-field cultivation of annual plants practised in 
mid-latitudes. The right use of many upland tropical 
areas is in perennial, especially tree, crops ; while in 
many lowlands wet rice fields are not only a productive 
form of cultivation but ensure a well-guarded soil. 
In other words, agricultural developments must be 
integrated with physical conditions. 

Prof. Dudley Stamp, in a paper on “Land Use in 
the Humid Tropics: Living Space and Recreation”, 
directed attention to uses of land other than for food 
production; man can indeed not live by bread 
alone. The need of land for housing, industry, 
defence and recreation competes with the need of 
land for agriculture. In crowded countries where 
there is difficulty in deciding between alternative 
uses of land in the national interest, three principles 
may be applied—that of optimum use, that of 
multiple use, and that of the elimination of waste 
land. 

In the concluding paper of the symposium the 
chairman and convener, Dr. F. R. Fosberg (Wash- 
ington), considered man from an ecologist’s point of 
view. Hitherto, be pointed out, man has behaved as 
& pioneer species, increasing rapidly in numbers, 
drastically altering his habitat, and usmg up the 
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resources on which he depends at a rapid and 
accelerating rate that definitely places a limit to 
their duration; in the case of some of them this 
limit is already being approached. It may be, how- 
ever, that with the development of the faculty of 
intelligence man has within his power the choice of 
behaving either as a pioneer organism, destroying its 
habitat and consequently soon disappesring from it, 
or as & climax organism preserving its habitat and 
learning to live in equilibrium with it. If this is to 
happen, the sciences of geography and ecology must 
take the lead in determining how to establish a per- 
manent equilibrium between man and his environ- 
ment. Ecology must perform, on a scale not heretofore 
imagined, its function of integrating the data provided 
by other sciences, including the social sciences. 
Though the magnitude and difficulty of this task may 
make it seem impossible, our courage in attacking it 
may well determine the future of man on earth. 

In summing up the symposium, Prof. Dudley 
Stamp said that every paper led to the same con- 
clusion—with increasing pressure of population there 
must be conscious planning of land use and resources 
firmly based on scientific knowledge as well as on an 
appreciation of the varied needs and desires of human 
beings. This is particularly true of the humid tropics, 
whore in many parts there are vast resources but 
few people, and so still hope of avoiding the worst 
blunders made in cooler lands. There must be mutual 
co-operation. between planners and users as well as 
between different users. Our case is hopeless if we 
continue to regard the forester and agriculturist as 
enemies or the conservation of fauna and flora as 
inconsistent with the economic development of 
resources; the varied aims, all desirable in them- 
selves, must be co-ordinated into one comprehensive 

lan. 

Tho first thing that is required is an inventory and 
appraisal of resources, which should take the form of 
a factual land-use survey preceding any attempt at 
interpretation. A few examplés of such surveys from 
the humid tropics are the magnificent reconnaissance 
maps of Ghana, the recently completed outline survey 
of the Sudan, the aerial survey of Pakistan, the 
recently commissioned air survey of Burma, the 
survey of Samoa carried out by the University of 
New Zealand, the fine detailed maps of Hong Kong 
prepared by the University, the detailed maps of 
Taiwan and, if one may stretch the tropics so far, 
the superlative detailed maps of Japan. All these 
follow broadly the recommendations of the Special 
Commission of the International Geographical Union 
approved at a meeting sponsored by Unesco in 1950. 

The field covered by the symposium was an 
immensely wide one, but Prof. Dudley Stamp thought 
it covered only half the main problem. The other 
half is the human angle. The whole purpose of 
planning and rational Jand utilization is to secure an 
increased standard of living and a fuller measure of 
life for the people. What, in fact, do people want ? 
Are our Western concepts of the standard of living 
the right ones ? May not our search for efficiency be 
destroying -values far more worth-while ? He men- 
tioned these points to emphasize his belief that the 
demographer, the sociologist and their many col- 
leagues must carry out studies parallel to those with 
which the symposium had been concerned. It is 
difficult to plan unless one knows what one is planning 
for. 
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Prof. H. A. Kluge 


News has only recently been received of the death 
of Prof. Hermann A. Kluge on December 25, 1956. 
We are much indebted to Mrs. Helen Androsova, of 
the Zoological Institute, Leningrad, who has supplied 
the biographical details for this notice. 

Kluge was born in Radom, Poland, in 1871, and 
graduated in 1896 at the University of Kazan, 
taking his master’s degree and becoming Privat- 
docent there in 1899. He had already gained the gold 
modal of the University for his first research investi- 
gation (on the natural history of the freshwater 
Polyzoa), and had studied in 1897 at the Solovetski 
Biological Station on the White Sea. His major 
scientific interests for the rest of his life, the Arctic 
and the Polyzoa, were thus established. Between 
1900 and 1907, in preparation for his doctor’s degree, 
Kluge studied at the Zoological Station at Naples, 
and also at museums in Germany, Sweden, Denmark 
and England, where he paid particular attention to 
the collections of Polyzoa from the various oceans. 

Returning to Russia, Kluge began to work on the 
previously unstudied collections of Polyzoa from 
Russian seas in the Zoological Museum (now Institute) 
of the Academy of Science at Leningrad. He con- 
tinued this work throughout his life, and the resulting 
series of papers demonstrated the existence in 
Russian Arctic waters of some 350 species of Polyzoa,. 


many of them new. Two important contributions, 
on which he had worked for many years, are to be 
issued posthumously. Kluge’s investigations also 
extended to the Polyzoa of West Greenland and the 
Antarctic. The care and accuracy of his descriptions 
and fine drawings, which are typical of all his work, 
are well seen in his monograph (1915) of the Anascan 
Polyzoa of the Deutsche Südpolar Expedition of 
1901-3, perhaps the best known of all his publications 
to European workers. He also wrote on such little- 
studied groups as the Kamptozoa, Rhabdopleura and 
the cirripede Dendrogaster. 

But all this was only part of Kluge’s scientific life. 
From 1908 until 1933 he was director of the Murman 
Biological Station in Kola Bay, where he remained 
as a scientific worker after his retirement. Though 
not a large institution, it has been described as a 
model of its kind, with an excellent aquarium, a 
good library and museum, and well equipped for 
marine biological investigations. In 1934 Kluge 
visited the north of Novaya Zemlya, where he spent 
the winter at the polar station at Cape Zhelaniya. 
Hoe was also one of the founders of the Arctic Museum 
in Leningrad, of which he was director for some time. 

Kluge devoted his life and energy to the study of 
the zoology of the austere far north. Our knowledge 
of the biology of the Arctic Ocean owes much to him. 

Anna B. Hastinas 
H. DiaHton THOMAS 


NEWS and VIEWS 


Sir James Swinburne, Bart., F.R.S. 

SIR James SWINBURNE celebrated his hundredth 
birthday on February 28. Sir James, who until 1953 
was chairman of Bakelite, Ltd., and who is now 
honorary president of the Company, is a distinguished 
engineer and one ‘of the world’s pioneers in the field 
of synthetic resins. His original work on phenolic 
resins at the beginning of the century made a major 
contribution to the development of the modern 
plastics industry. Durmg his long life Sir James 
Swinburne has had many interests. In addition to 
being a Fellow of the Royal Society, he is past 
president of the Institution of Electrical Engineers, 
a past president of the Faraday Society, and a 
member of the Institution of Civil Engineers. He 
has always been interested in sociology and among 
his publications is the work “Population and the 
Social Problem’’. He has also been keenly devoted 
to music, and one of his early interests was the 
electric organ. Another of his hobbies is horology, 
and he has published books and papers on this sub- 
ject. Sir James has now retired from active occupa- 
tions to Bournemouth. 


Social and Preventive Medicine at Belfast : 
Prof. A. C. Stevenson 


Pror. A. C. Stevenson, head of the Department 
of Social and Preventive Medicine in The Queen’s 
University, Belfast, will vacate his chair on April 1 
to take up a new appointment as director of a Medical 
Research Council Population Genetics Unit. Prof. 
Stevenson joined the Department in 1948, after 


holding the post of senior lecturer in public health at 
the London School of Hygiene and Tropical Medicine. 
Prof. Stevenson has taken an active interest in the 
affairs of the Institute of Clinical Science, in which 
his Department is housed, which has given him 
ample opportunities for research in the field of 
genetics. Fortunate in having a defined population 
of convenient size for study in Northern Ireland, he 
has made a detailed study of the distribution of 
several harmful genes, including those involved in 
the transmission of myoclonic epilepsy, muscular 
dystrophies, congenital malformations, achondro- 
plasia, epiloia, rheumatic fever, deaf mutism, retino- 
blastoma and tylosis palmaris et plantaris. Prof. 
Stevenson is the author of “Recent Advances in 
Social Medicine”, published in 1950 by Churchill 
(London). In 1953 he was one of a team of medical 
scientists which visited Indonesia to study the public 
health problems and needs of that country for the 
World Health Organization. 

The increasing hazards from ionizing radiation 
have directed attention to the fact that we have very 
few data on the genetic effects of radiation on human 
beings. her information is required on the 
genetic structure of human populations and there is 
an urgent need for the collection of more information 
on fertility, consanguinity and mortality. The 
formation of a Medical Research Council Unit for 
the study of population genetics is a step in the 
right direction, and Prof. Stevenson’s experience in 
Northern Ireland should stand him in good stead as 
head of the new Department. 
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Dr. J. Pemberton 


Dr. JoHN PEMBERTON, reader in social and indus- 
trial medicine in the University of Sheffield, has been 
appointed to succeed Prof. Stevenson. After working 
with Sir John (now Lord) Boyd Orr at the Rowett 
Research Institute, Aberdeen, in charge of a mobile 
nutritional research team, he went to Sheffield in 
1940 as medical first assistant at the Royal Hospital, 
becoming medical tutor in 1941. During this time 
he maintained his interest in nutritional matters, 
working with Prof. H. A. Krebs on the extremoly 
important experiments on deficiency of vitamin C in 
human volunteers. In 1946 he was appomted 
senior lecturer in medicine (social aspects} and 
student health officer in the University. In the next 
few years he carried out some extremely valuable 
studies on illness in general practice and socio-medical 
studies of hospital in-patients. In 1949 Dr. Pember- 
ton jomed the newly formed Department of Social 
and Industrial Medicine at Sheffield as senior lecturer, 
becoming reader in 1957. He has maintained contact 
with the hospital by accepting appomtments as 
honorary consultant physician to the City General 
Hospital, where he has beds, and to the United 
Sheffield Hospitals, where he ran an out-patient 
clinic. He has played a most important part in 
developing the teaching and research programme of 
the Department, being particularly concerned with 
the running of the social medicine clerkship, and with 
the organization of case demonstrations and colloquia. 
With Prof. W. Hobson and Dr. H. Droller he helped 
to organize a medical survey of old people in their 
homes in Sheffield. In 1955 the results of this work 
were published in a book, “The Health of the Elderly 
at Home”, of which he was joint author, and he was 
awarded jointly a prize of £100 for original work in 
geriatrics by the Ciba Foundation. 

During 1953 Dr. Pemberton visited the United 
States to study teaching methods in American 
medical schools, and in 1954 spent a year at Harvard 
School of Public Health, working on the epidemiology 
of chronic bronchitis. His work in the United States 
resulted in his founding, with Dr. Harold Willard, the 
International Corresponding Club, of which he is the 
co-secretary. The Bulletin issued by the Club has 
been an outstanding success in making known to 
workers all over the world the developments in 
teaching and research which are going on in social 
medicine. In September 1957 he organized an Inter- 
national Study Group in Holland, financed by the 
Rockefeller Foundation. In 1957 a Medical Research 
Council group for epidemiological research on air 
pollution was formed in Sheffield, with Dr. Pemberton 
as director. His recent published work has been 
concerned with geriatrics, air pollution and respiratory 
disease. 


Nationa] Physical Laboratory : Dr. E. Lee 


Dr. EDWARD L&x, who is at present director of 
operational research in the Royal Naval Scientific 
Service, has recently been appointed to the new post 
of deputy director of the National Physical Labora- 
tory. The deputy director will assume the main 
responsibility for work in the National Physical 
Laboratory which is closely geared to immediate 
demands from industry. Dr. Edward Lee was 
educated at Consett Grammar School and graduated 
at the University of Manchester with first-class 
honours in physies. After taking an M.So. degree 
at Manchester and & Ph.D. at Cambridge, he joined 
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the Royal Naval Scientific Service in 1939 and was 
posted to the Admiralty Research Laboratory. In 
1946, Dr. Lee joined the Defence Research Policy 
Staff at the Ministry of Defence and from then until 
1951 his work was mainly concerned with relating 
Service research programmes to the scientific effort 
available and Service requirements. He has been 
director of operational research at the Admiralty for 
the past three years. 


Reorganization of the National Physical Laboratory 


During 1957, a comprehensive review of the 
organization and programmes of work of the National 
Physical Laboratory was carried out by a committee 
of the Research Council of the Department of Scien- 
tific and Industrial Research. As a result, certain 
changes in organization will be introduced about the 
end of March. One of the most important is a re- 
organization of the work at present carried out in 
the Divisions of Electricity, Metrology and Physics 
and in the Test House. These four units will be 
replaced. by three new Divisions to be called Stend- 
ards, Applied Physics and Basic Physics. 

Tho Standards Division will be responsible for all 
fundamental work on standards of length, mass and 
time ; of electrical and magnetic quantities and also 
of temperature. Basically, it will consist of the 
present Metrology Division, expanded to include 
certain work on standards now carried out in the 
Electricity and Physics Divisions. The superintendent 
will be Dr. H. Barrell, at present in charge of the 
Metrology Division. The Applied Physics Division 
will be responsible in general for work in the field 
of classical physics of fairly immediate value to 
industry (excluding optics, which will continus in the 
Light Division). The principal areas covered will be 
electrotechnics, acoustics, heat and radiology. Test 
House, which has hitherto come under Administra- 
tion, will become an integral part of this Division, 
but will preserve its identity under Mr. H. Bowley. 
The superintendent of the Applied Physics Division 
will be Dr. B. Wheeler Robinson, at present in charge 
of the Physics Division. The Basic Physics Division 
will be responsible for pioneering developments in 
certain branches of non-nuclear physics which have 
potential industrial applications in the less immediate 
future. The post of superintendent of this Division 
is at present vacant. 


Expansion of Universities in Britain 


A PROVISIONAL building programme for university 
expansion, totalling £60 million during 1960-63, and 
including the foundation of a University College of 
Sussex, has been authorized by the Chancellor of the 
Exchequer. Announcing this in the House of 
Commons on February 20, Mr. Heathcoat Amory 
said that the programme would be subject to review 
if the economic situation changes substantially. The 
increase contemplated. in the current rate of building 
is necessary if Britain is to secure the full benefits of 
future advances in science and technology, and it 
should be possible to achieve an increase from 106,000 
to about 124,000 students by the mid-1960’s, with a 
possible temporary rise of 10 per cent in the second 
half of the decade, an increase which may well prove 
to be permanent. Nearly two-thirds of the expansion 
will be devoted to faculties of science and technology 
of the existing universities and colleges of technology, 
which will enable the figure recommended by the 
Committees for Scientific Man-power to be reached 
and the number of scientists and engineers to be 
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doubled. The education estimates, Mr. Amory added, 
would be £26-5 million higher next year. 

In a written answer to a question in the House of 
Commons on the same day, Mr. Amory said that 
most universities are apparently dissatisfied in 
varying degrees with the grants allocated to them by 
the University Grants Committee, especially for the 
first two years of the quinquennium. The quinquen- 
nium settlement provides, however, for grants 8 per 
cent higher in the current academic year than in 
1956-67, rising by a further 30 per cent over the 
next four years. To these will be added supple- 
mentary grants in respect of the cost of salary awards 
effective from last August, making the total grant 
20 per cent higher in 1957-58 than in 1956-57. 

Tt is proposed. that the University College of Sussex 
should be built at Brighton, where the Corporation 
has offered a site of about 150 acres at Stanmer Park 
on the Lewes Road. Negotiations between the 
University Grants Committee and a committee repre- 
senting the five local education authorities of Sussex 
and their education officers are at present in progress. 


Nuclear Reactor Safety 


Tue Parliamentary Secretary to the Minister of 
Power, Sir Ian Horobin, in a written reply in the 
House of Commons on February 10, said that the 
Government intended to introduce legislation to 
ensure, by a system of licensing and inspection, that 
nuclear reactors on land were effectively subject to 
control in the interests of public safety. Owners of 
such reactors would, like the Atomic Energy 
Authority, be required to prevent damage to property 
or personal injury from radioactive contamination 
and would be liable to pay compensation for such 
damage even from an unavoidable accident, except 
to the extent to which there was contributory 
negligence on the claimant’s part. It was proposed 
+o limit compensation in respect to any one incident 
to £5 million for each installation, and the insurance 
market was prepared to provide the necessary cover. 
The liability of the Atomic Energy Authority would 
not be affected, but problems of reactors in ships, 
submarines and aircraft required further study with 
regard particularly to the international aspects. 


Technical Co-operation in Africa South of the Sahara 


In a written answer in the House of Commons on 
February 5, Mr. Ian Harvey, replying for the Secre- 
tary of State for Foreign Affairs, said that the 
Government and other members of the Commission 
for Technical Co-operation in Africa South of the 
Sahara have agreed to set up & Foundation 
for Mutual Assistance in Africa South of the 
Sahara. The Foundation is designed to facilitate and 
encourage the provision of technical assistance for 
that region and would be inaugurated at Accra at 
the end of February. The House would be asked to 
approve provisions for a United Kingdom contri- 
bution of technical assistance through the Foundation, 
which would be under the general direction of the 
Commission with a combined secretariat. 


Land for Service Requirements 


Tam Land Powers (Defence) Bill, which is the first 
major Bill to implement the Government pledges in 
the debate on the Franks report, seeks to terminate 
Defence Regulations relating to land and to make 
permanent provision for the much more limited 
powers required for defence purposes in time of 
peace. Speaking in the House of Commons on 
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February 10 on the second reading of the Bill, Mr. 
G. de Freitas said that in England, War Office hold- 
ings amounted to 1-47 per cent of the land; in 
Wales, 1:07 per cent; and in Scotland, 0:24 per 
cent. Asking for more information. on the Govern- 
ment’s policy on land for Service training, he stressed 
the need for knowledge of total Service requirements 
if supplementary requests were to be handled intel- 
ligently. The tendency should be for less and less 
land to be required by the Services but, after referring 
to the co-operation during the past year with the 
Nature Conservancy, of the War Office at Braunton. 
Burrows and of the Royal Air Force at St. Kilda, as 
outstanding examples of the possibility of meeting 
the requirements of the Services side by side with 
those of scientific research, Mr. de Freitas pointed 
out that there were examples to the contrary. 
While accepting the general principle of the Bill, it 
was essential to see that the safeguards offered to the 
public were effective and that the objections of local 
authorities, the National Parks Commission and other 
bodies could be thoroughly examined. In his reply 
on the debate, the Attorney-General, Sir Reginald 
Manningham-Buller, said that the power to make 
representations to the Manoeuvres Commission, which 
was thereupon required to hold at least one public 
inquiry, was likely to be a much more effective way 
of protecting the amenity, ornithological and other 
interests in the land in an area covered by an Order 
in Council. 


New Roads 


REPLYING on a debate in the House of Lords on 
February 13 on the acquisition of land for roads, 
the Minister without Portfolio, Lord Mancroft, while 
agreeing that the announced programme of expendi- 
ture on roads of £240 million for the period 1958-62 
was not big enough, claimed that it was commensurate 
with our resources of finance and man-power. Forty 
large projects on the Great North Road would be 
authorized by the end of the financial year and work 
on many was already in progress. Work on the 
Leicester by-pass, to cost nearly £4 million, was due 
to finish by the end of 1959. The Kingsferry Bridge 
in the Isle of Sheppey would cost more than £l 
million, the northern approach to the Blackwall 
Tunnel nearly £2 million, the Birmingham Ring Road, 
the first stage of which should be finished this year, 
about £15 million, and work would start in March on 
a section of the London-Yorkshire motorway, which 
would be 53 miles long, take 19 months to complete 
and cost £15 million. The Ross Spur, to start on 
March 9, would take two and a half years. Much 
detailed work was involved in the preparation needed 
for the acquisition of land for road schemes, and the 
Government was trying to accelerate this work. He 
hoped in future it would be possible to provide local 
authorities with a programme approved in principle 
for three or four years ahead, which would enable 
them to work out details of the schemes and acquire 
property in time for the Minister to authorize the 
grant in the year in which he originally expected to 
make financial provision. After stressing the im- 
portance of flexibility, Lord Mancroft said that the 
Minister of Transport and Civil Aviation had set up 
a special planning section which was preparing & 
twenty- to thirty-year master plan for roads. 


The Physics of Fluids 


The Physics of Fluids (1, No. 1 (January-February, 
1958). Pp. ii+72. Published bi-monthly. Annual 
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subscription rate: 11 dollars. New York: American 
Institute of Physics, 1958) is a new bi-monthly pub- 
lication of the American Institute of Physics. It will 
publish original research papers on the dynamics of 
flow, waves and shocks and also on the statistical 
thermodynamics of the fluid state. Particular atten- 
tion will be given to the mutual interaction between 
the flow of fluids and electromagnetic phenomena or 
chemical or nuclear processes. The term ‘fluids’ is 
applied by the editors to liquids, including liquid 
helium, to compressed and rarefied gases and to 
plasma. The new periodical may owe its existence 
to the necessity of relieving The Physical Review and 
The Journal of Chemical Physics. Research workers 
in the field of fluid physics will welcome the increase 
in facilities for publishing their work. 

There is a tendency to regard hydrodynamics and 
the molecular theories of liquids—to name only two 
significant examples—as somewhat outmoded and to 
appreciate them only in connexion with their engin- 
eering applications. Evidence to the contrary is apt 
to be overlooked when it is scattered over a number 
of different journals. In contrast, the first issue of 
The Physics of Fluids presents papers on topics such 
as the theory of bubble chambers, the effect of 
radiation on the propagation of shock waves, stability 
in magneto-hydrodynamics and the statistical quan- 
tum mechanics of the electron gas. It is clearly shown 
that fiuid physics is closely connected with con- 
temporary fundamental research. The American 
Institute of Physics intends to publish The Physics of 
Fluids at monthly intervals if need arises. In the 
interest of progress in a fascinating branch of science 
we hope this plan will materialize at an early date. 


National Museum, Bloemfontein 


THE annual report of the National Museum, Bloem- 
fontein, for the year ended March 31, 1957, reflects 
the activities of a progressive institution. New 
buildings include a board room, enlargement of the 
library, and a thatched shelter to protect the exhibits 
of rock engravings. In addition, the new displays 
include a diorama of wildebeest, a large diorama of 
Free State animals and Matjes River material. It is 
pleasing to note that the appointment of a book- 
keeper/clerk has enabled the director to give more 
time to research and the preparation of exhibitions 
in the Museum. 


Clinical Use of Hormones 


INFORMATION about hormones tends to be widely 
dispersed among specialized publications, and it is 
not easy for the ordinary clinician to obtain a balanced 
and up-to-date view of their status in medicine. T'he 
Practitioner (180, 5; January 1958) has therefore 
published a symposium of twelve short reviews, 
dealing with all the hormones now in general use 
- with the exception of adrenaline. The articles are 
mainly of a practical nature, and discuss such ques- 
tions as dosage, types of commercial preparations 
available, and indications and contra-indications for 
their use. In addition, in the small amount of space 
available, they provide a surprising amount of general 
scientific information on the nature and mode of 
action of the hormones, and they include short 
bibliographies of important papers and reviews. 


The British Lichen Society 


A. soorety for the promotion of the study and 
conservation of lichens, under the title of the British 
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Lichen Society, was formed at a meeting held at the 
British Museum (Natural History), South Kensington, 
on February 1, by kind permission of the Trustees. 
It is hoped eventually to publish a journal; but in 
the meantime it is intended to issue lichenological 
notes and news in the form of a mimecgraphed 
bulletin. Particulars can be obtained from the 
Honorary Secretary, Mr. A. E. Wade, Department of 
Botany, National Museum of Wales, Cardiff. 
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University News : Bristol 


THE followmg appointments have been made: 
Dr. T. H. K. Barron, lecturer in physical and in- 
organic chemistry; Mr. R. Bradshaw, lecturer in 
geology ; Dr. R. G. Chambers, senior lecturer in low- 
temperature physics; Dr. J. Tinkler, lecturer in 
aeronautical engineering. 

The following have resigned: Prof. G. C. Drew, 
from the chair of psychology on his appointment to 
the chair of psychology at University College, 
London; Dr. E. J. Field, lecturer in anatomy, on 
his appointment as senior lecturer in neuropathology, 
King’s College, Newcastle, and the Royal Victoria 
Infirmary; Dr. K. Stewartson, reader in applied 
mathematics, on his appomtment to the chair of 
applied mathematics at the University of Durham ; 
Dr. H. A. Thurston, lecturer in mathematics, on his 
appointment to the University of Vancouver. 

The following gifts have been received: £7,773 
from the British Empire Cancer Campaign for cancer 
research to be carried out in the Departments of 
Pathology, Physiology and Surgery, in 1958; £1,000 
per annum for a period of two years from Messrs. 
Kodak, Ltd., to the Department of Physics as an 
extension of the grant in support of experimental 
work on the physical properties of silver halides ; 
£967 from the Agricultural Research Council to the 
Department of Physiology as renewal of the grant in 
aid of research on bovine acetonemia for & third and 
final year from April 1. 


Liverpool 


Dr. C. A. CLARKE has been appointed to a reader- 
ship in the Department of Medicine. 


London 


Dr. M. L. THomson, senior lecturer at the London 
School of Hygiene and Tropical Medicine, has been 
appointed to the University readership in applied 
physiology tenable at that School. The title of 
professor of pharmacology in the University of 
London has been conferred on Dr. George Brownlee, 
in respect of his post at King’s College. The title of 
professor of biochemistry in the University of London 
has been conferred on Dr. William Robson in respect 
of his post at King’s College. The title of professor 
of pharmacology in the University of London has 
been conferred on Dr. Miles Weatherall in respect of 
his post at the London Hospital Medical College. 
The title of reader in dental medicine in the Univer- 
sity of London has been conferred on Mr. B. E. D. 
Cooke in respect of his post at Guy’s Hospital Medical 
School. The title of reader in biochemical genetics in 
the University of London has been conferred on Dr. 
Harry Harris in respect of his post at the London 
Hospital Medical College. The title of reader in 
pharmacology in the University of London has 
been conferred on Mr. J. P. Quilliam in respect of 
his post at St. Bartholomew's Hospital Medical 
College. 
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Sydney 
Pror. J. H. Gappvum, professor of pharmacology 
at the University of Edinburgh, has been appointed 
third visiting professor of pharmacology in the 
University of Sydney. Prof. Gaddum will leave for 
Australia about the middle of April and will spend 
approximately two months in Sydney. During his 
stay in Australia he will lecture in Sydney and other 
capital cities and will visit the Australian National 
University in Canberra. A fund has been established 
by the pharmaceutical manufacturers of Australia to 
enable the University of Sydney to invite a guest 
professor in this subject each year. 


Vancouver 


Dr. R. D. RuUssELL, of the University of Toronto, 
has been appointed associate professor of geophysics 
in the University of British Columbia. A chair of 
geophysics, within the Department of Physics, was 
established last year by the appointment of Prof. 
J. A. Jacobs. Research at first will be mainly in the 
fields of isotope geology and geomagnetism. 


The Night Sky in March 


Foru moon occurs on Mar. 5d. 18h. 28m. v.r., 
and new moon on Mar. 20d. 09h. 50m. The following 
conjunctions with the Moon take place: Mar. 8d. 
21h., Jupiter 2° N.; Mar. 12d. 18h., Saturn 3° S.; 
Mar. 15d. 11h., Mars 6° 8.; Mar. 16d. llh., Venus 
1° S. Mercury is favourably placed for observation 
at the end of the month, setting at 19h. Om. on Mar. 15 
and 20h. 20m. on Mar. 31. Its stellar magnitude is 
— 1-3 on Mar. 15 and +-0-4 on Mar. 31. Venus 
is a morning star, visible low in the south-east before 
sunrise. It rises at 4h. 50m., 4h. 30m. and 4h. 10m. 
on March 1, 15 and 31, respectively; its stellar 
magnitude is — 4-2. During the month its distance 
from the Earth increases from 37 to 58 million miles 
and the visible portion of the apparent disk from 
0-227 to 0:450. Mars rises at 4h. 55m., 4h. 30m. and 
4h. 00m. at the beginning, middle and end of the 
month, respectively ; it will be difficult to observe. 
Jupiter rises at 22h. 20m., 21h. 20m. and 20h. 10m. 
on March 1, 15 and 31, respectively ; it is east of 
Spica. The stellar magnitude of Jupiter is — 1-9, its 
distance from the Earth on March 15 being 430 
million miles. Saturn rises at 3h. 05m., 2h. 15m. 
and lh. 10m. at the beginning, middle and end of the 
month, respectively ; it is east of 0 Ophiuchi. It 
has a stellar magnitude of + 0-7 and a distance of 
930 million miles from the Earth on March 15. 
Occultations of stars brighter than magnitude 6 are 
as follows, observations being made at Greenwich : 
Mar. ld. 22h. 167m., à Gem. (D); Mar. 3d. 18h. 
31-5m., x Cne. (D); Mar. 11d. 03h. 02-0m., v Sco. 
m. (D); Mar. Ild. 03h. 31-9 m., v Sco. m. (R); 
Mar. 26d. 22h. 01.4m., 104 Tau. m. (D); Mar. 30d. 
20h. 580m., A? Cne. (D). D and R refer to disap- 
pearance and reappearance, respectively. The vernal 
equinox occurs on Mar. 21d. 03h. l 


Announcements 


ABOUT £50 is available from the Clough Memorial 
Research Fund of the Edinburgh Geological Society 
for geological research in Scotland and the north of 
England (Northumberland, Durham, Cumberland, 
Westmorland and Yorkshire) during the period 
April 1, 1958—-March 31, 1959. Applications, stating 
the nature of the proposed research, should be sent 
before March 31 to the Secretary, Clough Memorial 
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Research Fund Committee, Edinburgh Geological 
Society, Synod Hall, Castle Terrace, Edinburgh 1. 


Tax Ministry of Agriculture, Fisheries and Food 
and the Department of Agriculture for Scotland 
propose to award, for the academic year beginning 
October 1, 1958, a number of postgraduate scholar- 
ships in the various branches of husbandry, farm 
management, agricultural economics, statistics, agri- 
cultural and dairy engineering, rural estate manage- 
ment and land economics. Awards will also be 
offered in agricultural science for students intending 
to pursue a course of postgraduate instruction. The 
closing date for receipt of completed application 
forms is March 31. Further particulars and forms of 
application can be obtained from the Ministry of 
Agriculture, Fisheries and Food, Room 284, Great 
Westminster House, Horseferry Road, London, 
S.W.1i, or the Department of Agriculture for 
Scotland, St. Andrew’s House, Edinburgh 1. 


A symposium on ‘Science and Society” will be 
held in the William Beveridge Hall, Senate House, 
University of London, on March 19, under the 
auspices of the Royal Institute of Chemistry, the 
Institute of Biology and the Institute of Physics. 
Prof. P. M. S. Blackett will take the chair. The main 
speakers will be: Prof. L. T. Hogben (“Science and 
its Social Functions”); Prof. A. Haddow (“The 
Social Dangers of Science’); Dame Kathleen 
Lonsdale (“The Social Place of Science’); Mr. 
Anthony Smith, Daily Telegraph (in place of Mr. 
L. J. F. Brimble, Nature) (“The Deployment of 
Scientific Effort’). Further information can be 
obtained from the Secretaries of any of the above 
Institutes. 


THE British Social Biology Council is holding a 
one-day conference on “The Making of a Scientist” 
in the North Hall Suite, Victoria House, Southampton 
Row, London, W.C.1, on March 22. The conference 
will bring together men and women from the 
schools, universities, industries and public services 
who are concerned with the training of scientists 
and their employment. It will be open to any- 
one who is interested in education and science. 
Tickets for admission are obtainable from the 
Secretary, British Social Biology Council, 69 Ecele- 
ston Square, London, 8.W.1. The programme 
for the morning, under the chairmanship of Mr. 
J. O. Blair-Cunynghame (National Coal Board), 
will consist of lectures on: “The Position of the 
Science Graduate in Industry” by Mr. E. A. Cooke 
(Imperial Chemical Industries, Ltd.) ; “Scientists in 
the Engineering Industry” by Mr. G. S. Bosworth 
(English Electric); ‘Fostering the Scientific Atti- 
tude” by Prof. J. Z. Young (University College, 
London). In the afternoon the chairman will be Mr. 
A. Rodger (Birkbeck College) and the lectures will 
bo on: “Human Relations and Scientific Method” 
by Miss M. L. Johnson (University College, London) ; 
“Industry and the Artist’? by Mr. B. Archer (Central 
School of Arts and Crafts); ‘Teaching Science: the 
Need for Research” by Mr. R. Weatherall (Eton 
College). There will be opportunities for questions 
and discussion. 


Errata. In the communication entitled “Isotopic 
Tracer Method for measurement of Iron lost into and 
re-absorbed from Gastro-intestinal Bleeding Lesions” 
by M. Roche et al. (Nature, 180, 1278 ; 1957), par. 3, 
equation 2 gives the hemoglobin in gm./100 c.c. and 
not mgm./100 c.c. as printed; par. 7, line 4, the 
footnote reference should be 4. 
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COLUMN PACKINGS FOR 


HE second in the series of informal symposia 

organized by the Gas Chromatography Discussion 
Group associated with the Institute of Petroleum was 
held in the Organic Chemistry Laboratory, Cambridge, 
on October 4. More than two hundred participants 
attended and four papers were presented. Local 
organization was carried out by Dr. J. H. Purnell. 

After a short welcoming address by Prof. R. G. W. 
Norrish, Dr. A. T. James, chairman of the Discussion 
Group, outlined a new organization for the Group 
which itis hoped to put into effect shortly. This would 
allow a definite membership open to all workers in 
the field, and many of those present indicated their 
interest in the scheme. He also directed attention to 
the Second International Symposium on Gas Chroma- 
tography being arranged by the Group in Amsterdam 
during May. 

Dr. J. J. van Deemter presented an introductory 
paper on column packings and peak sharpness. He 
considered the factors contributing to peak broaden- 
ing in the light of current theories of gas chroma- 
tography and discussed the effects of gas velocity, 
sample size, support particle size and stationary 
phase proportion, on column efficiency. After con- 
sidering the latest form of the van Deemter equation, 
relating the height equivalent to a theoretical plate 
(HETP) and diffusional effects, he pointed out that a 
variation in film thickness on the packing would also 
lead to peak broadening. This effect is probably 
particularly significant when low proportions of 
stationary phase are employed. An interesting 
observation was the fact that resistance to mass 
transfer in the liquid phase was not, in all cases, 
dependent on the viscosity of the stationary phase. 
With silicone oils, variation of viscosity over a hundred- 
fold range had little effect on column efficiency. Dr. 
A. J. P. Martin suggested that with linear polymers 
increasing chain length has little effect on the 
diffusivity of small molecules. 

Mr. R. P. W. Scott then presented a paper deserib- 
ing an experimental investigation of many of the 
parameters determining column efficiency considered 
by the previous speaker. The hydrogen flame detector 
had been employed with a mixture of 75 per cent 
hydrogen plus 25 per cent nitrogen as carrier gas and 
a single stationary phase Apiezon Oil A supported on 
Johns-Manville 022 insulating brick. An examination 
of columns prepared from brick powders of different 
particle size with a constant proportion (20 per cent 
weight) of stationary phase at 78° C. had shown, as 
would be predicted by the van Deemter theory, that 
the smaller particles are more effective. In addition, 
the importance of a narrow particle size distribution 
was demonstrated. The best stationary phase/support 
ratio for shoré colurmns a few feet long was found to 
be 20 per cent w/w, but theoretical plates values above 
about 3,000 were best obtained by the use of long 
columns with low proportions of stationary phase, 
that is, 5 per cent w/w and below. Data were given for 
a 25-ft. column heving an efficioncy of 10,000—12,000 
theoretical plates which would partially resolve 
para- and meta-xylenes on a volatility basis. 

The afternoon session opened with a paper by Mr. 
C. 8. G. Phillips on the use of metal salts as column 
liquids. Copper and zinc stearates and nickel oleate 
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had been examined, the stearates at 156° C. and the 
nickel salt at 97° C. Although with hydrocarbons 
and other non-polar compounds separations were 
similar to that obtained with. conventional stationary 
phase liquids, with amines, for example, strong 
co-ordination forces to the metal atoms produced 
new types of separations markedly dependent on 
steric factors. Several thousandfold differences in 
retention times could be obtained in favourable 
cases. Mr. Phillips cited the case of the separation of 
2,6-lutidene and «-, B- and y-picolines. About two 
hundred thousand plates were required to separate 
these compounds, using only their volatility differ- 
ences, but with zine stearate at 150° C. less than five 
plates are sufficient. The results with these metal-salt 
columns could be related to studies of complex-ion 
formation in aqueous solutions and provide informa- 
tion on complexing equilibria. 

In the last paper Dr. J. E. Purnell put forward, on 
behalf of the Gas Chromatography Discussion Group, 
further recommendations! concerning the presentation 
of gas-liquid chromatographic retention data. It 
was proposed that retention data be presented in one 
of the two following ways, each being adequate 
provided any additional information required for 
interconversion is also given. 

(1) In tables of relative retention times for at least 
two temperatures (so far as is practicable} with, where 
possible, the partition coefficient or specific retention 
volume of the standard solute. A suitable graphical 
method is the plot of logarithm of relative retention 
times versus the reciprocal of the absolute tempera- 
ture. 

(2) In terms of a linear equation relating the 
parameter chosen to temperature, for example, by an 
Antoine equation 


log Vy = Aft + 0) +B 


where ¢ = temperature in deg. C. and A, B and C are 
constants. This may be done graphically, but where 
results are numerous and the line represents the 
experimental results with accuracy, the constants of 
the equation (with the temperature limits between 
which it has been found to hold) will allow calcula- 
tion or replotting on a large scale. It is hoped 
that the detailed recommendations will be published 
shortly in Analytical Chemistry. 

Before the meeting closed, the chairman asked Mr. 
McWilliams, a visitor from Australia, to describe 
briefly a new detector he had mentioned earlier in the 
proceedings. This employed a small flame at the exit 
from the column, as in the detector developed by 
R. P. W. Scott, but instead of flame temperature, the 
ionization current between the jet and a positive 
platinum-gauze electrode inserted in the flame was 
measured. Large changes in current occur on intro- 
ducing vapour into the nitrogen/hydrogen mixture 
feeding the flame, and a detection limit of 1 part in 
4 x 108 v/v was claimed. The sensitivity in the units 
proposed at the last meeting? was given as 3 x 10? 
mV. ml./mgm, with a noise-level of 0:2 mV. 

D. H. Dusty 


1 Nature, 179, 241 (1957). 
2 Nature, 180, 22 (1957). 
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THE BRITISH FLORA IN 


HE investigation of the British flora has passed 

through many phases. The past decade has been 
characterized mainly by concentration on detailed 
studies of individual species, or of small groups, 
making full use of the techniques of ecology, genetics 
and cytology as aids to taxonomy. Im addition, 
there has been the detailed study of distribution 
organized by the Distribution Maps Scheme of the 
Botanical Society of the British Isles which has 
received the support of more than three thousand 
helpers. As a result of all this research, it has become 
more evident each year that the flora of the British 
Isles cannot be satisfactorily studied in isolation ; it 
must be considered in relation to the European flora 
of which it forms a part. There has been an in- 
creasing tendency for British workers to make better 
use of Continental research, and to travel abroad to 
study the behaviour of British species overseas. It 
seems likely that this attitude will become the out- 
standing feature of the next phase of the study of 
the British flora, and that with the increased facilities 
of modern travel any remaining insularity will 
disappear. 

It was in the belief that we are on the threshold 
of a change in emphasis, that exhibits on the relation- 
ship of the British to the European flora were a 
special feature of the Annual Exhibition Meeting of 
the Botanical Society of the British Isles on Novem- 
ber 30. This was arranged in the lecture hall of the 
British Museum (Natural History), by kind per- 
mission of the Trustees, and was attended by 360 
members and guests. There were fifty-nine exhibits. 

The exhibit prepared by Prof. T. G. Tutin (Leices- 
ter) under the title of “Some Straightforward British 
Plants and their Continental Complexities” showed 
Ranunculus bulbosus, Primula elatior and Helleborus 
viridis. In Britain these provide no taxonomic 
difficulties, but the buttercup, characterized here by 
the swollen stem tuber, produces only a feebly 
developed bulb in the south of France, and no bulb 
at all in Spanish and Italian specimens; while the 
other two species exhibit subspecific variation in 
Europe with differences in habitat, distribution and 
morphology. Prof. D. A. Webb (Dublin) showed 


examples from the Irish flora of species which can. 


only be understood by studying their behaviour in 
Spain. Thus, in Ireland, Saxifraga hirsuta hybridizes 
so freely with S. spathularis that it is very difficult 
to find the pure species; but in Spain the two are 
separated geographically, and much better differ- 
entiated ecologically. In Ireland, Erica mackaiana is 
sterile, producing only about one viable seed for 
every thousand flowers, but in Spain it sets seed 
freely but is self-sterile. It seems that both the 
Galway and Donegal populations may consist of a 
single clone. 

Progress and problems of the projected “Flora 
Europea’’!, which is expected to include descriptions 
of some 16,000-17,000 kinds of plants, were illus- 
trated by Dr. V. H. Heywood (Liverpool). As exam- 
ples of the difficulties of producing a condensed 
account of complex groups on modern lines, he 
showed series of Anthyllis vulneraria, and the clines 
in Pinus nigra aggr. Both have been the subject of 
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voluminous literature; of the former, Jalas has 
published a recent treatment of part of the complex 
based largely on field and herbarium material; on 
the latter, ten papers on nomenclature have appeared 
during the past twenty-five years, but both require 
much work.to produce suitable treatments over the 
whole area covered. The compilers of the “Flora 
Europes,” have many similar problems to face. 
Among the other exhibits which considered British 
plants in relation to their distribution or variation 
elsewhere were those provided by Dr. D. E. Coombe 
(Cambridge) on Carex humilis, N. K. B. Robson 
(Kew) on Hypericum maculatum, J. P. Savidge 
(Liverpool) on Callitriche, Dr. S. M. Walters (Cam- 
bridge) on Carex section Distantes, and Dr. E. F. 
Warburg (Oxford) on Sorbus. Fresh flowers and 
fruits from the Riviera were shown by Miss M. S. 
Campbell. 

During 1957 there have been no important species 
added to the British list, but several very rare ones 
have been found in new localities. The most inter- 
esting of these is Spiranthes romanzoffiana, which was 
found in July on Dartmoor, and was exhibited by 
P. C. Hall and Mrs. B. Welch. This orchid was not 
previously known from England, and in some respects 
the Dartmoor plant is intermediate between the - 
populations found in southern Ireland and those in 
northern Ireland and Scotland. R. A. Graham and 
R. M. Harley exhibited Mentha x piperita var. 
sylvestris from near Brixham, collected by K. Bull in 
1954, as a mint not seen for 150 years. It was 
originally collected near Bath about 1790. Poa 
bulbosa was shown by J. Hodgson from near Fren- 
sham, Surrey. It is the first record of this usually 
maritime grass from the county since 1762, but 
although the new habitat is a suitable one, associa- 
tion with other species known to have been intro- 
duced suggests that the plant is not native here. 

Considerable attention is now being devoted to the 
study of hybrids in the British flora. The old reproach, 
that if a plant proved difficult to name the easy way 
out was to call it a hybrid, is no longer true, and 
botanists are now investigating claims to hybridity 
with painstaking care. The British Museum (Natural 
History) exhibited type specimens of two hybrids 
new to science—Potamogeton x cadburyae, which is 
@ cross between P. crispus and P. lucens, and P. x 
pseudofriestt, which is a cross between P. acutifolius 
and P. fries. Both were described by J. E. Dandy . 
and G. Taylor. An interesting example of a hybrid 
detected in the field was Symphytum peregrinum x 
tuberosum shown from Woodbridge, Suffolk, by E. 
Milne-Redhead (Kew). Synthetie hybrids in Spergu- 
laria were shown by J. A. Ratter (Liverpool). By 
artificial cross-pollination he produced S. bocconi x 
salina and S. salina x rupicola—in both there was 
complete failure to produce fruit, and flowering con- 
tinued throughout the season. Dr. B. A. Hulme 
showed artificially produced hybrids in Atriplex. 
Using A. patula, 2n = 36, A. hastata, 2n = 18, and 
A. lhittorals, 2n = 18, as parents, she found that 
there was free crossing between A. patula and A. 
littoralis, but not between A. patula and A. hastata, 
and she was unable to produce A. hastata x littoralis. 
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P. M. Benoit had four exhibits of hybrids. Festuca 
rubra x Vulpia myuros was claimed as new to 
science. <A single plant was found in Merioneth, 
morphologically intermediate, and completely sterile. 
Cardamine flexuosa x hirsuta he had synthesized, 
making successful crosses in both directions. Myosotis 
caespitosa Xx scorpoides he found in a marshy meadow 
at Dolgelley in 1956—this is new to the British Isles. 
He also had a very convincing exhibit of the common 
hybrid Senecio aquaticus x jacobaea, which is par- 
tially fertile and very variable and forms complex 
hybrid swarms. Dr. S. M. Walters and Miss A. 
Martin (Cambridge) showed an interesting study of 
Calystegia sepium and C. sylvestris. This was based 
on five populations in‘and near Cambridge for which 
they had scored measurements of parts of the flowers 
and arranged them on the principle of Anderson’s 
“Hybrid Index”. Both species are markedly incom- 
patible, and small populations usually arise from 
a single clone and therefore set little or no seed, 
but seed is set in larger populations or those which 
are~heterogeneous. Their analysis showed that 
morphologically intermediate populations of pre- 
sumed hybrid origin occur frequently in the vicinity 
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of Cambridge and presumably arose by cross-fertil- 
ization. 

Two exhibits directed attention to new techniques. 
B. E. Juniper (Oxford) showed replicas of leaf surfaces 
obtained by the use of the electron microscope. These 
included, for example, Oxalis corniculata var. atro- 
purpurea under a magnification of 34,000 linear. 
When the investigation of structures beyond the 
resolution of the light microscope is more advanced, 
new characters may be revealed to assist the work 
of taxonomists. D. E. Bradley exhibited a series of 
flowers of native orchids preserved by an embedding 
technique. After treatment in a colour-preserving 
solution, they were dried and embedded in trans- 
parent blocks of cold-setting “Ceemar’ resin. 

Other aspects of British botany were represented 
by further exhibits, but it was clear that the Dis- 
tribution Maps Scheme, the relationship to the 
European flora, and hybrids were the main interests 
of members of the Society in 1957. Progress made 
during the year as demonstrated by the exhibits 
represents a sound contribution to knowledge. 

J. E. LOUSLEY 


1 Burges, N. A., and Heywood, V. H., Nature, 179, 696 (1957). 
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HE annual conference of the Geographical 
Association was held at the London School of 
Economics during December 31l-January 3. Prof. 
P. W. Bryan, in his presidential address, fascinated. 
and impressed a very large audience by a series of 
beautiful coloured photographs and his insistence 
that geographers must deal primarily with the land- 
scape as a whole, including the interrelated parts of 
the physical and the cultural. With the whole land- 
scape as their basis, research workers could then go 
on to a detailed consideration of particular features. 
One of these particular features, the landscape of 
glacial erosion, received detailed treatment by Mr. 
Vaughan Lewis, of Cambridge, in an analysis of the 
recent work done on “Erosion by Cirque and Valley 
Glaciers’. He felt that the most helpful assumption 
now is that frost shatter is most severe in berg- 
schrunds and related features, such as the enclosed 
head-wall gap reached by the upper’ tunnel dug 
through: Vesl-Skautbreen, Jotunheimen, in 1951, 
when melt-water falls on to rock that is still a degree 
or so below the freezing point. This occurs in spring 
or early summer in the few weeks before the tem- 
peratures in the rock, and ice in the neighbourhood 
of the bergschrund, are raised to the freezing point. 
He also considered that if rotation occurs as a 
result of the great downward thrust of an icoefall, 
bed abrasion may be increased locally, partly by this 
great downward pressure and probably more effec- 
tively by the higher velocity induced in the deeper 
lower layers of ice in contact with the bed. Ice has 
not sufficient strength to hold very small stones 
firmly enough to do much grinding and gouging of 
the much stronger rock, but if the boulders or blocks 
of rock are large, the ice can drag them past the 
rock with great force and produce correspondingly 
great erosion. If the rock is well jointed, this abrasion, 
coupled with frost shatter wherever low temperatures 
can reach the rock, may account for the bulk of 
glacial erosion. But if the rocks are massive and like 


granites and certain metamorphic rocks consolidated 
under great pressure, then joints may form near the 
surface—the primary ones lying parallel to the 
surface—as a result of the release of pressure on the 
removal of the overlying rocks. The rocks may burst 
upwards, as it were, an action which has been noted 
in certain New England quarries. This action may 
help the recession of the walls bounding valley 
glaciers. It is hoped that Mr. Lewis’s findings may 
be published in full at a later date. 

One aspect of the cultural landscape, namely, 
urban geography, received detailed treatment in 
several lectures and constituted the main theme of 
the conference. Prof. A. E. Smailes, of Queen Mary 
College, London, read a paper on “Urban Studies” 
and paid tribute to the pioneer work that had been 
done on spheres of urban influence and in many 
detailed studies of urban morphology. The latter, 
largely based on maps, had greatly added to our 
knowledge of towns, but sometimes the use of a 
two-dimensional map failed to convey the true 
character of an urban area. It could easily ignore 
what Prof. Smailes called ‘the texture’ of a town by 
failing to emphasize the three-dimensional aspect of 
buildings. With a wealth of illustrative matter and 
descriptive detail, he gave examples of various types 
of towns viewed in three dimensions and went on to 
an. analysis of the main forms of urban growth in the 
past century. He distinguished, for example, with 
the aid of air photographs, -the terrace ribbing 
pattern of much Victorian housing, the villa studding 
of more recent housing, and finally the block clumping 
of flats in modern times. 

Prof. E. W. Gilbert, of Oxford, in a lecture on 
‘English Seaside Towns”, stated that roughly 24 
million people now lived permanently in these places. 
After describing their diverse origins and present 
functions, he discussed the many lines of research 
on them now proceeding in several universities. He 
made & special plea for more work on the medical 
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geography of resorts, emphasizing that little was 
known of the precise meaning of the ‘bracing’ and 
‘relaxing’ qualities of places and of their exact 
influence on the human body. He felt strongly that 
more attention should be given to descriptive geo- 
graphy and especially to the aspect of towns. He 
urged geographers to analyse the beauty of urban 
and rural scenery and not to be afraid of expressing 
their own subjective feelings. Educated geographical 
opinion should unite to preserve the beauty of both 
coast and seaside Regency buildings. 

Mrs. D. Monteith gave a fascinating account of the 
development of Saffron Walden, showing how the 
main-line railway had avoided the town and had 
greatly impeded its subsequent growth. Later in the 
week, Mrs. Monteith took a party of members to 
Saffron Walden to explain in more detail the methods 
and results of her survey. Dr. A. Garnett gave a 
detailed study of atmospheric pollution as a factor of 
urban geography, and Mr. G. F. A. Wilmot intro- 
duced a different facet by considering the scope of 
railway geography in urban areas and illustrating it 
by a coach tour to examine some aspects of railway 
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development in North London. Prof. Beaver intro- 
duced yet another aspect by analysing the changing 
industrial landscape of Great Britain, emphasizing 
the great part that modern technology is 
playing in modifying the effects of industrial- 
ization. 

The teaching side of geography also received suit- 
able attention. A very lively discussion on the effect 
of Ordinary Level examinations on the teaching of 
geography opened the conference, and on the last 
day of the lectures Miss P. M. Jeffery gave a lesson 
showing the follow-up of a field expedition in an 
urban area, and Mrs. I. L. M. Long presented the 
results of the research project into “The Interpreta- 
tion of Geographical Pictures by Secondary School 
Children”. 

The last day of the conference was devoted to a 
series of excursions which included, in addition to 
the two already mentioned, a tour of the sites of 
London’s former airports, a tour of metropolitan 
Essex, a traverse by coach to Cambridge, and a 
walking expedition to examine the site and function 
of the City of London. R..C. HONEYBONE 


THE NATIONAL PHYSICAL LABORATORY 
REPORT FOR 1956 


HE annual report* for 1956 of the National 

Physical Laboratory, Teddington, gives an 
excellent survey of the fundamental and applied 
research carried out during the year in the nine 
Divisions and Test House of the Laboratory. It 
contains also the report of the Executive Committee 
which was presented to the General Board at its 
meeting on May 23, 1957, the annual open day of the 
Laboratory (see Nature, 180, 166; 1957). 

The Executive met seven times during the year, but 
refrained from taking any major policy decisions 
while changes in the directorship of the Laboratory 
were taking place. Sir Edward Bullard, whose 
resignation as director became effective on December 
31, 1955, was succeeded by Dr: R. L. Smith-Rose, 
who continued as acting-director until September 14, 
1956, when Dr. G. B. B. M. Sutherland assumed. his 
appointment as director. The arrangement whereby 
certain members of the Executive Committee form 
panels to visit and report on the scientific divisions 
of the Laboratory was continued, and reports were 
considered during the year from the panels which 
visited the Mathematics, Metallurgy and Physics 
Divisions. Both the chairman of the mathematics 
panel and the superintendent of the Mathematics 
Division made representations to the Committee 
that the supply of trained numerical analysts was 
inadequate to meet the increasing use of high-speed 
computers and that staff was not available in the 
universities to provide for the teaching of numerical 
analysis on an adequate scale. A panel, with Sir 
Charles Darwin as chairman, was therefore set up by 
the Committee, to consider this matter and to advise 
on whether special facilities for the training of 
numerical analysts should be provided at the Labora- 
tory, in addition to using other means elsewhere. 


* Department of Scientific and Industrial Research. Report of the 
National Physical Laboratory for 1956. Pp. vifi+104+5 plates. 
(London: H.M. Stationery Office, 1957.) 53. net. i 


Two new buildings, one for radiological work and 
the other for low-temperature research, were com- 
pleted during 1956 and occupied by the Physics 
Division. The 24in. x 20 in. high-speed wind tunnel 
in the Aerodynamics Division was put into operation 
and the construction begun of a new workshop on 
the West Aero site and of a new road and entrance to 
the Laboratory from Hampton Road. Good progress 
has been maintained on the new Ship Hydrodynamics 
Laboratory at Feltham and the completion date for 
the whole project is forecast in the report as early 
1959. With regard to future building requirements of 
the Laboratory, it is still required that priority be 
given to the provision of a new library, lecture 
hall and canteen, and accommodation for an 
expanded Control Mechanisms and Electronics 
Division. 

Four new booklets, Nos. 13, 14, 15 and 17, in the 
series “‘Notes on Applied Science”? were published 
during the year, in addition to the proceedings of the 
symposia on ‘Boundary Layer Effects”, ‘Cavitation 
in Hydrodynamics” and “Creep and Fracture of 
Metals at High Temperatures”. In the series “‘Units 
and Standards of Measurement employed at the 
N.P.L.”? a new edition of Part 1 (on length, mass, 
time-interval, etc.) and a revised edition of Part 2 
(on light) were issued. Three books, “Mass Spectro- 
meter Researches”, “Tables of Weber Parabolic 
Cylinder Functions” and ‘Wage Accounting by 
Electronic Computer’ were published, of which the 
last mentioned has been so well received that it has 
already been reprinted three times. This work 
consists of the first report of the Interdepartmental 
Study Group on the Application of Computer Tech- 
niques to Clerical Work. Several earlier publications 
have also been reprinted including, in particular, the 
proceedings of the 1953 symposia on “Engineering 
Dimensional Metrology” and on “‘Automatic Digital 
Computation”. 
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The work of directing the attention of other 
organizations to the research and development pro- 
ceeding at the Laboratory was extended. The two 
liaison officers paid 145 visits mainly to commercial 
organizations, and about a hundred return visits were 
made to the Laboratory for the interchange of 
information. 114 lectures were given by members 
of the staff of the Laboratory to various scientific 
and similar bodies and 156 scientific articles, details 
of which are given in the report, were published. 
Several items illustrating the work of the Laboratory 
were exhibited at the Physical Society’s annual 
exhibition of scientific instruments and apparatus, 
and at the Factory Equipment Exhibition. In 
addition, demonstrations were given at the Royal 
Society soirée and at conversaziones arranged by the 
Institution of Civil Engineers and the Institution of 
Electrical Engineers. Visitors to the Laboratory 
included three parties of Russians, two of which were 
concerned with aerodynamics ; a delegation of mem- 
bers of the West German Parliament ; and parties of 
senior officials from the Ministry of Pensions and 
National Insurance and from the Treasury in con- 
nexion with the possibility of carrying out pay-roll 
work by digital computer. Thirty-four members of 
the senior staff made official visits overseas—ten to 
North America and twenty-four to countries in 
Europe. The British national copy of the inter- 
national metre was taken to the International 
Bureau of Weights and Measures in Paris and, after 
re-graduation, was re-calibrated at the Bureau 
before its return to the Laboratory in December. 
Details of the visits, together with the names of the 
members of the general board, executive committee, 
Froude Ship Research Sub-committee, the Advisory 
Committee on Radioactive Standards, the Panel on 
Training of Numerical Avpalysts, and the senior 
members of the staff of the Laboratory are included. 
in the annual report. 

The individual reports of the various sections of the 
Laboratory make interesting reading. Most of the 
work of the Aerodynamics Division is concerned with 
fundamental problems in fluid motion related to the 
design and performance of aircraft and guided missiles, 
though a wide range of airflow problems not related to 
aircraft is also tackled. Special attention was paid 
during the year to problems of ‘mixed’ flows at high 
subsonic, transonic and supersonic speeds; to the 
extension of the speed-range covered by the Division’s 
experimental equipment ; to schemes which enable 
aircraft to take off and land vertically or from very 
short runways; and to the measurement of aero- 
dynamic coefficients for oscillatory motion. For 
research on hypersonic flow several new wind tunnels 
that will give various Mach numbers up to 10 and 
operate over a wide range of stagnation pressures 
and at high temperatures, in addition to a shock tube, 
are designed or are being: planned. The Division’s 
compressed-air tunnel, stated to be the only equip- 
ment of its kind in Britain, has now completed 25 
years service, but it is still considered a vital piece 
of equipment and its utility has been extended 
recently by improvements and the development of 
new techniques. 

In the Control Mechanisms and Electronics 
Division, apart from the constructional work on the 
new automatic computing engine (ACE) and the 
maintenance of DEUCE; a small group has continued 
the study of the application of high-speed computers 
to clerical operations. The report on pay-roll work 
has been published. The Division has completed 
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prototype equipment for automatically reading and 
calibrating telemetry records, and transistor circuits 
are being developed for use in pulse-counting systems. 
The cesium resonator in the Electricity Division 
has been adopted by the Laboratory as its primary 
standard of frequency. The guaranteed accuracy of 
the standard frequency transmissions has been 
quadrupled, and the values of the radiated frequencies 
are now published with an accuracy of one part in 
10°. To permit a new determination of the absolute 
ampere, the current balance is being overhauled and 
fresh measurements of the dimensions of the coils 
are being made. Significant changes in the diameters 
have occurred since 1935. This work is closely linked 
with that on the new standard of inductance, for 
which measurements on the quartz cylinder are being 
made in the Metrology Division. A major item of new 
equipment in the Electrical Division is the million- 
volt transformer for the high-voltage laboratory. 

Research into the properties of the average eye 
has again been the principal fundamental investiga- 
tion of the Light Division. The primary standard of 
luminance was re-established, the final value being 
59-7 candelas/cm.?, 0:5 per cent below the value of 
60 candelas/cm.? prescribed in the definition of the 
candela. Further development took place in the 
making of diffraction gratings and improved methods 
of photometry were worked out to serve the needs 
of the electric-lamp industry. The Mathematics 
Division was able to devote more time to research 
and considerable effort was devoted to the solution 
of differential equations, particularly equations of 
the parabolic type. One result of collaboration with 
universities was the production of a series of pro- 
grammes for DEUCE on the solution of crystallo- 
graphic problem8s. 

The most interesting result reported by the Metal- 
lurgy Division is the proof, using radioactive phos- 
phorus, of the existence in certain irons of very 
thin grain-boundary films rich in phosphorus, which 
are associated with exceptional weakness and brittle- 
ness under suitable conditions. The possibilities of 
niobium, both as a basis of new alloys and as an 
alloying addition to other metals, are being studied 
and the most sensitive methods examined for the 
determination of very small quantities of impurities 
in metals. The Metrology Division has developed 
equipment, using the pneumatic gauging technique, 
to measure the thickness of thin sheet material to an 
accuracy of + 0-5. on sheet or foil 25-250y thick. 
The value found for the density of mercury at 20° C. 
by weighing the mercury displacement of a 10-kgm. . 
cube of tungsten carbide is 13-545892 gm./em.*. Tho 
error is estimated to be less than 1 part in 10°. 
Preparations aro being made for a new absolute 
determination of gravity in order to improve the 
accuracy of pressure measurements with the mercury 
barometer and the precision of determination of the 
ampere by the current balance, and to enable 
magnetic fields, for example those involved in the 
measurement of the gyromagnetic rotation of the 
proton, to be standardized absolutely. The method 
to be used for the gravity measurement involves the 
timing of the free fall of a ball in a vacuum. 

The work of the Physics Division has been ex- 
tremely varied, ranging over heat, acoustics and 
ultrasonics, high pressures and radiology. The 
demand for the supply of liquid helium to other 
laboratories has settled down to about 20 litres per 
week—rather smaller than originally estimated. In 
the Heat Section new equipment to apply the radial 
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heat-flow method to the determination of thermal 
conductivities to temperatures of the order of 1700° C. 
is being installed and in the Temperature Measurement 
Section the investigation of the relative merits of the 
boiling point of sulphur (444-600° C.) and the freezing 
point of zinc (419-50° C.) as a primary fixed point is 
continuing. Measurements have been made of the 
elasticity of tiny single crystals such as sapphire and 
diamond, and of the elastic constants of single crystals 
of pure copper, copper-zinc and copper-gallium alloys. 
The Ship Division reports a delay of five to six 
months in the putting in hand of resistance and 
propulsion tests for: shipbuilders. The delay is 
because of an increased demand for tests and because 
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LTHOUGH the nations of Latin America are of 

recent growth they inherit an ancient university 
tradition. Almost as soon as the Spaniards had 
completed the first of their settlements in La Espanola 
(Hispaniola), a Bull issued by Pope Paul III in 1538 
transformed the island’s Dominican college into the 
University of St. Thomas Aquinas. Not long after 
Herman Cortés’s conquest of Mexico and Pizarro’s 
extinction of the Inca Empire in Peru, the Emperor 
Charles V established universities in his two new 
American kingdoms: Mexico City held its first 
classes in 1553 and San Marcos was functioning 
actively by 1578. The oldest Latin American 
universities are coeval with the oldest Scottish 
universities and antedate many famous European 
centres of higher learning. An account of them has 
been given by J. C. J. Metford of the University of 
Bristol (The Universities Review, 30, No. 1, October 
1957). 

As Spanish settlements expanded all over America, 
the Dominicans, Jesuits and Franciscans founded 
schools attached to their monasteries. Before the 
sixteenth century had ended, their colegios were to be 
found in places so far apart as Antigua, on the isthmus 
of Central America, Chuquisaca, in the lofty silver 
mining region of Bolivia, and Cérdoba, in the foot- 
hills of the Andes. There, and in many other centres, 
courses in the arts, grammar, philosophy and theology 
were being delivered almost as soon as the townships 
were marked out in their characteristic grid-iron 
pattern. The colegios grew with the towns, and, in 
the eighteenth century, many colegios were granted 
the status of Royal and Pontifical universities. By 
the end of the colonial period, there was scarcely a 
region of importance in the Spanish American 
Empire without its university, or college, where 
advanced studies could be pursued. 

As in Europe, the universities and colleges of 
Spanish America had their periods of brilliance and 
their times of decline, but, on the whole, they did not 
compare unfavourably with universities in the Old 
World. Although dependent upon endowments, or 
grants from royal, vice-regal or ecclesiastical treas- 
uries, they enjoyed a reasonable measure of indo- 
pendence in the management of their internal 
affairs and in the granting of degrees. Their chief 
function was to train aspirants to the priesthood or 
candidates for higher theological degrees. Science 
was not wholly neglected: mathematics and astro- 
nomy were studied, and much work was accomplished 
on the curative plants and herbs known to the Indians. 
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of the introduction of the five-day week in the 
Laboratory. The investigation of the effect of various 
structural roughnesses on the behaviour of ships’ 
hulls has yielded some interesting information. For 
small ships the resistance of an all-riveted hull can 
be as much as 10 per cent greater than for an all- 
welded hull, and for larger and faster ships it may be 
as much as 25 per cent greater. 

Finally, the annual report, which is presented in an 
attractive cover and is illustrated, concludes with a 
report of the Test House, indicating the significant 
increase in the variety of precision instruments 
submitted for test to the Laboratory. 

S. WEINTROUB 


LATIN AMERICA 


From an early date in Mexico City and Lima, there 
were chairs for the study of Indian languages, but the 
intention was to use this knowledge in the evangeliza- 
tion of the aborigines. University teachers were 
drawn chiefly from the ranks of the Dominicans and 
the Jesuits, but, in the eighteenth century, lay 
professors were not unknown. 

Independence from Spain and Portugal caused 
little change in the social structure of the former 
American colonies, except that the wealthy criollo 
minority succeeded to positions which were previously 
the perquisites of peninsular Spaniards and Portu- 
guese. Much lip-service was paid to the catchwords of 
freedom, equality and the pursuit of happiness, but 
little was done towards the realization of these ideals, - 
except, to some extent, in the field of education. 
Nurtured in French, North American and British 
radical traditions, the fathers of the revolution 
believed sincerely in the power of education to spread 
enlightenment. The University of Buenos Aires was 
founded in 1821 by men associated with Rivadavia, 
who had corresponded with Jeremy Bentham. Bolivar 
founded the Universities of Cartagena, in Columbia 
and Trufillo, in Peru. His lieutenant, General 
Santander, established the University of Cauca. 
Political upheavals, anarchy, the rise of dictators and 
empty treasuries eventually terminated these ambi- 
tious schomes. Despite men like Andrés Bello, in 
Columbia and Chile, Sarmiento and Alberdi, in 
Argentina, and the Emperor Don Pedro II, in Brazil, 
little was accomplished, so far as universities were 
concerned, until the second half of the nineteenth 
century. 

By that time, some of the major nations—Argen- 
tina, Brazil and Chile—had stabilized their domestic 
affairs and had grown in wealth and importance. 
The need, the means and the will to improve educa- 
tional facilities followed. Institutions of higher 
learning and universities were created in the principal 
States. In Bolivia and Brazil, the tendency was 
to establish degree-granting faculties instead of 
universities. 

The most significant event in the history of the 
modern universities was the reform movement which 
began in Cordoba, Argentina, in 1918. Essentially, 
it was the work of young men, who looked upon 
themselves as the harbingers of the new Latin 
America. which would be fundamentally American, 
freed from dependence on Europe and purged of 
inherent abuses. They were all greatly influenced by 
the iconoclasm of the Spanish writer and thinker, 
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Miguel de Unamuno. Much of their educational 
outlook derived from the works of Ortega y Gasset. 
Practical measures were embodied in Argentine law 
between 1919 and 1922. From Argentina, the reform 
movement spread to many other Latin American 
countries and influenced legislation on university 
government especially in Bolivia, Colombia and Cuba. 

The Second World War brought far-reaching 
changes in the life of Latm America which were 
not without their impact on the growth of universi- 
ties. High prices from the belligerents for raw 
materials meant an astronomical increase in national 
wealth. At the same time, attempts were made to 
create locally industries for the production of com- 
modities which had hitherto been imported. To 
fulfil these national and industrial ambitions, a supply 
of university-trained men would be needed. With 
this in mind, some of the more perspicacious govern- 
ments arranged that part of the newly acquired wealth 


should be diverted either to the improvement of: 


existing Institutions or to the creation of new universi- 
ties. The best examples of this new policy are the 
superlative modern buildings constructed for the 
University of São Paulo in the midst of Brazil's 
rapidly growing industrial area. 

To-day, there is no country in Latin America 
without at least one university. There are eighty- 
eight throughout the region, although some have only 
two or three faculties and some are little more than 
a loose confederation of otherwise independent 
faculties. The largest institutions, with more than ten 
thousand students each, are the National University 
of Mexico and the Universities of Havana, Buenos 
Aires and La Plata. Argentina has at least three 
other universities with between five and ten thousand 
students each, and Uruguay, Chile and Peru one 
university each of comparable size. 

Nearly all of them have important features in 
common—they are part of the State system of educa- 
tion, their powers and functions are carefully pre- 
scribed by law, and they are mostly subject to direct 
interference by the president of the nation, the 
ministry of education, or some governmental 
equivalent. The exceptions are the so-called 


NATURE 


March 1, 1958 


universidades particulares, or private universities, of 
which the University of Concepcion, Chile, is the 
best secular example. The majority are Roman 
Catholic (for example, Santiago de Chile, Lima, 
Bogota), either concerned with the education of 
priests or founded to preserve the faithful from the 
militant secularism characterizing some of the State 
universities, which were controlled by positivists, 
humanists and others hostile to clerical influences in 
education. A certain measure of government control 
is nevertheless exercised through the State recognition 
of their degrees. 

State control is also clearly seen in finance. Univer- 
sities generally are dependent on the State for practi- 
cally three-quarters of their annual income. 

As in Spain and Portugal, the teacher in Latin 
America, whether at school or university level, enjoys 
a degree of respect, almost veneration, unknown. to 
his counterparts in Anglo-Saxon countries, but the 
esteem in which he is held is in inverge proportion to 
the rewards of his profession. University teaching 
therefore becomes a part-time occupation, as few 
men of standing would be content to exist on a 
mesere university salary. Most teachers are profes- 
sional men—lawyers, doctors, engineers, or even 
novelists or journalists—who spare a few hours a day 
for their classes, or perhaps leave them to a trusted 
assistant. 

Most students come from the urban conglomera- 
tions around the university and live at home or with 
relatives. Newly planned campuses now include 
residencias, but these are exceptional. Usually, the 
student has some part-time employment, often 
connected with the profession for which he is prepar- 
ing himself, and, towards the end of his course, he 
may be married, with a young family of his own. 
Lack of continuity often characterizes a séudent’s 
career, as his circumstances or predilections change, 
and he may remain a student for a surprisingly long 
time. This, in some measure, explains the high 
enrolment figures announced by some institutions. 
The University of Mexico City thus claims more than 
22,000 students, a high proportion of whom are 
unlikely to be full-time. 
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OVERSEAS SERVICE IN BRITISH COLONIAL TERRITORIES 


HE Overseas Service Bill, which received an 

unopposed second reading in the House of 
Commons on January 21, is an enabling Bill to 
implement the policy outlined in the White Paper of 
May 1956 on the Overseas Civil Service. In moving 
the second reading, the Secretary of State for the 
Colonies, Mr. A. Lennox-Boyd, said that formidable 
difficulties had been encountered in the proposed 
policy for a central register and pool, particularly in 
guaranteeing & continuing career, that is, a succession 
of jobs of ascending importance and level of respons- 
ibility for an officer recruited into the central pool 
initially for a particular job in æ particular territory. 
On March 26, 1957, the Lord Privy Seal had an- 
nounced that the creation of a pool of administrative 
and technical officers must await evidence of sub- 
stantial demand for their services and that regular 
employment for them could be foreseen for several 
years. Meanwhile, Clauses 2 and 3 of the Bill pro- 
vided for the making of Orders to govern pensions 


earned while in the Overseas Service and for the 
preservation of pension rights already acquired. 
When. the Bill became law the Governments of the 
Colonies would be asked to enact comparable legis- 
lation. Clause 4 contained special provisions relating 
to police officers and Clause 6 covered the appoint- 
ment of officers to a wide variety of public services 
under overseas Governments, municipal or local 
authorities or public corporations or to any Federal 
Government or outside authority such as the East 
African High Commission. 

Mr. Lennox Boyd said that at the constitutional 
conference last June he had signed agreements for 
special lists with the four Nigerian Governments but so 
far only about 120 out of the 2,000 eligible pension- 
able officers in the service of these Governments had 
applied to join. Sir John Martin was in Nigeria 
examining the position, and the application of the 
special list procedure was the subject of current 
negotiations with the Government of Malaya. In 
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conclusion, Mr. Lennox Boyd said that, in 1957, 
1,689 officers were selected for appointment to the 
administrative or professional branches compared 
with 1,467 in 1956, and of these, 284, mostly on 
contract, were to Nigeria. Mr. Lennox-Boyd and 
other speakers paid warm tribute to the work, the 
loyalty, the efficiency, the integrity and the quality 
of the Overseas Service. In replying to the debate, 
he added that, although there was a substantial gap 
between demand and supply, we were recruiting at 
four times the pre-war rate over the whole field. At 
the end of 1957 there were 130 vacancies in adminis- 
tration and 1,384 in all branches, compared with 
170 and 1,456, respectively, in 1956, and the pro- 
portion of vacancies to the total number of overseas 
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officers in the service was now about 7 per cent. In 
Ghana, about 400 officers, or 50 per cent of those 
entitled to compensation, had retired since July 1955. 
Mr. Lennox-Boyd defended the Government’s policy 
in regard to compensation as holding a reasonable 
balance between justice to those officers who wished 
to retire and the duty to try to induce them to stay. 
He explained that the recruitment and employment 
of experts under the technical co-operation scheme 
were covered by administrative action and it was not 
intended to change this procedure. Foreign Office 
appointments to South East Asia Treaty Organization 
posts were normally filled by secondment, but if a 
person from the Overseas Civil Service were recruited 
the provisions of the Bill could be applied if necessary. 


MANAGEMENT TRAINING 


N the fourth Graham Clark Lecture to the In- 
stitution of Civil Engineers on December 17, on 
“The Engineer and Management”, Sir Ewart Smith 
said that while science and its practical applications 
through engineering and chemical technology had 
shown that we were potentially able to meet any 
standard of national welfare mankind could desire, 
subject to some limit to world population with regard 
to natural resources, the rate of advance in science 
and technology was not being matched by progress 
in our ability to control and manage. Sir Ewart sug- 
gested that this might be due to our neglect in 
human affairs and organization of the guiding prin- 
ciples of simplicity, symmetry (or balance) and 
continuity. More research, better analysis and far 
better teaching in management subjects were needed, 
and it did not seem to be appreciated that the very 
growth of complexity and specialization increased 
the need to train with great care those who will 
have the responsibility of training the specialists. 
Discussing selection and training for management, 
Sir Ewart emphasized the importance of regular, 
multiple and independent assessments of ability to 
men and management alike. Far too much weight 
was often placed on written examinations during the 
period of formal training, and in industry there was 
usually little systematic study of people to assess 
their potential and the best lines for their develop- 
ment. A main responsibility of the highest manage- 
ment should be to pick its own potential successors 


and to train them with the utmost care, from the 
early years of service, and Sir Ewart welcomed 
recent discussion on the general content of educa- 
tional courses ; it should be a question of how science 
and the humanities could be reunited in everyone 
who claimed to be reasonably educated, and he 
thought that the main change had to take place in 
the schools rather than in the universities. It was a 
mistake to think that three years was still an adequate 
period for a full university course in scientific and 
technological subjects, and Britain was almost 
unique among the great nations in its failure to 
make the changes in this respect which modern 
conditions demanded. More time should be spent in 
teaching people how to use knowledge, and where 
they could find it in codified form when they required 
it in their working life. Good education, moreover, 
depended primarily on good teachers and relatively 
little on buildings and equipment. Emphasizing the 
importance of the engineer in management, Sir 
Ewart suggested that the main reason for our failure 
to utilize their services here has been the present 
acute shortage of technologists, which tends to confine 
them to specialist work. ‘There was no reason to 
suppose that the incidence of natural ability, 
initiative and enthusiasm had diminished, but for 
Britain to attain her full economic strength the 
engineer must play a full part in leadership and in 
developing the most effective forms of organization 
and methods of management for a changing world. 


THE LINNAEUS TRADITION AND OUR TIME 


N his presidential address to the Swedish Academy 

on December 20, Mr. Dag Hammarskjöld took as 
his subject ‘The Linnaeus Tradition and our Time”. 
He considered Linnaeus’s contribution towards the 
development of values which it is the task of the 
Academy to safeguard. Freshness and precision, 
enthusiasm without lyricism, an instinctive eye for 
meaning and causality raised the great travel 
accounts and his other Swedish writings far above 
the criticism he himself foresaw, and enriched his 
country’s literature by values as essential to our 
emotions as the Nature they mirror. Nevertheless, 


his style would scarcely have found its freshness had 
he not been guided by his sense for the striking and 
for the unexpected associations of humour. Lin- 
neeus’s Swedish works are perhaps read to an 
increasing extent even outside the circle of 
experts. 

The relationship of a nation—and a generation— 
to older literature tells something about the con- 
tinuity of spiritual life. Outside the limits of belles 
lettres, the works of Linnaeus occupy a place of their 
own in Sweden, whereas other books which have 
much, to offer are neglected. 
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‘One possible reason for the estrangement from the 
past is disquieting. In a mass culture, where pub- 
licity, working in the interest of sales, is constantly 
harping on the idea that the latest must be best, 
books are often relegated to the ranks of disposable 
and rapidly ageing consumer goods, which may lead 
to an industrialization of literature. The risk is 
enhanced when, at the same time, the position of 
` the written work is becoming more precarious by 
reason of new forms of expression and communication 
—films, radio, television. 

We are faced with the question of intellectual 
climate and what determines it. The present has 
given unusual weight to material progress ; it is also 
influenced by political factors. Europe has lost much 
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of the powerful position she occupied for centuries 
and a wave of nationalism has swept the continents. — 
If she understands how to maintain and develop the 
values which are,the foundation of her spiritual 
greatness she can still maintain a place worthy of 
her traditions. 

When Linnaeus received tempting offers to remain 
in Holland he declined because “ʻa higher urge pulled 
him towards his Fatherland”. The scholar, however, 
knew no national frontiers. He was a European, and, 
as a European, a citizen of the world. Much has 
changed, but it is still possible to balance and recon- 
cile home and world, heritage and task, in this 
manner. This can provide an answer to even larger 
problems than those of the individual. 


STRESS IN HYPOTHERMIA 


By H. S. SAMULI SARAJAS, PAULA NYHOLM and PAAVO SUOMALAINEN 
Zoological Institute, University of Helsinki 


6 hea induction of hypothermia in homoiotherms 
J consists essentially in a suppression of the 
thermoregulatory defence by anzsthetics followed by 
intense cooling of the body. While cold stimulus in 
unanesthetized homoiotherms inevitably evokes a 
general stress response’, there is a considerable degree 
of controversy as to whether or not hypothermia 
involves stress. Changes in the amount and dis- 
tribution of the adrenal cortical lipids suggestive of 
stress have been reported to result from hypothermia 
of a few hours duration in dogs?. On the other hand, 
the recent observations that the adrenal venous blood 
output of 17-hydroxycorticoids is decreased in hypo- 
thermic subjects*.*, while the peripheral serum-levels® 
and urinary excretion® of the adrenal cortical steroids 
remain substantially unaltered, have been interpreted 
as indicating that there is no actual stress response 
to hypothermia. 

` The present study was undertaken to elucidate the 
stress response in dogs subjected to graded hypo- 
thermia, with or without subsequent rewarming. 
Thirty-five dogs, apparently healthy and ‘unstressed’ 
individuals, were anzsthetized with pentobarbitone, 
either alone or in combination with diethyl ether, or 
nitrous oxide-oxygen and pD-tubocurarine. Some of 
the dogs were subjected to minor vascular surgical 
procedures prior to cooling. The dogs were cooled in 
an ice bath (4-8° C.). With a few exceptions, pul- 
monary ventilation was assisted during cooling and 
hypothermia. Rewarming was accomplished in & 
warm bath (about 40° C.). Changes in the amount 
and distribution of the sudanophilic adrenal cortical 
lipids and in the white blood picture were used as 
methods of computing the stress response. 

Tn all but four of these thirty-five dogs there was 
evidence suggestive of stress response, so far as could 
be judged from the adrenal cortical lipid patterns. 
In eight dogs there was lipid depletion particularly 
in the zona fasciculata and zona reticularis, which is 
indicative of the alarm reaction!. In twelve dogs an 
increase of lipids throughout the whole adrenal cortex 
characteristic of the stage of resistance’ was apparent. 
In ten dogs the adrenal cortical lipid patterns were 
suggestive of transitory stages between the normal 
state and the stage of alarm reaction, on one hand, 
and those between the alarm reaction and the stage 
of resistance, on the other. In one dog, signs of 


-moinor..vascular surgery prior to cooling. 


_substantially unaltered. 


alarm reaction bordering on the stage of exhaustion 
were apparent. 

The dogs that did not show an adrenal cortical 
response had been anesthetized with pentobarbitone 
alone and then cooled, without assisting ventilation, 
until death ensued (at 20-3-25-3° C.) after 2-4 hr. 
However, all the other dogs anesthetized with pento- 
barbitone in combination with ether, or nitrous 
oxide—oxygen and curare, and then cooled until death 
(at 14-0-33-5° C.) within the same, @® somewhat 
longer, or an even shorter period, showed a definite 
adrenal cortical response varying from an early 
alarm reaction to an early stage of exhaustion. The 
actual degree of cortical response did not appear to 
be influenced by variables in the mode of respiration. 
Nor could any clear-cut aggravation of the response 
be detected in the dogs that had been subjected to 
The dogs 
that had been anesthetized with pentobarbitone in 
combination with nitrous oxide-oxygen and curare 
showed evidence of a progression of the cortical 
response in accord with an increase in the cooling 
period, whereas in the dogs in which ether had been 
used as a supplementary anesthetic such @ cor- 
relation was less evident. In one series of experiments 
the dogs were kept for 4 hr. near body temperatures 
of 22-0° and 27-0° C. and then killed. In another 
series the dogs were kept for 2-6 hr. at a body tem- 
perature of about 22-0° C., rewarmed and then killed 
at the termination of rewarming, or 3—7 days there- 
after. Pentobarbitone supplemented with ether had 
been used for anzsthesia in these experiments. The 
terminal pattern of the adrenal cortical lipids in all 
these experiments was indicative of stress. Sur- 
prisingly, however, the cortical responses were of the 
same variable degree as those in the acute experi- 
ments ending in death. 

The behaviour of the white blood picture during 
cooling, with or without subsequent rewarming, was 
followed in twelve dogs. Cooling resulted in a pro- 
gressive fall in the total leucocyte count, averaging 
from 12,870 per mm.? (at 37-5° C.) to 4,508 per mm.” 
(at 21-0° C.); but the relative counts of eosinophils, 
lymphocytes and other types of leucocytes remained 
In the stable period of 
hypothermia (at about 22-0° C.) lasting up to 6 hr., 
the white blood picture remained essentially station- 
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ary. Accordingly, during cooling the counts of 
eosinophils and lymphocytes did fall in proportion to 
the drop in the total leucocyte count. Since, on the 
other hand, no further changes could be found in 
the stable period of hypothermia, it is doubtful 
whether these hematological changes could be pro- 
perly interpreted to imply that stress was present. 
Nevertheless, in the same dogs, after cooling periods 
of varying duration, the stress response became 
clearly demonstrable by the adrenal cortical lipid 
assay. On rewarming, the white blood picture 
initially showed a trend to normalization. In the 
late rewarming period (at 35:0° C.), however, neutro- 
philic leucocytosis (averaging 15,400 per mm.*) with 
both relative and absolute eosinopenia and lympho- 
pænia became apparent. These hematological changes 
ensuing in the late rewarming period may be regarded 
as strictly indicative of stress*. The same dogs, when 
killed at the termination of rewarming, showed a 
definite stress response as estimated from the adrenal 
cortical lipid patterns. 

Summarizing, the present results, supported by 
some earlier observations’, strongly suggest that the 
induction of hypothermia evokes a general stress 
response. It became evident, however, that this 
response is not inevitable, but is largely influenced 
by the anesthetics used to assist the induction of 
hypothermia. Barbiturates, for example, appeared 
to inhibit the stress response to cooling. The stress 
manifestations were particularly evident at the ter- 
mination of rewarming and persisted for several days 
thereafter. 

The recent claims that hypothermia does not 
involve stress are based on observations that the 
adrenal venous blood output of the adrenal cortical 
steroids is decreased by hypothermia'*, while their 
peripheral serum-levels' and urinary excretion! 
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remain unchanged. In view of the fact that hypo- 
thermia is known to be accompanied by profound 
changes in metabolic activity, circulatory dynamics 
and renal function, it may be questioned whether 
the assays mentioned afford a true picture of 
the situation in the particular experimental con- 
ditions of hypothermia. It may be recalled that 
even in the present experiments, in which the 
experimental variables were the same as in the afore- 
mentioned studies, there was no definite hæmato- 
logical evidence of stress during cooling and hypo- 
thermia, although at the same time the stress response 
was clearly demonstrable by the adrenal cortical 
lipid assay. Moreover, it has been found that after 
rewarming, when the metabolic, circulatory and other 
physiological functions are restored, a rise may occur 
in the adrenal venous blood output‘ and peripheral 
serum-levels® of the adrenal cortical steroids. Finally, 
the pathological changes found in the present?! and 
later? experiments on hypothermia are essentially 
similar to those seen in states of acute severe stress 
of varying origin},®, 

The present results will be described and discussed 
in detail elsewhere. 
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EFFECT ON RADIOSENSITIVITY OF INERT GASES 


Effect of Inert Gases on Oxygen-dependent 
Radiosensitivity 


IKE many other tissues, the meristem of the 
main root of the broad bean seedling (Vicia faba) 
is two to three times more sensitive to X-rays in the 
presence of oxygen than in its absence. In the 
experiments to be described, the measure of radio- 
sensitivity is the reduction in growth-rate of the 
root, which is believed to be due predominantly 
to death of the cell following upon chromosome 
damage. There is no qualitative difference -in the 
damage caused by irradiation in the presence or in 
the absence of oxygen, the oxygenated condition 
acting as a simple multiplying factor upon dose}. 
We have found that if inert gases are added to the 
air in which bean roots are exposed to X-rays, the 
sensitivity of the roots decreases until at sufficient 
concentration of the inert gas it reaches the anoxic 
level. We have not observed any effect of the gases 
on the radiosensitivity of roots in the absence of 
oxygen. Similar results have been obtained with 
cells of the Ehrlich ascites tumour of the mouse 
irradiated n vitro. We conclude that inert gases at 
high concentration can displace oxygen from sites 
within cells at which oxygen molecules can increase 


radiosensitivity, and that this phenomenon occurs 
in cells of wide:y different kinds. 

Bean roots. The pressure vessel and the procedure 
used in the treatment of bean roots, and some of 
the results, have been described*.. 190-kV. X-rays 
at 6 m.amp. were used at a dose-rate of 1:84 r./sec. 
Filtration was 1 mm. copper, 0:5 mm. aluminium 
and 3 mm. mild steel. Gas pressures up to 120 atm. 
had at most only slight and transient effects on the 
roots, and did not affect radiosensitivity if applied 
before or after exposure to radiation. Hydrostatic 
pressure of 105 atm. was also not in itself damaging, 
and was without effect on radiosensitivity, as observed 
for yeast cells by Burns’. 

Irradiated roots showed a reduced growth-rate 
which reached a minimum six to nine days after 
exposure. The minimum growth-rate, compared with 
appropriate controls, was taken as a measure of 
radiation damage’, To provide an estimate of 
relative sensitivity in different gases, we established 
æ dose-effect curve for irradiation in air at 1 atm. 
The curve was found to be linear over the useful 
range, that is, 40-150 r., and was described by the 
equation : 

minimum growth rate = 167 — 1:49 x dose in 
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Fig. 1. X-ray sensitivity of bean roots irradiated in 1 atm. air plus other gases. 
relative radiosensitivity 
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Fig. 2. Radiosensitivity of bean roots as a function of the ratio of oxygen to nitrogen. 
A, present observations at 0-2 atm. 


O, B. A. Kihlman (1955); x, J. Read (1952); 
oxygen; @, present observations at 1 or 2 atm. oxygen; 
0:07 atm. oxygen 


From this equation we calculated the dose in air, 
D4, required to give an effect equal to that produced 
by dose D in any set of experimental conditions, and 
the ratio D4/D gave the sensitivity relative to that 
in air. In order to express this in terms of the 
anoxic sensitivity, the ratio D4/D was multiplied by 
the factor 2-69, since the effectiveness of a given 
dose was observed to be 2-69 times smaller in anoxic 


conditions (or in air plus high pressures of nitrogen . 


or argon) than in air, in agreement with results of 
Read. Thus ‘relative sensitivity’ is defined as 
D,/D x 2:69. The standard errors of the relative 
sensitivity values shown in the accompanying figures 
were estimated from the standard errors (in terms 
of dose) of the experimental observations, and the 
overall error (+ 2:64r.) in the air dose-effect curve. 
We have studied the action of hydrogen, helium, 
nitrogen, argon, krypton and xenon, the effect of all 
of which is qualitatively the same. In Fig. 1, relative 
sensitivity is plotted against the pressure of gas 
added to 1 atm. of air. It can be seen that argon at 
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5 atm. reduces sensitivity to the 
anoxic level, whereas nitrogen must 
be present at 21 atm. to be equally 
effective. Hydrogen and helum are 
much. less effective. To give a com- 
parison of the effectiveness of the 
different gases, Table 1 shows the 
pressure required to reduce the rela- 
tive sensitivity to 1-85, that is, the 
part of the effect dependent upon 
oxygen to one half. The values were 
derived by linear interpolation and 
are approximate. 

When relative sensitivity is plotted 
against the ratio of the partial press- 
ures of oxygen to nitrogen (Fig. 2), 
radiosensitivities for all treatments in 
which the partial pressure of oxygen 
(pO.) was 0:2 atm. or more lie on a 
smooth curve. For one observation 
made at pO, = 0:07 atm. (total 
pressure 1 atm.), however, the rela- 
tive radiosensitivity did not fall on 
this curve but was much lower. These 
results suggest an adsorption phe- 
nomenon. in which nitrogen displaces 
oxygen from a specific site. The 
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“ second observation demonstrates the 


limiting condition in which the partial 
pressure of oxygen is small compared 
with that required to saturate the 
adsorbing site. 

In Fig. 2 are plotted also the re- 
sults obtained by ‘Kihlman’ for 
chromosome aberrations induced in 
bean roots by X-rays at various 
oxygen tensions: the values have 
been scaled down to a total oxygen 
effect of 2:69 for the purpose of 
this comparison. Kihlman bubbled 
through the vessel before and during 
irradiation a stream of gas of the 
desired oxygen/nitrogen mixture at 
l atm. Our observation at pO, = 
0-07 atm. gave a value close to Kibl- 
man’s curve; this is less steep than 
ours at pO, = 0:2, and more steep 
than that obtained by Read!, who 
irradiated roots in closed vessels in 
which the oxygen tension had been 
previously adjusted to a desired level. Read’s paper 
contains & discussion. of the extent to which the water 
surrounding the roots must have become deoxygen- 
ated through oxygen consumption before and during 
irradiation. We think that the differences between 
the three sets of observations shown in Fig. 2 are 
satisfactorily explained by differences in the amount 
of oxygen present. 

These considerations indicate that radiosensitivity 
is a function of oxygen/nitrogen ratio only when 


Table 1. EFFECTIVENESS OF VARIOUS GASES IN REDUCING THE 
OXYGHN-DEPENDENT RADIOSENSITIVITY OF Vicia faba ROOTS 





Partition coefficient 


Pressure in atm. for 


Gas 50 per cent effect lipid/water (ref. 12) 
Helium 55 1:7 (37° C. 
Hydrogen 55 2-3 (22° C. 
Nitrogen 12°5 3-5 (22° C. 
Argon 2 4-0 (22° ©. 
Krypton 2 7-5 (22° ©. 
Xenon 1-1 14-5 (22° C. 
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sufficient oxygen is present throughout the root to 
confer full sensitivity, and that oxygen-dependent 
sensitivity is determined by the absolute amount of 
oxygen present in the cell or some part of it. This 
amount can be reduced by lowering the oxygen 
tension at the cell, or by displacing the oxygen from 
@ site within the cell by a sufficient concentration 
of another gas. 

Oxygen is supplied to the root tip by diffusion 
through the gas spaces in the root and through the 
liquid layers surrounding the root and the meristema- 
tic cells. Diffusion of gases through the liquid phase 
is not appreciably influenced by pressures of a few 
hundred atmospheres. On the other hand, the diffu- 
sion-rate of one gas through another is inversely 
proportional to the total pressure. The calculated 
diffusion constants of oxygen at 0-2 atm. differ 
according to the identity of the other gas present : 
these differences are not, however, in the same 
sequence as that of the effectiveness of other gases in 
reducing oxygen-dependent sensitivity’. It is thus 
very unlikely that the inert gases act by reducing the 
rate at which oxygen moves through liquid or gaseous 
intercellular spaces in the root. It appears that they 
must act at the cellular level. 

Tumour cells of the mouse. To test this point and 
to extend our observations to other material, we 
carried out experiments with suspensions of mouse 
Ehrlich ascites tumour cells. Six days after mice 
had been inoculated, ascitic fluid was collected and 
stored in crushed ice. Samples were irradiated as a 
layer 2 mm. deep in flat ‘Polythene’ dishes within a 
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pressure vessel, after being exposed to the chosen ` 


gas mixture for 20 min. with stirring. Gas equili- 
bration and irradiation were carried out at 0-2° C. 
to reduce the oxygen consumption of the cells and 
so avoid the depletion of oxygen which would other- 
wise occur in the deeper cell layers during irradiation. 
(In a control experiment we measured the time 
required by washed ascites cell suspensions in a 
potassium phosphate buffer (pH 7:2) to reduce 
added hemoglobin, and found that the utilization of 
oxygen at 0°-2° C. is at least twenty times slower 
than at 20° C.) The irradiated cells were inoculated 
into fresh hosts (0-2 ml. intraperitoneally), the 
hosts were killed after 18 hr. and the tumour cells 
fixed in acetic acid-ethanol (1:3 v/v). Four different 
doses of X-rays were given with each gas mixture 
investigated. The fraction of normal anaphases was 
an exponential function of the dose. The exponent 
was determined from at least six samples of 200-300 
anaphases each. The best fit for the exponential 
function was calculated using the formula given by 


Lea and Catcheside’. The ratio of the doses required . 


to reduce the fraction of normal anaphases to the 
arbitrary value of 10-1/2 was used to calculate the 
radiosensitivity under different treatments. The 
results (Table 2) showed that when cells were irra- 
diated in the presence of a partial pressure of 
0-2 atm. oxygen, the oxygen-dependent part of the 
radiosensitivity was reduced to 54 per cent by the 
addition of 110 atm. of hydrogen, and to 38 per 
cent by 110 atm. of nitrogen; with 21 atm. of argon 
the radiosensitivity was the same as that of cells 
irradiated in anoxic conditions. 

Bacteria. A preliminary experiment with Shigella 
flexneri Y6R (carried out in collaboration with 
Miss Tikvah Alper) showed that argon was more 
effective than nitrogen in reducing the oxygen- 
dependent part of the radiosensitivity of this organ- 
ism. It was, however, necessary to use 0-01 atm. 
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Dose in r. to 
Experi- | Gas mixture pressure | reduce normal Relative 

ment in atm. anaphases to sensitivity 
31:6 per cent 

I No air + 93 nitrogen 768 -+ 32 10 +004 

I No air + 100 hydrogen 798 + 36 0-06 + 0-08 

I lair + 110 hydrogen 418 + 12 1°84 + 0:05 

I 1 air + 110 nitrogen 595 + 27 1:29 + 0:06 

I 1 air 225 +15 3°40 + 0-08 

II No air + 100 nitrogen 680 + 18 1:00 + 0:03 

II 1 air + 21 argon 705 + 30 0:97 + 0:05 





partial pressure of oxygen (sufficient to confer 95 per 
cent of the oxygen-dependent sensitivity!) and much 
higher ratios of argon or nitrogen to oxygen than 
were required to give the same effect in bean roots. 

Effect on oxygen consumption. It was of interest 
to establish whether the effect of inert gases could 
be explained either by an increased rate of utilization 
of oxygen or by interference with the free passage of 
oxygen through the cell membrane. We therefore 
examined the rate of utilization of oxygen by Ehrlich 
ascites or by bacterial cells when exposed to 1 atm. 
of air plus 20 atm. of either nitrogen or argon. 
Washed suspensions of cells, at pH 7-5, were put 
into two identical ‘Perspex’ pressure vessels, with 
hemoglobin as an oxygen indicator. One vessel 
served as control, and to the other was added either 
20 atm. of nitrogen or 20 atm. of argon, and both 
vessels were shaken gently. The time taken for 
reduction of the hemoglobin, as observed by hand 
spectroscope, afforded an estimate of the rate 
of utilization of oxygen by the cells to an accuracy 
of approximately +15 per cent. It was found 
for both Ehrlich ascites tumour cells and for 
Shigella that the rate of utilization of oxygen was 
influenced neither by nitrogen nor by argon at 
pressures at which these gases affected oxygen- 
dependent radiosensitivity. It was concluded that 
oxygen must have been present inside the cells under 
our experimental conditions, and that the protective 
effect of the inert gases was not due to a greatly 
enhanced utilization of oxygen. The evidence 
therefore suggests very strongly that the inert gases 
act intracellularly. 

Conclusion. We may postulate that specific and 
finite sites exist within the cell at which oxygen must 
be present to confer oxygen-dependent sensitivity, 
and that inert gases can displace oxygen from these 
sites. That oxygen and the other gases compete for 
the same sites is indicated by the experimental 
finding with bean roots that sensitivity is governed 
by the ratio of oxygen to the other gas provided that 
the partial pressure of oxygen is sufficient to guarantee 
saturation of the site. Furthermore, when the 
oxygen effect was blocked by one gas (20 atm. of 
nitrogen), the addition of an excess of another 
protecting gas (100 atm. of argon) did not further 
reduce the radiosensitivity. This result suggests one 
mechanism for both gases, and is consistent with a 
displacement adsorption phenomenon at a defined 
site. 

Some inert gases are known to be anesthetic, and 
many years ago it was postulated that this property 
is related to their lipid-water partition coefficients®. 
Table 1 shows that a parallel exists also between 
these coefficients and the effectiveness of the gases 
in reducing radiosensitivity in bean roots. The appar- 
ent discrepancy between the very different effective- 
ness of nitrogen and argon and their rather similar 
partition coefficients may perhaps be explained by the 
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fact that argon is approximately twice as soluble as 
nitrogen both in water and in lipid. 

The relationship with anesthetic effect led us to 
test the commonly used anesthetic gas cyclopropane : 
we found that, at 2 atm. added to 1 atm. of air, it 
blocked the oxygen-dependent sensitivity of bean 
roots by about 50 per cent. Cyclopropane is 34-4 
times more soluble!’ in olive oil than in water at 
37° C. 

The parallel shown in Table 1 suggests that the site 
from which oxygen is displaced may be associated 
with some lipid-liike material in the cell. We know 
from the unchanged rate of utilization of oxygen 
under 20 atm. of nitrogen and argon that the site is 
unlikely to be one of the main cytoplasmic organelles 
which utilize oxygen. Read has shown (below) that 
the damage caused in bean roots by 8-ethoxycaffeine, 
which is known to be dependent on an intact res- 
piratory mechanism}, is not influenced by argon ; 
this is a further indication that the inert gases do 
not interfere with this mechanism. The site of 
action of inert gases may be a lipid-water interface 
or an area or volume in the lipid fraction of the cell. 
Since the type of radiation damage which we have 
been measuring is expressed in the nucleus, and is 
believed to be the result of energy absorbed there, 
the site may well be within the nucleus or associated 
with the nuclear membrane. 

We wish to thank Mr. Paul Murfin for his technical 
help throughout these experiments. 
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Effect of a Combined Treatment with 
8-Ethoxycaffeine and Argon on the Roots of 
Vicia faba 


Ir roots of Victa faba are irradiated with X-rays 
when in the normal state of aeration, they are much 
more sensitive than they are when no oxygen is 
present. To produce the same damage in the absence 
of oxygen we must increase the dose by a factor’ of 
almost 3. Ebert, Hornsey and Howard have shown 
(preceding communication) that if a sufficiently large 
pressure of an inert gas is added to the normal 
atmosphere in which the roots are irradiated, the 
damage corresponds to the anzrobic sensitivity, 
although the normal amount of oxygen is present in 
the gas phase. 
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The influence of oxygen on the X-ray sensitivity 
of the roots has a parallel in its influence on their 
sensitivity to 8-ethoxycaffeine. Kihlman? first 
showed that if Allium roots were immersed in an 
erated 8-ethoxycaffeine solution for a few hours, 
chromosome aberrations were produced, but if the 
solution was free from oxygen there was virtually none. 
Later® he obtained the same result with Vicia faba 
roots. Read and Kihlman‘ then showed that a 
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- marked reduction in growth also occurred after a 


treatment in an wrated solution at 10° C., but if the 
solution was free from oxygen there was no detectable 
effect. In these cases, therefore, the influence of 
oxygen is more marked than when X-rays are used 
since the reduction is to zero instead of to approxi- 
mately one-third. 

The question naturally arises whether an added 
pressure of one of the inert gases will abolish the 
influence of oxygen on the action of 8-ethoxycaffeine, 
as it does in the case of X-rays. This has been tested 
in the same high-pressure chamber as was used by 
Ebert, Hornsey and Howard. It was arranged 
vertically with the top cover removed. Into it 200 c.c. 
of 7 x 10° M 8-ethoxycaffeine solution chilled to 
near 0° C. was poured, and a group of nine roots was 
put into the top end so that they did not reach to the 
level of the solution. The top cover was bolted on 
and 5 atm. pressure of argon was slowly added to the 
normal atmosphere in the chamber. The chamber 
was then placed in a rocking cradle immersed in a 
trough of water kept at 10° C., and the treatment 
was commenced by tipping it so that the solution 
flooded over the roots on its way to the lower end. 
The tipping was continued at intervals of a minute so 
that the roots were alternately wetted by the solution 
and exposed to the gas pressure. After four hours 
the chamber was removed with the solution drained 
to the end remote from the roots. The pressure was 
slowly released, the end cover removed, and the roots 
extracted. They were rinsed under the cold tap 
and returned to the culture tank. 

Other groups of roots were exposed in a similar 
manner: (a) to 200 c.c. of the same solution without 
the addition of the argon pressure; (b) to 200 c.c. 
of tap water with the addition of 5 atm. pressure of 
argon, and (c) to 200 c.c. of water without the argon 
pressure. 

The mean growth-rates of these groups of roots 
have been expressed as percentages of the mean 
growth-rate of a similar untreated group which 
co-existed in the culture tank. They are plotted in 
Fig. 1 against time before and after treatment, which 
occurred at time zero on the abscissa scale. Roots 
exposed in water without added argon showed a 
check in growth only on the day of treatment, due 
partly to the handling and partly to the four hours 
at low temperature (10° C.). Roots exposed to the 
5 atm. pressure of argon while intermittently flooded 
with water were more affected, but they had recovered 
their normal growth-rate after 3-4 days. Ebert, 
Hornsey and Howard subjected their roots to pressure 
for periods of only 15-30 min. compared with 4 hr. 
here, so that ib is understandable that they observed 
no harmful effect unless X-rays were also used. On 
both occasions when the ethoxycaffeine solution was 
used the growth-rate curve was of the type already 
found by Read and Kihlman‘* and the minimum 
value was about the same as they measured after 
4 hr. immersion in 7 x 10-3 M solution at 10° C. 
The two curves, one obtained with added argon and 
the other without it, do not differ appreciably, and 
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the tentative conelusion is that the argon pressure 
had no effect on the sensitivity of the roots to 
_ §-ethoxycaffeine. Perhaps there is such an effect, 
_ but the threshold pressure is greater than when 
o X-rays are the injurious agent. To test this, the 
experiment was repeated, but 100 atm. pressure of 
argon was introduced. As the control roots had 
already reacted unfavourably to 4 hr. in 5 atm 
pressure, the duration of the treatment was reduced 
to 3 hr. in an attempt to reduce this unwanted effect. 
The growth-rate curves are shown in Fig. 2. The 
argon treatment alone reduces the growth-rate, but 
there is complete recovery after 4-5 days. At this 
time the roots treated with 8-ethoxycaffeine still 
have a much-reduced growth-rate (about 50 per cent 
normal), and there is little difference between those 
treated with the added argon and those without: it. 
‘The conclusion is that argon pressures which 
ompletely annul the enhanced sensitivity to X-rays 
roduced by oxygen have no effect on the sensitivity 
» 8-ethoxyeaffeine, although this sensitivity also 
depends on the presence of oxygen. This conclusion 
cannot be drawn with the certainty we would like, 
because the control roots were adversely affected by 
the argon pressure, but it seems to be the most 
probable interpretation of the results. Its importance 
- 4s that the site of action of oxygen in the X-ray case 
< would then be different from that involved with 
= §-ethoxycaffeine. Kihlman’ has shown that sodium 
=- azide, which inhibits cytochrome oxidase and thereby 
c respiration, suppresses the power of 8-ethoxycaffeine 
“> to eause chromosome breakage as completely as 
~~ anewrobie conditions. The effect is also suppressed 
by 2.4-dinitrophenol, which uncouples phosphoryl- 
< ization from oxidation. These observations suggest 
that ese sito a action i oE in onig case is the 





EOC ATMOSPHERIC 


E ESSE ARGON x 
n gees E 

a o 
3 * 
$ N ARA EOC 100 ATMOSPHERES 
4 Bi meee eae Sok 
4 

E 
e 


10 inhibition of mitosis. 


Ethoxycaffeine (EOC) and 100 atm. argon (3 hr.) 





T chromosomes; and the 
ON believe that. both t 
- track of ions must b 
diate vicinity of the 
that is, in the nucle 
Hornsey and Howard ( 
shown the importance o 
water partition coefficie 
added gas and have suggest 
excludes oxygen from s 
water interface which “m 
within the nucleus or associa 
the nuclear. membrane”; 
reported that a considerabl 
of purine derivatives could produ 
chromosome | aberrations. in ple 
-chrormosomes, and these could 
divided into two classes. The first, 
which 8-ethoxycaffeine is an ex 
ample, acts in relatively high concen 
tration and short exposure: times, 
whereas the second acts in dilute solu- 
tion applied for times of the order of 
the mitotic cycle. If a concentrated o 
solution of the second elass is used, =< 
lesa effect on the chromosomes is = 
produced, but there is a marked 
Kihlman 
made a strong case for the view 
that compounds of the first type 
could pass through the nuclearmem- — > 
brane, whereas those of the second could not, bat < => 
produced their effect only on the chromosomes of = 
dividing cells. He then showed that the first class = 
had a lipid/water solubility ratio greater than unity, 
ranging up to about 10, whereas those of the second =- 
class had a ratio less than unity, ranging down to > 
0-04. He concluded from this that the nucleus was” 
surrounded by a lipid/water interface which h 
calied the “perinuclear layer”. This might well be 
the “lipid/water interface . . . associated with th 
nuclear membrane” suggested by Ebert, Hornsey ane 
Howard, 
This work has been done in the laboratory: of th 
Research Unit in Radiobiology of the British Emp 
Cancer Campaign at the Mount Vernon Hospi 
and the Radium Institute, Northwood, while 
sabbatical leave from the New Zealand Branch 
thank the director, Dr. L. H. Gray, for the facil 
he has given me, and the New Zealand Brane | 
making the visit possible. The high-pressure chami 
was loaned by the Experimental Radiopatho 
Research Unit of the Medical Research Count 
for which I am grateful to the director, Dr. 
Popjak. a 
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Hugh Adam Department of Cancer Research, 
Medical School, University of Otago, 
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4 Read, J., and Kihiman, B., Hereditas, 42, 487 (1956). 
s Kihiman, B., Exp, Cell Res., 8, 404 (1955). 

s Kihiman, B., PET hat 115 raea). 
















ERS TO 


The Editors do not hold themselves 
for opinions expressed by. their- correepondent 
No notice ts. taben of anonymews conmminzeahons. 








r, z Ultra-structure of the Insect Ear- 


a Licut microscope studies!-* have long established 


that the sensory unit (chordotonal sensillum or 
o = stiftfihrendes Organ) of the insect ear consists of three 
-< cells, namely, the bipolar neuron, the axon of which 
“yuns directly to the central nervous system, the 


‘sheath cell, which surrounds the dendrite of the 


“neuron, and the attachment cell, which appears to 


- anchor the whole assembly to the ear-drum. The 

‘approximate topographical arrangement of these 
cells and their inclusions are shown in Fig. 1. Exam- 
ination of fresh material with the phase-contrast 
microscope by one of us (E. G. G.) has demonstrated 


~ that, though the vacuole (v) is a fixation artefact, the 


~ geolopale and the axial fibre are distinguishable in 
aivo. It is with the fine structure of the latter that 
this communication is principally concerned. All 
material has been taken from the auditory ganglia 
of adult female locusts (Locusta migratoria migra- 
torioides) and fixed with 1 per cent osmium tetroxide 
buffered at pH 7-4 with veronal acetate. Each 
ganglion contains about eighty sensory units of the 
type. described. 

We confirm that the axial fibre enters the central 
end of the scolopale (Fig. 1) and reaches far up its 
=C axis, though we have not yet been able to trace it 

--to contact. with or passage through the cap. At the 
level indicated in Fig. 2 a transverse section discloses 
that the fibre (Fig. 2,6) consists of an outer ring of 
nine fibrillar elements and an inner group which 
may be two pairs of fibrils. At the level of the central 
end of the scolopale, this fibrillar structure is lost 
and the axial fibre becomes a single solid rod with 
eross-striations of dense lines (period 700 A.) with 
two wider and less dense bands between each pair of 
lines (Fig. 3). As this rod approaches the nucleus of 
the neuron it splits repeatedly into rootlets (Fig. 4). 
As many as forty rootlets have been counted in 
transverse section and each has a similar periodic 

structure to the parent rod. 

The axial fibre therefore conforms closely, in the 
structure of both its distal and proximal parts, with 
what has been shown to be the fundamental structure 
of animal (and plant) cilia, and flagella®.*. Sjöstrand’ 
has shown that the outer segment of the rod of the 
mammalian retina is connected with the inner by a 
cylinder of nine pairs of fibres with a striated root, 
and it is probably relevant that rods and cones are 
derived from the ciliated epithelium of the neurenteric 
canal. Wersäll? has found essentially the same struc- 
: turo (but without the striated root) in the kinocilia of 
the mammalian crista. Motility has been asserted of 
the kinocilia in the cristæ of lower vertebrates, but it 
has not been confirmed for mammals and it would in 
any event not necessarily exclude a sensory function. 
It seems that, when a ciliary effector is transformed 
into a receptor in the course of ontogeny, the funda- 
mental structure of the cilium sometimes persists : 
and its retention in these cases suggests that, whatever 
role is ascribed to it in ciliary activity, it can play 
the same part but in a reversed sense in the receptor 
‘process. 
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am of light microscope preparation showing one 

hamatoxylin ang o cuii: 

eosinstained), Figs, 2-4. Sections at various levels of Fig. 1 (electron. - 

microscope). Fig, 2,a, one of six or more pillars of finely -vesiculated 
material forming the wall of scolopale 


Fig. 1. (1) Di Fi 
sensory unit of the locust ear (Bonin fixed : 


In insects, ciliary and flagellar effectors (except for 
the tails of spermatozoa in some genera) are wholly 
lacking in all members of the class and at every stage” 
in the life-cycle. There is here no question of their | 
transformation into receptors during the development: 
of an individual. The occurrence in insects of the 
ciliary ultra-structure in what are unquestionably 
receptor cells of extremely high mechanical sensitivity - 


_ is therefore of considerable interest. 


We are much indebted to Prof. J. Z. Young for 
providing facilities and equipment for this work, to 
the Anti-Locust Research Centre for a constant- 
supply of fresh material and to Dr. J. D. Robertson. <- 
for much helpful advice. = 


E. G. Gray 


Department of Anatomy, 
University College, 
Gower Street, 
London, W.C.1. 


R. J. PUMPHREY 
Department of Zoology, | 
The University, 
Liverpool. 
Nov. 29. 
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t Fawcett, D. W., and Porter, K. R., J. Morphol., 94, 221 (1954)... 
! Bradfield, J. R. G., Soc, Exp. Biol. Symp., 9, 306 (1955). E 
1 Sjöstrand, F. S., J. Cell, Comp. Physiol:, 42, 45 (1953), 
* Wersäll, J., deta Otolaryng., Supp., 126, 1 (1956). 
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Relation between Nucleolar Volume and 
Cell Body Content of Ribonucleic Acid 
in Supra-optic Neurones 


Dorme an investigation of the influence of in- 
creased functional activity on the ribonucleic acid in 
neurosecretory cells of the supra-optic nucleus of the 
rat, an observation of more general interest was made. 
The amount of ribonucleic acid in the cell bodies 
was measured microchemically* and the volumes of 
their nucleoli were determined on stained slides. Cells 
from control animals were investigated as well as 
from animals that had been subjected to administra- 
tion of sodium chloride for two months. Apart from 
the finding that increased functional load (increased 
hormone production) gives rigo to statistically sig- 
nificant increases in amounts of ribonucleic acid and 
nucleolar volumes, it was found that the ribonucleic 
acid content per cell body was directly proportional 
to the nucleolar volume (Fig. 1). ‘The ribonucleic 
acid content per cell body nearly equals that of 
the cytoplasm in these cells, so it is apparent that 
there is a proportionality betweon nucleolar volume 
and cytoplasmatic content of ribonucleic acid. On 
the other hand, it can be shown that it is unlikely 
that proportionality between nucleolar volume and 
nucleolar amount of ribonucleic acid should exist as 
well as proportionality between nucleolar and cyto- 
plasmatic amounts of ribonucleic acid. 


25 


20 


15 


10 


Nucleolar volume (#*) 





0 


0 50 
Ribonucleic acid content per cell body (10-1! gm.) 


100 150 200 


Fig. 1. Values for nucleolar volumes plotted against values for 

ribonucleic acid content in cell bodies of supra-optic neurones. 

Mean values per animal are given. Open circles designate controls, 
filled circles experimental animals 


It is of interest to note that LaVelle*, from a study 
of stained slides, came to the conclusion that there 
exists @ proportionality between the size of the 
nucleoli and the amount of Nissl substance in nerve 
cells proper. As the basophilia of the Nissl substance 
is due to ribonucleic acid, these results are in good 
agreement, indicating that the relations may have 
more general application. 

A full account of this 
supported by grants from 


investigation, which was 
the Swedish Medical 
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Research Council and Deutsche Forschungsgemein- 
schaft, will be given in Zeitschrift für Zellforschung. 


J.-E. EDSTRÖM 
D. EICHNER 
Department of Histology, 
University of Göteborg, 
and 
Anatomisches Institut, 
Universität, Münster. 
Nov. 14. 


1 Edström, J.-E., Biochim. Biophys. Acta, 12, 361 (1953). 
‘LaVelle, A., J. Comp. Neurol., 104, 175 (1956). 


Antigenicity of Avidin 


AVIDIN has been shown to bind the vitamin biotin, 
but the mechanism of binding is still unknown. 
Modification of the avidin molecule by acetylation, 
esterification or by blocking the amide, guanidyl, 
imidazole and phenolic groups did not result in a loss 
of its ability to bind biotin’. 

The mechanism and site of binding of an antigen 
by its homologous antibody is also largely unknown. 
In an effort to answer the question whether the locus. 
(loci) of binding of biotin by avidin (on the avidin 
molecule) was (were) the same or one of the loci 
binding antiavidin to avidin, we have studied the 
specific precipitation of avidin by rabbit antiavidin 
serum in the presence and absence of biotin. Avidin 
concentrates were prepared according to Dhyse’, and 
adult male rabbits were immunized by bi-weekly 
parenteral administration of these concentrates mixed 
with Freund’s adjuvant supplied by the Difco Co. 
In all, two courses of immunization were employed. 
The avidin used for the precipitin reaction was 
obtained by dialysis of these concentrates, when 
avidin formed a precipitate. The dialysis was carried 
out against distilled water over & 48-hr. period with 
3-4 changes of the water. The precipitin reaction 
was carried out according to standard methods? first 
at 37° C. for 3 hr. and then at 5° C. for 48 hr. The 
results are given in Table 1. 

Protein was estimated according to Lowry et al.4 
In one series (A) of experiments the precipitation of 
avidin in the absence of biotin was studied as & 
control. In the B series, 5y of biotin were added to 
the avidin and incubated at 37° C. for 1 hr. At the 
end of this period, antiserum was added and the 
‘ncubation’ continued for 3 hr. at 37° C., and the 
precipitation continued for 48 hr. in the refrigerator. 
In the C series, precipitation of avidin was effected. 
first and then 5y of biotin were added. The results 
do not show any marked enhancement or inhibition 
of precipitation of avidin by its homologous anti- 
serum, in the presence or in the absence of biotin. 
The binding of the antibody was not affected by the 
previous formation of the avidin-biotin complex 


Table 1. PREOIPITATION OF AVIDIN BY RABBIT ANTIAVIDIN 












Total protein precipitated, using 1 ml. of 
Amount serum 
No. avidin (y) 


620 


(Exp. B). It is rather hard to be definite about this 
for the following reasons : 

(1) The best preparation of avidin binds only 
about 1/120 of its weight of biotin, whereas many 
more times its weight of antibody is bound. 

(2) The binding site of biotin may be only one 
of the several patches where antiavidin is bound. 
Loss of one of these loci may not affect the pre- 
cipitin reaction to a significant extent. Also, at 
higher concentrations of antigen, the antigen—anti- 
body complex will become. more soluble. 

However, as shown by our preliminary experiments, 
the ability of avidin to bind biotin was not lost by 
previous precipitation of this protein by its antibody. 
Our preparations of antisera did not cross-react with 
ovomucoid or lysozyme, but do show a certain 
amount of cross-reaction with ovalbumin. Further, 
it is interesting to speculate whether biotin might not 
act as a hapten if the avidin-biotin complex wero 
used as the antigen and if this complex were not 
cleaved by the intact rabbit, when administered 
parenterally. 

D. V. Siva SANKAR 
BARBARA J. COSSANO 
Henry W. THEIS 
CAROL R. MARKS 
Department of Chemistry, 
Adelphi College, 
Garden City, N.Y. 


Fraenkel-Conrat, H., Abst. Amer. Chem. Soc. meeting at Atlantic 
City, 24 (Sept. 1949). 
* Dhyse, F. G., Proc. Soc. Exp. Biol. Med., 85, 515 (1954). 
* Kabat, E. A., and Mayer, M. M., “Experimental Immunochemistry” 
(C. C. Thomas, 1948). 
“Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J., 
J. Biol. Chem., 193, 265 (1951). 


Cortisone-~Glucose Tolerance Test in 
Normal and Thyroxine-treated Rabbits 


IN hyperthyroidism a decreased glucose tolerance 
with a diabetic-like glycemic curve has been found 
by some authors'-*. Some of them ascribe this change 
to the damage caused to the pancreas by the toxic 
effect of thyroxine on B-cells of Langerhans islots*,5, 
others to the relative or absolute insulin deficiency!. 
However, Amatuzio et al.°,?, in their studies on 
patients with hyperthyroidism, showed that both the 
rate of disappearance of glucose during the intra- 
venous glucose tolerance test and the glucose tolerance 
are normal or increased. This observation has been 
confirmed by my own studies on patients and experi- 
mental animals’. Recently, Conn and Fajans®.1° have 
suggested the use of the cortisone—glucose tolerance 
test for investigating the latent insufficiency of insulin 
secretion in the non-diabetic relatives of known 
diabetics. Since the rapid intravenous glucose 
tolerance test in animals with hyporthyroidism was 
within the normal range*, the cortisone—glucose 
tolerance test was employed for ascertaining the 
latent damage to the pancreas. 

Table 1. VALUES OF THE ASSIMILATION COEFFICIENT OF GLUCOSE IN 


THE INTRAVENOUS AND CORTISONE-GLUCOSE TOLERANGE TEST IN 
NORMAL AND THYROXINE-TREATED RABBITS 





Assimilation 
State coefficient 
Normal 
Thyroxine-treated, 
Normal 


Thyroxine-treated 


* Intravenous glucose tolerance test. + Cortisone-glucose tolerance 
st. 
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In a group of normal rabbits and rabbits with 
experimental hyperthyroidism (induced by treatment 
with 0-25 mgm./kgm. body-weight thyroxine per 
day for 10 days) a rapid intravenous glucose tolerance 
test was performed and the tolerance was evaluated 
by determining the assimilation coefficient of 
glucose!!-18, Jn the cortisone—glucose tolerance test 
5 mgm. of cortisone acetate were administered 
intramuscularly 4 hr. before the intravenous glucose 
tolerance test. The results of our observation are 
given in Table 1. In normal rabbits the average 
value of the assimilation coefficient of glucose is 
1:16 + 0:18; after treatment with cortisone it was 
found to be slightly, though not significantly, de- 
creased to 1-10 + 0-16. In rabbits with hyper- 
thyroidism it was 1-29 + 0-25. This did not decrease 
even after administering cortisone (which would 
point to a latent insulin deficiency), but actually 
Increased by a significant amount to 2:01 + 0-52, 
which shows an accelerated rate of disappearance of 
glucose, increased rate of utilization of glucose and 
improved glucose tolerance. The exact nature of this 
change of assimilation coefficient of glucose cannot 
as yet be explained fully. It may occur in one of 
the following ways : either the organism of thyroxine- 


' treated rabbits is in a state of excessive excitement}4, 


so that slight hyperglycemia after the administra- 
tion of cortisone causes an increased secretion of 
insulin which accelerates the rate of disappearance 
of glucose, or thyroxine affects the response of 
carbohydrate metabolism to cortisone. 


L. Macro 
Endocrinological Institute, 
Slovak Academy of Sciences, 
Bratislava, Czechoslovakia. 


Oct. 2. 
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A Highly Sensitive Assay for Œstrogens 


THE accepted criterion of response in the intra- 
vaginal Allen—Doisy assay is cornification of the 
vaginal epithelium, which occurs 48-54 hr. after 
administration of an effective dose of cestrogen],?, 
Cornification is the end-point of a lengthy chain of 
events involving cell multiplication and growth of 
the epithelium. 

Biggers and Claringbold? have shown that, in the 
mouse, the earliest morphological response to the 
intravaginal administration of cestrone, is an increase 
in the mitotic rate of the vaginal epithelium. After 
& latent period of about 12 hr. the mitotic rate 
increases exponentially until 30-36 hr. after injection. 
Since it is probable that cestrogens act by stimulating 
cell division, without having any other effect on the 
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cornifying cells, it was thought that a quantitative 
investigation of the mitotic rate of the vaginal 
epithelium 17-24 hr. after hormone administration 
might throw some light on the primary action of 
cestrogens. 

Randomly bred ovariectomized albino mice have 
been used in this study. Two weeks before use they 
were primed by the subcutaneous injection of 1 pgm. 
cestrone in peanut oil. Individual animals were 
allotted to the experimental groups with tables of 
random numbers. (£strogens were administered in 
one intravaginal injection of 0-01 ml. distilled water. 
7 br. before each animal was killed 0:1 mgm. 
colchicine, in 0-05 ml. distilled water, was injected 
subcutaneously, in order to arrest mitoses. 24 hr. 
after injection, the vagina was removed, fixed in 
Barr’s fixative and embedded in wax. Transverse 
sections 6u thick wore stained in Heidenhain’s 
hematoxylin. All observations were made with a 
binocular microscope (x 720). For each animal five 
fields were selected at random from the sections. 
The total number of arrested mitoses were counted 
in each field, the final score for each animal being 
the sum of five counts. A transformation Y = 
logi(Z + 2) (where Z was the number of mitoses per 
field) was applied to the data, and analysis of variance 
was carried out. 

Fig. 1 shows the response to various doses of 
cestrone. It can be seen that a maximum response 
is elicited by 8 x 10-5 ugm. cestrone, response being 
approximately linearly related to log dose in the 
range 0-5 x 10-5 — 8 x 10-5 ugm. estrone. The low 
dose required to elicit a maximum response at 24 hr. 
confirms the suggestion of Biggers and Claringbold* 
that the greater part of a singly cornifying dose is 
ineffective, being lost from the vagina. 

A number of assays have been carried out; the 
results are summarized in Table 1. Although day- 
to-day variations in mean response are significant, 
day-to-day variations in slope and variance are not. 
In experiments III and IV no significant difference 
was found between the slopes of cestrone and 
cestradiol-3 : 178. 

The relative potency of cestradiol-3 : 178, in terms 
of oestrone, was found to be 1°68 (0:93-3:03); the 
5 per cent fiducial limits follow the estimate. Biggers’, 
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0:03 0'125 06 2 8 32 
Dose cestrone (107" pgm.) 


128 512 


Fig. 1. The relationship of response (mean number of arrested 

mitoses per field) to log dose of œstrone (10-° ugm.), 24 hr. after 

administration of the hormone. ‘The vertical lines through the 

observations indicate plus and minus one standard error of the 

mean. The errors vary since more animals were used on the linear 
segment of the curve than elsewhere 
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Table 1 


Standard 
error of 
slope 


Relative 
potency 


23-26 = 
25:96 = 


18°41 


(Estrone 
(Kstrone 
Œstrone and 
costradiol- 
3:172 
CEstrone and 
cestradiol- 
3:178 


1:74 
(0 ‘97-3 -49)* 
16°65 


1-50 
(050-5 -00)* 


* The 5 per cent fiducial limits follow the estimate. Mean relative 
potency = 1-68 (0:93-8:03). i 


using 500 animals, with cornification as tho criterion 
of response, found cestradiol-3 : 178 to be significantly 
more active than cestrone (relative potency 1-75 
(1-15~2-66) ), an estimate not in discord with the 


above (xy = 0:0042, P > 0:95). 


The method of assay described in this communica- 
tion, therefore, appears to be ten times as sensitive 
and four times as precise as the standard intra- 
vaginal assay under optimum conditions‘. Prelim- 
inary work with entire immature mice suggests 
that the slope is doubled. Further work is being 
carried out with the object of increasing both slope 
and sensitivity of the assay method. 

We are grateful to Prof. C. W. Emmens for much 
helpful advice and criticism. This work was supported 
by a grant from the New South Wales State Cancer 


Council. L. MARTIN 
P. J. CLARINGBOLD 


Department of Veterinary Physiology, 
University of Sydney. 
Sept. 19. 


1 Allen, E., and Doisy, E. A., Physiol. Rev., 7, 600 (1927). 


1 Emmens, C. W., “Hormone Assay”, Chap. 13 (Academic Press, New 
York, 1950). 


2 Biggers, J. D., and Claringbold, P. J., J. Anat., 89, 124 (1955). 
‘ Biggers, J. D., and Claringbold, P. J., Aust. J. Biol. Sei., 7, 118 


5 Biggers, J. D., J. Endocrinol., 7, 163 (1951). 


Serological Determination of Developing 
Muscle Protein in Chick Embryo 


Myosin in the heart muscle of a chick embryo of 
about 16 hr. after incubation was determined first 
by Ebert. Further experimental work on myosin 
during embryonic development was published by 
Rudnick? and Grunwaldt® from histochemical points 
of view. Csapo and Herrmann‘ found a protein with 
solubility and viscosimetric characteristics similar to 
myosin in chick muscle on the ninth day of develop- 
ment, suggesting the possibility of its existence at 
earlier stages: Herrmann’, however, reported later 
that muscle protein was not detectable until about 
the fourteenth day. 

We obtained pure actin and actomyosin from the 
pectoral muscles of White Leghorns by Straub’s 
method*.?. This protein, at a concentration of about 
15 mgm. per ml., was injected intravenously into 
rabbits at 3-day intervals, until it reached a total 
of 60 mgm. The rabbits were bled by heart puncture 
on the fifth day after the last injection, and the 
serum obtained was used for the precipitin reaction 
with saline extracts from chick embryos*. We checked 
failure due to antigen-excess by using a constant 
volume of serum and progressively decreasing amounts 
of antigen. 
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Table 1. 









Hours after incubation No. of embryo 
falas eee Ee al 






Control (non-fertilized) 8 z 












* The heart tissue was sufficiently excised. 
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Antigen concentration 
16x 32 x 










4 embryos 
inixed 





2 embryos 
mixed 












4 brastodics 
mixed 








Actin from the heart tissue and that from the striated muscle showed ho difference in the reaction of anti-serum. 


Table 2. RESULTS OF PREOIPITIN REACTION WITH ACTOMYOSIN ANTI-SERUM AND SALINE Exrracts OF CHIOK EMBRYOS 












Antigen concentration 
16x 3 


2x 128 x Note 





* 32 embryos mixed 
* 40 embryos mixed 


* 24 embryos mixed 
* 32 embryos mixed 
ie et 






* 3 embryos mixed 


+ 
6 brastodics mixed | 





* The heart tissue was sufficiently excised. 


It was found that actin became detectable first 
in the chick embyro 72 hr. old (Table 1)®. In con- 
trast, in the striated muscle, actomyosin was de- 
tected about 96 hr. after incubation (Table 2). 

It may therefore be concluded that the stages of 
appearance of heart myosin, actin and actomyosin 
in the striated muscle occur, respectively, at about 
16, 72 and 96 hr. after incubation. in chick embryos. 
It seems that, in the heart, myosin appears before 
the formation of actin, while the order may be 
reversed in striated muscle. : 


Yosutro OGAWA 
TAKATADA KAWAHARA 
JIRoo MIURA 


National Institute of Genetics, 
Misima, Japan. 
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.A Special Reaction of the Complement 
Fixation Test applied to the Study 
of Tumours 


In the course of immunological research on cancer 
it was observed that the foot and mouth disease virus 
can act as antigen in a special reaction of the comple- 
ment fixation test. 

For the reaction the blood serum must be fresh, 
correctly diluted, and not inactivated, and the 
reactive antigen is the foot and mouth disease virus 
type O, variation 2, obtained from a buffered extract 
of artificially infected bovine tongue epithelium 
which has been biologically titred and sterilized by 
filtration and is not inactivated. The other reaction 
elements are more or less the same as those of the 
normal complement fixation test : guinea pig comple- 
ment and a hemolytic system with sheep red cells 
and rabbit hemolytic serum. The incubation at 
37° C. is as usual. 

A high proportion of normal subjects, and those 
suffering from various non-cancerous diseases, gave 
a positive serological reaction, while subjects suffer- 
ing from malignant tumours, especially of epithelial 
origin, nearly all gave a negative serological reaction 
(Table 1). 
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Positive 
reaction 






Doubtful 


Negative 
reactlon 


reaction 











Total 
No. 





Apparently 
normal ae 981 | 911 | 97-85 


Subjects suffer- 
ing from various 
non-tumour 
diseases 367 | 303 | 82°56 | 20 | 5-44 
Subjects suffering 
from malignant 
tumours of epi- 
thelial nature 101 ` 
Total* | 1,399 
* The other 105 cases out of the 1,504 tested were 33 pregnant 
women, 35 cases not accountable at present, and 37 cases of malignant 


or non-malignant, non-epithellal neoplasia, and of emolymphoblastosis, 
which we do not discuss because of the limited number of cases. 


The tongue epithelial extracts of healthy cattle or 
of those infected with A or C virus of foot and mouth 
disease and their variants did not show any antigen 
property in this reaction. Similarly, other antigen- 
viruses, such as those of fowl pox, Newcastle disease, 
hog cholera, herpes simplex, parotitis, yellow fever, 
influenza (A, B, C types) had no activity. 

1,504 subjects of both sexes were tested, giving a’ 
total of 1,709 reactions. A number of cases were 
tested several times at intervals. Table 1 shows that 
in 97-85 per cent of apparently normal subjects the 
serological reaction was positive. The positivity of 
the reaction was not affected by age or pregnancy. 
For 82-56 per cent of patients suffering from various 
non-neoplastic diseases, both acute and chronic, the 
reaction was positive. The diseases included those 
affecting, for example, the heart, blood vessels, the 
respiratory system, the digestive system, the liver, 
the urinary system, bones and articulations, the 
nervous system, as well as the endocrinal diseases, 
infectious diseases, traumatic cases, otc., and especi- 
ally syphilis and tuberculosis. This percentage may 
be higher, since there is the possibility of undiagnosed. 
cancer. On the other hand, for 91-08 per cent of 
subjects suffering from malignant tumour of epithelial 
nature the serological reaction was negative. 

Similar results were obtained in preliminary experi- 
mental researches on animals. Healthy rats (Spague- 
dowle blood stock, male) gave positive serological 
reactions, while rats of the same stock, carriers of 
Walker tumours for twenty days, gave a negative 
serological reaction. 

From researches recently started on the components 
of the complement, the C,—C, components seem to 
have an important function in the mechanism of the 
reaction. 

The diagnostic interest of this special reaction of 
the complement fixation test is evident. From the 
biological point of view & special reactive fraction is 
obviously deficient or inactive in the subjects suffer- 
ing from malignant tumours of epithelial nature. 

A. SERRA 
G. GUARINI 

Istituto Zooprofilattico Sperimentale 

del. Piemonte e della Liguria, 
Torino. 

P. LOVISETTO 
D. CASTELLI 
F. BALZOLA 

Tstituto di Clinica Medica Generale 

e Terapia Medica dell’ Università di Torino. 
Dec. 31. 


NATURE 


623 


Effect of Aldosterone Monoacetate and 
Deoxycorticosterone Acetate on Alkaline 
Phosphatase Activity in the Liver of Rats 


RECENT histochemical studies have demonstrated 
that aldosterone increases phosphatase activity In 
the kidney of rats’. The present communication 
records the influence of aldosterone monoacetate and 
deoxycorticosterone acetate on alkaline phosphatase 
activity of the liver of rats. 

Young male albino rats, weighing 49-4 + 8-9 gm., 
were injected subcutaneously with d,l-aldosterone-21- 
monoacetate in a daily dosage of 10 pgm. per animal 
for a period of 16 days. Deoxycorticosterone acetate 
was administered similarly (10 ugm. daily/16 days) 
to another group of rats. The animals were killed. 
94 hr. after the final injections. The liver was 
homogenized with water (100 ml. Jem. fresh tissue), 
centrifuged for 5 min. at 2,000 r.p.m., and the clear 
supernatant was finally processed for estimation of 
enzyme activity according to the method laid down 
by Hawk et al.*. Gomori’s technique? was used for 
histochemical localization of alkeline phosphatase 
activity. The results are presented in Table 1. 


Table 1. ALKALINE PHOSPHATASE ACTIVITY IN THE LIVER OF Rats 
TREATED WITH ALDOSTERONE MONOACETATE 














Alkaline phosphatase activity in 





Treatment the liver (mgm. phosphorus em 
1 hr.) with S.E.* 
Controls (solvent only) 2-05 + 0°16 (7) 


Aldosterone monoacetate 
(10 ugm. daily/16 days) 

Deoxycorticosterone acetate 
(10 ugm. daily/16 days) 


1°76 + 0:34 (6) 
1:10 + 0°08 (7) 






+ Figures in parentheses indicate the number of animals. 


Treatment with aldosterone monoacetate causes 
some inhibition of alkaline phosphatase activity in 
the liver albeit not in a statistically significant 
manner (Table 1). Deoxycorticosterone acetate 
evokes a similar but highly significant reduction in 
enzyme activity (P < 0-001). The difference between 
the two hormone-treated groups in this respect is, 
however, statistically insignificant. On a percentage 
basis, deoxycorticosterone acetate causes as much as 
46 per cent inhibition, whereas aldosterone mono- 
acetate evokes only a 14 per cent loss of enzyme 
activity. This suggests that deoxycorticosterone 
acetate is about three times as active as aldosterone 
monoacetate in inhibiting alkaline phosphatase activ- 
ity in the liver. Histochemical preparations of liver do 
not show any change in the activity of this enzyme 
after treatment with aldosterone monoacetate, but 
in the deoxycorticosterone acetate group the endo- 
thelium of the vascular sinusoids reacts in a faint 
manner. 

The present results indicate that the qualitative 
effect of the two hormones on alkaline phosphatase 
activity in the liver is more or less similar, but they 
differ with respect to degree. A somewhat similar 
view has been expressed by Loustalot and Meier". 

Grateful acknowledgment is made to Dr. Gross 
of Ciba Ltd., Basle, Switzerland, for the contribution 
of aldosterone monoacetate. 

Amiya B. Kar 

R. P. Das 

Central Drug Research Institute, ; 
Lucknow. Nov. 15. 


1 Loustalot, P.,and Meier, R., Schweiz. med. Wochsehr., 84,1415 (1954). 


‘Hawk, P. B., Osler, B. L., and Summerson, W. H., ‘Practical 
Physiological Chemistry” (J. and A. Churchill, London, 1947). 


s Gomori, G., J. Cell. Comp. Physiol., 17, 71 (1941). 
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Conversion of 3-Hydroxyanthranilic Acid 
to Quinolinic Acid in Presence of Rat 
Liver treated with 
2-Acetylaminofluorene 


THE reactions reported here are considered to be 
the final steps in the chain of reactions whereby 
tryptophan is converted into vitamin’; it shows the 
inhibitory action of the carcinogenic substance 
2-acetylaminofluorene on the reaction 3-hydroxy- 
anthranilic acid—quinolinic acid. 

The effect of a high-protein diet on the development 
of tumours, when 2-acetylaminofluorene is used as 
the carcinogenic compound, has not as yet been 
clarified. Morris et al.* reported that rats maintained 
on æ diet containing 18-24 per cent casein, after 
administration of 2-acetylaminofluorene, showed a 
high number of tumours when compared with rats 
maintained on a 12 per cent casein diet. 

Engel eż al.? noticed that the number of weaned 
rats in which mammary tumours caused by 2-acetyl- 
aminofluorene were observed, decreased when casein 
was increased in the diet. Harrist states that the 
development of liver tumours due to 2-acetylamino- 
fluorene does not depend on the protein-level of the 
diet. 

Dunning et al. investigated the connexion between 
diet and incidence of cancer due to 2-acetylamino- 
fluorene. They found that bladder cancer arose in 
all rats (Fisher stock 344) which were fed on a diet 
containing large amounts of tryptophan (1-4-4-3 per 
cent). Rats fed on a diet containing smaller amounts 
of tryptophan showed no development of bladdor 
cancer. 

The high level of tryptophan in the diet necessary 
for the development of tumours recalls that the two 
o-aminophenols, that is, 3-hydroxyanthranilic acid 
and 3-hydroxykynurenine, formed in the degradative 
metabolism of tryptophan possess carcinogenic 
activities. Yot if 2-acetylaminofluorene induced a 
biochemical lesion at a stage when one of the trans- 
formation reactions of these two compounds takes 
place, it would be possible to formulate a hypothesis 
on the mechanism of the carcinogenic activity of 
2-acetylaminofluorene on the bladder, based on the 
accumulation of one or both of these 0-aminophenolic 
derivatives. 

Our experiments were conducted on liver of rats 
meinteined on a diet containing 2-acetylaminofluorene 
of Hoffmann-La Roche (0-1-0-2 per cent in the diet) 
for periods varying from 2 to 6 days. 

Liver taken from rats of the same stock, of similar 
weight and age, fed on the same diet but without 
2-acetylaminofluorene, was tested for its capacity 
to convert, under the same experimental conditions, 
3-hydroxyanthranilic acid (3 mgm.) into quinolinic 
acid (incubation time always 1 hr.). i. 

The method used for determining quinolinic acid 
was @ slight modification of that of Rabinovitz, 
Fineberg and Greenberg’,’, 

The results of these experiments clearly demon- 
strato that, after administration of 2-acetylamino- 
fluorene, the enzymic reaction, that is, the conversion 
of 3-hydroxyanthranilic acid to 0-quinoneiminic 
compound, in liver tissue is highly inhibited ; this 
inhibition results in an average value of about 50 per 
cent. In one of the experiments 504 ugm. of quino- 
linic acid was formed in the presence of normal rat, 
liver; 210 ugm. quinolinie acid was formed in the 
presence of liver of a rat treated with 2-acetylamino- 
fluorene. 
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The following possible mechanism would explain 
the carcinogenic activity of 2-acetylaminofluorene : 
2-acetylaminofluorene inhibits the conversion of 
3-hydroxyanthranilic acid to the 0-quinoneiminic 
compound and causes an accumulation of 3-hydroxy- 
anthranilic acid and 3-hydroxykynurenine. These 
physiological metabolites could in certain conditions 
lead to tumour formation. 

it is important to notice that the reaction of 
3-hydroxyanthranilie acid is already inhibited 24 hr. 
after administration of 2-acetylaminofluorene, while 
according to Wilson eé al. tumours arise only after 
3-4 months. Therefore the biochemical lesion caused 


. by the carcinogenic compound would appear very 


early. 
E. QUAGLIARIELLO 
S. AURICCHIO 
E. RINALDI 
Institute of Biochemistry, 
University of Naples. 
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Demonstration of Antibody in Passive 
Transplantation Immunity to Crocker 
Tumour in Mice, using the 
Schultz—Dale Technique 


Mrroxison? reported a simple and effective proce- 
dure for passively transferring transplantation im- 
munity to a mouse lympho-sarcoma by injecting 
minced, regional lymph nodes intraperitoneally and 
draining the grafted areas of actively immunized mice. 
This phenomenon was later confirmed by Billingham 
et al.* using skin homografts. They preferred to call 
it ‘adoptively acquired immunity’. Using the same 
technique’, a similar transfer of passive immunity to 
homologous or heterologous tumour transplantation 
was conferred upon rats?-4.. The criteria of immuniza- 
tion adopted in these experiments was the ability of 
the animal to cause regression of a viable implant of 
the tumour, or to hasten the breakdown of the skin 
homografts. 

Recently, Makarië introduced the Schultz—Dale 
technique for the detection of specific soluble antigen 
in the sera of carcinoma patients using uterine horns 
of female guinea pigs. Fink et al.6 extended it to 
detect antibody production against tumours in mice, 
- Using the Schultz—Dale technique, we have made 
attempts to demonstrate the presence of antibody in 
the host during this passive transplantation tumour 
immunity. The criterion of immunization taken here 
is the ability of the host’s uterus, sensitized in this 
way, to produce a contraction when exposed to the 
homologous tumour antigen én vitro in the Dale bath. 

Pure line strains of Strong-A and 057 black mice 
were used and Crocker tumour wag grafted into the 
subcutaneous tissues of both flanks. 6 draining 
axillary lymph nodes, 2 spleens, 1 kidney, } of a liver 
and 3 c.c. of serum were obtained from mice with 
10-12-day-old growing Crocker tumours. These 
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Uterus from Strong-A 
mouse, grafted intra- 
erltoneally five days 
efore, with draining 
lymph nodes from 
Strong-A mice, bear- 
ing Crocker tumour 
(12 days old) 


Normal Strong-A 
mouse uterus, sim- 
ilarly treated with 

normal mouse 
lymph nodes 








Treatment 










. Ra/g rat tumour 
soluble protein 0 0 
2, Normal mouse ; 
organ (liver, 
spleen, kidney) 
soluble protein 
8, Desensitization 
with normal 
mouse organ 50l- 
uble protein 
4. Crocker mouse 
tumour soluble 
protein 
5. Crocker mouse 
tumour soluble 
protein (heated) + (0) 
6. Desensitization with 
Crocker mouse 
tumour soluble 
protein 
7. Crocker mouse 
tumour soluble 
protein + 0 
8. Acetylcholine 
(10 zgm.fml.) 


++ o 0 




















+4+++ a: 


were minced and injected intraperitoneally into 
normal female mice of the same strain. Controls were 
treated similarly with tissues from normal mice. 
Animals~ were killed at intervals, the uteri were 
removed immediately and tested in the Dale bath for 
sensitization, by exposing them to different test 
antigens and recording the reaction on a, kymograph. 
Soluble protein, lipoprotein’? prepared from fresh or 
lyophilized Crocker mouse tumour, Rd/3 rat tumour 
and normal mouse organs were used as test antigens. 
After contraction with one antigen, ® uterus Was 
washed completely and the same antigen was added 
repeatedly to test for desensitization. The reactivity 
of the tissue was tested with acetylcholine at the 
end of each experiment. 

Tt was found that draining lymph nodes and spleens 
from tumour-bearing mice are very effective ; the 
uterus so sensitized gives & positive reaction when 
exposed to Crocker tumour soluble protein, lyophilized 
Crocker tumour extract and Crocker tumour lipo- 
protein. After heating, the antigens do not have this 
effect. Other organ-grafts are not effective. No such 
contraction is seen in the uterus when exposed to 
normal mouse organ soluble protein, lyophilized 
normal mouse organ extract and soluble protein from 
Rd/3 rat tumour as test antigens. Heating of the 
lymph nodes prior to grafting also abolishes this 
effect. The reaction appears on the second day after 
grafting and disappears completely after 3 weeks. 
This reaction has no strain specificity ; lymph nodes 
from Strong-A mice bearing Crocker tumours, grafted 
into C57 black mice and vice versa, also give & positive 
reaction. 

A typical result is given in Table 1. 

It was shown previously that the host animal (rat 
and mouse) reacts to & progressively growing trans- 
planted tumour by developing a characteristic plasma- 
cellular reaction in the draining lymph node and 
spleen?.*, which can be correlated with the increase 
of deoxyribonucleic acid and thus with protein 
synthesis in these organs’. It was suggested that 
the plasma-cellular response is the morphological 
manifestation of a systemic immune reaction, due to 
the antigenic stimulation from the graft, and that 
plasma cells are involved in the production of anti- 
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bodies against the tumour’. Evidence has been 
presented by Billingham et al.* that this heightened. 
resistance in ‘adoptive immunity’ is not due to 
passive transference of any preformed antibody from 
the primary hosts, but of immunologically activated 
tissue, which continues to function in these secondary 
hosts after transfer. 

Although these experiments do not throw any 
light on this question, they demonstrate that the 
presence of antibody in the host is the basic mechanism 
involved in this passive tumour transplantation 
immunity. This investigation, which will be pub- 
lished later in detail, also confirms observations?®® 
that the regional lymph nodes and spleen are impor- 
tant seats of the host’s reaction against tumour 
homografts, that they form antibodies and that 
plasma cells play an important part in their produc- 
tion. 

This work was carried out in the Department of 
Experimental Pathology and Cancer Research, School 
of Medicine, Leeds, and I wish to thank Prof. H. N. 
Green for valuable advice and helpful discussion. 

B. D. BARUAH 

Department of Pathology and 

Cancer Research Centre, 
Assam. Medical College, 
Dibrugarh, 
Assam. 
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Anti-allergic Effect of Cortisone 


INVESTIGATIONS on the release of histamine and 
slow-reacting substance from the perfused anaphylac- 
tic lung of the guines pig reveal that cortisone is not 
inhibitory to the release of either substance. On the 
other hand, in as low & concentration as 1 in 140,000 
the response of the guinea pig gut to histamine and 
slow-reacting substance is greatly reduced if the 
cortisone is left in contact with the gut for 1-3 min. 
Contact for 10 sec. is without significant effect so 
that assay of the output of histamine and slow- 
reacting substance is satisfactory on the isolated gut 
of the guinea pig. This effect, owing to the delay, 
may be due to intracellular action of cortisone on the 
effector organ. 

This peripheral depressant action, which is not 
reported as being significant in man from clinical 
observations, has probably not been observed because 
of the concentration required to produce it. More 
soluble cortisone preparations, now available, should 
show whether this has clinical significance, since 
larger rapid intravenous dosage is now possible. Lower 
inhibit antibody 
production and so produce a more gradual reduction 

These experiments will be described in detail 
elsewhere. 

E. R. TRETHEWIE 

Department of Physiology, 

University, 
Melbourne. 
Nov. 27. 
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Quantitative Determination of Cholin- 
esterase Activity in Individual End-plates 
of Normal and Denervated Gastrocnemius 

Muscle 


It has been reported? that as late as two months 
after denervation of the gastrocnemius muscle the 
end-plates still reacted positively to a histochemical 
test for cholinesterase. The test was made by the 
thiocholine method of Koelle and Friedenwald?. 
Recent development of the diver technique for 
quantitative determination of cholinesterase activity 
in individual cells*.5 has made i possible to record 
quantitatively the observed histochemical reaction 
of the end-plates after denervation. 

The cholinesterase activity of end-plates from the 
diaphragm and the gastrocnemius muscle was first 
determined in normal animals. Albino mice were 
killed by strangulation. The diaphragm or the 
gastrocnemius was removed and placed for 10 min. 
in the incubation medium for histochemical visualiza- 
tion of end-plates. The medium used was essentially 
similar to that recommended by Koelle*; but the 
required volume was made up with 0-9 per cent saline 
Instead of 25 per cent sodium sulphate. Inspection 
of the gross substance after incubation revealed the 
accumulated end-plates as whitish bands extending 
across the muscle. A small piece of the histochemically 
active area was cut out with Scissors and was placed 
under the microscope on a hollow slide containing 
0-9 per cent saline. Single end-plates were dissected 
free with the aid of a micromanipulator and were 
placed in divers for quantitative determination of 
cholinesterase activity’, A 5x 103 M acetylthio- 
choline iodide solution was used as substrate and the 
measurements of activity were carried out at 25° C. 
The activity was calculated as the amount of carbon di- 
oxide liberated from the bicarbonate buffer during Lhr. 


CHOLINESTRRASE AOTIVITY OF END-PLATES ISOLATED 
FROM NORMAL DIAPHRAGM AND GASTROONEMIUS MUSOLH AND FROM 
DENERVATED GASTROONEMIUS MUSCLE 










Cholinesterase activity of 
single end-plates (expressed 


End-plates isolated 
from in 10~° ul. carbon dioxide 


















per hr.) 
Diaphragm 
4 400 
5 320, 350 
6 420* 
7 450* 
Gastrocnemius 
8 ' 680, 600 
10 1,000, 1,000 
11 » 750 
740, 1,200, 710 
Gastrocnemius : days 
- after denervation 
13 75 200 
14 80 610, 430 
15 85 170, 170 






* In these experiments two end-plates instead of one were Placed in 
the diver; the respective readings were 940 x 10-5 and 900 x 10— zl, 
carbon dioxide per hr, 


Table 1 shows that end-plates isolated from 
gastrocnemius muscle had 
activity than end-plates from the diaphragm, and 


considerable. It is further seen that 80 days after 
gastrocnemius denervation the end-plates still dis- 
played appreciable cholinesterase activity. (The 
denervation was performed under ether anesthesia ; 
a section of the left sciatic nerve, about 10 mm. in 
length, was excised at mid-thigh level.) 

More detailed study of the cholinesterase activity 
variations in end-plates and a correlation with the 
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cholinesterase activities of the associated neurites 
will be attempted in later investigations, 


M. Brziv 
J. ZAJIOEK 
Institute of Radiopathology, 
Stockholm 60. 
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Metabolism of the Perfused Cat Brain 
during Metrazol Convulsions and 
Electroshock 


THERE are a number of reports in the literature 
that during metrazol convulsions the rate of cerebral 
oxygen consumption increases!-3, It is also generally 
accepted that normally cerebral oxidations proceed 
almost exclusively at the expense of glucose. In a 
previous report‘, however, it was demonstrated with 
the aid of radioactive glucose that, in the case of 
cat brain perfused with ‘simplified blood? (bovine 
red blood corpuscles suspended in Ringer’s solution 
containing albumin), only about 30 per cent of the 
carbon dioxide produced by the brain comes from the 
blood glucose, while the rest of the carbon dioxide 
is derived from the combustion of endogenous sub- 
strates. This communication reports experiments 
showing an increase in production of carbon dioxide 
by the perfused cat brain folowing convulsions 
induced by metrazol and following electroshock. The 
results indicate that the major part of the excess 
carbon dioxide is derived from unknown endogenous 
substrates. 

Isolation of the cerebral circulation of the cat was 
carried out according to the method described by 
Geiger and Magnes". Perfusion of the brain at a 
constant rate of blood flow and the experimental 
technique generally were as described previously*. 
After 34 min. perfusion, 0-6-1-2 ml. of a 1 per cent 
solution of crystalline metrazol in saline was injected 
into the perfusing blood just before it entered the 
carotid arteries. The injection took about 1 min. 
Convulsive activity was almost immediate and con- 
tinued for variable short periods after the injection. 
It was always accompanied by typically convulsive 
electrocortical activity and a slight transient fall in 
cerebral vascular resistance. 

Results from a typical experiment are given in 
Hig. 1. It may be seen that the convulsive episode 
was accompanied and followed by an increased rate 
of carbon dioxide production, and the percentage of 
carbon dioxide produced by the brain, which is de- 
rived from the blood glucose, dropped considerably. 
Recovery was complete in about 12 min. 

The passage of electric current through the brain 
(10 volts, 60 cycles from a condensor stimulator) by 
means of electrodes placed on the exposed skull pro- 
duced similar metabolic changes. The current was 
applied three times during the course of 2 min. for a 
total of 30 sec. Each time the current was switched 
on an immediate and rapid rise of cerebral] vascular 
resistance was evidenced by an increase in perfusion 
pressure, which returned to its previous value very 
rapidly when the current was switched off. During 
the passage of current the animal showed severe 
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Fig. 1. Effect of metrazol on total carbon dioxide produced by 
cat brain perused with penn blood containing radioactive 
glucose and on percentage carbon dioxide derived from radioactive 


glucose. Broken line, average results of a number of control 
experiments (5) 


tonic spasms which ceased very shortly after break 
of the current. In contrast to the situation prevailing 
after metrazol administration, electrocortical record- 
‘ings following electroshock did not show evidence of 
convulsive activity. 

Fig. 2 illustrates the rise in the rate of carbon 
dioxide production and the abrupt fall in the radio- 
activity of the carbon dioxide produced by the brain 
in consequence of the application of electric current. 
This was followed by a recovery period of about 
10 min. and a subsequent ‘overshoot’ of short 
duration. 

From these results it would appear that the 
augmented metabolic activity of the brain occurring 
as a result of metrazol convulsions or of electric 
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Fig. 2. Effect of electroshock on total carbon dioxide produced 

by cat brain perfused with simplified blood containing radio- 

active glucose and on percentage carbon dioxide derived from 

radioactive glucose. Broken line, average results of a number 
of control experiments (6) 
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shock, is accompanied, and possibly supported, by 
the oxidation of. endogenous substrates within the 
brain. The exact nature of these substrates is not 
known, however, the work of Hyden on nerve cells 
subjected to stimulation’, of Mullins on peripheral 
frog nerve’ and of Abood and Geiger with glucose-free 
perfusion of cat brain’, all seem to point to the likeli- 
hood that breakdown and oxidation of proteins or 
lipids may occur in association with increased neural 
activity. 

We are indebted to ASSIA Chemical Laboratories, 
Ltd., Tel-Aviv, for a supply of metrazol. 


©. ALLWEIS 
J. MAGNES 
Department of Physiology, 
Hebrew University- 
Hadassah Medical School, 
Jerusalem. 
Nov. 28. 
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Isocitritase in Germinating Marrow Seeds 


HrEUMANN?: showed that the conversion of fat to. 
cellular constituents must occur during the germina- 
tion of seeds of Cucurbita pepo (pumpkin). A route 
for such a conversion has been demonstrated in 
germinating castor beans by Kornberg and Beevers? 
which requires for its operation, in addition to the 
enzymes of the tricarboxylic acid cycle, ¢socitritase 
and malate synthetase. 


B-oxidation pathway 


Fatty acids acetyl coenzyme A oxaloacetate + 





acetyl coenzyme A — citrate — isocitrate 


isocitritase 
succinate + glyoxylate 


malate synthetase 





ézocitrate 


malate — oxalo- 
acetate 





glyoxylate + acetyl coenzyme A 
Net result: 2 acetyl coenzyme A — succinate 


The presence of tsocitritase in germinating marrow 
seeds (another variety of Cucurbita pepo), and the 
variation of its activity with the stage of germination, 
suggest that this pathway may operate in the seed- 
lings of the marrow. i 

Glyoxylic acid (L. Light and Co., Ltd.) was assayed 
by the permanganate method of Long’, and a standard 
curve constructed using the colorimetric 2 : 4-dini- 
trophenylhydrazone method of Friedemann and 
Haugen’. A variation of the latter method, taking 
into account the ratio of absorption at 420 my and 
520 my was used for determining total keto-acid 
and glyoxylic acid in mixtures of glyoxylic acid and 
«-ketoglutaric acid. 

Seeds were germinated in darkness in vermiculite 
at 30° C. for periods of 1-6 days. Extracts were 
then prepared as follows. The testa and, when 
appreciable in size, the radicle and most of the 
hypocotyl of each seed were removed, and the 
remainder, virtually only cotyledons, ground at 
0° C. with phosphate buffer, 0-1 M, pH 7:5 and fine 
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sand. Debris was removed by centrifugation for 
15 min. at 1,500 x g (‘International’ refrigerated 
centrifuge), and smaller particles by high-speed 
centrifugation at 52,000 x g for one hour (‘Spinco’ 
ultracentrifuge). 

Incubation was carried out under nitrogen at 25° C., 
each tube containing 145 umol. 0-1 M potassium 
phosphate buffer, pH 7:6, 10 pmol. magnesium 
chloride, 10 umol. glutathione, and 15 pmol. sub- 
strate in 1-8 ml. solution. Reaction was initiated by 
addition of 0-2 ml. extract, and stopped by 0:5 mi. 
30 per cent trichloracetic acid, which precipitated 
proteins. These were centrifuged down, and the 
supernatant analysed for total keto-acids, and for 
glyoxylic acid, by the modified Friedemann and 
Haugen technique’. Chromatography of the keto- 
acid 2:4-dinitrophenylhydrazones from incubation, 
with known markers, using Whatman No. 3 paper 
and butanol/3 per cent ammonium solvent’ showed 
no perceptible trace of any keto-acid other than 
glyoxylic and «-ketoglutaric acids. 

Glyoxylic acid was further characterized by reduc- 
tion of the 2 : 4-dinitrophenylhydrazone, eluted from 
the butanol/ammonia chromatogram, to amino-acid, 
using Adams’s catalyst and hydrogen®, and chromato- 
graphy of the product in phenol/borate buffer’, pH 
9-3, with known samples of several amino-acids as 
markers. The chromatogram was developed by 
spraying with 0-1 per cent ninhydrin, 10 per cent 
glacial acetic acid, 4 per cent collidine in ethanol, 
which gave a purple spot for glycine marker. -The 
presence of a corresponding spot for the unknown 
product of 2: 4-dinitrophenylhydrazone reduction 
proved conclusively that there was, in fact, glyoxylic 
acid in the regultant solution from the incubation. 

The result of the incubation was calculated as 
umol. glyoxylate present in the incubated mixture 
per gm. ungerminated seed-weight, and tabulated 
(Table 1). 

The extract from six-day-old seedlings was also 
incubated in a series of different dilutions, and the 
activity plotted as pmol. glyoxylate formed per hour 
against volume of six-day extract used. The results 
suggested that a linear relationship exists between 
these functions in the range studied, and that activity 
(Table 1) is proportional to concentration at all ages. 

Superficial observation of the seeds during ger- 
mination revealed little or no obvious change at one 
day, the development of radicle up to about 3 cm. 
long at two days, and after that the emergence and 
rapid elongation of the hypocotyl. On the whole 
the results show good correlation of ésocitritase 
activity with the age and development of the seedling. 
The results also correspond to those of Heumann* 
for rate of increase of non-fatty dry weight of seeds 
of Cucurbita pepo, the two remaining almost propor- 
tional as the seedling develops. 





Incubation 1 hr. 1 hr. nil 
Substrate Citrate crtsaconitate 30 umol. DL-tsocitrate 30 mol. DL-isocitrate 
Seedling Total Glyoxylic Total Glyoxyliec Total Glyoxylic Total Glyoxylic Total Glyoxylic 

age (days) | keto-acid acid keto-acid id keto-acid acid keto-acid acid keto-ac acid 

0 0:74 0-1 0-9 1:7 0-7 0-7 0-46 0-1 

1 0-68 0:3 1: 4-2, 3-5 3° 0-20 0-1 

2 1:9 1:0 11:0 35:0 330 35-0 0:63 0°5 

3 2-4 0-2 17:0 48°6 48-0 48-0 11 0:4 

4 8-2 2:0 24:0 45-0 43-0 48:0 1-5 0-7 

5 2°9 1:0 19:0 51-5 49-0 51:0 1:7 0°3 

6 8-9 2:0 21:0 59-0 56:0 67:0 1-0 0:7 





The above results support the view that csocitritase 
is an enzyme of importance in the conversion of fat 
to carbohydrate in germinating marrow seedlings. 

Thanks are due to the many who have offered 
advice during this investigation, especially to Dr. F. A. 
Isherwood for his assistance in the characterization 
of glyoxylic acid, Dr. G. D. Greville for a gift of 
sodium cisaconitate and for his interest, and Prof. 
F. G. Young for permission to carry out the research 
in this Department. 

M. T. HeyDEMAN 
Dept. of Biochemistry, 
University of Cambridge. 
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Coenzyme A and Aldolase in 
Rubber-bearing Plants 


THERE is evidence that the biosynthesis of rubber 
from carbon dioxide and water in Parthenium 
argentatum! may proceed through acetate and 
B-methylcrotonate, and that acetate can also act 
as a precursor of rubber in Hevea brastiliensis*. Co- 
enzyme A probably plays a vital part in the process. 
Information on the enzyme systems operating and 
on the co-factors actually present in rubber-bearing 
plants is very scanty. Coenzyme A has been reported? 
to be present in the seeds of Crypiostegia spp., of 
Hevea, and in various organs of Taraxacum kok-saghyz. 
The complete enzyme system required to incorporate 
acetate into rubber hydrocarbon is present in Hevea 
latex? ; but its make-up is not yet known. This 
communication reports observations on coenzyme A. 
in Hevea and Taraxacum, and also on aldolase, which 
was originally selected for study as an enzyme capable 
of forming carbon-carbon linkages. 

Cook and Sekhar* have separated Hevea latex by 
ultra-centrifugation into one minor and three major 
fractions. Of these, ‘bottom fraction’ represents the 
sedimentable non-rubber particles of the latex, and 
‘C-serum’ the non-sedimentable aqueous phase. A 
rubber-free fluid known as ‘F-serum’ë is obtained 
from latex by the more drastic procedure of coagula- 
tion by prolonged freezing. It is believed’ to contain 
some of the components of both bottom fraction and 
C-serum. 

Freeze-dried latex fractions have been supplied to 
the Birmingham laboratories by the Rubber Research 
Institute of Malaya, where these fractions, along with 
fresh C-serum, were also later examined for aldolase 
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activity. In Birmingham, small quantities of fresh 
latex were obtained from 4-year-old Hevea trees 
grown in glasshouses ; Taraxacum kok-saghyz plants 
were harvested on the point of flowering. 

Coenzyme A was determined by the method of 
Hiibscher, G., and Wakil, S. J. (unpublished work). 
The fatty acid-activating enzyme prepared from ox 
liver? was used to catalyse the reaction between 
sorbic acid and coenzyme A to give sorbyl—coenzyme 
A, the formation of which can be measured spectro- 
photometrically at 295 my. Under the test conditions 
all the coenzyme A present is transformed into 
sorbyl-coernzyme A. 

The coenzyme A content of some Hevea and Taraxa- 
cum materials is shown in Table 1. 


Table 1 


| - -—" - 
: . Coenzyme A content in #mol. 
per 100 mgm. (dry weight) 


Material 


Freeze-dried F-serum (Hevea) 


2-5 yr. after preparation 

7 months after preparation 

2 months after preparation 
Fresh latex (dialysed) 
Taraxacum kok-saghyz roots 





A modification of the method of Herbert et al.® 
was used for detecting and estimating the level of 
aldolase activity. The solution (2 ml.) to be tested 
was incubated for 20 min. at 30° with sodium fruc- 
tose-1 : 6-diphosphate solution (1 ml. 0-031 M) and 
& sodium borate buffer (2 ml.) containing hydrazine 
as ketone fixative. The borate-hydrazine solution 
had pH 8-5 and was 0:3 M with respect to BO,- 
and 0:14 M with respect to hydrazine. After 
incubation alkali-labile phosphate was estimated on 
aliquots of the deproteinized mixture. Unit aldolase 
activity was defined as the formation of 0-10 mgm. 
of alkali-labile phosphorus. Table 2 shows the 
activities observed. 


Table 2 


Material Activity 


- (units/mgm.) 


Hevea 

Ammonium cbs per precipitate from 
aqueous extract of freeze-dried bottom 
fraction 

Freeze-dried F-serum (old sample) 

Freeze-dried C-serum (5 samples 

Freeze-dried F-serum (4 samples 

eze-dried bottom fraction (4 samples) 


below 0:02* 
Acetone precipitate from C-serum 0-80 


Seed cotyledons 
Fresh latex (in Birmin ) 

Taraxacum roots-ammonium sulphate ppt. 
of aqueous extract 


very low 
0:16 


0:01 





* Mean values, 


Aldolase of Hevea latex was first detected in material 
precipitated by ammonium sulphate (between 35 
and 65 per cent of saturation) from an aqueous 
extract of freeze-dried bottom fraction. Examination 
of other latex fractions (see Table 2) suggested that 
the enzyme was located mainly in the aqueous 
non-sedimentable phase (C-serum) rather than in the 
sedimentable particles. It will be noted that F-serum 
is less active than C-serum, as expected from the 
mode of preparation. 

The activity present in C-serum was largely precipi- 
tated by ammonium sulphate between 35 and 65 per 
cent of saturation. A better fractionation of C-serum 
was, however, achieved by treating it with increasing 
amounts of acetone at 0°. The material precipitated 
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between 30 and 50 per cent (v/v) of acetone was 
dissolved in water and, after removal of insoluble 
matter, freeze dried. The product (see Table 2) had 
8-9 times the activity of unfractionated freeze-dried 
C-serum. 

In the light of recent publications’? on rubber 
biogenesis it seems unlikely that aldolase is directly 
involved in the synthesis of the hydrocarbon, but it 
is of considerable interest as a key enzyme in the 
carbohydrate metabolism of latex. So far as we are 
aware, coenzyme A has not been directly demonstrated 
in Hevea latex hitherto, although the results of Teas 
and Bandurski? seem to imply its presence. ~ 

We are indebted to Prof. M. Stacey for his interest 
and encouragement, to Messrs. B. C. Sekhar, R. C. H. 
Hsia and Y. H. Chong for the preparation of materials 
from Hevea, to Mr. W. G. Wren, of the Rubber 
Research Institute of Malaya, and to Dr. B. L. Archer, 
of the British Rubber Producers Research Association, 
for their assistance and advice, and to the Dunlop 
Rubber Company for a scholarship awarded to one 
of us (J. A. G.). 

J. A. GASCOIGNE 
W. G. OvEREND* 
Chemistry Department, 
The University, 
Birmingham. 15. 
G. F. J. Mor 
Rubber Research Institute of 
Malaya, 
Kuala Lumpur, Malaya. 
G. HÜBSCHER 

Department of Pharmacology 

and Medical Biochemistry, 
University of Birmingham. . 
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Para-Amino-Benzoic Acid and 
Sulphanilamide in the Nutrition of 
Neurospora crassa 


THE action of sulphanilamide, an antivitamin of 
p-amino-benzoic acid, has been traced to an impair- 
ment of the synthesis of methionine and adenine, 
besides some other compounds’. In some cases 
p-amino-benzoic acid could reverse the inhibitory 
effects of sulphanilamide, whereas folic acid could 
not?. In our present work, we studied the reversal 
of the toxicity of sulphanilamide in Neurospora crassa 
8a (wild) and the substitution of p-amino-benzoic 
acid in a strain without the acid (No. 1633) of the 
same mould. 

The cultures were grown with sulphanilamide or 
with p-amino-benzoic acid, as shown in Tables 1 and 
2, on the usual basal medium (Horowitz and Beadle, 
1954). The pH of all media was adjusted to 6:8 
before autoclaving. Volatile and heat-labile sub- 
stances were added after sterilization by filtration 
through & Seitz pad. The cultures were grown at 
room temperature (26-28° C.) for three days and 
then the mats were filtered, dried and weighed. 


630 
Table 1. REVERSAL OF THE TOXICITY OF SULPHANILAMIDE TO N.. 
crassa 8a 
(10 mi. medium with 5 my biotin. 72-hr. growth) 
No. Additions Weight of mycelium 
(mgm. ) 

Basal medium 47-5 

tb + 5 mgm. sulphanilamide 0°6 

2) + 10y p-amino-benzoic acid 39° 

(2) + 2 mgm. adenine 1 


+ 2 mgm. guanine 
(2) + 2 mgm. uracil 

E -+ 2 mgm. choline 

2) + 2 mgm. threonine 
(2) + 2 mgm. valine 


|m 
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10 (2) + 2 mgm. methionine 1 
Il (2) + mem ao of adenine, guanine and j 
12 (2) + 1mgm. Lee of valine, threonine and 

methionine 
13 (2) +1 mgm. each of adenine, guanine, 

uracil, valine, threonine and 

methionine 34:1 
14 (2) + 80 mgm. vitamin-free casein hydro- 

lysate 24°1 
15 (14) + 2 mgm. each of adenine, guanine, 

and uracil 39-5 


These results indicate a broad spectrum for the 
antivitamin action of sulphanilamide. Thus, while 
methionine, valine, threonine, adenine, guanine and 
uracil were active by themselves to a certain extent 
in reversing the growth inhibition of the sulpha drug, 
a mixture of these six compounds was almost as 
active as p-amino-benzoic acid itself. The ability of 
casein hydrolysate to reverse this toxicity to & greater 


extent than a mixture of the above three amino-acids. 


may suggest a synergistic role for other amino-acids 
in reversing the action of the sulphanilamide. My 
unreported results show that while hypoxanthine was 
active to a certain extent in reversing the toxicity of 
sulphanilamide, neither xanthine nor uric acid was 
active. Also, while folic acid was a complete sub- 
stitute for p-amino-benzoic acid in mutant 1633, 
it was of limited activity in reversing the effects of 
sulphanilamide. Glutamic acid (cf. Table 2) could 
replace p-amino-benzoic acid to a slightly greater 
extent than aspartic acid could. In Æ. colt the 
inhibition of 2-chloro-4-aminobenzoic acid could be 
reversed by p-amino-benzoic acid, methionine or 
pantothenic acid’. My present results (cf. Table 1) 
show that the toxic effects of the sulpha drug are 
counteracted almost completely by a mixture of 
valine, threonine, methionine, adenine, guanine and 
uracil. This may very likely mean that the toxicity 
of sulphanilamide in this case is entirely confined to 
the synthesis of C, units. 

The results on the replacement of p-amino-benzoic 
acid (cf. Table 2) show that methionine was a com- 
plete substitute for the acid. This may denote 
that the metabolic block in this mutant is at the level 


Table 2. REPLACEMENT OF p-AMINO-BENZOIO ACID IN THE NUTRITION 
OF THE MUTANT WITHOUT p-AMINO-BENZOIO ACID (1638) 
(10 ml. medium with 5 my biotin. 72-hr. growth) 


No. Addition to the basal medium Weight of aa 
(mgm. 
1 None Negligible 
2 p-Amino-benzoic acid (10y) 25-6 
3 Methione (2 mgm.) 274 
4 Valine (2 mgm.) 0-8 
5 Threonine (2 mgm.) 0-8 
6 Adenine (2 mgm.) 1-1 
7 Guanine (2 mgm.) 2-0 
8  Uracil(2 mgm.) Negligible 
9 Choline (2 mgm.) Negligible 
10 Folic acid (100y) ” 238 
11 Lactic acid (10 mgm 2-5 
12 Casein irarolyaste (i tamin free, 80 mgm.) 20 -4 
13 Calcium pantothenate (100y) Negligible 
14 Aspartic acid (56 mgm.) 123 
15 Glutamic acid (5 mgm.) 17-0 


2 mgm. of each 2 (soparately of the following compounds did not 
sup ot the growth his mutant in the absence of p-amino-benzoic 
aci serine, cystine, tyrosine, histidine, arginine and tryptophan. 
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of the synthesis of methionine, especially as the other 
amino-acids and purine and pyrimidine bases were 
not active. Strehler! found that folic acid, methionine 
and p-toluidine are capable of replacing p-amino- 
benzoic acid in Neurospora 8043 M. He found that 
in the presence of sulphanilamide the mutant will not 
grow on adenine or other purines, although all were 
active in combination with methionine. Again, in 
my experiments, aspartic and glutamic acids were 
active to a certain extent in replacing p-amino- 
benzoic acid. This result is difficult to interpret 
since these two amino-acids are not known to contri- 
bute C, units to any significant extent. Koft et al.‘ 
found that «-ketoglutaric acid, pyruvic acid and 
lactic acid replaced p-amino-benzoic acid in the early 
growth of Lactobacillus arabinosus. However, lactic 
acid was inactive in my experiments with Neurospora 
crassa 1633. 

D. V. Siva SANKAR* 
University Biochemical Laboratory, 
Madras, 25. 


* Present address: Department of Chemistry, Adelphi College, 
Garden City, New York. 
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Ferulic and p-Coumaric Acids in Pineapple 
Tissue as Modifiers of Pineapple 
Indoleacetic Acid Oxidase 


PINEAPPLE stem tissue has been shown! to contain 
a powerful indoleacetic acid oxidase system and a 
polyphenolic-type inhibitor. Other reports demon- 
strate the ability of certain phenols to stimulate or 
inhibit the indoleacetic acid oxidases of peas’, lentils’, 
wheat‘, a fungus’, and lupins’, though none of the 
phenols has been shown to accompany these systems. 

We have now found that two cinnamic acid deriva- 
tives accompany and modify the activity of the 
indoleacetic acid oxidase in both pineapple stem and 
basal Jeaf tissue. Both occur naturally as esters 
which are extractable into ether from aqueous tissue 
homogenates at pH 2-5. With ascending paper 
chromatography in 8/1/1 ~tsopropanol—28 per cent 
ammonia—water, the esters have an Ry of approx- 
imately 0:05-0-2, and in 4/1/1 butanol—acetic acid— 
water, an Ry of approximately 0-85, with considerable 
overlapping of the two esters. 

The ether extractives were hydrolysed with N/10 
sodium hydroxide at 100° C. for 2 hr., the pH adjusted, 
and the free acids extracted into ether. Chromato- 
graphy now showed the disappearance of the original 
material and the appearance of two adjoining spots 
at a higher Rp (0:37-0-45) in the alkaline solvent. 
These two areas were identical with ferulic and 
p-coumarie acids in Rp, colour of ultra-violet fluor- 
escence, and acidic and basic colours with diazotized 
sulphanilic acid and diazotized p-nitroaniline sprays. 
The ultra-violet absorption spectra of the liberated 
acids were superimposable on those of the known 
compounds following double chromatography with 
tsopropanol—ammonia—water. The presence of p- 
coumaric acid was further demonstrated by absorp- 
tion spectra in alcoholic sodium ethoxide, chromato- 
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graphy in a number of solvents, by isolation and 
formation of derivatives’. 

Enzyme extracts were treated with M200 hydro- 
gen peroxide to destroy the inhibitor and stimulator 
by peroxidative action. In the absence of a suitable 
phenolic compound, no enzyme activity occurred, 
whereas with added p-coumaric acid, treated ex- 
tract equivalent to 2-4 mgm. wet tissue and con- 
taining ly protein destroyed 262y indoleacetic acid 
in 10 min. Assays showed that p-coumaric acid or its 
naturally occurring ester is loosely combined as @ 
coenzyme for and in mass action equilibrium with 
pineapple indoleacetic acid oxidase. Ferulic acid at 
low levels can stimulate partial enzyme activity 
when little or no p-coumaric acid is present; at 
higher levels, ferulic acid or its ester is a powerful 
enzyme inhibitor. 

This communication is published with the approval 
of the Director of the Pineapple Research Institute’ 
of Hawaii. 
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WILLIS A. GOoRTNER 
MARTHA J. KENT 
Pineapple Research Institute of Hawaii. 
G. K. SUTHERLAND 
University of Hawaii, 
Honolulu, Hawaii. 
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In vitro Culture of Ovaries of Iberis 
amara L. 


Fruit culture, perhaps better termed ovary culture, 
aims at studying the growth pattern and nutritional 
requirements of growing ovaries. Two pioneer 
attempts in this direction were those of Jansen and 
Bonner! and Nitsch’, but these workers did not 
follow the changes taking place in the ovules. Recently, 
Anantaswamy Rau‘ reared the ovaries of Phlox in 
artificial cultures. Although the fruits grew appre- 
ciably in all these cases, the extent of growth never 
equalled that in Nature. The size of the fruits 
obtained was always much smaller than that of 
fruits produced in Nature. 

We cultured ovaries of Iberis amara and studied 
the effect of several chemicals on the development of 
the pericarp as well as the ovule. 

In Nature the ovaries become double their initial 
size in a week after pollination, and the fruits attain 
their maximum size at the end of two weeks. Further 
changes, such as the differentiation of pericarp and the 
maturation of the seeds, continue for another week. 

We took flowers one day after pollination (Fig. 1, 1), 
when the ovules contain a zygote or a 2-celled pro- 

embryo and a varying number of endosperm nuclei. 
The flowers were sterilized with ‘Chlorox’ and planted 
in Nitsch’s basic medium supplemented with vitamins. 
The development obtained in this medium compared 
very favourably with that in Nature. Here the 
ovaries matured and the ovules showed normal 
embryos and endosperm on dissection. 

Having obtained normal growth in the above 
medium, our next problem was to analyse the 
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Fig. 1. (1) Ovaries at the time of planting of flowers (one day 


after pollination) (x c. 2). (2) Two-week old control fruits 
(x ¢. 2-2). (8) Two-week old tn vitro fruits grown on Nitsch’s 
basic medium supplemented with indolylacetic acid 6 mgm./l. 
(x ¢. 2). (4) Three-week old fruit grown on a medium containing 
0-5 mgm./l. of kinetin and 2 mgm. of 2,4-dichlorophenoxyacetic 
acid. The ovules fatled to mature into seeds in this series ( x¢.2°7) 


minimal requirements for fruit growth. Ovaries 
were cultured in water ; sugar + agar; sugar + agar 
+ minerals (made according to Nitsch); sugar + 
agar + minerals + vitamins®; sugar + agar + 
minerals + vitamins + indolylacetic acid ; and so on. 

We maintained two sets in water: one with single 
flowers and the other in which whole inflorescences 
were taken. The initial size of the ovaries was 
3:7 mm. x 2mm. Growth was poor in both cases and 
ceased completely at the end of one week. As 
expected, the fruits on the inflorescences were larger 
(5-4 mm. X 3 mm.) than those formed from single 
flowers (4:6 mm. x 2:5 mm.). Microtome sections 
revealed that in the case of single flowers there was no 
formation of embryo or endosperm. In ovaries col- 
lected from inflorescences the embryo had grown to 
the globular stage and was quite healthy, but the 


endosperm, especially in the neighbourhood of the 


embryo; had started degenerating. 

Ovaries cultured on 5 per cent sugar solidified with 
0-6 per cent agar grew to double their initial size in 
13 days, but the fruits were extremely cartilaginous 
and the seeds thin and papery and devoid of an 
endosperm or embryo. 

A marked improvement over the sugar + agar 
medium was seen on the addition of minerals accord- 
ing to Nitsch’s formula. The average size of the 
ovary (8-6 mm. x 6-2 mm.) almost approached that 
of the controls (9:1 mm. x 7:6 mm.) as measured 
after two weeks. The growth of the embryo and the 
endosperm was also satisfactory. 

Almost exact duplication of fruit growth as it is 
in Nature was achieved with sugar + agar + minerals 
+ vitamins. Ovaries sown in this medium became 
almost double in size after a week. The calyx 
and corolla persisted for well over a week. Later 
the calyx turned yellowish and was shed; the 
corolla stayed on longer. The growth of the ovary 
was completed in about two weeks, when it started 
turning yellow (this compared well with the condition 
in Nature) and the seeds became brownish. Fruits 
maintained in culture for 36 days showed no appre- 
ciable increase in length but only slight increase in 


632 


breadth. As already mentioned the embryo and the 
endosperm were quite comparable to those in Nature. 

Next it was considered worthwhile to investigate 
the effect of removal of the calyx and corolla. When 
this was done, the growth of the ovaries always 
received a setback. Ovaries with calyx and corolla 
intact always outgrew those in which these organs 
had been removed. This confirms that they are not 


meant just to protect the essential organs but actively’ 


contribute to their development. 

When. indolylacetic acid (5 mgm./].) was added to 
Nitsch’s basic medium we obtained fruits (Fig. 1, 3) 
which were sometimes even larger than those set in 
Nature (Fig. 1, 2). Dissections of 2-week old ovaries 
showed normal embryo and endosperm. 

The addition of kinetin alone (ranging from 0-1 
to 0-6 mgm./l.) as well as in combination with 
indolylacetic acid (5 mgm./l.) also seemed to improve 
the growth of the ovaries only slightly. 

On the other hand, ovaries cultivated on Nitsch’s 
basic medium supplemented with 2,4-dichlorophen- 
oxyacetic acid (2-0 mgm./l.) and kinetin (0:5 mgm../l.) 
(Fig. 1,4) showed arrested growth of both endosperm 
and embryo. Since growth in the kinetin medium 
alone is normal the retarding effect may be attributed 
to the 2,4-dichlorophenoxyacetic acid alone or 
possibly to the combined effect of 2,4-dichloro- 
phenoxyacetic acid and kinetin. 

The results described above show for the first 
time that not only the growth of the ovary but also 
that of the ovules can be maintained in an artificial 
medium. While the results achieved so far are 
significant, it remains to be seen whether unfertilized 
ovaries can also be grown to maturity along with 
concurrent growth of the ovules into viable seeds 
containing parthenogenetic embryos. 

This work was done under a scheme of research on 
the chemical stimulation of ovary and ovule financed 
by the Indian Council of Agricultural Research. We 
are indebted to Prof. P. Maheshwari for his guidance 
and to Dr. R. C. Sachar for his active co-operation. 


NIRMALA MAHESHWARI 
MANOHAR LAL 


Department of Botany, 
University of Delhi, 
Delhi 8. 
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Formation of Oxalacetate and Aspartate 
from Phospho-Enol-Pyruvate in Spinach 
Leaf Chloroplast Extract 


WHILE investigating the ability of water extracts}! 
of spinach leaf chloroplasts to catalyse ‘dark’ carb- 
oxylation reactions, we have found that the addition 
of phospho-enol-pyruvate and “CO, to the colourless 
chloroplast extract causes the accumulation of 
labelled oxalacetate and labelled aspartate in the 
reaction mixture. Bandurski and Greiner? using 
spinach leaves, Tchen and Vennesland® using wheat 
germ and spinach leaves, and Utter et al.‘ using bird 
liver, have described enzyme preparations which 
catalyse irreversible and reversible carboxylations of 
phospho-enol-pyruvate to oxalacetate. The forma- 
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Fig. 1. Fixation of “CO, into aspartate by phospho-enol-pyruvate 
and chloroplast extract in the dark. The composition of the 
reaction mixture was as follows and the components were added 
in the order listed: Tris, pH 7°4,80 #mol. in 0'4 ml.; magnesium 
sulphate, 10 wmol. in 0:1 ml.; water, 1-1 ml.; phospho-enol- 
pyruvate, 6 umol. in 0:2 ml.: chloroplast extract 1-0 ml. corre- 
sponding to 2 mgm. chlorophyll. The tube was stoppered and 
8 umol, carbon-14 labelled NaCO, (3 x 10° o.p.m.) in 0-2 ml. 
injected through the rubber stopper by syringe 


tion of oxalacetate in our experiments indicates the 
presence of a phospho-enol-pyruvate carboxylase: in 
the chloroplast. Aspartate can then be formed by 
transamination of oxalacetate. The rate of carbon 
fixation was increased when, in addition to phospho- 
enol-pyruvate, either alanine, glutamine or aspartic 
acid was added to the reaction mixture. 

Fig. 1 shows the time course of carbon fixation in 
an experment with phospho-enol-pyruvate and 
chloroplast extract. At intervals, small samples were 
withdrawn from the rubber-stoppered reaction tube 
by syringe and added to equal volumes of 4 per cent 
trichloracetic acid solution. The extent of carbon 
fixation was estimated by counting aliquots of the 
acidified samples which had been plated on metal 
planchets and quickly dried under a heat lamp. 

Samples of the reaction mixture acidified at 60 min. 
were chromatographed on paper in two dimensions 
with the solvent systems phenol/water (80/20) and 
butanol/acetic acid/water (52/14/35). Radio-auto- 
graphs of these chromatographs showed only one 
radioactive spot with Ay of 0-19 in the phenol/water 
direction and 0-43 in the butanol/acetic acid direction. 
These co-ordinates suggested that the material in the 
radioactive spot was aspartic acid,-and this was 
confirmed by co-chromatography with authentic 
aspartic acid. Like aspartic acid, the material when 
eluted was unchanged by heating at 100° C. in 2 N 
sulphuric acid for one hour or by treatment with 
alkaline phosphatase. 

It should be noted that the extent of carbon 
fixation as determined for the experiment in Fig. 1 
is underestimated to the extent that oxalacetate 
exists in the. reaction mixtures. Oxalacetate is 
decomposed by the heat-drying treatment on metal 
planchets and loses its B-carbon as “CO,; it is into 
the 8-position of oxalacetate that carbon dioxide is 
fixed during the enzymatic carboxylations of phospho- 
enol-pyruvate which have been described?-*. The 
fact that no spot corresponding to oxalacetate appears 
on the radioautographs is probably due to the 
decomposition of oxalacetate during the chromato- 
graphic procedures employed. 
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To determine the quantity of oxalacetate present 
in the reaction mixtures, samples were acidified with 
trichloracetic acid, a carbon dioxide—nitrogen mix- 
ture was bubbled through to remove trace amounts 

of 14CO., carrier oxalacetate was added and the 
samples were decarboxylated with either aluminium 
ions® or with aniline citrate’. The liberated “CO, 
was collected in a solution of sodium hydroxide, 
converted to carbonate, and counted on planchets. 
Results of such experiments showed that the radio- 
activity originally present and due to aspartate was 
not affected by the decarboxylation, and that oxal- 
acetate was formed in the reaction mixtures in 
concentrations about 1:3 times that of aspartate. 
Thus, the aspartate which was counted on heat- 
dried planchets represented only about four-tenths 
of the total carbon dioxide fixed. 

When either glycerate-3-phosphate or glycerate-2- 
phosphate was added to the reaction mixture de- 
scribed earlier, oxalacetate and aspartate were 
formed but at a slower rate than when phospho-enol- 
pyruvate was used. The glycerate phosphates were 
probably first converted to phospho-enol-pyruvate 
by the action of glyceric acid mutase and enolase in 
the chloroplast extract. When either ribulose-1-5- 
diphosphate or ribose-5-phosphate plus adenosine 
triphosphate was added, and the reaction mixture 
chromatographed, labelled carbon appeared in both 
glycerate-phosphate and aspartate. In view of the 
fact that these substances are among the compounds 
formed when whole isolated chloroplasts fix carbon 
dioxide in the light? and since Fuller and Anderson? 
suggest the importance of aspartic acid formation 
as an early photosynthetic event in photosynthetic 
purple sulphur bacteria, we find it interesting that 
carboxylations in chloroplasts can lead to the rapid 
formation of an amino-acid. 

We are indebted to Dr. Clinton Ballou for the 
sodium salts of phospho-enol-pyruvate and glycerate- 
2-phosphate. 
Lawson L. ROSENBERG 
JOHN B. CAPINDALE 
F. R. WHATLEY 

Laboratory of Plant Physiology, 
Department of Soils and Plant Nutrition, 
University of California, Berkeley. 
Nov. 12. 
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Histogenesis of Osteoclastomata 


Two of the main problems concerning the histo- 
genesis of giant cell tumours of bones have been : 
(1) the nature and function of the giant cell—this 
has been variously classified as an endothelial cell, 
æ foreign body giant cell, a megakaryocyte, an 
osteoclast or as a giant cell formed by agglomeration 
or fusion of stromal cells; (2) the histogenesis of 
the giant cell—the overwhelming consensus of 
opinion among the supporters and opposers of the 
osteoclast nature of the giant cell!-5 suggests that the 
giant cells are formed from the spindle-shaped stromal 
cells. 
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In two cases of osteoclastomata recently in- 
vestigated I have observed a strong acid phosphatase 
in the cytoplasm of the giant cells. The stromal cells 
gave a negative reaction. The presence of this enzyme 
was demonstrated both with the lead phosphate and 
azo-dye coupling techniques. Inhibition by 0:01.M 
sodium fluoride excluded the possibility of non- 
enzymatic impregnation of the giant cells’. Using 
o-acetyl-5-bromoindoxyl as substrate for esterases, 
both the stromal and the giant cells were negative 
for these enzymes. 

These findings suggest that the giant cells are not 
in any way related to the stromal cells. It might be 
argued that the stromal cells are precursors of the 
giant cells with different enzyme reactions, but all 
the histochemical and biochemical evidence points to 
the fact that the enzyme systems of parent cells and 
their descendants are the same. 

It has also been stated that the giant cells, because 
of their apparent age, show signs of early degenera- 
tion*. Histochemically, however, it would appear 
as if the giant cells are very active cells (probably 
osteoclasts) and the stromal cells inactive with regard 
to phosphatase and esterase activities. 

Details concerning these findings and further 
experimental work will be published elsewhere. 

W. J. PEPLER 

Institute for Pathology, Beatrix Street, 

Pretoria. Oct. 10. 
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inhomogeneity of «-Casein from Goat 
Milk 


Ir is now known that «-casein from cow milk, 
which appears electrophoretically homogeneous under 
many different conditions, consists of at least two 
compounds which have been designated «- and 
k-casein!. «-Casein from goat milk, which has similar 
properties to that from cow milk? and the same 
phosphorus content’, showed signs of inhomogeneity 
during electrophoresis by the moving-boundary 
method?. Using zone electrophoresis on filter paper 
it has now been found that the «-component of 
freshly prepared goat casein does consist of at least 
two electrophoretically distinct fractions which, until 
further characterization, will be called «,- and 
@,-casein in order of decreasing electrophoretic 
mobility. 

The experiments were made with unfractionated 
casein, which was obtained in the usual way by acid 
precipitation, and with «-casein, which was prepared 
from it by Warner’s method‘, and had the same 
phosphorus and. nitrogen content as «-casein prepared 
from cow milk. 

Electrophoretic runs were made on Whatman 
No. 3 paper with veronal buffer, pH 7-6, p = 0-1, 
at 3 V./om. for 15 hr. After staining with neph- 
thalene black 12B 200 the  electropherograms 
were scanned. The scanning patterns obtained 
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Fig. 1. Electrophoretic patterns of: A, unfractionated goat 
casein; B, a goat casein: C, unfractionated goat casein after 
treatment with alcohol and ether ; D, unfractionated cow casein 


are shown in Fig. 1. The patterns of undried 
freshly prepared unfractionated casein and of 
a-casein showed the complete separation of the « 1 
and «, peaks (Fig. 1,4 and B). However, after drying 
the caseins with alcohol and ether (the usual procedure 
for preparing them for storage), this separation no 
longer occurred (Fig. 1,0). Tho drying procedure 
presumably led to denaturation and thus to an 
aggregation of the a,- and «,-components which was 
irreversible, at least under the conditions of the 
experiment. This was borne out by a quantitative 
evaluation of the scanning patterns. The results are 
shown in Table 1. The dried casein contained 
approximately 42 per cent of the «- and 58 per cent 
of the 8-compound, while the fresh unfractionated 
casein contained about equal amounts of the œ- and 
%»-components and 60 per cent B-casein. The relative 
amounts of the «- and the §-fractions were slightly 
different from those found by Dovey and Campbell?, 
namely, 40 per cent « and 60 per cent B as. against 
49 per cent « and 51 per cent B. 

Freshly prepared «-casein from cow milk did not 
show this separation into two components under a 


Tabie 1. ELECTROPHORETIC DISTRIBUTION OF Cow AND Goat CASEIN 
(IN PER OENT TOTAL PROTEIN) 





Casein 


Goat unfractionated fresh 
Goat a fresh 


Goat unfractionated dried 
Cow unfractionated fresh 
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variety of conditions of pH, buffer concentration and 
voltage gradient, although it is known to be inhomo- 
geneous’. A scanning pattern of a typical experiment 
with unfractionated cow casein is included in the 
figure for comparison (Fig. 1,D). It shows that the 
mobility of the cow a-casein was intermediate 
between those of the goat «, and Œa fractions, while 
the mobility of the B-caseins was approximately the 
same. This latter result is in agreement with the 
findings of Dovey and Campbell? The quantitative 
distribution of the «- and 8-components of cow casein 
agrees reasonably well with that found by other 
authors. 

The distribution of the various components in the 
cow and goat caseins is quite different. While 
Waugh and von Hippel’ found that cow casein 
consists of 55 per cent «-casein, 30 per cent B-casein 
and 15 per cent k-casein the present results for the 
goat protein show the presence of 19 per cent œ,- 
casein, 21 per cent a-casein and 60 per cent B-cagein. 
It is hoped in further experiments to compare some 
of the chemical and physical properties of the various 
components of the caseins from the two species. 


T. HOFMAN 


Hannah Dairy Research Institute, 
Kirkhill, Ayr. 
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Reaction of Ethylene Bromide with 
Trimethylamine and the Neuromuscular 
Blocking Activity of Ethylenebis- 

(Trimethylammonium) 


ALTHOUGH the neuromuscular blocking properties 
of allkylenebis-(trimethylammonium) salts have been 
much studied since the important, simultaneous 
reports of Barlow and Ing! and of Paton and Zaimis?, 
the relative potency of ethylenebdis-(trimethylam- 
monium) (I) appears to have remained doubtful. In 
brief, I-dibromide, prepared by the reaction of ethyl- 
ene bromide with trimethylamine, was reported to 
have unusually high activity comparable to that of 
tetramethylammonium (IT) 134, “This wag most 
remarkable in that the C3, C, and Cs bis salts were 
found to be almost inert. On the other hand, 
I-diiodide, prepared from ethylenediamine and 
methyl iodide®, was reported to display only a weak 
action, like that of its immediate bts-quaternary 
homologues. 

It appeared probable to us that the source of the 
confusion was the chemical identity of the ethylene- 
b¢s-(trimethylammonium) tested. In particular, the 
reaction of ethylene bromide with trimethylamine 
has long been known: to produce a mixture of salt 
products. Moreover, neither Barlow and Ing! nor 
Schueler? (whose salt was used by Thesleff and Unna+) 
reported acceptable analytical data for the I-dibro- 
mide prepared by this method. It was therefore 
deemed of value to pursue this question further. 

Essentially as described, an ethanol solution of 
ethylene bromide and excess trimethylamine con- 
tained in a pressure bottle was heated for 12 hr. at 
80° to yield a mixture of salt products, purifiable 
only with difficulty. Repeated fractional crystal- 
lization afforded fractions with ionic bromine contents 
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ranging from 43 to 62 per cent. A fraction corre- 
sponding most closely -with that obtained by Barlow 
and Ing was selected for study. It soon became 
evident that this material was not I-dibromide, but 
was apparently tetramethylammonium (IT)-bromide. 
Barlow and Ing reported no m.p. below 280° for their 
material. Our salt did not melt below 360° (copper 
block). In agreement with Lawson and Collie’, 
authentic Ii-bromide likewise did not melt below 
360°. Found: ©, 31°55; H, 7-81; Br (ionic), 
51:23, 61-46. Found (Barlow and Ing): C, 31:5; 
H, 7-9. C,H,,BrN (II-bromide) requires: C, 31:18 ; 
H, 7°85; Br, 51-88. On the other hand, C,H..Br.N, 
(I-dibromide) would have required: ©, 31:38; 
H, 7:25; Br, 52:21. It thus appears that Barlow 
and Ing’s salt and, no doubt, Schueler’s salt as well, 
was actually Il-bromide rather than I-dibromide, 
which would explain the published results. 

The II-bromide could have arisen via a trans- 
methylation process, for example : 


@ 
Br—CH,CH.—Br + (CH, JN comer a Br—-CH,CH,N( CH, )s 


—_—— 


| CH, omer. OH, 

Nie N 

OH p= Ne + (CH), N ® 
A 

(CH3)3N : CH; H, CH, 


The dimethylethylenammonium salt presumed to be 
formed in this reaction would, of course, react further 
to give other products. 

Authentic ethylenebis-(trimethylammonium) di- 
iodide was obtained by a two-step process. Exhaus- 
tive methylation of ethylenediamine by the Esch- 
weiler—Clarke method afforded ethylenebis-(dimethyl- 
amine), b.p. 120-122° (lit. b.p. 121-121-5°). This, 
with excess methyl iodide in ¢sopropyl alcohol 
solution in a pressure bottle, heated for 8 hr. at 75°, 
and the resultant precipitate washed with acetone 
and twice recrystallized from methanol, yielded 66 per 
cent of I-diiodide, decomposing with gas evolution at 
282° (lit. 265° dec.). Found: ©, 24-28; H, 5-23; 
~- I (ionic), 62-96. C,H..I.N. requires: C, 24-01; 
H, 5°55; I, 63-44. 

Neuromuscular blocking activities were determined 
on these and related salts in order finally to resolve 
the question. Tetramethylammonium bromide and 
decamethonium bromide were obtained from com- 
mercial sources. The other bromide salts were 
analytically pure samples prepared by standard 
procedures. 

The compounds were tested in mice using the 
inclined screen procedure of Thompson’, as modified 
by Hoppe’. 50-80 mice, run in groups of 5, were 
used for each determination (#D50 and LD50). Those 
mice which became paralysed and slid off the screen 
within 20 min. after the intravenous administration 
of the test compound were considered positive re- 
actors for calculating the HD50. The LD50 values 
were calculated on the basis of deaths occurring 
within a 24-hr. period. The #D50 and LD50 values 
were calculated by the method of Behrens. 

It can be seen from Table 1 that the Barlow and 
Ing salt (2x) has indeed high neuromuscular blocking 
activity comparable to that of tetramethylammonium 
(O). The fact that 22 seems to be roughly 50 per 
cent less effective suggests, perhaps not surprisingly, 
that it may not be quite pure II. Authentic C, salt, 
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Table 1. COMPARISON OF INTRAVENOUS LD50 AND ED50 VALUES OF 
POLYMETHYLENE-bis-(TRIMETHYLAMMONIUM) SALTS, 


+ 
(CH ,)3N+—(CH3)n—N(CH,)s. 
(Results in terms of cation weight) 


n 2 2a* 3 4 6 10 Itt 
ED50 21-7 0:99 42-5 738 10-5 0°46 0:79 
ED50 4-9 0-46 19-0 33-5 7'25 0-17 0°31 


* The material comparable to that of Barlow and Ing (ref. 1), that 
is, tetramethylammonium. 


+ Authentic tetramethylammonium. 


however, has less than one-tenth the activity of 2x 
and, in approximate agreement with Paton and 
Zaimis*, is @ relatively weak agent of the same order 
of potency as its immediate homologues. 

Mention should be made of the very poor quantita- 
tive correlation between our mouse data for the 
C,-C, salts and that previously reported?.4. This 
may possibly be ascribed to differences in experi- 
mental techniques. The present results indicate 
that activity diminishes in a gradual, orderly fashion 
in going from the C, to the C, to the C, salt and that 
there is a minimum in activity at C, With the 
premise that a primary factor in neuromuscular 
blocking efficacy is a favourable lipophilic-hydrophilic 
balance in the bis-quaternary ammonium cation, 
this behaviour could be a result of increased inter- 
action between juxtaposed charged nitrogens. As 
the linking chain is shortened from C, to ©, to C, 
the cationic groups act progressively less like two 
independent ions and approach, in effective physico- 
chemical behaviour, @ single doubly-charged ion in a 
single solvent cage; it is suggested that this effect 
more than counterbalances the concomitant (dis- 
advantageous) loss in lipophilic bulk. 

We are grateful to Dr. C. J. Cavallito for his 
interest in and criticisms of this work. 


ALLAN P. GRay 
Tuomas B. O’ DELL 
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Irwin, Neisler & Co., 
Decatur, Illinois. 
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Activation of a Permeability Factor in 
Piasma. by Contact with Glass 


It has been shown previously that contact of 
blood plasma with glass and with certain other 
surfaces leads to the formation of an unstable sub- 
stance which accelerates coagulation!. This reaction 
was found to be similar to the production of a uterus- 
stimulating and pain-producing substance by glass 
contact®. Subsequent work showed that both these 
changes are induced by a common initial reaction in 
which an inactive precursor is converted into an 
active agent referred to as the ‘contact factor’. The 
purpose of the present communication is to demon- 
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strate that yet another biological activity is induced 
in cell-free plasma or serum by contact with glass. 
The investigation was suggested by the work of Miles 
and Wilhelm, who found that a substance which 
increases capillary permeability (permeability factor) 
is formed when plasma or serum is diluted with 
physiological saline’. 

Blood was obtained from guinea pigs by cardiac 
puncture under ether anesthesia. Cell-free, citrated 
plasma was obtained by the method previously 
described?. Cell-free serum was prepared as follows : 
blood collected into chilled tubes was centrifuged at 
3,000 r.p.m. for 30 min. at 0°C. The upper two- 
thirds of the plasma were carefully removed and 
allowed to clot at 37° in siliconed tubes, the successive 
crops of fibrin being removed with a wooden applica- 
tor. The resulting serum was mixed with 20 per cent 
trisodium citrate (0:2 ml./5 ml. serum). Throughout 
all operations involving the collection of blood, con- 
tact of plasma and serum with glass was avoided by 
using siliconed apparatus. The samples were activated 
by rotation with an equal weight of glass “ballotini’ 
(surface area, 200 cm.?/gm.) and tested without delay. 
Permeability experiments were conducted according 
to methods of Miles and Wilhelm’: albino guinea 
pigs were ‘blued’ by intravenous injection of pont- 
amine blue (50-70 mgm./kgm.) and injected intra- 
dermally with 0:1 ml. amounts of the test prepara- 
tions. The degree of induced permeability was 
assessed by measuring the diameter and estimat- 
ing the intensity of bluemg around the site of 
injections 8—10 min. after administration of the test 
substances. 

In most of the guinea pigs samples of plasma or 
serum which had not been in contact with glass 
produced only slight blueing, 1-4 mm. in diameter. 
A small proportion of animals showed a more intense 
reaction with homologous, but not with autologous, 
samples. This was, presumably, due to individual 
incompatibility and these animals were not further 
used. Samples exposed to glass ballotini produced 
an area of moderate to intense blueing 6-10 mm. in 
diameter which began to appear within 3 min. of 
injection and reached maximal intensity within 
10 min. Serum was usually more offective than 
plasma. The greatest effect was obtained after 
approximately 2 min. contact with glass. Removal 
of the ballotini at this time was followed by a rapid 
decay of activity which fell to pre-activation level 





Fig. 1. Effect of citrated serum on permeability: Left, non- 

adsorbed ; right, adsorbed with aluminium hydroxide. Glass 

contact, from top to bottom: 0 min., 2 min., 20 min. Photo- 
graphed 20 min. after injections 
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Table 1. EFFEOT oF GLASS CONTACT ON THE PERMEABILITY-INDUOING 
AOTION OF CITRATED SERUM (RESULTS READ 8 MIN. AFTER BACH 
ADMINISTRATION) 


Diameter and intensity 
of blueing 


Treatment of serum samples 


Glass, 0 min. ; (T) 


Glass, 2 min. ` (++) 
Glass, 2 min., then silicone, 4 min. : (+ 
Glass, 10 min. . -+ 
Glass, 20 min. ; B 





within a further 3-5 min. This instability made it 
necessary to test the glass-treated samples with the 
minimum of delay. Continued exposure to glass 
led to the complete and irreversible exhaustion of 
activity within 20 min. (Table 1, Fig. 1). When 
plasma or serum were pre-heated at 56° for 20 min. 
activation was not affected but decay and exhaustion 
were slowed. Heating above 60° prevented activa- 
tion by glass. Adsorption with aluminium hydroxide 
produced no change in response (Fig. 1). The reac- 
tion did not occur if soybean trypsin inhibitor (Light 
and Co., conc. 1 mgm./ml.) was added before or 
immediately after contact with glass. 

These observations are very similar to those on 
the initiation of clotting and the formation of pain- 
producing substance. They suggest that the agent 
which induces permeability is activated by the same, 
or @ very similar, mechanism. The relation between 
the permeability factor which is activated by glass 
on one hand and by dilution on the other is not 
yet clear. We know that dilution of plasma also 
accelerates clotting’ and liberates a pharmacologically 
active substance similar ‘to pain-producing sub- 
stance’. It may therefore be significant that, after 
the plasma has been exhausted by contact with 
glass, its dilution no longer leads to the forma- 
tion of uterus-stimulating substance (unpublished 
observations). This suggests that contact with 
glass and dilution may act on the same plasma 
components. 

I am indebted to Prof. C. A. Keele and Prof. A. A. 
Miles for their kind help and advice, to Dr. G. 8. 
Dawes for the facilities at the Nuffield Institute, 
where this work was begun, and to Mr. J. Charles 
for technical assistance. The work was supported by 
& research grant from the Royal Australasian College 
of Physicians. 
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a-Picoline from Rumex obtusifolius L. 


«-PICOLINE has been isolated from the leaves of 
the dock, Rumex obtusifolius L. There are isolated 
instances where pyridine and simple derivatives have 
been found to occur in Nature, for example, pyridme 
in Aplopappus hartwegi? and 3-methoxypyridine in 
Equisetum arvense®. This would appear to be the 
first record of the presence of «-picoline in a natural 
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source. The base was isolated in 0:1 per cent yield 
from an aqueous extract of the leaves and charac- 
terized as its hydrochloride (m.p. 200° anhydrous), 
picrate (m.p. 165-166°) and methiodide (m.p. 226- 
227°). 
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Interaction of Hormone and Photoperiod 
in an Early Variety of Rice 


Tam interaction of hormone and photoperiod has 
been studied in cocklebur'->, Biloxi soybean? and 
Orchad grass*. In the present investigation the effect 


Table 1. LENGTH OF THE VEGETATIVE GROWTH PERIOD AND OTHER 
CHARACTRRISTIUS OF VEGETATIVE GROWTH AT THE FINAL STAGE 
(AVERAGE OF TWENTY-FOUR PLANTS) 


Total 
No. of | No. of 
tillers | green 


Treatment leaves 


Seed soaked with: 
TAA 


TAA plus 8-hr. 
photoperiod 
NAA plus 8-hr. 
hotoperlod 
TIBA plus 8-hr. 
photoperiod 
8-hr. photoperiod 
alone 
Controls 
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were given the short photoperiod as in series 2. In 
series 4, plants remained as untreated controls. The 
results are shown in Tables 1 and 2. 

Analysis of the data shows that : 

(1) Ear emergence was significantly delayed in the 
plants which were subjected to simple «-naphthyl- 
acetic acid treatment, and in those where this was 
followed by short photoperiod. The delay was more 
in the latter case than in the former, that is, the 
effect of the short photoperiod was additive to that 
of the hormone. Possibly this is due to the formation 
during the photoperiodic treatment of a substance 
or substances the influence on flowering of which is 
similar to that of the hormone itself. 

(2) With regard to vegetative growth the plents 
subjected to the short photoperiod alone showed, in 
later stages, increased tillering and formed a larger 
number of leaves, though the elongation of the shoot 
was not much affected. Where the treatment con- 
sisted of only soaking the seed in hormone the plants 
in general showed less vegetative growth, while 
where the hormone treatment” was supplemented 
with the short photoperiod the plants treated with 
«-naphthylacetic acid exhibited the greatest vegeta- 
tive growth and plants treated with f-indolylacetic 
acid the least. 

(3) Grain yield was significantly higher in plants 
which were treated simply with #-indolylacetic acid 
solution and in those which were given the «-naphthyl- 
acetic acid treatment plus the short photoperiod. 
In general, the plants given the short photoperiod 
exhibited better grain yield than those grown with 
a natural day-length. 

(4) The higher grain yield is due mainly to a 
larger number of panicles and to a better percentage 
of gram setting. 

We thank the Utkal University for the award of 
a Government of India Senior Research Scholarship 
to one of us (G. 8.), the Jnan Vijnan Parishad 


Table 2. GRAIN YIELD AND ITS COMPONENTS 


Grain yield 
per plant 
(gm.) 


No. of 
panicles 
per plant 


Treatment 


Seed soaked with : 
IAA 
NAA 


TIBA 
TAA plus 8-hr. photoperiod 
NAA plus 8-hr. photoperiod 


hotoperlod 
alone 


boro ho copy bobo bo 
t Go 9c Oo ND 


TIBA pius 8-hr. 
8-hr. photoperio 
Controls 


of the hormones in relation to photoperiodism has 
been studied in an early variety of rice, N136, which 
has been found to be intermediate in its photoperiodic 
behaviour’. Graded seeds of this pure strain were 
soaked on December 10, 1956, with 500 p.p.m. of 
the three plant-growth substances, B-indolylacetic 
acid (IAA), «-naphthylacetic acid (NAA) and 2,3,5-tri- 
iodobenzoic acid (TIBA), for 72 hr., a treatment 
which was found to be effective in earlier studies®.°®, 
The grains were next thoroughly washed in water 
and sown in earthenware pots containing a mixture 
of loamy gaerden soil and cow-dung manure. The 
pots were divided into two series. In series 1 the 
plants simply grew after the initial hormone seed- 
treatment. In series 2 the plants also received an 
8-hr, photoperiod (6 a.m.-2 p.m.) from the twenty-first 
day until panicle emergence. Two other series of 
unsoaked seeds were used. In series 3 the plants 


Length of 
ey 





No. of 
splkelets per 
panicle 


No. of 
grains per 


panicle 


Percentage 
of grain 
setting 


1,000 graing 
ht 


Fund for a grant-in-aid, and Prof. B. Samantarai 
for providing facilities for carrying out this investi- 
gation. 
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Elimination of Dialysis in the Preparation 
of Hydrophobic Sols 


THE preparation of hydrophobic colloidal solutions 
by double decomposition, as, for example, 


AgNO, + KI > AgI + KNO, 


is greatly complicated by the elaborate process of 
dialysis necessary to remove the unwanted electrolyte, 
in this case potassium nitrate. The sols purified by 
electrodialysis usually contain a considerable quantity 
of polyvalent ions, drawn from the water used in 
the dialysis into the colloidal solution. These ionic 
contaminants are strongly adsorbed to the sol 
particles and it is often difficult to eliminate them. 

The following procedure, tested in our laboratory 
with good results, avoids the formation of a foreign 
electrolyte and therefore avoids subsequent dialysis. 

A cation exchange resin (“Dowex' 50) was loaded 
with 200 m.equiv. silver ion by treating the hydrogen- 
exchange resin with a solution of 200 m.mol. of silver 
nitrate. 


RH + AgNO, > RAg + HNO, 


In order to eliminate the electrolyte (nitric acid) 
the resin was washed several times with distilled 
water. 

Then i litre of solution containing 200 m.mol. of 
potassium iodide was added to the silver resin; at 
once @ colloidal solution of silver iodide was formed. 


RAg + KI > RK + Agl 


The reaction being complete, a highly concentrated 
sol (about 200 m.mol. silver iodide/l.) was obtained 
in one operation. 

Conductivity measurements showed that it contains 
very little electrolyte (¢ = 3:1 x 10- ohm” cm.-’), 
which compares favourably with the degree of purity 
of electrodialysed sols ; the risk of contamination. of 
the sol by polyvalent ions was excluded. The 
stability of the sols thus prepared was also excellent. 

This sol, which we called a potassium sol (the 
counter-ions of the sol particles are formed by potas- 
sium ions}, can be converted in a hydrogen sol or a 
barium sol by sending it over a cation-exchanger 
saturated with hydrogen or barium ions. 

P. NAGELS 

Physical Chemistry Laboratory, 

University of Ghent. 
Nov. 20. 


Separation, Detection and Estimation of 
C2! [7 :20-Dihydroxy-20-methyl-steroids 


A NUMBER of C21 steroids characterized by the 
17 : 20-dihydroxy-20-methyl side-chain at C17 heve 
been isolated from the urine of normal peoplet? and 
from the urine of patients with adrenocortical hyper- 
plasia? or adrenocortical tumours* (see Table 1). The 
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separation and identification of members of this 
group of steroids is necessary for the study of their 
normal and abnormal metabolic formation and 
excretion ; the following is a method which is capable 
of separating, detecting and estimating quantitatively 
all such urinary steroids so far isolated. 

The known steroids of this series are detectable 
on dried paper chromatograms using the 70 per cent 
phosphoric acid test described for pregnane-3« : 17 + 
20c-triol-ll-one’ and pregnane-3a : 17a : 20%-triol*. 
The results of the colour test on the 17 : 20-dihydroxy- 
20-methyl-steroids are shown in Table 1. An approx- 
imate estimate of the amounts of such steroids on & - 
paper chromatogram may be obtained from the 
intensity of the colour or fluorescence and the size 
of the spots. The relative sensitivity of the 
colour test for the different steroids is indicated in 
the table; amounts of up to about ten times the 
minimum can be judged from the intensity and size 
of spot. j 

Some of the compounds in Table 1 have been 
separated on paper chromatographic systems of the 
Zaffaroni type? (compounds I and V} or the Bush 
type? (compounds I, II, ILI). Paper chromatographic 
studies of mixtures of all the steroids I-VI have 
shown that complete separation of the compounds 
is possible in a descending chromatogram, run with 
the solvent system benzene/formamide for 12 hr. on 
a 35-cm. long Whatman No. 1 paper at 25°C. The 
rates of movement of the steroids relative to pregnane- 
3a: 17%: 20c-triol are shown in Table 1. Com- 
pounds IE and IV move closely together, but under 
the above conditions separate completely ; the largest 
amounts of each steroid used in these tests corre- 
sponded to about 12 ugm./cm. width of paper. Mixed 
with neutral chloroform extracts, prepared from 
urine treated with 6-glucuronidase preparations for 
hydrolysis of steroid conjugates, compounds I-VI 
continued to give satisfactory chromatographs and 
moved at the same relative rates as were found with 
the pure steroids. 

A general method for the estimation of 17: 20- 
dihydroxy-20-methyl-steroids and its application to 
urinary extracts has been described’; this method 
is based on the formation of acetaldehyde from the 
Cl7 side-chain of these steroids (‘acetaldehydogenic 
steroids’) when oxidized with periodic acid. As 
steroids with other C17 side-chains are not estimated 
and do not interfere in this estimation, it is particu- 
larly suitable for the assay of the steroids listed in 
Table 1, after their separation by paper chromato- 
graphy. It has been found that this estimation of 
‘acetaldehydogenic steroids’ may be earried out 
without modification directly on dried portions of 
paper chromatograms (benzene/formamide system) ; 
elution of the steroids from the paper prior to oxida- 
tion is not necessary. Amounts of steroid down to 
about 2 ugm. can be estimated quantitatively on the 


paper. 
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Table 1. SEPARATION AND DETECTION OF 17: 20-DIHYDROXY-20-MHTHYL STEROIDS 
Movement of steroid on After heating on paper with 70 per cent phosphoric acid 
l chromatogram in solvent |~———————— m 
Steroid system benzene/formamide Fluorescence in Minimum amount 
relative to steroid Colour in daylight | ultra-violet light | clearly detectable 
=1° (3660 A.) (vgm./ag. om.) 
I Pregnane-82 : 17a : 20a-triol Purple | Pink 1-2 
II Pregnane-8a : 17a : 208-triol Purple Violet—pink 1-2 
IXI Pregn-5-ene-38 : 17a : 20a-triol Purple Yellow 2-4 
IV Allopregnane-3a : 17a ; 20a-triol Purple Pink—brown 1-2 
VY Pregnane-8e : 17a : 20a-triol-l11-one None Biue-viclet 0-3-0-8 
VI Pregnane-3a : 11B : 17a : 20a-tetrol Purple Pink 1-2 
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The above technique provides a complete method 
for the separation, detection and estimation of the 
known urinary 17 : 20-dihydroxy-20-methyl-steroids. 
Use of the method in estimating these steroids and 
in detecting new compounds in the urine of normal 
and diseased people will be described in detail 
elsewhere. 

I acknowledge a grant from the New South Wales 
State Cancer Council, and thank Prof. C. W. Emmens 
for his interest in this work. Drs. Gallagher and 
Hirschmann, and Prof. G. F. Marrian kindly gave 
steroids. 
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A New Reaction for the Differentiation 
of cis- and trans-Isomers of Nitrophenyl- 
hydrazones of some «-Keto Acids 


RECENTLY, it has been reported by several investi- 
gators that there exist cis- and ¢trans-isomers in 
2: 4-dinitrophenylhydrazones of pyruvic acid? 4, 
benzoylformic acid? and «-keto-6,6-dimethyl-y-buty- 
- rolactone* as shown in (I) and (IZ) respectively. This 
was supported by infra-red spectra, since the wave- 
numbers of the stretching bands of CO and NH of 
the cis-form. were smaller than those of the trans-form. 
Our interest in the structures of the isomers of these 
hydrazones has led us to the discovery of a new 
chelating reaction, capable of differentiating the two 
forms. 


NO, NO, 
© 
NO, . JNO: 
N—N Na 
S 
K C—R aq 
Sake Yag 
bat =f 
ba 
(I) (II) 


When 0-1 gm. of zinc powder was added to a 
mixture of 10 umoles of nickel chloride and 30 umoles 
of the cis-hydrazone in 5 ml. of 70 per cent aqueous 
ethanol (the reaction never occurred in absolute 
alcohol) and shaken for a few minutes, a red colour 
appeared. This did not happen with the trans- 
hydrazone. Maximum coloration was obtained at a 
3: I molar ratio of hydrazone to nickel. No coloration 
was produced when the nickel chloride solution was 
added to a hydrazone solution which had been shaken 
with zine powder and then filtered to remove the 
powder. From these facts, the coloration is presumed 
to result from chelation of nickel with the carboxyl 
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group and with a metastable group produced by the 
reduction of the nitro group. Nickel was found to 
be replaceable by cobalt, iron and mercury. These 
colouring reactions were also observed with several 
other nitro-compounds (Table 1). The shifts in the 
value of Amax. on chelation with nickel were [|as 
follows. Pyruvic acid 2: 4-dinitrophenylhydrazone : 
cis, 370 mp to 380 mp; trans, 356 my to 358 mu. 
Benzoylformic acid o-nitrophenylhydrazone: cts, 
425 mu to 447 mu; trans, 412 mu to 365 mp. The 
chelated compounds of the cis-forms showed more 
intense absorption in the longer wave-length region 
than those of the corresponding ¢trans-forms. 


Table 1. COLOUR REACTIONS WITH SOME NITROPHENYLHYDRAZONES 
AND NITROPHENOLS 


Colouring 
Compounds i reaction 
2 : 4-Dinitrophenylhydrazone of pyruvic acid tans pi 
2: ne of benzoylformic heen T 
aci } 
o-Nitrophenylhydrazone of benzoylformie acid ie + 
m-Nitrophenylhydrazone of benzoylformic acid fade _ 
p-Nitrophenylhydrazone of benzoylformic acid ame a 
o-Nitrophenol T 


m-Nitrophenol 
p-Nitrophenol 


Judging from the results shown in Table 1, the 
presence of a nitro-group at the ortho position in 
the benzene ring is indispensable for this colour 
reaction. Furthermore, this colour reaction is 
confined to «-keto acids, in which the nitro- and 
carboxyl-groups are situated in positions suitable for 
chelating around the nickel atom. Thus in the hydra- 
zones of symmetrical keto acids only that of mesoxalic 
acid (a-keto acid) shows @ positive reaction, whereas 
acetonedicarboxylic acid (8-keto acid) and y-keto- 
pimelic acid (y-keto acid) give a negative reaction. 

This reaction can be used to differentiate the 
geometrical isomers of 2 : 4-dinitrophenylhydrazones 
of -keto acids, but it is less effective if the hydrazone 
isomerizes rapidly. 

Hrrowiko Katsuki 
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The a-f Transformation in Keratin 


BEenvit! has recently underlined the necessity for 
refinement of some of the earlier ideas* on the 
mechanism. of the «—8 transformation in wool keratin. 
The problem of a precise quantitative investigation 
of the transition is difficult, largely because of the 
intervention of relaxation and creep, the effects of 
which on the crystalline phases are unknown. Re- 
cently’, a technique for obtaining the desired diffrac- 
tion data in a short time has been described, and its 
use, together with standard diffractometric technique, 
has enabled some interesting preliminary results 
about the transformation to be obtained. 
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In view of the importance which knowledge of this 
mechanism has in a wider context it is thought worth 
while to record a summary of the conclusions from 
X-ray and related elastic data. It must be under- 
lined that some of the assumptions on which the 
deductions are made may be suspect; but in the 
light of consistent correlationships with other factors 
they appear quite reasonable. 

The following, then, is a tentative summary of 
the salient features of the transformation, the 
stretching being carried out in water at 50° C., 
sufficient time being allowed for relaxation to be 
nearly complete before the X-ray results were obtained. 

A quantitative X-ray investigation of the af 
transformation in Lincoln wool keratin has been 
made using a Hilger double-beam diffractometer. It 
is deduced that the reaction proceeds through an 
intermediate phase B* of less order than either the 
« or B phases according to the scheme 


a epte 


The regions which contribute to stress during the 


transformation are only slightly perturbed from the ` 


erystallographically well ordered. 

There is a close correlation between the elastic 
properties and changes in discrete X-ray diffraction 
intensities. 

The « phase, representing approximately 60 per 
cent (linear measure) of the fibre, is in series with a 
less extensible y phase, which requires severe disul- 
phide bond fission to enable it to be strained ; these 
phases being those referred to as « and y Keratose 
elsewhere’. 

It is suggested that the broad diffuse equatorial 
reflexion about 10 A. is a doublet formed from two 
reflexions the values of which are 10-7 A. and 9-55 A. 
The first reflexion is variable and probably relates 
to the assumed helical structure®, while the second 
is invariant and may be caused by the y keratose. 

The extensibility predicted for the « phase (0-88) 
is in fair agreement with that observed? (1-27). The 
fraction. of 8 material present at an extensibility x is 


given by 
B = 1-225% + 0-0816 


The essential feature of the initial change is & 
hydration effect accompanying chain straightening 
according to the scheme 
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Interchain hydrogen bonding is initially absent in 
the B form but appears after steam -setting and. 
prolonged relaxation. The difference in entropy 
between the « and ßB phases is small. The entropy 
contribution. to load deduced from the X-ray data 
agrees with direct measurements’. The difference in 
energy between the « and 6 phases is 1:45 keal. 
gm.mol.-2. Potential barriers of approximately 
20 kcal. gm.mol.-! and 260 keal. gm.mol.- exist for 
extensions from ~ 0-30 and ~ 30-60 per cent. 
Both relate to a helical transformation. Above these 
extensions an exceedingly high barrier must be 
overcome under normal conditions, due to the neces- 
sity to deform the y phase. 
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Observations from supercontraction experiments’ 
are also compatible with the present phase structure. 

An extended account of this investigation is at 
present being prepared for publication. 


A. R. B. SKERTCHLY 
Textile Physics Research Laboratory, 
University of Leeds. 
Dec. 6. 
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Polynuclear Aromatic Compounds 
in Coal 


IN a recent communication, Friedel’ compared 
the specific extinction coefficients of coal at two 
wave-lengths with those of various polynuclear 
aromatics and found the values for coal (a Pittsburgh 
vitrain containing 84 per cent carbon) 30-40 times 
lower than those for the model substances. From 
these data Friedel concluded that the concentration 
of polynuclear condensed aromatics in coal is low. 

In our opinion, the reason for this great difference 
lies in the fact that coal is a very complicated mixture 
of aromatic compounds. The extinction values of 
the aromatics quoted by Friedel are the peak values 
of the strongest band in the spectra of single com- 
pounds. The extinction at wave-lengths off the peak 
is often 10-100 times smaller, so that in a complicated 
mixture in which all the components have bands at 
different wave-lengths the average specific extinction 
coefficient is much below the peak values for the 
single components. The spectrum gradually loses its 
band structure as the mixture becomes more com- 
plicated. The specific extinction of these complicated 
mixtures at a certain wave-length will depend mainly 
on the average number of condensed aromatic rings 
per molecule. 

We compared Friedel’s results on Pittsburgh coal 
with the absorption values of a mixture of twenty- 
three polynuclear aromatic compounds and of two 
pitch fractions. The specific extinction coefficients K 
(in litre/gm. em.) for the two wave-lengths quoted in 
ref. 1 are stated in Table 1. 

The mixture was prepared by mixing equal 
amounts by weight of the compounds mentioned in 
Table 2. The average number of aromatic rings per 
molecule is 4. The spectrum of this dark brown 


Table 1. SPEOIFIO EXTINCTION COEFFICIENTS OF COAL COMPARED 


WITH THOSE OF PITOH FRACTIONS AND A MIXTURE OF POLYNUOLEAR 
AROMATIOS 














No. of K in litre/gm. cm. 
aromatic ——————  — 
rings 4000 A. 4920 A. 


Mixture of 23 aromatic com- 


pounds (see Table 2) j 4 5-2 0-4 
Pitch fraction M = 249 51 12 1°7 
Pittsburgh vitrain, 84 per 

cent carbon, according to 

Friedel (ref. 1) 5-6 10 5-6 
Pitch fraction M = 587 6-7 27 11 
Peak values for Friedel’s 

model substances (ref. 1) 

(violanthrene, dibenzo- 

pyrene) 295 200 
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Table 2. COMPONENTS OF THE MIXTURE OF TWENTY-THREE AROMATIC 
COMPOUNDS 


1, Acenaphthene 18, Diphenyl 


2, Acridine 14, Fluoranthene 

3, Anthracene 15, 2-Methylnaphthalene 
4, Brazane 16, Naphthalene 

5, Carbazol 17, Perylene 

6, Chrysene 18, Phenanthrene 

7, Coumarone 19, Pyrene 


8, Decacyclene - 

9, 1,2,5,6-Dibenzanthracene 
10, Diñuorenyl 
11, 2,6-Dimethylnaphthalene 
12, Dinaphthylenethiophene 


20, p-Terphenyl 
21, Triphenylene 
22, a-Truxene 
23, B-Truxene 


mull was taken in a cyclohexane solution at & con- 
centration of 0-1 and 0-01 gm./l. (Fig. 1). 

The pitch fractions were prepared in our laboratory 
by Mr. F. J. Huntjens by fractional precipitation 
from a chlorobenzene solution with petroleum ether. 
The ebullioscopic average molecular weights M are 
listed in Table 1. The spectrum of the low molecular 
weight fraction was taken in & n-heptane solution, 
that of the high molecular weight fraction in & 
benzene solution, both solvents containing 0-3 per 
cent by volume of pyridine. In both cases the con- 
centration was about 0-01 gm./l. (see the spectra, 
Fig. 1). 

The number of aromatic rings per structural 
unit was determined by refractometric constitution 
analysis?. The number of aromatic rings for the coal 
sample is that of a pure vitrinite with the carbon 
content as mentioned*. 

The peak values of the model substances used by 
Friedel for the wave-lengths 4000 and 4920 A. are 
also included in Table 1. 

From the collected data it is seen that in the 
4000-5000 A. region the specific extinction of coal is 
in good agreement both with those of the two pitch 
fractions and with that of the mixture of polynuclear 
aromatics, all having. comparable number of 
aromatic rings per structural unit or per molecule. 
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Fig. 1. pitra sept spectra of two pitch frachlona and a mixture of aromatic compounds. 


4,000 


fraction M = 587; 
23 aromatic compounds (see Table 2) 
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On the other hand, it may be anticipated that a 
complicated mixture of 9-ring aromatics (such as 
violanthrene) will have a higher extinction at 
4920 A. However, such a mixture should not be 
compared with a coal sample having only 6-6 rings 
per unit, corresponding to & carbon content of 84 
per cent. 

Therefore, it must be concluded that Friedel’s 
extinction data provide no evidence for a low content 
of polynuclear aromatics in coal. 


D. W. VAN KREVELEN 
M. P. GROENEWEGE 
B. J. RIETVELD 


Central Laboratory, 
Staatsmijnen, . 
Geleen, 

The Netherlands. 
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Identification of M-Regions on the Sun 


From observations of magnetic disturbances on the 
Earth, Bartels! suggested the existence of M -regions 
on the Sun. Attempts have been made to associate 
these M-regions with other solar phenomena. Allen? 
tried to show that coronal streams and M-regions are 
identical; he also concluded that M-regions avoid 
spot groups or are even, destroyed by them. This 
conclusion was implicitly modified by the results of 
Denisse? and Beckert. Identification of M-regions 
with regions of unusually weak corona emission Was 
recently suggested by Bell and Glazer’. Kiepen- 
heuer? arrived at the conclusion 
that filaments are the possible 
source of M-disturbances. As 
a result of measurements of the 
solar magnetic field, Babcock 
and Babcock’ believed that the 
observed unipolar magnetic re- 
gions are M-regions. With these 
measurements M-regions may 
have ceased to be hypothetical 
in character. Whether or not this 
is so, itis still of interest to continue 
the study of M-regions relative 
to other solar phenomena. 

I have investigated M-regions 
in their relationship to sunspots. 
A phase lag method was used. It 
consists of the analysis of cross- 
correlograms obteined from daily 
values of the final Zurich sunspot 
number Z and the planetary K- 
index, Ky. Both variables are 
known to have a pronounced 
periodicity due to the rotation of 
the Sun. With certam assump- 
tions regarding constant mean 
time of travel of particles and a 
prevalence of their radial emission. 
from the Sun, the phase lag be- 
tween Z and Ky data can be in- 
terpreted in terms of a displace- 
ment in solar longitude between. 
Z- and M-regions. 
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geomagnetic index 2p and the final Zurich sunspot number Z with six 


Correlation intervals of six months were chosen. 
The period between 1940 and 1954 was investigated 
by obtaining successively overlapping correlation 
coefficients 7 in ten-day steps. The r-distribution 
throughout this period is shown in Fig. l. Values 
are positive as well as negative. N eglecting for the 
moment that one is dealing with time series and not 
with randomly selected pairs, each value of r is 
determined by the ‘true’ correlation between the 
variables and by the trend due to their periodicity. 
The latter contribution is in principle invariant to 
displacements which are multiples of the period of 
synodic rotation. A reliable interpretation of the 
variations of r with the sunspot cycle, as shown in 
Fig. 1, is therefore difficult. This difficulty is also 
amplified by the questionable validity of tests of 
significance for correlation coefficients between time 
series. It is possible, however, to study the phase 
relationship between the variables involved. In this 
case considerations of statistical significance can be 
circumvented by obtaining cross-correlograms and 
selecting those which are regular so that the locus of 
r ig a smooth and periodic curve. Z-data were 
therefore made to lag with respect to >K,-data from 
—10 to +35 days in one-day steps. 558 such ecross- 
correlograms were obtained. Their periodic regu- 
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Fig. 2, Longitudinal mean displacement between sunspots and 
: M-regions 
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larity was a necessary but 
not sufficient condition for 
the interpretation of the 
phase lag as given by the 
position of the maximum of 
r in terms of the longitudinal 
displacement of iM-regions 
and sunspots. Ascerteaming 
that the position of the max- 
imum ofr is not attributed 
to few extreme values of Z 
and LK», cross-correlograms 
of running means of five 
were used for comparison. 
They revealed much larger 
magnitudes of r. Provided 
the previous distributions of 
r were regular, the identical 
displacements of the max- 
ima of r were considered 
further evidence for @ sig- 
nificant determination of the 
longitudinal displacement 
l between sunspots and M- 
regions. Additional confirmation. for a valid inter- 
pretation was found in the variations of the solar 
rotational periòd during the sunspot cycle. The 
results seemed consistent with the knowledge of the 
latter dependence upon latitude and the latitude 
shifts of spots with the sunspot cycle. 

Fig. 2 shows the relative positions of M-regions 
and sunspots as obtained by this method. Sunspots 
are at a fixed position of relative zero longitude 
assuming the mean time of travel of particles to be 
zero. If they require 14 days for their passage from 
Sun to Earth, the indicated sunspot position is to 
be displaced in a clockwise sense by about 20° of 
solar longitude. Each dot indicates a mean position 
of an M-region. ‘They seem randomly arranged 
relative to sunspots. This leads one to believe in the 
existence of two causative mechanisms. The indica- 
tion of an accumulation of M-regions antipodal to 
spots can perhaps be attributed to the latter destroy- 
ing the former. 

Tf other solar data like corona, filaments, obc., are 
studied in the same manner, a further contribution 
to the identification of M-regions can be expected. 

Kurt TOMAN 

Geophysics Research Directorate, 

415 Summer Street, 
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Dependence of Heat Capacity on Thermal 
History 


In a recent communication, Morfee and Staveley’ 
have reported a “phenomenon for which, as far as we 
are aware, there is no precedent”, namely, that the 
specific heat of potassium stannichloride appears to 
be dependent on its previous thermal history. We 
would like to point out that such a phenomenon has 
been observed in the metal cerium, where the pro- 
nounced peak in the atomic heat®,* at 13° K. increases 
after repeated coolings and eventually reaches & 
reproducible value about 70 per cent greater than the 
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original. The low-temperature magnetic suscept- 
ibility’ increases by a correspondingly large amount, 
while both properties show large thermal hysteresis 
effects between 40° K. and 200° K., which are also 
dependent on the previous history of the sample. 
These results can be explained in terms of an incom- 
plete electronic transition 4f 2 5d. Such behaviour 
is probably characteristic of systems which are not 
in true thermodynamic equilibrium. 


J. M. Locx 
D. H. PARKINSON 
L. M. ROBERTS 


Royal Radar Establishment, 
St. Andrews Road, 
Creat Malvern, Worcs. 
Dec. 16. 
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Mean Free Path of Phonons in a Lead 
Crystal 


THE high flux of ‘cold’ neutrons now obtainable 
using the liquid hydrogen source!, in the Harwell 
pile BEPO, has been used to investigate the mean 
free path of phonons in a lead crystal from observa- 
tion of the spectrum of inelastically scattered neutrons. 

In order to evaluate the relations between the 
incident and scattered wave-numbers set by the 
conditions of conservation of momentum and energy, 
a model of the crystal was assumed in which the 
velocity of propagation of transverse and longitudinal 
waves is independent of direction. If effects arising 
from the elastic anisotropy are not important this 
model is satisfactory for phonon wave vectors small 
compared with the maximum in the crystal. The 
experiment was arranged so that this latter condition 
was fulfilled. The calculations made for the case 
of the incident wave vector parallel to the reciprocal 
lattice vector of the (111) plane of lead, and assuming 
a long mean free path for the phonons, are shown in 
Figs. 1 and 2. The only process considered is that 
in which neutrons lose energy in exciting a single 
phonon. For the crystal orientation chosen and a 
range of incident neutron wave numbers from 0-9 to 
1-4 A.-! the outgoing neutrons have wave-numbers 
of about 0-4 A.-t for transverse waves, and 0-2 A.-} 
for longitudinal waves in the crystal, if the scattering 
angle is about 140°. In addition, it is found that the 
cross-section for scattering at 140° by transverse 
waves is much greater than for longitudinal waves. 
Thus we should see a sharp peak in the spectrum 
of scattered neutrons at about 0-4 A.-1 if the phonon 
mean free path is long, or a broad peak if it is short. 

A beam of cold neutrons having wave-numbers 
between 0:8 and 1-5 A.~1 was modulated by a chopper 
device and allowed to fall on a single crystal of lead 
oriented in the way described above. The time-of- 
flight of neutrons scattered through an angle of 140° 
was measured over a 70-cm. flight path. The back- 
ground of the detector was regularly determined by 
raising the crystal above the neutron beam. The 
spectrum of scattered neutrons obtained with the 
crystal at a temperature of 80° K. is shown in Fig. 3. 
N(E) represents the scattered neutron intensity per 
unit energy interval; probable errors are indicated. 
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Fig. 1. Calculated values of the wave-numbers of neutrons 

scattered through given angles after excitation of a single trans- 

verse phonon. The orientation of the incident wave-number K, 
(expressed in units of A.~?!) is described in the text 
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Calculated values of the wave-numbers of neutrons 
scattered through given angles after excitation of a single longi- 
tudinal phonon 
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Fig. 2. 


As expected, there is a group of neutrons of wave- 
number 0-4 A.-! (corresponding’to 0:2mV.); these are 
neutrons which have lost energy in exciting trans- 
verse phonons. The high-energy peak is due to 
neutrons which have been elastically scattered or have 
gained energy by phonon absorption. The width of 
the group of neutrons which have lost energy is of 
the order of the resolution width of the apparatus, 
which is about 0:06 mV. This implies that anisotropic 
effects have not substantially broadened the cross- 
over region shown in Fig. 1, and so from this value 
of the width the phonon mean free path at 80° K. 
is calculated to be greater than 180 A. The average 
energy of the phonon de-excited in the interaction 
is approximately 1-5 mV. 

The results obtained with the crystal at a tempera- 
ture of 300° K. are shown in Fig. 4. The ordinate 
scales in Figs. 3 and 4 are in the same ratio as the 
inelastic cross-sections (calculated for mean energy 
gain) at the two temperatures. The number of 
neutrons which gained energy was found to have 
increased by this ratio, which is readily calculated’, 
while the number in the energy-loss group increased 
by only one-third the expected amount. This dis- 
crepancy cannot be explained by, for example, the 
increase of multiphonon processes at the higher tem- 
perature, and therefore implies that the energy loss 
group has a greater width at room temperature than 
at low temperature. The estimated width of about 
0-1 mV. at 300° K. corresponds to a mean free path 
for transverse phonons of 110A. R. J. Elliott has 
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Fig. 3. Observed spectrum of neutrons scattered through an angle of 


140°; crystal temperature, 80° K. 
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Fig. 4. Observed spectrum of neutrons scattered through an 


angle of 140°; crystal temperature, 300° K. 


estimated (private communication) that a mean free 
path of this magnitude is expected from phonon— 
phonon interactions in lead at room temperatures. It 
is hoped that ultimately measurements of the mean 
free path for phonons will be correlated with the 
thermal conductivity of the crystal. 

A useful result is obtained indirectly from the 
variation with temperature of the scattering cross- 
section. This allows one to estimate the incoherent 
elastic scattering cross-section of lead. The value 
obtained is 0:05 + 0-03 barns, which is better than 
previous measurements*. 

This work was performed while one of us (G. J. M.) 
was seconded to the Atomic Energy Research 
Establishment, Harwell, from the New Zealand 
Department of Scientific and Industrial Research. 
We wish to thank T. L. Schofield, L. V. Lewis and 
B. E. Hasler for assistance in operating the equip- 
ment during the course of the experiment. Miss B. 
Wilkinson and Miss M. McQuhae assisted in com- 
putation and R. O. Ridley and D. Brown kindly 
provided the lead crystal. 


G. J. McCaLttum 
P. A. EGELSTAFP 


Atomic Energy Research Establishment, 
Harwell, Berks. 
Dec. 19. 
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Magnetic Susceptibility of the Alloy 
Pt3Fe between 20 and 900 Degrees Absolute 


ACCORDING to the phase diagram published by 
Kussmann and von Rittberg?, iron dissolves in solid 
solution in platinum up to at least 35 atomic per cent 
of iron. The structure is face-centred cubic, but at 
compositions around 25 atomic per cent of iron 
(Pt,He) a superlattice develops which is stable up to 
temperatures probably in the range 650-800° C. f 

The magnetic susceptibility of an annealed 25 per 
cent alloy has been measured between 20° and 900° K. 
The results are given in Fig. 1. X-ray examination 
confirmed the presence of the superlattice in a powder 
taken from this specimen and given the same anneal- 
ing treatment. 

At high temperatures the Curie-Weiss law is obeyed, 
extrapolating towards a paramagnetic Curie tem- 
perature of about —90° K. On cooling below room 
temperature, deviations from the Curie-Weiss law 
begin at about 200° K. The susceptibility rises to a 
distinct maximum at 105° K. and then falls at lower 
temperatures until about 50°K. where another 
increase begins. 

Susceptibilities were measured in an applied field 
of 8,200 oersteds. At 290°, 200°, 80° and 20° K. 
measurements were also made in a range of field 
strengths between 2,500 and 10,800 oersteds, and no 
significant variation of the susceptibility with field 
was detected. 

The behaviour observed suggests the existence of 
antiferromagnetism in the ordered alloy at low tem- 
peratures, and further work is in progress to confirm 
this. 

At compositions on either side of 25 per cent of 
iron, the annealed alloys were found to be ferro- 
magnetic, as was reported by Kussmann and von 
Rittberg*. With decreasing iron-content, the mag- 
netic moment increases, the moment (extrapolated 
to 0° K.) of the 15 per cent iron alloy being about 
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Fig. 1. The mass susceptibility (upper graph) and its reciproca} 
(lower graph) for annealed Pt,Fe vs. the absolute temperature 
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0-6 Bohr magneton per atom. On the other side, 
the ferromagnetic moment rises more slowly with 
composition. In the 25 per cent alloy, cold work 
renders the material quite strongly ferromagnetic. 
X-ray examination showed that the structure of the 
cold-worked 25 per cent alloy was still face-centred 
cubic. The lattice parameter was apparently the 
same as for the undeformed material, but no super- 
lattice reflexions were observed. It is suggested that 
the primary effect of the cold work was to destroy 
the superlattice, and that the disordered state is 
ferromagnetic. Further work is also in progress on 
these ferromagnetic platinum-rich alloys. f 

I wish to thank Prof. W. Sucksmith for his advice 
and interest, and also the Mond Nickel Company 
for the loan of the pure platinum on which the alloys 
are based. 
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Correlation between lonizing and 
Attachment Coefficients and Breakdown 
Characteristics for Carbon Tetrafluoride 


Tar growth of pre-breakdown currents with dis- 
tanco has been investigated in carbon tetrafluoride 
for various constant values of E/p (E is the 
field, p the gas pressure). The purpose of this 
communication is to give results for ionization and 
attachment derived from this investigation and to 
show that they are consistent with previously 
published? breakdown-voltage characteristics for this 
material in uniform and non-uniform fields. Carbon 
tetrafluoride is no longer available commercially in 
Britain and this limited the number of pre-breakdown 
current measurements. 

In electronegative gases the growth of current with 
distance is given by 


he T  {e/(x—n) exp(a—n)d — ni(x—n) 

” 1 = (w/a) . (ajx —n) . {exp(a—n)d—T} 
where J, is the initial current, « the primary ionization 
coefficient, 1 the mean number of attachments per 
centimetre drift in the field direction, («/x) a general- 
ized secondary ionization coefficient, and d gap 
distance. If the Townsend criterion is valid for 
breakdown in electronegative gases, the threshold for 
self-maintaining current is obtained when a de- 
nominator is zero. On the assumption that secondary 
processes are small the denominator with increasing 
values of d, in the range 7 > «, approaches zero as 
(n —«)—> 0. In the limit this is a condition which 
depends upon # only and sets a value for E below 
which no breakdown should be possible whatever the 
value of d. Plots of log(I/Z,) against d for carbon 
tetrafluoride are not linear and by curve fitting it is 
possible to determine « and y. Although values of 
(a — n) could be determined to within 1 or 2 per 
cent, the resolving power of the method was not 
good enough to permit precise determinations of 
x and y for the limited number of experiments that 
could be made. 

Fig. 1 gives (x — y)/p for various values of E/p, 
and from the curve the value of (E/p)a =» is 47-6 volts/ 
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Fig.1. (a — )/p against E/p in carbon tetrafluoride at a pressure 
of 230 mm. mercury 


cm./mm. pressure ; this value is in close agreement 
with the experimentally determined limiting value 
of Ep obtained by plotting # against d for a uniform 
field at atmosphere pressure. 

For non-uniform fields where the high-stress region 
is at the positive electrode, the breakdown voltage/ 
pressure curve for electronegative gases rises to a peak 
value as the pressure increases and then falls until it 





(Elp) — (ElP)a = n 
(Elpa = n 


) x 100 per cent 


Fig. 2. a/(a — 4) against field strength expressed as a percentage 
above (ElP)a =n 
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coincides with the voltage for the onset of corona at a 
critical pressure. Generally, the positive static 
breakdown voltage is higher than the impulse value 
below this critical pressure so that field modification 
involving time is an important factor. It has been 
argued? that with impulses only electrons contribute 
to the lowering of the field at the highly stressed 
electrode while with static voltages there is an 
additional contribution by negative ions. This leads 
to the conclusion that for any gas at a particular 
percentage of E/p above (H/p)a=y the difference 
between the impulse and the static values is related 
to the magnitude of «/(a—n). Fig. 2 gives plots of 
a/(#—y) for sulphur hexafluoride, difluorodichloro- 
methane and air against the percentage increase of 
Elp above (E/p)a=n; tho values for carbon tetra- 
fluoride lie in the region of the curve for air. Experi- 
mental data indicate that the difference between the 
static and impulse breakdown voltage is greater for 
sulphur hexafluoride than for difluorodichloro- 
methane; for air and carbon tetrafluoride the 
impulse breakdown voltages exceed by a small 
amount the static values, possibly due to the effect 
of time-lags influencing the impulse breakdown. 


P. R. HOWARD 
Electricity Division, 
National Physical Laboratory, 
Teddington, Middlesex. 
Oct. 11 


1 Howard, P. R., Proc. Inst. Elec. Eng., A, 104, 123 (1957). 
2 Howard, P. R., Proc. Inst. Elec. Eng., A, 104, 139 (1957). 


Periodicity in Sea Roughness and Origin 
of Microseisms 


Various workers have tried measuring the rough- 
ness of the sea by observing wave heights at a par- 
ticular position as well as by compiling wave profiles 
along large distances by air observations. Glitter 
photographs of the sea surface have also been statis- 
tically analysed for finding the relation between 
development of wavelets and wind velocity. It has 
been recognized that description of sea roughness is 
very difficult by any of the above means. On the 
other hand, it is well known that radar clutter 
increases in amplitude with sea roughness, and estima- 
tion of sea roughness should be possible by observa- 
tions of radar clutter. Recently, one aspect of 
analysis of sea, roughness became imperative in view 
of the hypothesis that microseisms may be caused 
by means of interaction of wind and sea roughness. 
According to such ideas, the periods observed in 
microseisms should correspond to any autocorrelative 
periods in sea roughness. 

A shore-based naval 10-cm. radar was used for 
the study of radar clutter. The echoes were observed 
from about 200 ft.2 area of sea surface at a certain 
distance by giving attention only to 1-mm. width 
at 2,000 yd. range of ‘A’ type scan, the angular 
width of the radar beam being 24°. The rest of the 
‘A’ type scan was blocked by black paper. The vert- 
ical amplitudes in the narrow width of 1 mm. on 
the screen gives a record of the intensity of the 
clutter. These amplitudes were photographed by 
means of a continuously moving film using a speed of 
7-4 in. per min. In the absence of an automatic 
autocorrelation meter, the amplitudes were read 
manually at 0-38-sec. intervals and an autocorrelo- 
gram was computed. The autocorrelogram showed 
strong periods of 0-8 sec. and 4:6 sec. There was an 
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indication of a weak period also at 1-2 sec. According 
to the senior ‘author’s hypothesis, periods in sea 
roughness produce corresponding periods in eddy vis- 
cosity at the sea-surface. This causes periodic changes 
in wind-stress over the sea provided the winds are 
cyclonic or suitably oriented near a coast line. Such 
changes cause pulsations in pressure over wide areas 
at the sea-bottom. On the other hand, according to 
Longuet-Higgins’s theory’, standing waves, which 
might be regarded as -corresponding to double the 
period brought out by any sea roughness analysis, 
cause direct second-order pressure effects of double 
frequency on the sea bottom. The standing waves 
of this theory are not likely to be seen always by the 
usual methods of observation of sea surface. Accord- 
ing to the standing-wave theory, simultaneous 
existence of suitably oriented wind at the originating 
area, in question is not essential. 


J. N. NANDA 
K. ACHYUTHAN 
N. K. BALACHANDRAN 
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Office of Scientific Research and Development, 
Naval Headquarters, 
New Delhi. 


1 Nanda, J. N., Proc. Assoc. Seismol. and the Physics of the Earth’s 
Interior, Sept. 1957 (in the press). 


*Longuet-Higgins, M. S., Phil. Trans. Roy. Soc., 248, 1 (1950). 


Refraction of Microseisms 


Ir is well established now that microseisms, the 
small tremors of varying intensity (in the range of 
2-10 sec. period and of the order of a few microns in 
amplitude) recorded as more or less a permanent 
background by seismographs, are caused by sea 
waves associated with cyclonic depressions. The 
possibility of using these waves for location and 
tracking of storms has been investigated by many 
workers, and various techniques for estimating the 
direction of arrival have been put forward. But as 
the accuracy of estimation of direction of arrival is 
improved, corrections have to be applied to allow 
for the refraction of the waves due to variations in 
the velocity of propagation along the path from the 
generating area to the recording station. Micro- 
seisms are surface waves of the Rayleigh and Love 
type, and hence can be affected by variations in the 
geological structure of the Earth’s crust and the 
changes in ocean depth along the path. While it is 
very difficult to estimate corrections for the geological 
configuration of the Earth’s crust, the effect due to 
ocean depth can be calculated. 

The effect of coupling between the ocean and the 
sea bottom on Rayleigh waves has been studied by 
Stoneley’, and many workers have calculated the 
velocity of the modified Rayleigh waves in a uniform 
elastic sea bed, the ocean being regarded as a homo- 
geneous compressible medium. As the present tech- 
niques for the direction of arrival of microseisms 
consist of using only the Rayleigh wave component, 
the refraction due to the Stoneley effect can be 
estimated. 

Darbyshire?? used this idea first and constructed 
refraction diagrams for Bermuda and the British 
Isles for microseisms arriving from various directions. 
The wave-fronts were assumed straight and parallel 
far out in the sea, and successive fronts were drawn 
at convenient intervals using velocities appropriate 
to the particular ocean depth. A method of geo- 
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Fig. 1. Refraction diagram for microseisms of 6-sec. period 


metrical construction was employed on a bathymetric 
chart of the area under consideration. 

However, for microseisms generated by storms in 
the deep ocean, the amount of refraction depends on 
the actual position of the storm with respect to the 
recording station, and the parallel wave-front theory 
cannot be applied. Hence new refraction diagrams 
(Figs. 1 and 2) have been constructed using the 
reciprocity principle. Rayleigh waves are supposed 
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to originate from the recording station—in this case 
Kew—and travel outwards. The wave-fronts are 
circular to start with, but become distorted as the 


. wave progresses through the Atlantic Ocean bed. 


From these wave-fronts rays are drawn at 2}°-imter- 
vals. The diagrams are constructed for 6-sec. and 
9-sec. microseisms. The velocity of Stoneley waves 
for different depths of the oceans was calculated in 
exactly the same way as Darbyshire did in his 
paper’. 

It is very easy to use these refraction diagrams. 
Instoad of drawing a straight line from the recording 
station in the computed direction of arrival of 
microseisms and looking for the source along that 
line, the ray is followed along the refracted path. 

The following are some of the points of interest : 

(1) 9-sec. microseisms are refracted less than those 
of 6-sec. period. 

(2) The various focusing and diverging effects are 
interesting. An example of the former was noticed 
during the hurricane of September 1957 (“Carrie”). 
When the storm was in the diverging area south of 
lat. 50° N. and west of long. 20° W., the intensity 
of microseisms recorded at Kew was not appreciable. 
But as soon as it came to the focusing point at 
lat. 50° N., long. 15° W., there was a sharp rise in 
intensity which decreased later as the storm crossed 
over the Irish coast.. 

(3) The rays represented by the dotted lines in 
the diagram are due to intersecting wave-fronts and 
are similar to the double refraction effect in optics. 

Many of the anomalies observed by workers in 
various parts of the world in the measured intensity - 
and direction of arrival of microseisms can, in all 
probability, be explained by constructing such 
refraction diagrams. The aid of the ‘microseismic 
barrier’ postulated from time to time to explain 
these anomalies can be reserved for a better use. 


H. M. Iver 
D. LAMBETH 
B. J. HINDE 
National Institute of Oceanography, 
Wormley, 
nr. Godalming, Surrey. 
Dec. 20. 


l aarti R., Mon. Not. Roy. Astron. Soc., Geophys. Supp., 1, 848 
2 Darhyehire, J., Mon. Not. Roy. Astron. Soc., Geophys. Supp., 7, 147 


3 Darbyshire, J. and Mollie, Mon. Not. Roy. Asiron. Soe., ` Geophys. 
Supp., 7, 801 (1957). ; 


Total Sulphydryl Content of Embryos of 
Arsenic-resistant and -sensitive Strains 
of the Blue Tick, Boophilus decoloratus 


THE existence of arsenic resistance in the blue tick, 
Boophilus decoloratus, in certain regions of South 
Africa, has been known for 16 years!. In a study of 
this phenomenon, the concentrations of sulphydryl- 
containing compounds in embryos of the sensitive 
and resistant strains of this tick have been determined. 

Lhe method used for determining —SH containing 
compounds is an adaptation of Mason’s*.? method, 
which is based upon the reduction of ferricyanide ions 
by thiols to ferrocyanide ions which are then determ- 
ined colorimetrically as ferric ferrocyanide. Depro- 
teinized extracts of tick eggs at a stage midway | 
between oviposition and hatching were used. Inter- 
ference by other reducing compounds was eliminated 
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by using @ blank in which colour development due to 
—SH containing compounds was suppressed by 
addition of formaldehyde prior to addition of ferri- 
cyanide. i ; 

Fifteen pairs of determinations were carried out 
using embryos of sensitive and resistant strains of 
approximately equal age. The sulphydryl content, 
expressed as per cent —SH radical, of the sensitive 
strain varied from 120 x 10-5 to 1,050 x 10-5 per 
cent (mean 482-6 x 10-5 per cent) while that of the 
resistant strain varied from 750 x 10-5 to 1,550 x 
10-5 per cent (mean 983-3 x 10-5 per cent). The 
mean difference between the resistant and sensitive 
members of the pairs was 500:7 in units of 10-5 per 
cent with a standard error of 68-5. 

Tho resistant strain therefore contains slightly 
more than twice as much —SH radical as the sensitive 
strain. 

Our thanks are due to Mr. D. C. Goch for statistical 
examination of the results and also to African 


Explosives and Chemical Industries, Ltd., for permis- . 


sion to publish this communication. 


M. E. THOMPSON 
.- A. M. JOHNSTON 
Research Department, 
African Explosives and 
Chemical Industries, Ltd., 
P.O. Northrand, 
‘Transvaal. 


1 du gat) Graf and Bekker, J. South Afr. Vel. Med, Assoc., 12, 50 


* Mason, J. Biol. Chem., 86, 623 (1980). 
* Mason, Proc. Staff Meetings Mayo Clinic, 4, 814 (1929). 


Occurrence of Strains of the Nuclear 
Polyhedral Virus of the Wattle Bagworm 


DURING the past three years, experiments have 
been in progress! to determine whether the wattle 
bagworm, Kotochalia junodi (Heyl.), could be con- 
trolled by artificially increasing the concentration of 
virus in plantations of black wattle, Acacia mollissima 


Table 1. EFFECT OF POLYHEDROSIS USING: (1) ‘INTRODUCED’ VIRUS; 
(2) ‘LooaL’ VIRUS 
(a) Mortality per cent flyve months after treatment 


Untreated 
Range 


2-6-1841 
9-1-19-9 


Mean 


61°-4-79:°9 
46:-1-60°5 


14-8 
15-2 





(b) No. of survivors seven months after treatment ; only live specimens 
collected 


Mean No. of 
bagworms per 
sample tree 


Mean No. of 
bagwortms per 
“sample tree 





(c) No. of survivors eleven months after treatment; only mature 
specimens collected 
1 
3} 


* Percentage of virus-infected specimens. 

+ The percentage of virus-infected imagines could not be determined, 
since mature males emerge approximately four weeks before the 
females become sexually mature. At the time of collection, only 
empty pupal cases indicated that mature males had emerged. 
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Willd., and whether epizootics could be initiated by 
introducing the virus. In all cases, a high rate of 
mortality due to polyhedrosis resulted. It was noted, 
however, that equal concentrations of virus from 
different localities did not give the same kill; virus 
suspensions prepared from material collected in 
plantations remote from those treated consistently 
gave & higher mortality than those prepared from 
bagworms from the area in which they were used 
(Table 1). 7 

These results not only point to a degree of resistance 
of tho bagworm to local virus, but also strongly 
suggest that there are different strains within the 
nuclear type of virus found in K. junodii. . 

Dr. K. M. Smith of the Molteno Institute, University 
of Cambridge, has commented (im lit.) upon the 
development of resistance to virus disease in Pieris 
brassicae L., but this appears to be somewhat different 
in origin. 
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L. L. J. OSSOWSKI 


. Wattle Research Institute, 
University of Natal, 
Pietermaritzburg, 
South Africa. 
Oct. 5. 


2 Ossowski, L. L. J., Ann. App. Biol., 45, 81 (1957). 


A Shorter Microbiological Assay 
Method for Oxytetracycline and 
Chlortetracycline 


Some organic compounds having a known effect 
on the growth of bacteria were used for stimulating 
spore germination and growth intensity of Bacillus 
subtilis FDA 6633, with the view of shortening the 
length of incubation time when assaying oxytetra- 
cycline and chlortetracycline by the cup—plate 
technique. l 

The basal medium was made up as follows: 
agar-agar 45 gm., peptone 7:5 gm., broth 1,500 ml. ; 
pH before sterilization 7:0-7-1. 

After incubation for a week in a Blake flask 
the B. subtilis spores were washed with sterile, 
distilled water, heated for 30 min. at 65°C. and 
centrifuged three times, washing between each 
centrifugation. To determine the necessary amount 
(per cent). of spore suspension, its light absorption 
was measured. The suspension is suitable if its per- 


_ centage absorption is 80-90 per cent using an orange 


glass parallel-sided filter with distilled water (Lange, 
Lichtelelektrisches Kolorimeter, Model IV). 2 ml. 
of this spore suspension is then diluted with a solu- 
tion of selected growth factor (in this case, 98 ml. 
of 0-02 per cent solution of folic acid (pteroylglutamic 
acid) ). 5:5 ml. of the diluted spore suspension 
is added to 100 ml. melted agar medium and 
thoroughly but gently stirred with a sterile glass rod. 
By this method only one layer, 3 mm. thick, was 
poured out. 

The prepared plates were stored in a refrigerator 
at about + 4°C. for two days. If stored longer, 
the effect of the growth factor is lost. The working 
standards and the samples were diluted with phos- 
phate buffer: pH 5-0 for oxytetracycline, and 
pH 4-5 for chlortetracycline (pH 5-0 buffer: 90-78 
gm. potassium dihydrogen phosphate ; pH 4-5 buffer : 
27-20gm. sodium dihydrogen phosphate, both 
diluted to 2,000 ml. with sterile distilled water). 
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After having dispensed the antibiotic in or on the 
plates, the latter are incubated at 43°C. for 3—4 hr. 
This incubation time is enough to produce firm 
bacterial growth, which is easily visible. Inhibition 
zones are clear, and zone edges are defined. A 
further advantage is that this microbiological method 
does not require a. special assay procedure or a 
standard curve. 

Of the compounds examined in various concentra- 
tions, DL-aspartic acid (0-0014-0:0002 per cent), 
folic acid (0:0020—-0-00002 per cent), indoleacetic 
acid (0:0014-0-00002 per cent) and lactose (0:02 per 
cent) promoted spore germination and stimulated 
growth without disturbing the effect of the anti- 
biotics on bacteria. The growth-stimulating effect 
of DL-aspartic acid in absence of caramelized glucose 
seems to be inconsistent with Hachisuka’s report. 
It is possible in this case that the caramelized sucrose 
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components of agar-agar serve as substitute for ` 


glucose. 

The possibility of employing growth factors to 
reduce the incubation time opens the way for similar 
short microbiological assay methods for antibiotics. 


NYIRI LAsztó 


Biological Research Laboratory, 
Hajdusági Gyógyszergyár, 
Debrecen. 


1 Hachisuka, Yoetsu, et al., J. Bact., 71, 250 (1958). 


Dissemination of Verticillium albo-atrum 
through the Atmosphere 


Ir is usually considered that spread of disease due 
to Verticillium albo-atrum is either by growth of the 
pathogen from diseased to healthy susceptible plants 
. by root contact or by the dissemination of infected 
plant material such as leaves, root stocks, etc. 
However, the possibility, in some cases, of the disease 
being spread by airblown spores became apparent 
when Isaac! trapped colonies of V. albo-atrum on 
Petri-dish plates of Dox’s agar exposed approximately 
2 ft. above a stand of lucerne infected with this 
pathogen, and also when Davies (unpublished results) 
isolated V. albo-atrum from house dust from Edin- 
burgh and from the atmosphere in a garden in urban 
London. It should be pointed out that in diseased 
lucerne plants, even when they are still alive and 
green, the fungus grows from the vascular tract in 
the lower basal regions of the stems out into the 
cortical tissue and from there superficial hyphæ bear- 
ing conidia develop ; and it has been shown by Isaac 
that these conidia will cause infection when placed 
upon recently cut surfaces of mown, healthy 
lucerne. 

Since this disease is becoming of considerable 
economic importance, an investigation has been 
initiated to make. quantitative estimates of the 
number of spores of V. albo-atrum in the air, within 
and above, both diseased and healthy lucerne crops 
and above meadow land at various sites, namely, 
Norfolk, Cambridge, Berkshire and Swansea. Efforts 
were also made to isolate the pathogen from the air 
near lorries unloading lucerne from an infected crop. 
The apparatus used to obtain these volumetric 
determinations was the slit sampler, described by 
Davies’, the suction being provided by a hand- 
operated pump unit similar to that of Gregory? 
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Table 1. NUMBER OF COLONIES OF Verticillium albo-atrum ISOLATED 
FROM THE AIR AT EAOH SITE 


Total vol. 
(litres) 
of air 
sampled 


Area Sampling site 


150 
150 


150 
150 


150 
150 


In diseased lucerne crop 
In healthy lucerne crop 
In mildly infected lucerne 


crop 
In healthy lucerne crop 
Near diseased Iucerne 
atraw being turned over 
In diseased lucerne crop 
In open feld 150 yd. 
down wind from disease 


Berkshire 
Cambridge 


crop being mown 
In “Green shed” of 
lucerne drying factory 
In “Green shed” as lorry 
tipped load of infected 
lucerne 
In diseased lucerne crop 
In meadow 





* Plate overcrowded with bacteria and yeasts 


except that the pump was driven through gears. For 
each sample either 50 or 25 1. of air were impacted 
on to each of a series of plates of Dox’s agar in 9-cm. 
Petri' dishes, the intake orifice of the apparatus 
being 25-26 cm. above ground-level. The results are 
summarized in Table 1. 

V. albo-atrum was never isolated alone but devel- 
oped on plates in competition with the more ubi- 
quitous constituents of the airborne fungal flora such 
as Cladosporium, Pullularia, Penicillium, Phoma, 
Mycelia sterilia, Sporobolomyces, yeasts, etc. 

The results in Table 1 indicate that the number of 
spores of V. albo-atrum in and above infected stands 
of lucerne is sufficiently high to suggest that the 
spread of the disease in this crop may occur by means 
of wind-blown spores. Further investigations are 


proceeding along these lines. 
R. R. Davies 
Biological Dept., 
St. Thomas’s Hospital Medical School. 
3 I. Isaac 
Botany Dept., 


University College of Swansea. 
1 Isac, I., Ann. App. Biol., 45, 550 (1957). 
a Davies, R. R., Trans. Brit. Mycol. Soc., 40, 409 (1957). 
* Gregory, P. H., Trans. Brit. Mycol. Soc., 37, 390 (1954). 


The Giant Rat of East Africa 


SIx specimens of the giant rat, Cricetomys gambianus 
Waterhouse, one male and five females, were trapped 
at Amani, a forested area at about 3,000 ft. in the 
Usambara Mountains of Tanganyika. The rats were 
trapped in cage-type traps which had been baited 
with maize. They were killed with chloroform, after 


which their parasites were removed; then the 
rodents were weighed and measured. 
Measurements 
‘Male Female 

Body-weight 1,250 gm, 1,000-1,400 gm. 

Head/body 350 mm. 885-380 men. 

Tail > 400 ,, 840-400 ,, 

Ear os 40-45 _,, 

Hind foot 70-75 


75 o? 
Mammary formula; 2—2 =8 


The only ecto-parasite found on the six specimens 
of the giant rat was the dermapterous parasite 
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Hemimerus vosseleri Rehn and Rehn. No fleas, ticks 
or lice were found. The infestation with H. vosseleri 
varied from 4 to 13 per rat, and included nymphal 
and adult specimens. In all, 46 specimens of this 
strange earwig were obtained. 

My thanks are due to the Director of Medical Ser- 
vices, Tanganyika, for permission to publish this com- 
munication, and to Dr. W. Hincks, of the Common- 
wealth Institute of Entomology, for his identification 
of the earwigs. 


J. G. Hatorow 


Medical Department, 
P.O. Box 110, 
Morogoro, Tanganyika. 
Oct. 25. 


` Seed-coat Structure of Yellow Chinese 
` Rape 

SAMPLES have been obtained of seed described as 
Chinese rape, imported into Europe for oil extraction. 
The seeds in these commercial samples are either 
yellow or vinaceous in colour, and the different 
coloured seeds are to be found in varying proportions. 
Plants grown from both types of seed corresponded 
with descriptions of Brassica campestris chinoleifera 
Viehoever?. It has not been possible to locate type 
specimens of the plant in Great Britain. 

Comparatively few yellow kinds of cruciferous oil 
‘geeds are used commercially’, and therefore a 
knowledge of the testa structure of this Chinese seed 
might well be useful in-the analysis of seed samples 
and oil-cakes. 

Fig. 1 is a drawing of a cross-section of the testa. 
The structure corresponds to that of the rapes rather 
than the mustards?. Consequently, the only other 
yellow cruciferous oil seed with which one might 
. confuse the Chinese seed is Brassica campestris L. var. 
Sarson Prain. 


“EIS.E. 


Pa. L. 
Pi. L. 


Canal 
ee eS 


— A.L. 





Fig. 1. Drawing of cross-section of testa of yellow Chinese rape 

(x 400). E./S.E., disorganized epidermis and subepidermis ; 

Pa. L., palisade layer; Pi. L., pigment layer; and A. L., 
aleurone layer 


The testa structure of both species has been 
compared ; but it is extremely difficult to distinguish 
between the two species on this anatomical feature, 
although slight inequalities in height of the palisade 
cells of the Chinese seed present a faint reticulation 
in surface view. Reticulations are not normally 
shown by Brassica campestris L. var. Sarson Prain. 

This difficulty of distinguishing between the two 
species need not present any great problem during 
the analysis of oil-cakes, because, compared with the 
mustards, both seeds are usually regarded as fairly 
mild for feeding purposes. 

It is intended to publish the details of this investi- 
gation elsewhere. I am indebted to the Incorporated 
Oil Seed Association and Salamon and Seaber (con- 


sulting analytical chemists) for the supply of material ” 


and also the Central Research Fund of the University 
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of London for the loan of certain apparatus used in 
this work. 
JOHN G. VAUGHAN 
Chelsea College of Science and Technology, 
Manresa Road, London, 8.W.3. 
Nov. 28. 


1 Viehoever, A., Clavenger, F., and Ewing, C. 0., J. Agrie. Res., 20, 
117 (1920). 
z wie} A. L., “The Microscopy of Vegetable Foods” (New York, 


Nomenclature of Cell Strains 


At the International Tissue Culture meeting, held 
in Glasgow during August- 26-27, the subject of the 
nomenclature of cell-strains used in tissue culture was 
considered. After general discussion, a committee 
was appointed and recommendations were made. It 
was suggested that authors should give the following 
information when first mentioning @ cell strain in 
the course of a publication. (1) Whether the tissue 
of origin was normal or neoplastic, and, if neoplastic, 
whether benign or malignant. (2) Whether the tissue 
was adult or embryonic., (3) Animal species of origin. 
(4) Organ of origin. (5) The cell-type (if known). 
(6) The designation of the strain. (7) Whether the 
strain has been cloned, and, if so, the clone number. 
(8) The reference to the original article in which the 
strain was described. 

It was further suggested that the designation of 
the strain should consist of a series of not more than 
four letters indicating the laboratory of origin, 
followed by a series of numbers indicating the strain, 
for example, NCL 123. Thus, a strain might be 
described : normal adult rat heart fibroblast, strain 
XYZ 111, clone 29 (Lobachevsky, Z. (1922), J. 
Metaphys. Cytol., 99, 77). Afterwards, in the same 
communication it would suffice to refer to the strain 
by its strain designation. 

JOHN PAUL 
H.E.R.T. Tissue Culture Laboratory, 
University of Glasgow. 


Histological and Chemical Changes in 
the Rat Pituitary Neural Lobe following 
Treatment with Neurohypophysial 
Substances 


No agreement exists as to the effect of admin- 
istration of exogenous posterior pituitary principles 
on neurohypophysial structures. Some authors? 
describe no changes ‘in neurosecretory phenomena, 
others? think the dosage important, whereas in- 
crease in neurosecretion has been reported by me’. 
One of the difficulties in evaluating and comparing 
alterations in material stained with chrome-alum 
hematoxylin is the lack of adequate histological 
assaying methods. When the amount of chrome- 
alum hematoxylin-positive material has not increased 
considerably following hormone treatment, it is 
difficult to be reasonably certain of the effect. In 
addition, not all such material necessarily represents 
posterior pituitary hormone or ‘true’ neurosecretory 
material®.+. 

For these reasons, in the present series of experi- 
ments an attempt was made to correlate the his- 
tological alterations of the neurohypophysis with 
changes in chemical composition of the infundibular 
process, assuming the latter to be a storage place for 
posterior pituitary principles. 
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Adult rats of both sexes, body-weight 150-200 gm., 
were given daily intraperitoneal injections in nine 
groups of five animals for each experiment, for six 
consecutive days, using ‘Pituitrin’ (0-6 U.; 2-0 U.; 
2-5 U.), ‘Pitocin’ (0-5 U.; 1:0 U.; 2-5 U.) or ‘Pit- 
ressin’ (0:5 U.; 2:0 U.; 2:5 U.). The animals were 
killed on the sixth day 2 hr. after the last injection, 
and the brain and pituitary gland examined his- 
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tologically in the usual manner®. Sections of control 


and experimental animals were processed together. 
It was found that a slight but definite increase in 
chrome-alum hematoxylin-positive material had 
occurred in the hypothalamic magno-cellular nuclei 
of all treated groups, independent of the dosage. 
The infundibular process stained very darkly in all 
groups, probably more than in normals. 

In another series, paper chromatograms (hydrolysis 
in 25 per cent hydrochloric acid at 110° C. for 18 hr., 
Schleicher and Schill paper 2043b, butanol/acetic 
acid, ninhydrin) were made of homogenates of the 
infundibular process of rats treated similarly (‘Pitui- 
trin’ 2-5 U.; ‘Pitocin’ 2-5 U.; ‘Pitressin’ 2-5 U.). 
These were compared with chromatograms ‘of neuro- 
hypophysis of normal and dehydrated (5 days thirst) 
animals, brain tissue, and the pituitary principles 
injected. By standardizing the procedures and 
running aliquots in doubles in different batches, 
quantitative as well as qualitative changes could be 
roughly ascertained. In all groups treated with 
posterior pituitary principles a marked increase in 


amino-acid content could be shown, cystine being. 


especially prominent. In the group treated with 
‘Pitressin’ a definite increase in lysine and phenyl- 
alanine was observed. From the size and colour 
intensity of the spots the following quantitative 
estimates were made: normal, 100; ‘Pituitrin’- 
treated, 145; ‘Pitressin’-treated, 185; ‘Pitocin’- 
treated, 160; dehydrated,’ 75. 

It would appear, then, from these results that 
following treatment with various dosages of neuro- 
hypophysial principles there is a definite increase in 
chrome-alum hematoxylin-positive material and 
amount of posterior pituitary hormones in the rat 
neurohypophysis. It is not clear whether this 
increase is due to increased production or decreased 
release of endogenous neurohypophysial substances, 
or storage of exogenous material. 


J. DE GROOT 
Anatomical Department, 
State University, Utrecht. 
Aug. 18. 

: sai 3 . D., and Van „Breemen, V. L., Amer. J. Anat., 187, 177 
* Legait, H., C.R. Soc. Biol., Paris, 149, 1016 (1955). 
* Groot, J. de, Anat. Rec., 127, 201 (1957). 
“Adams, C. W. M., and Sloper, J. O., J. Endocrinol., 18, 221 (1956). 


Cryptocotyle lingua in British Mink 

THE development! of the intermediate stages of 
heterophyid trematodes of the genus Cryptocotyle 
commences in sea snails and continues in various 
species of coastal fish. The definitive hosts are birds 
and mammals which eat infected fish. These flukes 
have been recorded from various hosts in Britain. 
Thus Lewis! found C. lingua in the herring gull, 
Larus argentatus, and C. concava in the black-necked 
grebe, Podiceps. nigricollis, both in the Aberystwyth 


area, while Mahfouz A. M. Fahmy, whose unpublished. 


observation is quoted by Lapage*, found C. lingua 
in an otter, Lutra lutra, in the suburbs of Edinburgh 
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in 1953. Cryptocotyle spp., chiefly O. lingua, have 
been recorded in mink, Lutreola vison, by yarious 
authors on the continent of Europe? and in North 
America, 

Since British farm mink are largely fed on raw 
sea-fish, a particular search was made during routine 
post-mortem ‘examinations for alimentary parasites 
in general and fish-borne trematodes in particular. 

Of 37 mink so far examined, one was found to 
have four specimens of C. lingua in the small intestine. 
Characteristic eggs were found in the rectal fæces. 

Small numbers of eggs 50u x 23u and 30u x 18u 
were found in the intestinal contents of another mink. 
These were attributed to C. lingua and C. concava 
respectively ; but no recognizable parasites were 
found in the intestine, possibly due to post-mortem 
disintegration. So far as can be ascertained, this is 
the first report of C. lingua in mink in Britain. 

I am indebted to my colleague Mr. K. W. Head, 
of the Department of Pathology, for the opportunity 
to carry out these examinations. 

H. Scorr MoTAGGART . 
Royal (Dick) School of Veterinary Studies, 
Edinburgh 9. ‘ 
Dec. 5. 


! Lewis, E. A., J. Helminth., 4, 7 (1926). 


*Lapage, G., “Veterinary Parasitology”, 256 (Oliver and Bo d, 
Edinburgh, 1956). ‘ 


. ° Sprehn, C., Disch. tierdztl. Wschr., 68, 842 (1956). 


t Cameron, T. W. M., Can. J. Comp. Med., 9, 302 (1945). 


Multiple-Mutation Theory of Carcinogenesis 


New life was given to the somatic mutation theory 
of carcinogenesis when it was recognized that not 


‘just one, but several mutations were probably 


required. Fisher and Hollomon! thought that a 
number of similar mutations in adjacent cells might 
initiate cancer, and deduced a law of the form 
(age)? for the rate of appearance of cancers in a 
population, with p being the number of cells in the 
critical size group. They arrived at a value of p near 
7 from the mortality data. Muller? and Nordling? 
thought that a number of successive mutations in 
the same cell might initiate cancer, and deduced a 
law of the same form, (age)?-}, for the rate of appear- 
ance of cancers, with p rs 7 now being the number of 
mutations required in a single cell. 

Nordling* recognized that mutation would, in 
general, tend to render cells less able or more able to 
survive than their normal neighbours, and that for 
once-mutated cells to be preserved for subsequent 
mutations they must be more, rather than legs, able 
to survive. Platt’ made this point clearer by 
emphasizing that each somatic mutation that survives 
must lead to a clone of mutated cells growing at the 
expense of their normal neighbours. Armitage and 
Doll’ recognized that the growth of the clone gener- 
ated by the first mutation was important in increasing 
the number of cells in which the second could occur, 
and showed that the mortality data could fit fairly 
well with a two-mutation theory if an exponential 
rate of clone growth was assumed. 

Based upon these multiple-mutation ideas, the 
most realistic theory now would seem to require the 
following sequence of events : (1) mutation ; (2) clone 
growth from the mutated cell; (3) another mutation 
somewhere in the clone; (4) growth of a new clone 
from the cell with the second mutation ; (5) a third 
mutation in the second clone and so on until a cancer 
clone is the result. The first three steps of the above 
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sequence are essentially the two-stage theory of 
Armitage and Doll‘, if it is assumed that the growth- 
rate of the first clone is exponential. However, I 
believe there is a more reasonable growth-rate than 
the exponential, which leads to an improved agree- 
ment between theory and experience. 

Free cells, such as bacteria, are observed to grow 
exponentially in number, as long as the conditions 
for growth are maintained. They do so because they 
divide again and again at a constant rate, each 
generation doubling the number of cells present. 
The cells in the germinal layer of adult mammalian 
epithelium, on the other hand, stay essentially 
constant in number in spite of a finite mitotic rate. 
After mitosis, half the daughter cells leave the 
germinal layer and move outward, maturing and 
finally dying. The maturing cells no longer divide, 
so that a constant number of reproducing cells is 
maintained in the germinal layer whatever the 
mitotic rate. Consider now a clone of mutated cells 
in epithelial tissue. If the clone be non-malignant, 
the advantage of the mutated cells over their normal 
neighbours is likely to be small, and the germinal 
layer of the clone. should expand laterally at some 
slow rate. Since the environment at the perimeter 
of the clone is in an essentially steady state—a sheet 
of mutated cells in edgewise contact with a sheet of 
normal cells—the rate of spreading of the clone 
should remain approximately constant. (Only when 
the clone consists of half a dozen cells or fewer 
should the lateral growth-rate differ from its final 
constant value, for only then is the perimeter of the 
clone appreciably curved on the scale of cellular 
dimensions.) The mitotic rate in the interior of a 
clone should not affect its rate of spreading at all, 
for the reasons already discussed for normal epithe- 
hum. 

If the radius of a clone increases at a steady rate, 
say r = a(t — +), where r is the clone radius, ź¿ is the 
time, t is the time at which the clone started growing, 
and « is @ constant, then the area of the clone will be 
a = nr? = na?(t — t)?. The number of cells in the 
clone will be proportional to its area, hence 


(1) 


where ß is a constant, ¢ is time, and + is the time of 
clone initiation. A law of this sort for the growth of 
- non-malignant mutant epithelial clones seems more 
reasonable than the exponential, which should 
correspond more nearly to malignancy. 

The consequences of a power law of the form 
B(t — q)? for the number of cells in a clone are very 
interesting and suggestive. Assume first the simplest 
possibility, namely, that all mutation-rates and clone 
growth-rates are constant. Then the rate of appear- 
ance of cancers in a population should be propor- 
tional to a power of the time, 


number of cells = B(¢ — rt)? 


Cancer-rate ~ (age)3(2-1) (2) 


where n is the number of mutations required. Con- 
sider n = 1, 2, 3 successively in detail. For n = l, 
equation (2) indicates that the rate is a constant, as 
it should be if the first mutation were to produce 
cancer. Cancers of this type, appearing at an early 
age in many members of the population, would be 
strongly selected against genetically, and should 
largely have been eliminated through the evolutionary 
process. However, carcinogenic materials that were 
not often found in the environment of our ancestors 
might be able to produce single-mutation cancers. 
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For n = 2, the number of clones produced by the 
first mutation is proportional to (age) and the average 
number of cells in each to (age)*. The aggregate 
number of cells where the second mutation can occur 
is then proportional to (age). If the second mutation 
leads to cancer, the cancer initiation-rate will be 
proportional to (age)? as the formula (age)3(n-)) 
indicates. That this expression is correct can be 
seen by direct computation of the number of cells in 
Let Fk be the mutation- 
rate per individual, so that his number of mutant 
clones is At. Then in the time interval t to + + dt 
the number of clones formed is Rdr. Each of them at 
subsequent time ¢ contains B(t — +)? célls. Adding, ` 
the total number of cells is 
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TES j B — 1)? Rdr = RBE 
tT=0 


For n = 3, another factor of (age)? is introduced, 
giving finally (age)%(-l = (age)* for the rate of 
appearance of a three-mutation cancer. 

The ‘large number of human epithelial cancers 
with incidence-rates observed to be proportional to 
(age)? suggests strongly that three mutations are 
required for the initiation of most human carcinoma. 

Suppose now that the question of chemical or 
radiation -carcinogenesis is raised. Again assume 
the simplest conditions: uniform exposure to a 
carcinogenic agent that produces all the required 
mutations, and uniform growth-rate of clones. Then 
the rate of appearance of cancer is proportional to a 
power of the dose-rate as well as to a power of the 
time, 

Cancer-rate ~ (dose-rate)"(age)3(#-1) 


(3) 
The dose-rate appears only to the power n because 
it affects only the n required mutations and not the 
(n — 1) clone growth-rates. If the carcinogen were 
to cause only m of the mutations, with m <n, then 
the cancer initiation-rate would be 


Cancer-rate ~ (dose-rate)™(age)3("—1) 


(4) 


and would be directly proportional to the concen- 
tration of carcinogen should m = I. 

When the dose of carcinogen varies with time, it 
is easy to see that many different time-dependences 
can be obtained for the rate of incidence of cancer. 
Similarly, if the growth-rates of clones were to 
depend upon the hormone balance of the organism 
and to change with time, as suggested by Armitage 
and Doll’, still other time-dependences could be 
obtained. 

Multiple-mutation theories of carcinogenesis will 
have to stand or fall through the degree of their 
agreement with observations of the progress of the 
disease in afflicted organisms, and with the increases 
in the cancer-rate produced by age, carcinogenic 
materials, and radiation. Semi-quantitatively, at 
least, the model here proposed appears to be in 
agreement with such observations. 

J. C. FISHER 
General Electric Research Laboratory, 
Schenectady, New York. 
Nov. 1. 
1 Fisher, J. C., and Hollomon, J. H., Cancer, 4, 916 (195i). 
* Muller, H. J., Sci. in Prog. 7, 180 (1951). 
*Nordling, 0. O., Nord. Med., 47. 817 (1952). 
t Nordling, C. O., Brit. J. Cancer, 7, 68 (1953). 
5 Platt, R., Lancet, i, 867 (1955). 
e Armitage, P., and Doll, R., Brit. J. Cancer, 11, 161 (1957). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, March 3 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE, PHILOSOPHY OF 
SCIENCE GRODP (in the Joint Staff Common Room, University College, 
Gower Street, London, W.C.1), at 4.80 APE General Meeting. 
5.30 p.m.—Mr. F. Greenaway: “The ogiston Theory and Colling- 
wood’s Philosophy of History”. 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington 
House, Piccadilly, London, W.1), at 5.30 p.m.—Mr. C. E. Tharratt : 
“The Saunders-Roe Pulse Jet Engine”. ; 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 5.30 p.m.—Prof. J. A. Wheeler (Princeton University): ‘Physics 
as Geometry—the Present Status of Kinstein’s Programme”.* (Further 
lectures on March 5 and 10.) 


UNIVERSITY OF LONDON (at the Westminster Hospital Medical 
School, Horseferry Road, London, S.W.1), at 5.30 p.m.—Dr. Otto 
Westphal (University of Tebi “Bacterial Endotoxins (Lipo- 
polysaccharides}—Chemical and Immunological Aspects’’.* 


INSTITUTION OF ELECTRICAL ENGINHERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, yay at 6.30 p.m.— 
Mr. T. R. Puzey: “The Application of Nuclear Energy to Power 
Production”. 

ROYAL INSTITUTE OF CHEMISTRY, LONDON SEOTION (at Battersea 
Grammar School, Abbotswood Road, Streatham, London, S.W.16), 
at 6.30 p.m.—Dr. H. J. Barber, Dr. I. L. Jones, Dr. J. H. Pryor, Dr. 
J. A. Read, Dr. C. W. Herd and Dr. K. G. A. Pankhurst: “Careers 
in Chemistry”. ; 


SOCIETY OF CHEMIOAL INDUSTRY, LONDON SEOTION (at 14 Bel- 
grave Square, London, 8.W.1), at 6.30 p.m.—Sir Frederic Bartlett, 
R.S.: “Applications of Psychology”. 


AMBASSADE DE FRANOE, BUREAU SOIENTIFIQUE (at the French 
Institute, 15 Queensberry Place, London, S.W.7), at 8.30 p.m.— 
Monsieur l'Inspecteur Général G. Laclavare: “Contribution Francaise 
à l'Année Géophysique Internationale”. 


Tuesday, March 4 


INSTITUTION OF CHEMIOAL ENGINEERS (at the Hoare Memorial 


Hall, Church House, Westminster, London, 8.W.1), at 9.30 a.m.— 
Spring Meeting. 


AMBASSADE DE FRANCE, BUREAU SOIENTIFIQUE (in the Chemistry 
Theatre, Royal College of Science, London, 8.W.7), at 1.80 p.m.— 
Monsieur l'Inspecteur Général G. Laclavére: “Oilin the Sahara”, 


INSTITUTION OF Post OFFIOH ELECTRIOAL ENGINHERS (at the 
Institution of Electrical Engineers, Savoy Place, London, W.C.2), at 
5 p.m.—Mr. E. L. Bubb and Mr. K. R.’Wilderspin: ‘The Use of 
Rectangular Loop Magnetic Materialin Electronic Switching Circuits”. 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 5.30 p.m.—Prof. E. Binning (University of Tübingen): ‘Endo- 
genous Diurnal Periodicity in Plants and Animals”.* (Further lectures 
on March 5 and 7.) 


INSTITUTION OF ELECTRICAL ENGINEERS, EDUCATION- DISCUSSION 
CIRCLE (at Savoy Place, London, W.C.2), at 6 p.m.— Discussion on 
“Some Impressions of Technical and Industrial Training in the United 
States”, opened by Dr. K. R. Sturley. 


INSTITUTION OF MEOHANICAL ENGINEERS, APPLIED MEOHANICS 
GROUP ee 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.— 
Discussion on “Mathematics in Mechanical Engineering”, 


SOOIETY FOR VISITING SOLENTISTS (at 5 Old Burlington Street, 
London, W.1), at 7.80 p.m.—Discussion Meeting on “The Future of 
the Railways ’, Chairman: Major-General G. N. Russell. Speakers: 
Monsieur l'Ingénieur Principal P. Weil and Mr. H. P. Barker. 


UNIVERSITY COLLEGE oF NORTH STAFFORDSHIRE (in the College 
Conference Hall, Keele, Staffordshire), at 8.80 p.m.—Prof. M. Polanyi, 
F.R.S.: “Understanding Ourselves”. (First of three Lindsay Memorial 
Lectures on “Thoe Sciences of Man”. Further lectures on March 6 


and 10.) 
Wednesday, March 5 


ASLIB (at the Connaught Rooms, Great Queen Street, London, 
Sif pled at 10 a.m.—Conference on “Scientific and Technical Trans- 
ation”. ~ 


NATIONAL INSTITUTE OF OOEANOGRAPHY (at Wormley, Godalming, 
Surrey), at 2.80 p.m.—Dr. G. Laclavére: “The French Contribution 
to the International Geophysical Year’’. 


PHYSICAL SOCIETY COLOUR GROUP (at the Institute of Ophthalmo- 
logy. Judd Street, London, W.C.1), at 3.30 p.m.—Cdr. Dean Farns- 
worth (U.S. Naval Research): “How the World Looks to a Color 

nd”. 


GEOLOGIOAL SOOIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Dr. D. A. Robson: “The Geological 
Structure of the Wadi el Dirba Area of Sinai”; Dr. Frances E. S. 
Alexander: ‘‘Observations on Tropical Weathering—a Study of the 
Movement of Iron, Aluminium and Silicon in Weathering Rocks at 
Singapore”. ` 

INSTITUTE OF PHYSICS, EDUCATION GROUP (at 47 Belgrave Square, 
London, S.W.1). at 5.15 p.m.—Annual General Meeting. 6 p.m.— 
Dr. Martin Johnson: “The Spinning Galaxy—a History in Co-opera- 
tion between Sciences”. 


AMBASSADE DE FRANOE, BUREAU SOIBNTIFIQUE (at the Institute 
of Transport, 80 Portland Place, London, W.1), at 5.80 p.m.—Monsieur 
l'Ingénieur Principal P. Weil: “The Latest Developments and Future 
Prospects of the 8.N.C.F.”. i 
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UNIVERSITY OF LONDON (at the Westminster Hospital Medical 
School, Horseferry Road, London, S.W.1), at 5.30 p.m.—Dr. Otto 
Westphal (University of Freiburg): ‘Bacterial Endotoxins—Bio- 
logical Activities and Investigations on their Made of Action”.* 


SOCIETY OF CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave 
Sanare London, 8.W.1), at 6.15 p.m.—Dr. D. Dickinson: “Relation- 
ship of Chemical Composition to Quality in Fruit and Vegetables for 
Caden ; Mr. L. P. Burroughs: “The Free Amino Acids of Certain 

Tuits”. 


Thursday, March 6 


ROYAL SOoIETY (at Burlington House Uo eae wane London 
at 4.30 p.m.—Mr. J. H. Callomon: “Electronic mission Spectra 
of the Carbon Disulphide Ion, CS,+”’; Mr. N. K. Bridge and Mr. G. 
Porter: “Primary Photoproceésses in Quinones and Dyes”, 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 p.m.—Dr. F. Busemann and Mr. W. Casson: 
“Results of Full-Scale ga Tests on the British 132 kV. Grid 
System”; Dr. F. H. Last, Mr. E. Mills and Mr. N. D. Norris: “The 
Organization for Large-Scale Grid System Tests”. 


INSTITUTE OF REFRIGERATION (at the Junior Institution of Eng- 
ineers, Pepys House, 14 Rochester Row, Westminster, London, S.W.1 ; 
at 5.30 p.m.—Monsieur P. Vidal: “Modern Trends in Cold Store 
Design and Operation in France”. 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION GROUP 
(at 1 Birdcage Walk, Westminster, London, ea at 6 p.m.— 
auon on “How Should Liberal Studies be dealt with in Technical 

olleges ?” 


INSTITUTE OF METALS, LONDON LOOAL SEOTION (at 17 Belgrave 
eee S.W.1), at 6.30 p.m.—Mr. B. E. Hopkins: “High 
on”. 


W.1), 


ROYAL INSTITUTION (at 21 Albemarle Street, London W.1), at 
9 p.m.—Prof. W. R. Hawthorne, F.R.S.: “‘Aero-Thermodynamics”, 


Thursday, March 6—Friday, March 7 


NATIONAL ASSOCIATION FOR MENTAL HEALTH (at the Assembly 
Hall, Church House, Westminster, London, 8.W.1),at 10 a.m. daily— 
Annual Conference—‘“The Report of the Royal Commission on the 
Law Relating to Mental Illness and Mental Deficiency : Implications 
for Local Authorities and the General Public’. 


Friday, March 7 


ASSOOIATION OF APPLIED BIOLOGISTS (in the Lecture Hall of the 
British Museum (Natural History), Cromwell Road, London, 8.W.7), 
at 10.50 a.m.—Symposium on “Frit Fly”, 


SOCIETY OF DYERS AND COLOURISTS, LONDON SECTION (at the ` 
Royal Society, Burlington House, Piccadilly, London, W.1), at 6 p.m. 
ae m Wittwer: “Recent Developments in the Dyeing of Man- 
made Teg”. . 


NORTH EAST COAST INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
(im the Lecture Theatre of the Mining Institute, Newcastle-upon- 

yne), at 6.15 p.m.—Mr. A. M. Laird, Prof. A. W. Scott and Prof. 
A. 8. T. Thomson: “Experimental Investigations on Natural Circula- 
tion in Water-tube-boilers’”’. 


+ 


Saturday, March 8 


BRITISH MYCOLOGIOAL SOCIETY (in the Lecture Theatre, London 
School of Hygtene and Tropical Medicine, Keppel Street, Gower 
Street, London, W.0.1), at 11 a.m.—Meeting on “Some Mechanisms 
of Variation in Fungi”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

PHYSICIST, Senior grade (with an honours degree in physics, prefer- 
ably in the fleld of radiotherapy), for duties in the Radiotherapy 
De T h D Personnel Officer, St. Thomas’s Hospital, London, 

Hi. ar ; 

LECTURER (preferably with an interest in marine zoology) IN 
ZOOLOGY at the University College of Ghana—The Secretary Inter- 
University Councilfor Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (March 13). 

PHYSICAL CHEMISTS (with an honours degree, or equivalent, and 
experience in corrosion or a related field) at the Research Labora- 
tories, Leatherhead, Surrey, for work on corrosion problems arising 
in nuclear and conventional power stations—The Personnel Officer, 
Central Electricity Generating Board, 24/30 Holborn, London, W.C.1, 
quoting Ref. N/53 (March 14). 

LECTURER tn PHysics—The Secretary, St. Mary’s Hospital Medical 
School (University of London), Paddington, London, W.2 (March 15). 

RESEARCH ASSISTANT IN PHYSIOLOGICAL ELECTRONIOS—The Secre- 
tary of University Court, The University, Glasgow (March 15). 

IMPERIAL CHEMICAL [INDUSTRIES RESRARCH FELLOWS IN CHEMOSTRY 
OR Paysios—The Secretary, The University, Exeter (March 24). 

LECTURER or ASSISTANT LECTURER IN PLANT PaysioLoay (with 
special reference to metabolism and plant biochemistry)}—The Secre- 
tary and Registrar, The University, Southampton (March 24). 

LECTURER or ASSISTANT LECTURER (preferably with quallficationg 
in mathematical analysis) IN MATHEMATICS at the University College 
of the West Indfes—The Secretary, Inter-University Council for 
gher So Overseas, 29 Woburn Square, London, W.C.1 

re ; 

IMPERIAL CHEMICAL INDUSTRIES RESEAROH FELLOWS IN CHEMISTRY, 
ENGINEERING and Puysics—The Secretary and Registrar, The 
University, Southampton (March 29). 
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IMPERIAL CHEMICAL INDUSTRIES RESHAROH FELLOWS IN CHEN- 
ISTRY, PHYSIOLOGICAL CHEMISTRY, AGRICULTURAL CHEMISTRY, 
AGRICULTURAL BOTANY, MICROBIOLOGY, GEOLOGY and PHYSICS or 
related subjects—The Registrar (Room 22, O.R.B.), The University, 
Reading (March 31). 

LECTURER (ENGINEER, PHYSICIST or APPLIED MATHEMATICIAN) IN 
CIVI or MECHANICAL ENGINEDRING—The Registrar, University 
TEN g Wales and Monmouthshire, Cathays Park, Cardiff 

are ; 

LECTURER or ASSISTANT LECTURER IN INORGANIC AND STRUCTURAL 
CHEMISTRY—The Registrar, The University, Leeds 2 (March 81). 

LECTURER (preferably with an interest in the mechanism of organic 
reactions) IN CHEMISTRY (ORGANIC)—The Secretary, The University, 
Aberdeen (March 31). 

RESHAROH FELLOW (ZOOLOGIST, with interests in marine bleh. 
The Registrar, University College, Singleton Park, Swansea (March 31), 
aaa IN Som SolkNcE—The Secretary, The University, Aberdeen 

r s 
ESEARCH FELLOW IN NATURAL SOLENCES or ENGINEBRING—The 
Secretary, Fellowships Committee, Trinity Hall, Cambridge (April 12). 

UNIVERSITY STUDENTS and FELLOWS, for experimental or theoretical 
research in nuclear and elementary particle physies—The Professor 
of Natural Philosophy, The University, Glasgow (April 12). 

16 fan oT RENTAN Registrar, The University, Birmingham 
pr A 

Esso STUDENT IN CHEMICAL ENGINEERING— The Registrar, Imperial 
College, London, S.W.7 (April 25). 

IMPERIAL CHEMICAL INDUSTRIES RESEAROH FELLOWS IN BIO- 
CHEMISTRY, CHEMISTRY, CHEMOTHERAPY, ENGINEERING, METALLURGY, 
PHARMACOLOGY and PuHyrsics—The Academic Registrar, University 
of London, Senate House, London, W.C.1 (April 30). 

_ LECTURER (with an honours degree in mathematics and experience 
in numerical methods and programming high-speed digital computers) 
IN COMPUTING in the Department of Mathematics—The Recorder, 
The College of Aeronautics, Cranfield, Bletchley, Bucks (April 30). 

SENIOR LECTURER IN BACTERIOLOGY at the University of Sydney, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.0.1 (Australia, April 30). 

TURNER AND NEWALL RESEARCH FELLOW IN ENGINEERING, 
INORGANIO CHEMISTRY or PHysics—The Academic Registrar, Univer- 
sity of London, Senate House, London, W.C.1 (April 30). 

LECTURER IN FUEL TECHNOLOGY AND CHEMICAL HNGINEERING— 
The Registrar, The University, Sheffield (May 1). 

_ B950 STUDENT IN CHEMICAL ENGINEERING—The Registrar, Univer- 
sity College, Gower Street, London, W.C.1 (May 18). 

ASSISTANT PROFESSOR IN THA DEPARTMENT OF PHYSIOS—University 
of New Brunswick, Fredericton, N.B., Canada, 

DiRkoTOR (preferably physicist, with experience of research in 
fibre technology at a textile research Institute in the U.K.) or JUTE 
RESEARCH (TROHNOLOGY) at the Jute Research Institute, near Dacca, 
East Pakistan—The Ministry of Labour and Nationai Service (E.9), 
Testas House, King Street, London, 8.W.1, quoting A.12/PAK/} 

LECTURER or ASSISTANT PROFESSOR IN CHEMWISTRY—Department 
of Chemistry, United College, Winnipeg, Manitoba, Canada. 

MATHEMATICIANS and PHYSIOISTS (honours graduates in mathe- 
matics or physics) at the A.E.R.E. Harwell and the A.H.E, Winfrith 
(Dorset), far work in theoretical reactor physics, neutron transport 
theory and numerical analysis—Group Recruitment Officer (1029¥/34), 
Atomic Energy Research Establishment, Harwell, Didcot, Berks. 

METALLURGIST (British of British parents, an honours degree in 
metallurgy or A.I.Met. or equivalent, and industrial experience in 

` ferrous and non-ferrous metallurgy) at the Ministry of Supply Royal 
Ordnance Factory, Birtley, for research and development work in 
connexion with new ammunition manufacturing processes Involving 
hot- and cold-drawing and extrusion offerrous and non-ferrous Materials 
—The Ministry of Labour and National Service, Technical and Selen- 
tific Register (K), 26 King Street, London, S.W.1, quoting Ref, 
F.138/8A (March 21). i 

PROFESSOR/ASSISTANT PROFHSSOR IN PHYSICAL CHEMISTRY; 4 
PROFESSOR/ASSISTANT PROFESSOR IN INORGANIC AND GENERAL 
CHEMISTRY; and an ASSISTANT PROFESSOR/LECTURER IN BIO- 
OHEMISTRY—The Dean, College of Arts and Sciences, The University, 
Baghdad, Iraq. AEs - 

SENIOR LECTURER IN ANIMAL HUSBANDRY, LECTURER IN AGRI- 
CULTURE (PEDOLOGY AND SOIL SoIBNCH), LECTURER IN AGRICULTURE 
(ANIMAL NUTRITION), LECTURER IN AGRICULTURAL CHEMISTRY, and 
a LECTURER IN ANIMAL HUSBANDRY at the University College of 
Rhodesia and Nyasaland—The Secretary, Inter-University Council 
for Higher Education Overseas, 29 Woburn Square, London, W.C.1. 

SENIOR TECHNICIAN (preferably with experience of histology and 
other biological techniques) IN THE ANATOMY DEPARTMENT, for 
research and classwork—The Secretary, University College, Gower 
Street, London, W.C.1, quoting ‘Anatomy/7’, 

TECHNICIAN (preferably with some experience in electronics) IN 
THE NUCLEAR ENGINEERING LABORATORY, to assist in work on an 
electronic reactor simulator and other similar projects—The Registrar 
NET). Gueen Mary College (University of London), Mile End Road, 

ondon, #.1, 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and [reland 


Planning, Vol. 23, No. 417 (16 December, 1957): The Growth of 
Government. Pp. 229+252. (London: Political and Economic 
Planning, 1957.) 28. 6d. å [1812 
Gas for Scotland. Pp. 24. (Edinburgh: The Scottish Gas gore 


1957.) 
Manchester Public Libraries. The 105th Annual Report of the 
Libraries Committee, 1956-1957. Pp. 27. (Manchester: sa FT 


Public Libraries, 1957.) 
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Personnel Management in the Small Firms. By J. M. Collingrldge 
and M. Ritchie. . 55. (London: Institute of Personnel Manage- 
ment, 1957.) 48. 6d. f _ [1612 

MSE Times, No. 1. Pp. 12. (London: Measuring and Scientific 
Equipment, Ltd., 1957.) [1612 

mpire Cotton Growing Corporation. Progress Reports from Experi- 
ment Stations, Season 1966-1957. Republic of the Sudan. Pp. 34, 
(London: Empire Cotton Growing Corporation, 1957.) {1612 
Scottish Home Department. The Passage of Smolts and Kelts 


through Fish Passes. Pp. 17. (London: H.M. Stationery Office, 
1957.) Is. not. {1612 


VoL. 181 


Other Countries 


Instituto Cientifico Paul Hnos S.A, Boletin Técnico, Ano 1, No. 1, 
Septembre, 1957). Pp. 8. (Buenos Aires: Institute Cientifico Paul 
nos S.A., 1957.) [212 
Publications de Institut National pour l'Etude Agronomique du 
Congo Belge. Bulletin Climatologique Annuel du Congo Belge et du 
Ruanda-Urundi, Année 1956. Pp. 181. (Bureau Climatologique: 
Communication No. 15.) (Bruxelles: Institut National pour I’Etude 
Agronomique du Congo Belge, 1957.) 125 francs. [212 
Council of Scientific and Industrial Research, India. Report of the 
Director of the Central Fuel Research Institute for the year 1955-56. 
Pp. iti+48. (Jealgora, Manbhum, Bihar: Central Fuel Research 
Institute, 19586.) : [412 
National Science Foundation. Federal Funds for Science 6: The 
Federal Research and Development Budget, Fiscal Years 1956, 1957, 
and 1958. Pp. iit+-60. (Washington, D.C.: Government Printing 
Office, 1957.) 40 cents. 412 
Metropolitan Life Insurance Company. Statistical Bulletin, Yol, 88 
October, 1957): International Variations in Mortality. Marked 
ains in Industrial Safety. Nonfatal Accidents Among Youngsters. 
Improved Outlook in Congenital Heart Disease. Pp. 12. (New York: 
Metropolitan Life Insurance Company, 1957.) [412 
Institut Royal Météorologique de Belgique. Publications, Série B, 
No. 22: Le Temps en 1956. Par Dr. R. Sneyers. Pp. 46. Contribu- 
tions, No. 35 :- The Theory of Molecular Diffusion in the Atmosphere. 
By P. Mange. Pp. 279-296. (Uccle-Bruxelles: Institut Royal 
Météorologique de Belgique, 1957.) 412 
Proceedings of the California Academy of Sciences. Fourth Series. 
Vol. 20, No. 3: Some Amphibians and Reptiles from Arabia. By 
Georg Haas. Pp. 47-86. Vol. 28, No. 4: Fossil Bryozoa from the 
Pleistocene of Southern California. By John D. Soule and Mary 
Marsh Duff. Pp. 87-146. Vol. 29, No.5: A Monograph of the Genus 
Hydrangea. By Elizabeth McClintock. Pp. 147-256 (10 maps and 6 
plates). (San Francisco: California Academy of Sciences, ase [412 
Transactions of the American Philosophical Society. New Series. 
Vol. 47, Part 3: The Cultivation and Weaving of Cotton in the Pre- 
historic Southwestern United States. By Kate Peck Kent. Pp. 
{i+457-734. 4 dollars. Vol. 47, Part 4: The Sixteenth-Century 
Pokom-Maya: a Documentary Analysis of Social Structure and 
Archaeological Setting. By 8. W. Miles. Pp. ii+-735-782. 2 dollars. 
(Philadelphia: American Philosophical Soclety, 1957. {412 
United States Department of Agriculture: Agricultural Research 
Service. Miscellaneous Publication No. 734: A Selected Bibliography 
of the Coccoidea. By Harold Morrison and Alice V. Renk. Pp. i+222. 
(Washington, D.C.: Government Printing Office, 1957.) 60 cents. [412 
Forest Research Institute, Dehra Dun. Indian Forest Leaflet No. 
168: (Minor Forest Products) eee serpentina—Further Studies 
on Methods of Propagation and their Hffect on Root Production. By 


R. L. Badhwar, R. M. Beri, G. V. Larira, and 8. Ramaswami. Pp. 
cane (3 plates). (Delhi: Manager of Publications, 1957.) Re. ont 3 


National Art Gallery and Dominion Museum, Wellingion. Report 
of the Board of Trustees for the year ended 31 March 1957. Pp. 27. 
(Wellington: Government Printer, 1957.) jee 

East Africa High Commission. Annual Report of the East African 
Industrial Research Organization, 1956-1957. Pp. ii+8. (Nairobi: 
Government Printer, 1957.) Sh. 2. 1612 

25 Jahre Hochalpine Forschunggstation Jungfraujoch, 1931-1966. 
Herausgegeben von Prof. Alexander von Muralt. (Experientia 
Supplementum VI.) Pp. 86. (Basel und Stuttgart: Birkhauser 
Verlag, 1957.) 8.30 Swiss francs. {1612 

Smithsonian Contributions to Astrophysics. Vol. 2, No. 5: Geo- 
magnetism and the Emlssion-Line Corona, 1950-1953. By Barbara, 
Bell and Harold Glazer. Pp. iil+61-107. (Washington, D.C.: 
Government Printing Office, 1957.) 65 cents. 1612 

Fishertes Research Board of Canada. Progress Reports of the 
Atlantic Coast Stations, No. 66 (September, 1957.) Pp. 26. (Ottawa: 
Queen’s Printer, 1957.) {1612 

Land Consolidation : Cheaper and More Simplified Methods. Pp. 


126. (Project No. 199.) (Paris: European Productivity Agency of 
the Organization for European Economic Co-operation; London: 
H.M. Stationery Office, 1957.) 400 French francs; &s.; 1.25 
dollars. i [1612 
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A complete range of “ Zeo-Karb 225” and “ De-Acidite FF” ion 
exchange resins for chromatographic separations and other analytical 
purposes is now being produced by The Permutit Company Ltd. 
A new production unit has been established especially for this 
purpose. Details of the resins are shown in the table on the right. 


The crosslinking of “ Zeo-Karb 
225” cation exchange resins is 
given in terms of nominal 
weight percentage of divinyl- 
benzene in the hydrocarbon 
polymer. The corresponding 
weight swelling or water regain 
is also given. © 

Only the weight swelling, or 


crosslinks, in addition to those 
originally placed in the hydro- 


carbon structure, are introduced | 


during manufacture. It is thus 
not possible to produce “ De- 
Acidite FF ” in as wide a range 
as “Zeo-Karb 225” because 
materials with very high water 
regain are difficult to manu- 
facture reproducibly. 
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ION EXCHANGE RESINS 
FOR CHROMATOGRAPHY 





“ZEO-KARB 225” 
Water Regain 
° 
D. grams of waler PARTICLE SIZES 


er gran of 
a resin 
1 6-12 
2 3-5 
4.5 15-2 


16-52, 52-100, 
16-52, 52-100, 
16-52, 52-100, 
8 0.9-1.1  16-52,* 52-100, 100-200,< 200 


20 0.4-0.6 16-52, 52-100, 100-200,< 200 
*Standard **Zeo-Karb 225 ” 


“DE-ACIDITE FF” 


Water Regain 
grams of water PARTICLE SIZES 


per gram of Cl resin 
1.6-2.0 14-52, 52-100, 
1.1-1.5 14-52,* 52-100, 100-200, < 200 
0.6-0.9 14-52,** 52-100, 100-200, < 200 


*Standard * De-Acidite FF” type 510 


100-200, < 200 
100-200, < 200 
100-200, < 200 


100-200, 


water regain is specified for the 
“ De-Acidite FF ” because extra 


For further details please write to :— 


THE PERMUTIT COMPANY LIMITED 





**Standard "“ De-Acidite FF” type 530 


~” Permutit 


Dept. V.H.299, Permutit House, Gunnersbury Av., London, W.4 





Telephone: CHIswick 6431 








Griffin 


AUTOPOISE CENTRIFUGE 





A umque model with a_self-balancing 
head and a rotating bowl 


_ aThe “Autopoise” Centrifuge is of a novel type in 
which the rotating system includes the bowl as well as 
the centrifuge head. The motor frame is mounted on 
three resilient supports which allow limited lateral 
freedom of movement to the rotating system. 

The centrifuge is quiet in operation; has a low 
power consumption due to diminished windage; is self- 
balancing and requires no special care in equipoising 
tubes ; needs little maintenance since the self-balancing 
principle imposes diminished side thrust on the motor 
bearings ; minimises the heating effect of rotation 
since the bowl rotates with the head; gives sharp 
sedimentation of materials as notoriously difficult to 
separate as freshly-precipitated_ calcium oxalate. 


GRIFFIN & GEORGE 
(SALES) LIMITED 


Head Office : Ealing Road, Alperton, Wembley, Middlesex 


Phone : PERivale 3344 





A light metal bowl Spoor ately 14 in. diameter is clamped to 
and encloses the 8-place head, with which it revolves. A light 
metal lid closes the bowl and is secured by a knurled nut, threaded 
to accommodate a liquid vortex speed indicator. A speed-regulat- 
ing rheostat, an on-off switch, a braking switch and a pict light 
are incorporated in the base, which is mounted on rubber feet. 
Supplied with 6 ft. T.R.S. cable. 


S17-720 (without buckets or tubes) ... £49 Ios. od. 


May we send you further information ? 


Central 2552 
Blackfriars 604 1 
Douglas 0747 
Caledonian 4868 


BIRMINGHAM Frederick Street I 
MANCHESTER Cheetham Hill Road 4 
GLASGOW 


EDINBURGH 


Renfrew Street, C2 
Johnston Terrace I 
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LECTURES AND COURSES 


QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 


POSTGRADUATE DIPLOMA IN 
NUCLEAR ENGINEERING 


A one year course of study in Applied 
Nucleonics and Reactor Theory will be 
given during the Academic Year 1958-9, 


and will prepare students for the above 
_ diploma. A good honours degree in engin- 
eering, science, or mathematics Ils a neces- 
sary entry requirement. Studentships will 
be available to suitably qualified applicants 
.but immediate application is necessary. 


A brochure describing the course can be 
obtained from the Secretary, Nuclear Engin- 
eering Laboratory, Queen. Mary College, 
Mile End Road, London, E.1. 


BIRKBECK COLLEGE 
CUNIVERSITY OF LONDON) 
Session 1958/59 begins Monday, 
September 29, 1958 
Part-time (evening) courses provided for 
Internal degrees in the Faculties of Arts 
and Science. Facilities also provided for 
full-time and part-time students reading for 

(i) Higher Degrees by thesis in Arts and 
Science. 

(ii) M.A. and M.Sc., Mathematics and 
M.Sc., Crystallography by examina- 
tion. 

(iii) Academic Postgraduate Diplomas in 
Psychology and Numerical Analysis. 

The College also invites applications from 

full-time and part-time students wishing to 
take by thesis higher degrees in statistics. 
The Department of Scientific and Indus- 
trial Research has accepted the Postgraduate 
Diploma Courses in Psychology and 
Numerical Analysis, and the M.Sc, Crystallo- 
graphy course, as suitable for tenure of its 
Advanced Course Studentships. Students 
intending to read for Higher Degrees in 
Science by thesis are invited to inquire of 
the College whether it has available any 
D.S.1.R. Research Studentships. 

Applications for admission to the College 
should be made before June 1. Pamphlet 
and form of application may be obtained 
from the Registrar, Birkbeck College, Malet 
Street, W.C.1. 





UNIVERSITY OF LONDON: A COURSE 
of two lectures entitled ‘*‘ The Inside of the 
Earth ” wil] be delivered by Sir Edward Bullard 
(Cambridge) at 6 p.m. on March 7 and 14 at 
Bedford College, Regent’s Park, N.W.1!. Ad- 
mission free, without ticket.—James -Henderson, 
Academic Registrar. 


OFFICIAL, APPOINTMENTS 


UNIVERSITY COLLEGE OF 


SWANSEA 


Applications are Invited for either an Assistant 
Lectureship or a Lectureship in the Department 
of Geology. Candidates should have special in- 
terests in sedimentation. Salaries: Assistant Lec- 
tureship, not less than £700 per annum. Lecture- 
ship, £900. by £50 to £1,350 by £75 to £1,650 per 
annum. Commencing salary in each case will be 
at a point on the appropriate scale according to 
age, qualifications and experience. Membership 
of the F.S.S.U. and children’s allowance scheme. 

Further particulars may be obtained from the 
Registrar, University College, Singleton Park. 
Swansea, to whom applications (six copies) must 
be sent by March 15, 1958, 


UNIVERSITY OF OTTAWA 


POST-DOCTORAL FELLOWSHIP IN 
CHEMISTRY 

Applications are invited for a post-doctoral 
Fellowship tenable at the University of Ottawa -in 
October, 1958, for work on thermodynamic and 
relaxation behaviour of polyblycol-solvent systems. 
The fellowship will carry a remuneration of $4,500 
and will extend for at least two years, being re- 
newable annually. 

Applications, stating the names of two referees, 
should be sent to Dr. B. E. Conway, Department 
of Chemistry, University of Ottawa, Ottawa, 
Canada by March 31, 1958. 





UNIVERSITY OF BAGHDAD 
IRAQ 
Applications are invited for the following three 
appointments in the Department of Chemistry, 
College of Arts and Science, Baghdad: 


1. Professor / Assistant Professor in PHYSICAL 
CHEMISTRY. 

2. Professor/ Assistant Professor in INOR- 
GANIC and GENERAL CHEMISTRY. 

3. at) Professor/Lecturer in BIOCHEM- 


Candidates for the first two posts must hold a 
doctorate in chemistry and possess sufficient ex- 
perience in teaching the subject concerned at the 
B.Sc. honours level. Evidence of a good aca- 
demic record and of a sustained interest in origina! 
research is essential. Experience in preparing 
students for postgraduate degrees will be con- 
sidered as an additional qualification. 7" 

Candidates for the post of Assistant Professor / 
Lecturer in BIOCHEMISTRY, must possess a 
good academic record with training in biochem- 
istry at least up to the B.Sc. honours standard. 
A Ph.D. degree (or equivalent) in biochemistry or 
chemistry, with evidence of continued interest in 
original research, is essential. Experience in 
teaching biochemistry at the undergraduate level 
will be considered as an additional qualification. 


Salary range (.D.1=£1): 
Professor, I.D.2,400 to I.D.3,000 per year. 
Assistant Professor, I.D.1,800 to I1.D.2,400 per 


year. 
Lecturer, I.D.1,560 to I.D.1,920 per year... 
Cost of living allowance of at least I.D.144 per 
year. The contract could be for one or three 
years. i 


Free passages for himself, wife and two children 
under 13 years, at the beginning and the end of 
contract. Medical care and leave according to 
rules. Annual summer vacation entitlement. 
Teaching is done in English. 

Applications for each of the three posts should 
include particulars about age, nationality, marital 
Status, academic record, teaching and research 
experience and present position. A list of publi- 
cations, copies of testimonials and a recent photo- 
graph should also be submitted. 

Further inquiries and correspondence should be 


. A. A. DURI, 
Dean, College of Arts and Science, 


UNIVERSITY OF WESTERN 


ONTARIO 
DEPARTMENT OF PHYSICS 
RESEARCH ASSOCIATESHIPS IN 
EXPERIMENTAL AND THEORETICAL 
PHYSICS 

Applications are invited for postdoctoral and 
predoctoral Research Associateships in experimen- 
tal and theoretical chemical physics tenable in 
The Molecular Excitation Group from August 
1958. The research interests of the group cover 
a wide range of excitation -problems related to 
combustion, radiation chemistry, astrophysics, and 
atmospheric physics. 

Further information may be obtained by writing 
by air mall to Dr. R. W. Nicholls, Department 
of Physics, University of Western Ontario, 
London, Ontario, Canada. 


UNIVERSITY OF GLASGOW 
UNIVERSITY STUDENTSHIPS AND 
FELLOWSHIPS _ 

Applications are invited for University Student- 
ships and Fellowships for experimental or theor- 
etical. research in Nuclear and Elementary Particle 
Physics. Salary scale: Studentships, £350 to £500 
per annum, according to qualifications, with a 
tenure of three years. Fellowships, £600 to £900 
per annum, according to qualifications. Tenure 
three yeats on appointment, with possible renewal 
for further period of two years. These Fellow- 
ships will be superannuated under the F.S.S.U. 
Applications, stating age, academic qualifica- 
tions, research experience and names of two 
referees, should be sent to the Professor of 
Natural Philosophy, the University, Glasgow, 

W.2, before April 12, 1958. 


UNIVERSITY COLLEGE OF 


SWANSEA 


DEPARTMENT OF ZOOLOGY 

Applications are invited from zoologists with 
interests in marine biology for a Research Fellow- 
ship tenable for three years. The salary may.be 
up to £800 per annum. 

Further particulars may be obtained from the 
Registrar, University College, Singleton Park, 
Swansea, to whom applications (three copies), 
should be sent by March 31. 1958. 


addressed to the undersigned. 








qualifications, 


of Queen’s University of Belfast. Preference will._; 


4 
UNIVERSITY OF BRITISH u 


7 
COLUMBIA : 
DEPARTMENT OF PHYSICS E 
Applications are invited for appointments as) ¢ 
Lecturer, Assistant Professor, Postdoctorate Fellow ` 
and Research Assistant in the Department of! 
Physics. The vacancies have been creat y the . 
rapid expansion of the university. They are if 
mainly in the fields of nuclear physics. optical . 
spectroscopy, solid state physics and geophysics. 
Applicants should have an honours degree in 
physics and. except in the case of Research Assist- 
ants. a Ph.D. degree. They should not be more 
than 30 years of age and should be available in 
September. 1958. There are also Teaching Assist- — 
antships available to help students who wish to {f 
pursue graduate work towards a Ph.D. degree. 
Applicants wishing fuller information regarding 
any of these positions or awards should write to: 
G. M. Shrum. Head, Department of Physics, Uni- `, 
versity of British Columbia; Vaneguyeny BG: 
Canada. ey 1, 


MEMORIAL UNIVERSITY OF 


NEWFOUNDLAND O 
ST. JOHN'S, NEWFOUNDLAND. CANADA ` 
Applications are invited for the following posi- di 
tions on the academic staff of the University, to. 
take effect from September 1, 1958. All appoint- < 
ments are made originally for a two-year DTO- 
visiona] period, establishment on a _ permanent y 
basis being subject to confirmation. The ap- 
pointees will be required to deal principally with 
undergraduate courses. pass and honours, but |: 
participation in the master’s course may be re- 
quired in some cases. Assistant Professor in the 
Department of Chemistry, to teach Physical : 
Chemistry. Assistant Professor in the Department ,' p 
of Mathematics. Assistant Professor in the De- a 
partment of Physics. Assistant Professor in the , 
Department of Biology, to teach Invertebrate © 
Zoology. -The annual salary scale is $4,400 to ‘ 
$6,000, on annual increments. Depending on í 
etc., appointments may be made 
above the minimum figure. Scales carry efficiency . 
bars at certain points. There is provision for 
contribution towards transportation expenses, and 
a liberal contributory Pension Plan exists. 
Applications, with complete curriculum vitae, 
and the names and addresses of three referees, 
should be addressed to The President, Memorial 
University of Newfoundland, St. John’s New- ; 
foundiand, Canada, by April 8, 1958. In addi- , 
tion, two copies should be sent to the Secretary, | | 
Association of Universities of the British Com- -, 
monwealth, 36 Gordon Square, London, W.C.1, - 
to reach him by the same date. 


GOVERNMENT OF NORTHERN i 
IRELAND 


Applications are invited for pensionable post of 
Senior Scientific Officer in Dairy Bacteriology ‘ 
Division, Ministry of Agriculture. Candidates 
must be British subjects normally resident in the 
United Kingdom, and possess an honours degree 
in bacterlology, biology or agricultural science and 
since graduation have specialized in bacteriology. 
Candidate should have had experience which 
would fit him to undertake investigations concern- 
ing bacteriology of eggs and allied fields of food! `- 
and agricultural] bacteriology. Salary scale. £1,160 72 
to £1,370. A candidate with special qualifica- 
tions and experience may be offered a salary’ 
above the minimum. The candidate appointed, is 
may be required to undertake certain teachings 
duties in Department of Agricultura! Bacteriology, 








€ 


t 


be given to ex-Servicemen. S 
Application forms obtainable from Secretary, 
Civil Service Commission, Stormont, Belfast, 
should be returned, together with copies of two) 
recent testimonials, by March 19, 1958. 


UNIVERSITY COLLEGE OF = ¢ 


GHANA Ea 

Applications are invited for (A) Assistant Leed i 
tureship or (B) Lectureship in Physics. Inter 
in geophysics an advantage. Salary scales: (A? 
£900 per annum ; (B) £1,000 by £50 to £1.350 by 
£75 to £1,800; £1, 850 per annum. Entry poin 
according to qualifications and experience 
F.S.S.U. Outfit and family allowances. Passage 
for appointee and family on appointment, annuzg . 
leave and normal termination. Part-furnished a 
commodation at a charge not exceeding 7.5 pe 
cent of salary. 

Detailed applications (six copies), naming thre; 
referees, by March 13, 1958, to Secretary, Inte 
University Council for Higher Education Oversea 
29 Woburn Square, London, W.C.1, from who) 
further particulars may be obtained. 
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CO-OPERATION IN RESEARCH AND DEVELOPMENT 


T impracticability of national self-sufficiency 
in defence had been increasingly recognized in 
Anglo-American relations, even before the Declaration 
of last autumn gave full expression to the common 
agreement that Britain and the United States can no 
longer afford to waste resources in skill and money 
but must make joint efforts fully co-operative. That 
much was recognized by the Howitt Committee, 
reporting in 1956, as a decisive reason for its reluctant 
recommendation that the Government should have 
permanent but limited powers to acquire the use of 
technical information in contracts for the supply of 
material for defence purposes. The resources of 
materials and of man-power in Britain are quite 
inadequate for us to hope to carry out in Government 
departments all the research that is desirable for 
defence purposes, and the real question behind the 
discussion on the Defence Contracts Bill is how far it 
will promote or hinder the free circulation of technical 
and scientific information. 

That is only one aspect of defence research, on 
which some 10 per cent of the defence vote is spent. 
An even more vital one for Britain is raised in the 
Fifth Special Report from the Select Committee on 
Estimates for the Session 1956-57*. The greater part 
of this document consists of the observations of the 
Admiralty upon the seventh report of the Select 
Committee on Estimates for the session 1955-56 on 
naval research and development ; but it also containg 
some comments from the Minister of Supply and the 
Minister of Defence on other recommendations of the 
Committee, in its second report of the session 1955- 
56, which are no less pertinent to the whole question 
of the scale and organization of defence research. 

In its seventh report for the session 1955-56, the 
Committee recommended an immediate examination 
of the possibility of merging naval and research 
development establishments with those working for 
other Government departments, including the Council 
for Scientific and Industrial Research, wherever this 
merger is practicable. The final decision on which 
establishments are to be merged should rest, the 
Committee suggests, with the Ministry of Defence. 
The Admiralty has during the past ten years or more 
been under fairly strong criticism for its reluctance to 
co-operate fully in research, and it now explains that 
it is already planning the merger of several of its own 
research and development establishments. A large 
measure of integration of the Services’ research and 
development programmes, and of co-ordination 
between those activities and those of non-Service 
research and development establishments already 
exists, and in particular, where appropriate, one 
Department assumes responsibility for the conduct of 
all research in certain fields. 


* Fifth Special Report from the Select Committee on Estimates, 
Session 1956-57. . 25. (House of Commons Paper No. 307.) 
(London: H.M. Stationery Office, 1957.) 1s. 8d. net. 


The present report of the Select . Committee 
announces that in the light of the Committee’s 
earlier recommendation and of changes in the defence 
programme, the Ministry of Defence has agreed to 
undertake a review of all research and development 
facilities. This may prove to be a step forward, 
though it may carry us no further than the review 
of expenditure on research and development generally, 
which was made ten years ago by the Select Com- 
mittee on Estimates. What is needed is a review not 
of research facilities and plants but of defence 
research as a whole, and its balance with the national 
research effort as a whole. Only, for example, in such 
@ context is it possible to judge how far our effort 
in nuclear research is adequate and justifiable in 
relation to the rest of the research effort demanded 
of the strictly limited resources—in man-power, 
institutions and materials—that are available in 
Britain ; and whether it is reasonable to employ some 
20,000 qualified scientists and engineers in the 
Government services. 

In this connexion, it is important to remember 
that, as Sir John Cockcroft recently remarked in 
Amsterdam, research equipment is now becoming so 
expensive that some must be considered not national 
but even international ventures if national economy 
is not to be distorted and a really efficient return 
secured on the investment. Under such conditions, 
it may become essential to consider the abandonment 
of whole projects, possibly in agreement with other 
countries. The fatal way could well be that beloved 
of the politician, of paring 10 per cent here and there 
in the hope of achieving a useful economy in the 
aggregate. 

Before considering the further implications of this 
proposal to review defence research and development 
facilities, it is as well to note the comments on other 
recommendations of the Select Committee. The 
Admiralty has agreed to amend the heading in the 
Navy Estimates, ‘“Research work by other Govern- 
ment Departments on Admiralty behalf”, to read, in 
the 1957-58 Estimates, “Stores and equipment 
supplied to, and research done for, Admiralty 
research departments by other Government depart- 
ments, etc.’’, and & note is to be added to make it 
clear that the Subhead 0 does not include all naval 
expenditure on research and development. The 
recommendation that for proposals for new works, 
services and equipment, research and development 
establishments should be treated as a single head- 
quarters service, and also the recommendations for 
extending to research and development the policy of 
amalgamating establishments with powers to make 
their proposals direct to the Admiralty, has been 
accepted ; but the Admiralty does not regard it as 
desirable or practicable to allow each of thirty 
research establishments a ‘separate fund with dis- 
cretion to spend up to £300 on individual items, 
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though it has been decided to set aside each year a 
small central reserve fund to be administered by the 
Director of Research Programmes and Planning on 
which superintendents of research establishments can 
indent. 

The Admiralty questions whether the recom- 
mendation that research and development establish- 
ments should be made responsible to a single 
organization in the Admiralty for purposes of their 
programme of research, staffing and progress gives 
sufficient weight to the position of the Deputy Con- 
troller (Research and Development), who as scientific 
adviser to the Board of Admiralty and as deputy to 
the Controller is responsible for supervizing and 
co-ordinating the research and development pro- 
grammes. Accordingly, the Admiralty suggests that 
no great advantage is likely to result from placing 
such establishments under the direction of the heads 
of the purely scientific departments in the same way 
as the basic research establishments already do. It 
is pointed out that the Committee’s proposals would 
separate the responsibility for research and develop- 
ment from that for the final design and production, 
and that the Admiralty would prefer to reserve final 
judgment pending the report of the Admiralty Com- 
mittee, under the chairmanship of Sir Barclay Nihill, 
which is at present reviewing Admiralty organization 
in the material field. 

In the discussion of this recommendation, there is 
no reference to the Defence Research Policy Com- 
mittee or the position of the Deputy Controller in 
relation to that Committee, of which he is a member. 
This omission also bears on two other recommenda- 
tions which the Admiralty has, in principle, accepted : 
that if it is decided in future to open a new research 
and development establishment, particular care 
should be taken to site it in an area where it will 
not recruit in competition with existing research and 
development establishments, and that an early 
choice should be made between finding more suitable 
premises for the Royal Naval Physiological Labor- 
atory and arranging for such work as is necessary to 
be done elsewhere. Indeed, it already appears that 
if the most effective use is to be made of existing 
research institutions and available scientific and 
technical man-power, @ good deal of close co-operation 
between the Defence Research Policy Committee and 
the Advisory Council for Scientific Policy is neces- 
sary. 

Three other recommendations of the Select Com- 
mittee are rejected by the Admiralty. The Admiralty 
considers that the present system affords full oppor- 
tunities for advancement consistent with the main- 
tenance of proper standards, and accordingly does 
not propose to evolve a system of promotion from 
the ‘assistant (scientific)’ grade to the ‘experimental 
officer’ grade and from the latter to the ‘scientific 
officer’ grade, which already draws 8 per cent of its 
officers from the experimental officer grade while the 
latter draws 17 per cent from the scientific assistants. 
The Admiralty also maintains that its present pro- 
cedure does obtain the most favourable possible 
research and development contracts with industry, 
nor does it accept the recommendation that the views 


NATURE 


March 8, 1958 


of the Director of Navy Contracts should be sought 
at an earlier stage in the formulation of the research 
and development programme. His essential con- 
tribution is to ensure that the work is carried out 
with maximum value to the Admiralty ; to consult 
him in the planning stage and in the decision which 
projects should be put out to industry and which 
should be carried out by the Admiralty research and 
development establishments, it is suggested, would 
not in general be of assistance. 

The Select Committee on Estimates in its second 
report, 1955-56, recommended review of the system 
of control to ensure that research projects (on military 
aircraft) are not continued after they have outlived 
their usefulness. The Minister of Supply and Minister 
of Defence now claim that the Director-General of 
Scientific Research (Air) and the Finance Branch 
keep all research projects under continuous review, 
while the Research and Development Board of the 
Ministry of Supply considers the list of projects 
periodically, and the Aircraft Research and Develop- 
ment Programmes Committee, of which the Controller 
of Aircraft is chairman and which includes repre- 
sentatives of the Naval and Air Staffs, does so 
annually. These arrangements, it is believed, should 
ensure that no project is continued after it ceases 
to be worth while, and it is pointed out that while 
the primary purpose of a research aircraft is usually 
to explore new fields of aerodynamics, when this has 
been done, the use of such aircraft for the flight 
testing of engines and equipment required for later 
operational aircraft of comparable characteristics 
usually offers economy in both time and money. 

A review of the effectiveness of the control by the 
Minister of Defence of projects was also recommended 
by the Committee. This control of the research and 
development programme is exercised in the main 
through the Defence Research Policy Committee, 
which has a strong scientific element in its com- 
position, including the Secretary of the Department 
of Scientific and Industrial Research. The Committee 
is served by a small full-time scientific and military 
staff which conducts a preparatory examination of 
all projects, dealing with minor projects on behalf of 
the Committee. Moreover, the Committee does not 
confine itself to military considerations, but also takes 
account of the call that a given project would make 
on resources of money, man-power and capacity in 
relation to the military and scientific advantage that 
the project would secure. 

To some extent the Defence Research Policy Com- 
mittee does contribute to that informal and flexible 
exchange of views which Sir Owen Wansbrough- 
Jones described in his William Jackson Pope 
Memorial Lecture five years ago as an invaluable 
characteristic of the place which Britain now gives 
the scientist in the Services. Nevertheless, the cir- 
culation which the Defence Research Policy Com- 
mittee’s reports receive is inevitably restricted, and it 
would seem desirable to seek some further means of 
bringing outside informed criticism to bear on 
problems in which so large a scientific and techno- 
logical element now enters, quite apart from the 
appraisal of the total defence research effort in 
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relation to other demands on scientific and technical 
resources. The problem is essentially one of striking 
a balance between the free flow of information and 
the minimum amount of secrecy which defence 
considerations rightly demand; and it is important 
that due regard should be paid not simply to the 
dangers which may attend the disclosure of informa- 
tion, but also to the price which has inevitably to be 
paid in waste of man-power and materials and in 
the loss of constructive criticism and creative 
ideas for any secrecy or impediment to the 
flow of information in the proper professional 
channels. 

Neither risk is to be lightly disregarded ; at the 
present time, if Anglo-American co-operation in 
research and development is not to be hindered, the 
former must be a calculated risk. The right approach 
to both problems, however, is from the angle of 
securing the conditions in which scientific and tech- 
nological work is most fruitfully pursued, of which 
the maximum freedom of interchange of information 
is one of the first. That is a factor also if any searching 
review is to be made of defence research as a whole, 
and of its balance with the national research effort 
generally. Much depends here on the formal and 
informal organization of that effort at the highest 
level, and on the relations between the Ministers of 
Defence and Supply and the Lord President of the 
Council, for example. If they are adequately served 
and advised, it does not appear inherently impossible 
that the existing structure should provide what is 
needed, though in recent years doubts have been 
freely expressed as to the adequacy of the Lord 
President of the Council’s office- in surveying civil 
research. Nor can the whole problem be divorced 
from that of the supply of trained man-power and 
the measures now boing taken to maintain and 
increase that supply. 

The effective disposition of scientific and tech- 
nological man-power between defence and the several 
civil and industrial spheres, and the provision of 
adequate facilities, are really one problem. ‘There 
must be no waste of trained man-power, either on 
work that could be carried out by less highly trained 
staff, through the absence of adequate equipment and 
facilities, by duplication of work being carried out 
elsewhere, or by failure to provide sufficiently for the 
communication of knowledge on which the stimu- 
lation of creative ideas largely depends. The task of 
co-ordination and balance is too immense to be 
entrusted to any one individual. It can best be 
carried out by ensuring that at all levels, from 
Ministers downwards, those concerned are fully alive 
to all the issues involved and capable of appreciating 
for themselves the scientific and technical aspects 
with the financial and military and _ other 
factors. 

Nor is this simply a matter of Government organ- 
ization alone. As was shown in the discussion which 
followed addresses to the Parliamentary and Scientific 
Committee on November 26, 1957, on problems 
of aircraft research and development in Great 
Britain, demonstration of an adequate policy to 
exploit our strength in aeronautical research—and in 
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other fields—depends on the closest collaboration 
with industry. Without such co-operation and full 
understanding, we cannot hope to use to the full the 
powerful resources for research and development 
which exist in Britain, resources which in quality are 
often as good as exist anywhere. Moreover, as Sir 
William Farren pointed out, apart from the question 
of shortage of trained man-power, it is a matter of 
retaining the ablest young scientists and technologists 
at their most creative period. No increase in the 
total output of scientists and technologists is likely 
to add appreciably to those of the highest ability ; 
and to provide the conditions which attract and 
retain the services of men of that class is a major 
responsibility not only of the aircraft industry but 
also of other industries, including the nationalized 
industries and public corporations. 

The aircraft industry is not a typical example of 
relations between industry and the Government, 
especially the Services, though differences in relations 
are rather in degree than in kind. Two points at 
least which emerged in this discussion have wide 
validity : the selection of projects and the problem 
of continuity. They are indeed related and have a 
vital bearing on the problem of Anglo-American 
co-operation. 

Referring to the assertion that research is too 
closely related to projects, Sir William Farren 
remarked that when well led, research will generate 
its own projects, and he emphasized the dependence 
of all technological advance on fundamental research 
and new knowledge. Once again the vital importance 
of the unimpeded dissemination of new knowledge 
is apparent, and it would be fatal if any arrangements 
with the United States were allowed to place unjusti- 
fiable restrictions on the circulation of such ideas. 
Apart from the disastrous results of such measures 
on the stimulation of new ideas, every effort should 
be made to bring home both here and, as tactfully as 
possible to our allies, the force of Sir Ralph Glyn’s 
remark: . “There has been more extravagance in 
expenditure due to documents being labelled ‘Secret’ 
than from any other single cause. ... The word 
secret is very often applied in order to cover up 
extravagance’. 

In considering these relations between Government 
departments and industrial establishments in the 
matter of research, due weight should be given to 
factors which fSir George Thomson stressed in his 
Fawley Foundation Lecture, ‘The Strategy of 
Research”, last autumn. His reasons for believing 
that the serious difficulties of Government research 
establishments outweigh their advantages bear 
closely on the question of the distribution of our 
research effort both in defence and in the civil field. 
Further, its distribution has implications in regard to 
the second point, that of continuity, which is 
particularly liable to be jettisoned in Government 
establishments. 

The most important factor making for economy in 
research is the wise choice of targets or projects, and 
while it is true that one of the most difficult decisions 
which a director of research has to take is when to 
abandon a programme, it should be stressed that 
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that is not primarily or mainly a financial decision. 
Once a project has been selected, it should be carried 
through to completion, unless scientific and technical 
factors emerging in the course of the project point to 
its abandonment; it should not be liable to inter- 
ruption to secure small 5 or 10 per cent savings in 
a research budget. On no other basis is the planning 
of research and development possible, and the need 
of the aircraft industry for this kind of security was 
emphasized before the Parliamentary and Scientific 
Committee. 

This commitment in advance to expenditure bears 
closely on the practicability of achieving effective 
economy in co-operative research between Great 
Britain and the United States. It implies that each 
country must surrender its right to abandon support 
of a joint research or development project on which 
it has once agreed without the consent of the other 
parties to the agreement. Without this, waste rather 
than economy may result from such co-operative 
ventures. This implication is not likely to be accepted 
readily by the British Government, and it is essential 
that its importance and the reasons for such con- 
tinuity should be clearly understood in advance. To 
that end scientists and technologists generally should 
ensure that their professional associations consider 
carefully and fully all that is involved in 
this question of the most effective deployment of 
resources in research and development, both in 
defence and in the civil field, and in the co-operation 
with the United States now being examined. Even 
more than critical examination of points of detail is 
the clear and creative thinking out of which sound 
constructive proposals will emerge. 


PHYSICS AND METAPHYSICS 


Causality and Chance in Modern Physics 
By Prof. David Bohm. Pp. xi+170. (London: 
Routledge and Kegan Paul, Ltd., 1957.) 21s. net. 


T is the most paradoxical book I have seen 
for many years. Its author is not only a dis- 
tinguished physicist but also a thinker with progres- 
sive views on most things ; yet he is blind to one of the 
greatest of the advances in rational thinking which 
the development of physics has initiated. He purports 
to discuss fundamental aspects of modern science, but, 
scorning the scientific method established since 
Newton’s time, he revives the metaphysical attitude 
of system-makers like Descartes, whose self-assurance 
he wonderfully imitates. He holds out the expecta- 
tion that his ideas will eventually elucidate the 
strange properties of matter in its states of highest 
energy, but there is not a word in the book about the 
possible relation of these properties to the themes 
treated at great length in it. The elementary style of 
exposition could easily mislead the unwary student 
into the belief that he is here presented with a 
straightforward account of the problem stated in tho 
title; but what the specialist sees in these dreary 
pages is æa picture distorted beyond recognition by 
misinterpretation and misrepresentation. 

The author’s original endeavour was to vindicate 
the traditional conception of deterministic causality 


NATURE 


March 8, 1958 


in atomie physics. Having notoriously failed in this, 
he now tries to argue that one ought to consider more 
general types of causality, partaking of both determ- 
inism and chance: the element of chance appearing 
at any ‘level’ of description would have to be under- 
pinned by the determinism of some hidden processes 
going on at a ‘deeper’ level. This novel conception, 
however, is not ‘synthetic’, as he thinks, but just 
confused ; at any rate, it does not correspond to the 
actual situation with which we are confronted in 
atomic physics. In fact, the infinite sequence of 
deeper and deeper levels of reality, which Prof. Bohm 
imagines, appears to serye no other purpose than. to 
provide him with a perpetual line of escape from 
embarrassing difficulties. 

The true character of the causal relations of atomic 
physics was fully elucidated by Bohr and Heisenberg 
thirty years ago, and all that we have learned since 
about atoms and nuclei and other fundamental 
agencies of Nature has only strengthened the con- 
clusions then reached and extended their scope. In 
particular, one of the most firmly established facts 
about the newly discovered mesons and hyperons is 
that the laws of their behaviour and interactions, 
whatever surprises they may hold in store for us in 
other respects, follow the general pattern of quantum 
theory, with its essentially statistical character. 
Thus, the great discovery of the non-conservation of 
parity in weak interactions refers to a typically non- 
classical feature, which can only be defined in statisti- 
cal terms. , 

Altogether, it is impossible to discern in this new 
domain of experience the slightest foundation for 
the surmise that a return to some deterministic mode 
of description could throw light upon the phenomena. 
If some physicists nevertheless entertain such expec- 
tations, it is because, in contradiction with the 
exigencies of sound scientific method, they give to 
some metaphysical prejudice, like determinism, 
greater weight than to the immediate lessons of 
experience. That such irrational dogmatists should 
hurl the very accusation of irrationality and dogma- 
tism at the defenders of the common sense, uncom- 
mitted attitude of other scientists is the crowning 
paradox which gives a touch of comedy to & con- 
troversy so distressingly pointless and untimely. 

L. ROSENFELD 


VoL. 181 


GEOLOGICAL INTERPRETATION. 
OF MARINE SEDIMENTS 


Géologie Sédimentaire 

Les Séries Marines. Par Prof. Augustin Lombard. 
Pp. 725+13 planches. (Paris: Masson et Cie. ; 
Liège: H. Vaillant-Carmanne, S.A., 1956.) 11,000 
French frances. 


ROF. A. LOMBARD of Brussels, previously a 
lecturer at Geneva, starts with a somewhat 
muddled warning against unreserved acceptance of 
the doctrine of uniformitarianism—es dreadful word 
replaced in French by actualism—which, for our 
purpose, may be interpreted as present-day-ism. 
Lombard quotes, with approval, a recent remark by 
Debyser that the present is only the key to the past, 
r ot its replica; but this of course is exactly what 
Hutton, Playfair and Lyell tried to teach us from the 
beginning. 
Lombard’s criticism of actualism is clearly based on 
confusion, since, by way of illustration, he blames the 
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principle for six “ ypothetical and mistaken inter- 
pretations’”’, in regard to all of which it is perfectly 
innocent. For example, he complains that ripple- 
marks have long been thought to be restricted to 
shallow-water formations, whereas they have recently 
been photographed on the sea bottom at a depth of 
2,000 m. The obvious answer is that the mistake was 
made through ignorance, not knowledge, of the 
present. 

Lombard’s main quarrel with the idea of inter- 
proting the past in the light of the present is due to 
his fear that an observer of the present may be dis- 
tracted by some short-term Process ; and so he may 
fail to realize an accompanying long-term process, 
which, though it produces no appreciable result within 
his experience, may be of great importance in the 
course of geological time. The typical example of 
this, in his opinion, 1s afforded by some geologists 
having attributed the graded bedding of many deep- 
sea, sandstones to turbidity currents. He himself 
thinks that in most cases it is due to sea-bottom 
creep, analogous to golifluxion (soil-flow) commonly 
found on land. A graded bed, it may be explained, 1s 
one in which a relatively coarse base grades upwards 
into a relatively fine top. The connexion between 
turbidity currents and graded bedding seems to have 
been first advanced by myself in 1938 ; but its experi- 
mental confirmation and much more besides we owe 
to Kuenen. It is very doubtful whether many 
geologists will follow Lombard in the modification 
he has proposed. 

While not agreeing with Lombard on quite a 
number of points I have found his book, especially 
Part I, pp. 11-208, full of stimulating discussion of 
such phenomena as island arcs, the mid-Atlantic 
ridge, continental shelves and slopes, atolls, submarine 
canyons, guyots (submerged truncated peaks), rhyth- 
mic sequences, etc. He gives brief, readable sum- 
maries of the views of many fellow-workers ; and 
these are supported by @ bibliography with 1,200 
entries (50 per cent in French, 30 English, 20 German), 
along with a good index and contents. The whole 
should help future research quite considerably. 

Like others in the same inquiry, Lombard finds it 
very useful to draw graphic sections of successions 
which he is investigating, whether in the field or in 
boreholes. Of late, such sections, where based on 
boring, have often been supplemented by curves 
recording electric resistance, radioactivity, etc. 
These latter-day curves supply additional information 
that cannot be derived from the graphic sections, 
although comparison, once all have been drawn, 
allows of valuable correlation. Now Lombard 
suggests supplementing each graphic section by a 
curve directly based upon it, using a succession of 
co-ordinates corresponding with sandstone, shale, 
limestone (and as many intermediate terms as may 
seem desirable). I confess I have found these curves 
less informative than the graphic sections from which 
they have been derived. It is, however, quite possible 
that students will enjoy publishing them, just as 
for many years they have enjoyed publishing ‘norms’ 
corresponding with analyses of igneous rocks. 

I have mentioned the sequence, sandstone, shale, 
limestone, as & standard with which Lombard com- 
pares actual sequences. I have also indicated that 
he is prepared to admit intermediates, such as shaly 
sandstone, sandy shale, etc., in his scale. A problem 
is presented when the local sequence includes an 
item, say, coal, which cannot lithologically be placed 
in the standard succession. This particular difficulty 
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is faced by Lombard in a section on “Séquences 
rhythmiques détritiques-colloidales-calcaires à char- 
bon”, pp. 473-498, in which he takes most of his data 
from Moore’s account of the Carboniferous in Texas 
and Robertson’s of the same formation in Britain. In 
its simplest form the vertical sequence of rock types 
runs from older to younger as follows : sandstone, 
shale (more or less converted to root-bed), coal, shale, 
limestone, shale; sandstone again, with & similar 
repeat of the other terms. Lombard has not realized 
that the coal is an aerial formation, which places it 
outside his standard scale, intended for marine 
formations only. Accordingly, he inserts it between 
non-caleareous and calcareous shale, remarking 
that it has originated from fine plant debris. 

Before leaving this subject I may add that I do 
not agree with Robertson’s idea that the rhythm 
depends upon the intermittent rupture of a bar that 
normally excluded the sea from a low-level, subsiding, 
afforested marsh. It would require a pump. Peach’s 
1885 explanation involving recurrent speeding up of 
subsidence is much more acceptable. ' 

E. B. BAILEY 


OUTLINE OF STEROID CHEMISTRY 


The Chemistry of Steroids 

By Dr. W. Klyne. (Methuen’s Monographs on Bio- 
chemical Subjects.) Pp. 216. (London: Methuen 
and Co., Ltd.; New York: John Wiley and Sons, 
Inc., 1957.) 18s. net. 


ie the quarter of a century which has elapsed since 
the elucidation of the final features of the struc- 
tures of the sterols and bile acids and the almost 
coincident recognition that an identical ring system 
occurred in the first of the sex hormones to be 
isolated, the chemistry of the steroids has undergone 
extensive development. Numerous new members of 
the group, many with the properties of hormones, 
have been isolated from animal sources, while a few 
types of important plant products, such as the 
cardiac glycosides, have been shown to contain the 
same characteristic ring system. Steroid chemistry 
has thus become a wide and specialized field. 

Treatises on the subject, or on parts of it, are of 
course available, but these are mainly for the 
specialist. A brief survey of the whole field, such as 
is contained in the above volume, is therefore to be 
welcomed. That this work, dealing as it does with 
the purely chemical side of the subject, should appear 
in a well-known series of monographs on biochemical 
subjects might, at first sight, seem strange. But this 
anomaly finds its explanation in the author’s state- 
ment that a companion volume, by another writer 
dealing with the biochemistry, is In course of prep- 
aration. | 

One aim of the book, namely, the provision of “an 
outline of the chemistry of the steroids for the non- 
chemical reader”, has, in my view, not been achieved, 
and I doubt if such an end could be attained. Con- 
sequently, the few very elementary passages found 
interspersed in the text might well have been 
omitted. The subject-matter is not arranged for easy 
reading nor, as the author recognizes, is the treat- 
ment comprehensive. In my view, the work must 
be regarded as a masterly summarization and 
tabulation of the principal facts relatmg to the 
chemistry of the steroids. Thus, to take a random 
example from one of the less common steroids, if one 
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‘wished: to gain some information about stigmasterol 
one would find in Table 6A its systematic name, 
molecular formula and two physical constants. From 


the systematic name, and with the aid of the formula. 


for cholesterol on p. 111, of the system of numbering 
for the nucleus given in the introduction and of the 
structure of thé side chain reproduced on p. 112, one 
could write the complete structural formula for 
stigmasterol. Table 6A also gives the soya bean as 
its source, from which one could deduce that stigma- 
sterol is probably a phytosterol. As a work of this 
nature, the book will be found to be a handy volume 
for the expert or semi-expert to have at his elbow 
when he wishes to refresh his memory about the 
accepted structure, configuration or conformation of 
a particular steroid. 

The text is remarkably free from misprints, 
although the misspelling of the word stereochemistry 
in one place on the first page of the preface produces 
initially a bad impression. _ E. STEDMAN 


RECENT RADIOBIOLOGY 


Advances in Radiobiology 
Proceedings of the Fifth International Conference 
on Radiobiology held in Stockholm on 15th—-19th 
August, 1956. Edited by George Carl de Hevesy, 
Arne Gunnar Forssberg, and John D. Abbatt. Pp. 
xvi+503. (Edinburgh and London: Oliver and 
Boyd, Ltd., 1957.) 77s. 6d. net. 
ADIOBIOLOGY is now a subject in its own right 
and the principle of holding an annual inter- 
national conference is well established. The present 
volume contains the sixty-nine papers contributed to 


the 1956 conference in Stockholm, together with the ` 


resulting discussions. As is inevitable in an annual 
conference, many of the papers are rather scrappy 
accounts of incompleted work. Nevertheless, every 
radiobiologist will find at least some topics discussed 
which impinge directly or indirectly on his own 
interests. But whether the book will appeal to a 
wider audience is more doubtful. Not all branches of 
radiobiology are represented and the main themes 
in this conference were radiation chemistry, bio- 
chemical effects on enzymes and cell components, 
irradiation of single cells and parts of cells, effects 
on the hemopoietic system, protection by chemical 
and cellular agents, and genetics. 

Perhaps the most important new discovery is that 
if a suspension of spleen or bone-marrow cells is 
injected intravenously into a heavily irradiated 
mouse, some of the injected cells colonize and 
eventually entirely repopulate the radiation-depleted 
hemopoietic tissues of the mouse, giving rise to what 
has come to be called a ‘radiation chimera’. It 
had been known for some time that animals could be 
‘protected’ from otherwise fatal doses of radiation 
by the post-irradiation injection of spleen or bone 
marrow and it was generally guessed that this was 
due to some chemical or humoral factor in the 
injected material. It has now been shown, however, 
by four different groups of workers, that the effective 
agent in the injected material is cellular rather than 
humoral, and that the injected living cells reach and 
eventually recolonize the bone marrow, spleen, lymph 
nodes and thymus of the irradiated animal. It has 
been found that even rat cells will repopulate the 
organs of the mouse, at any rate for a time. The 
most elegant and convincing of these demonstrations 
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is that of Ford, Hamerton, Barnes and Loutit, which 
is fully reported in this volume. They were able to 
identify the transfused foreign donor cells by virtue 
of their chromosomal characters and to determine 
the proportion of these cells in the various hæmo- 
poietic organs of the irradiated recipient. Important 
as this new discovery is for radiobiology, it also has 
some far-reaching implications and applications in 
the general field of biology. The whole subject of 
radioprotection by both chemical and cellular agents 
is admirably dealt with by Cohen, Vos and van 
Bekkum in a paper which deserves special mention. 

Another new line of thought which emerges, 
particularly in the discussions, is the suggestion of 
Bacq and Alexander that the primary biochemical 
lesion produced by radiation may be a breaking of 
the hydrogen bonds which hold the individual 
enzymes together and in place in the cell. The 
enzymes are thus released from their normal sites in 
mitochondria or microsomes and escape into the 
general cytoplasm, where they proceed to attack 
various structures including the nucleus. More 
specifically, it has been shown that after irradiation 
deoxyribonuclease is liberated from the mitochondria 
and microsomes into the cytoplasm, and this could 
perhaps account for the nuclear changes which are the 
first visible signs of radiation damage. 

Most of the biological effects of irradiation are 
assumed to result from an indirect action of radiation, 
in the sense that the primary ionizing action of the 
radiation is on the water, not on the cell proteins, etc. 
The free radicals produced by the ionization of water 
may then react with oxygen to produce even more 
toxic substances such as hydrogen peroxide. The 
chief evidence in support of this view has been the 
fact that the great majority of radiobiological effects 
are both oxygen- andtemperature-dependent. Alexan- 
der has now shown, however, that when various 
polymers and also certain proteins are irradiated in 
the dry state the radiochemical changes produced are 
also oxygen- and temperature-dependent. As a result 
of this and other work more attention is now being 
paid to possible direct effects of radiation on 
the macromolecules of protein or deoxyribonucleic 
acid. 

Little progress has been made in the search for 
radioprotective chemical substances. The sulphur 
compounds—cysteine, cysteamine, cystamine and 
certain thiuronium compounds—have not yet been 
bettered, but the mechanism by which they act is 
still hotly debated. The simple explanation that they 
all act by lowering the intracellular oxygen concen- 
tration seems no longer tenable. There is evidently 
still much to be learnt in this field and the outlook is 
not so discouraging as at one time appeared. 

Irradiation of localized areas in single cells by a 
microbeam of «-particles has not so far given the 
clear-cut answers which were hoped for. 

In the more medical field, Curtis and Healey find 
that animals receiving a dose of radiation as young 
adults undergo premature ageing quite apart from 
the increased incidence of tumours. Furthermore, in 
old age these animals are much less able to withstand 
a ‘toxic stress’ as, for example, the administration of 
typhoid vaccine or nitrogen mustard. Faber presents 
figures from the Danish health service which show 
an association between the incidence of chronic 
myeloid leukemia and previous diagnostic radio- 
graphy. 

This volume is somewhat smaller than its predecessor 
but costs 23 per cent more. O. A. TROWELL 
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Handbook of Chemistry and Physics 
A Ready-Reference Book of Chemical and Physical 
Data. Edited by Prof. Charles D. Hodgman, in 
association with Prof. Robert C. Weast and Dr. 
Samuel M. Selby. Thirty-ninth edition. Pp. xxii + 
3213. (Cleveland, Ohio: Chemical Rubber Publish- 
ing Company, 1957.) n.p. 

IKE the world’s population, the size of reference 

books increases alarmingly from year to year. 

The “Handbook of Chemistry and Physics” is no 
exception. There are nearly two hundred contri- 
butors (living, emeritus and deceased) to the thirty- 
ninth edition, which runs to more than three thousand, 
two hundred pages, though some of these are reserved 
for future expansion. The book is, however, kept 
down to a manageable size by the use of India paper. 
Unfortunately, a solution along these lines is not 
possible where human populations are concerned. 

The “Handbook” has appeared almost every year 
since 1914; this is in itself some indication of its 
success and usefulness. In each edition new informa- 
tion is added until now the amount it contains is 
really stupendous. Opening the index at random one 
finds such esoteric topics as Babo’s law; concentra- 
tion, freezing points and densities of calcium chloride 
brines ; haversines, table; label protection ; stain, 
acid proof, for wood; ultra-violet sensitization of 
photographic plates. There is something for everyone. 

New tables in this edition include nuclear spin and 
moments; relative sensitivities (which relate the 
nuclear magnetic resonance of certain nuclides to that 
of the proton) ; superconductivities of metals, alloys 
and compounds ; energy, mass and velocity relations 
to the electron ; magnetic properties of transformer 
steels and high permeability materials; dielectric 
constants of pure liquids; dielectric constants and 
dipole moments of substances in the gaseous state. 
The information on isotopes has also been extended 
and revised and now goes up to element 101. There 
are four new tables on the sugars. 

There is no doubt that having the “Handbook” to 
hand will save many a wearisome hunt in the library. 
It may also save something else: if you are quick 
enough after sucking a bit too hard while filling your 
pipette with 10N cyanide, just turn to p. xix and find 
out what to do. 


No, 4610 


The Study of Plant Communities 

An Introduction to Plant Ecology. By Prof. Henry 
J. Oosting. Second edition. Pp. viii+440. (San 
Francisco, Calif.: W. H. Freeman and Company ; 
London: Bailey Bros. and Swinfen, Ltd., 1956.) 
6 dollars; 5ls. 


N this second edition of Prof. Oosting’s book the 

general plan remains unaltered, but the text has 
been brought up to date and many sections are 
entirely rewritten. Intended as an introduction to 
plant ecology for university students, the aim is 
admirably achieved, and the book contains much. 
that is available otherwise only in more advanced 
texts. In this it well merits a place in the school 
library where botany is taught to scholarship-level. 
The discussion loses little for the British reader from 
being based on American plant communities, for the 
scope is wide, and good illustrations make up for the 
unfamiliarity of the plants referred to. 

The opening section deals with the nature of plant 
communities and the techniques for sampling and 
describing them. A chapter on the objectives and 
methods of the European phytosociological school is 
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welcome, for, with the divergence of aim in the trend 
that British ecol6gy has followed, we have tended to 
lose contact with those aspects of Continental work 
which can be of help to us. The ensuing five chapters 
deal generally with environmental factors controlling 
the community, and the standard techniques for 
their measurement. In the section on community 
dynamics the chapter on plant succession has been 
rewritten to give a clear summary of the monoclimax 
and polyclimax interpretations of vegetation. Climax 
regions of North America are then described, and the 
final chapter deals with the applications of ecology 
to practical problems of forestry, pasture manage- 
ment, erosion control and land utilization. 

A list of books for wider reading is given with each 
chapter, and there is a good bibliography of original 
references, including a fair sprinkling of European 
papers. MAURICE ASHBY 


Automatic Control 
(A Scientific American Book.) Pp. x+148. (London : 
G. Bell and Sons, Ltd., 1957.) 10s. 6d. net. ' 


HIS book was first published in the United 

States in 1955 and the format immediately 
strikes one as American, particularly the rather crude 
illustrations. On looking a little closer, one finds that 
it is a series of popular articles covering all the 
essential aspects of automatic control, by authors of 
international repute. This led to the expectation of 
nothing more than a hotch-potch of disconnected 
‘potboilers’. However, on reading it, this proved to 
be quite unjust to both publishers and authors, for 
as might be expected of such authors as Gordon 
Brown, Arnold Tustin, Grey Walter and Warren 
Weaver, the chapters are all written with great care 
to give the general reader a clear and accurate 
picture of some of the most recent developments. 

Although there is no apparent connexion between 
the chapters, together they cover all the important 
aspects of this wide and difficult field. The theory of 
control; mechanical, hydraulic and other control 
systems ; chemical plant, machine tools and the 
automatic office; information theory and the 
physiological comparisons between man and machines 
are all covered. Even the economic impact of auto- 
mation has been included in a short but informative 
article by Wassily Leontief. 

As a book, it has the great merit of being short. 
Covering such & wide field in less than 150 pages, it 
cannot go very deep; but it goes deep enough for 
the average reader, whether scientific or non- 
technical. The illustrations, which are ugly to look 
at because crudely drawn, have the great morit of 
clarity. It is a pity that such excellent letterpress 
has not been set in a more pleasing type. 

J. F. Coates 


Selected Papers in Statistics and Probability 

By Abraham Wald. Second printing. Pp. ix+702. 
(Stanford, Calif.: Stanford University Press; Lon- 
don: Oxford University Press, 1957.) 80s. net. 


HIS volume contains 51 papers on probability 

and statistics by Abraham Wald, who met an 
untimely and much lamented death in an air-crash 
in 1950. The first printing, edited for the Institute of 
Mathematical Statistics by a number of distinguished 
statisticians, was published by McGraw-Hill in 1955. 
It was rapidly exhausted and this second printing, 
issued by the Stanford University Press, will be very 
welcome. 
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A THREE-DIMENSIONAL MODEL OF THE MYOGLOBIN MOLECULE 
OBTAINED BY X-RAY ANALYSIS 


By Drs. J. C. KENDREW, G. BODO, H. M. ;DINTZIS, R. G. PARRISH and H. WYCKOFF 
Medical Research Council Unit for Molecular Biology, Cavendish Laboratory, Cambridge 
AND 


D. C. PHILLIPS 
Davy Faraday Laboratory, The Royal Institution, London , 


YOGLOBIN is a typical globular protein, and 
is found in many animal cells. Like hæmo- 
globin, it combines reversibly with molecular oxygen ; 
but whereas the role of hæmoglobin is to transport 
oxygen in the blood stream, that of myoglobin is to 
store’it temporarily within the cells (a function par- 
ticularly important in diving animals such as whales, 
seals and penguins, the dark red tissues of which 
contain large‘amounts of myoglobin, and which have 
been our principal sources of the protein). Both 
molecules include a non-protein moiety, consisting of 
an, iron—porphyrin complex known as the hem group, 
and it is this group which actually combines with 
oxygen; hemoglobin, with a molecular weight of 
67,000, contains four hem groups, whereas myoglobin 
has only one. This, together with about 152 amino- 
acid residues, makes up a molecular weight of 17,000, 
so that myoglobin is one of the smaller proteins. Its 
small size was one of the main reasons for our choice 
of myoglobin as a subject for X-ray analysis. 

In describing a protein it is now common to dis- 
tinguish the primary, secondary and tertiary struc- 
tures. The primary structure is simply the order, or 
sequence, of the amino-acid residues along the 
polypeptide chains. This was first determined by 
Sanger using chemical techniques for the protein 
insulin!, and has since been elucidated for a number 
of peptides and, in part, for one or two other small 
proteins. The secondary siructure is the type of 
folding, coiling or puckering adopted by the poly- 
peptide chain: the «-helix and the pleated sheet are 
examples. Secondary structure has been assigned in 
broad outline to a number of fibrous proteins such as 
silk, keratin and collagen; but we are ignorant of 
the nature of the secondary structure of any globular 
protein. True, there is suggestive evidence, though 
as yet no proof, that a-helices occur in globular 
proteins, to an extent which is difficult to gauge 
quantitatively in any particular case. The tertiary 
structure is the way in which the folded or coiled 
polypeptide chains are disposed to form the protein 
molecule as a three-dimensional object, in space. 
The chemical and physical properties of a protein 
cannot be fully interpreted until all three levels of 
structure are understood, for these properties depend 
on the spatial relationships between the amino-acids, 
and these in turn depend on the tertiary and 
secondary structures as much as on the primary. 

Only X-ray diffraction methods seem capable, even 
in principle, of unravelling the tertiary and secondary 
structures. But the great efforts which have been 
devoted to the study of proteins by X-rays, while 
achieving successes in clarifying the secondary 
(though not yet the tertiary) structures of fibrous 
proteins, have hitherto paid small dividends among 


the metabolically more important globular, or crys- 
talline, proteins. Progress here has been slow 
because globular proteins are much more complicated 
then the organic molecules which are the normal 
objects of X-ray analysis (not counting hydrogens, 
myoglobin contains 1,200 atoms, whereas the most 
complicated molecule the structure of which has 
been completely determined by X-rays, vitamin Bız 
contains 93). Until five years ago, no one knew how, 
in practice, the complete structure of a crystalline 
protein might be found by X-rays, and it was realized 
that the methods then in vogue among protein 
erystallographers could at best give the most sketchy 
indications about the structure of the molecule. This 
situation was transformed by the discovery, made 
by Perutz and his colleagues’, that heavy atoms 
could be attached to protein molecules in specific 
sites and that the resulting complexes gave diffraction 
patterns sufficiently different from normal to enable 
a classical method of structure analysis, the so-called 
‘method of isomorphous replacement’, to be used to 
determine the relative phases of the reflexions. This 
method can most easily be applied in two dimensions, 
giving a projection of the contents of the unit cell 
along one of its axes. Perutz attached a p-chloro- 
mercuri-benzoate molecule to each of two free 
sulphydryl groups in hemoglobin and used the 
resulting changes in certain of the reflexions to 
prepare. œ projection along the y-axis of the unit 
cell’. Disappointingly, the projection was largely 
uninterpretable. This was because the thickness of 
the molecule along the axis of projection was 63°A. 
(corresponding to some 40 atomic diameters), so that 
the various features of the molecule were superposed 
in inextricable confusion, and even at the increased 
resolution of 2-7A. it has proved impossible to 
disentangle them‘. It was clear that further progress 
could only be made if the analysis were extended to 
three dimensions. As we shall see, this involves the 
collection of many more observations and the pro- 
duction of three or four different isomorphous 
replacements of the same unit cell, a requirement 
which presents great technical difficulties in most 
proteins. 

The present article describes the application, at 
low resolution, of the isomorphous replacement 
method in three dimensions to type A crystals of 
sperm whale myoglobin’. The result is a three- 
dimensional Fourier, or electron-density, map of the 
unit cell, which for the first time reveals the general 
nature of the tertiary structure of a protein molecule. 


Isomorphous Replacement in Myoglobin 


No type of myoglobin has yet been found to con- 
tain free sulphydryl groups, so that the method of 


No. 4610 March 8, 1958 


attaching heavy atoms used by Perutz for hæmo- 
globin could not be employed. Eventually, we were 
able to attach several heavy atoms to the myoglobin 
molecule at different specific sites by crystallizing it 
with a variety of heavy ions chosen because they 
might be expected, on general chemical grounds, to 
possess affinity for protein side-chains. X-ray, rather 
than chemical, methods were used to determine 
whether combination had taken place, and, if so, 
whether the ligand was situated predominantly at a 
single site on the surface of the molecule. Among 
others, the following ligands were found to combine 
in @ way suitable for the present purpose: (i) potas- 
slum mercuri-iodide and auri-iodide; (ii) silver 
nitrate, potassium awuri-chloride; (iil) -chloro- 
mercuri-benzene sulphonate ; (iv) mercury diammine 
(Hg(NH,)?+, prepared by dissolving mercuric oxide 
in hot strong ammonium sulphate), »-chloro-aniline ; 
(v) p-iodo-phenylhydroxylamine. Each group of 
ligands combined specifically at a particular site, five 
distinct sites being found in all. The substituted 
phenylhydroxylamine is a specific reagent for the 
iron atom of the hem group’, and may be assumed 
to combine with that group; in none of the other 
ligands have we any certain Imowledge of the 
mechanism of attachment or of the chemical nature 
of the site involved. 


Methods of X-ray Analysis 


Type A crystals of myoglobin are monoclinic 
(space group P2,) and contain two protein molecules 
per unit cell. Only the ROl reflexions are ‘real’, that 
is, can be regarded as having relative phase angles 
limited to 0 or m, or positive or negative signs, rather 
than general phases ; when introduced into a Fourier 
synthesis, these reflexions give @ projection of the 
contents of the cell along its y-axis. In two dimensions 
the analysis followed lines’ similar to that of hæmo- 
globin. First, the heavy atom was located by carrying 
out a so-called difference-Patterson synthesis ; if all 
the heavy atoms are located at the same site on 
every molecule in the crystal, this synthesis will 
contain only one peak, from the position of which 
the x- and 2-co-ordinates of the heavy atom can be 
deduced, and the signs of the kOl reflexions determ- 
ined. ‘These signs were cross-checked by repeating 
the analysis for each separate isomorphous replace- 
ment in turn; we are sure of almost all of them to a 
resolution of 4 A., and of most to 1:9A. Using the 
signs, together with the measured amplitudes, we 
may, finally, compute an electron-density projection 
of the contents of the unit. cell along y; but, as in 
hemoglobin and for the same reasons, the projection 
is in most respects uninterpretable (even though here 
the axis of projection is only 31 A.). On the other 
hand, knowledge of the signs of the h0l reflexions 
to high resolution enabled us to determine the 
v- and z-co-ordinates of all the heavy atoms 
with some precision. This was the starting point 
for the three-dimensional analysis now to be 
described. 

In three dimensions the procedure is much more 
lengthy because all the general reflexions hkl must be 
included in the synthesis, and more complicated 
because these reflexions may have any relative phase 
angles, not only 0 or m. Furthermore, we need to 
know all three co-ordinates of the heavy atoms ; the 
two-dimensional analysis gives x and z, but to find y 
is more difficult, and details of the methods used will 
be published elsewhere, including among others two 
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proposed by Perutz? and one proposed by Bragg». 
Finally, a formal ambiguity enters into the deduction 
of general phase angles if only one isomorphous 
replacement is available; this can be resolved by 
using several replacements), such as are available 
in the present case. Once the phases of the general 
reflexions have been determined, one can carry out 
a three-dimensional Fourier synthesis which will be 
@ representation of the electron density at every 
point in the unit cell. 

Before such @ programme is embarked upon, how- 
ever, the resolution to be aimed at must be decided. 
The number of reflexions needed, and hence the 
amount of labour, is proportional to the cube of the 
resolution. To resolve individual atoms it would be 
necessary to include at least all terms of the series 
with spacings greater than 1:5 A.—some 20,000 in 
all; and it is to be remembered that the intensities 
of all the reflexions would have to be measured for 
each isomorphous derivative. Besides this, intro- 
duction of a heavy group may cause slight distortion 
of the crystal lattice ; as the resolution is increased, 
this distortion has an increasingly serious effect on 
the accuracy of phase determination. In the present 
stage of the analysis the most urgent objective was 
an. electron-density map detailed enough to show the 
general layout of the molecule—in other words, its 
tertiary structure. If the «-helix, or something like 
it, forms the basis of the structure, we need only 
work to a resolution sufficient to show up a helical 
chain as a rod of high electron density. For this 
purpose we require only reflexions with spacings 
greater than about 6 A.; in all there are some 400 of 
these, of which about 100 are h0l’s already investi- 
gated in the two-dimensional study. The Fourier 
synthesis described here is computed from these 400 
reflexions only, and is in consequence blurred; 
besides this, it is distorted by an unknown amount 
of experimental error, believed to be small but at 
the moment difficult to estimate. Thus while the 
general features of the synthesis are undoubtedly 
correct, there may be some spurious detail which will 
require correction at @ later stage. 


The Three-dimensional Fourier Synthesis 


The synthesis was computed in 70 min. on the 
EDSAC Mark I electronic computer at Cambridge (as 
a check, parts of the computation were repeated on 
DEUCE at the National Physical Laboratory). It is 
in the form of sixteen sections perpendicular to y and 
spaced nearly 2 A. apart; these must be piled on top 
of one another to represent the electron density 
throughout the cell, containing two myoglobin mole- 
cules together with associated mother liquor (which 
amounts to nearly half the whole). Unfortunately, 
the synthesis cannot be so represented within the 
two-dimensional pages of a journal; furthermore, if 
the sections are displayed side by side, they give no 
useful idea of the structure they represent. The 
examples reproduced in Fig. 1 illustrate some of the 
more striking features. 

A first glance at the synthesis shows that it con- 
tains a number of prominent rods of high electron 
density ; these usually run fairly straight for dis- 
tances of 20, 30 or 40A., though there are some 
curved ones as well. Their cross-section is generally 
nearly circular, their diameter about 5 A., and they 
tend to lie at distances from their neighbours of 
8-10 A. (axis to axis). In some instances two segments 
of rod are joined by fairly sharp corners. Fig. la 


> GF , 


(b) 
Fig. 1. 
= — 1/86. A-D, polypeptide chains; H, hem 


shows several rods—three of them (A, B and 0) 
cross the plane of the section almost at right angles, 
whilo one (D) lies nearly in that plane. D is part of 
a nearly straight segment of chain about 40 A. long, 
of which some 20 A. is visible in this section. Ti 
seems virtually certain that these rods of high density 
aro the polypeptide chains themselves—indeed, it is 
hard to think of any other features of the structure 
which they could possibly be. Their circular cross- 
section. is what would be expected if the configuration 
were helical, and the electron density along their 
axes is of the right order for a helical arrangement 
. Such as the «-helix. The various rods in the structure 
are intertwined in a very complex manner, the nature 
of which we shall describe later. 

Another prominent feature is a single disk-shaped 
region of high electron density which reaches a peak 





(æ) Section of three-dimensional Fourier synthesis of type A myoglobin at 
group. (b) Section parallel to [201] at 
x = 0, showing polypeptide chain A tou the right) 
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value greater than at any other 
point in the cell. A section through 
this disk is shown at H in Fig. la. 
We identify this feature as the 
hem group itself, for the following 
reasons : (i) the hem group is a flat 
disk of about the same size ; (ii) its 
centre is occupied by an iron atom 
and therefore has a higher electron 

' density than any other point in the 
whole molecule; (iii) a difference- 
Fourier projection of the p-iodo- 
phenylhydroxylamine derivative 
shows that, at least in y-projection, 
the position of the iodine atom is 
near that of our group; this is 
what we should expect, since this 
reagent specifically combines with 
the hem group; (iv) the orienta- 
tion of the disk corresponds, as 
closely as the limited resolution of 
the map allows one to determine it, 
with the orientation of the ham 
group deduced from measurements 
of electron spin resonances, 

We cannot understand the struc- 
ture of the molecules in the crystal 
unless we can decide where one 
ends and its neighbours begin. In 
& protein crystal the interstices are 
occupied by mother liquor, in this 
case strong ammonium sulphate, 
the electron density of which is 
nearly equal to the average for the 
whole cell. Hence it is to be 
expected that in the intermolecular 
regions the electron density will be 
near average (the density of coiled 
polypeptide chains is much above 
average, and that of side-chains well 
below). It should also be fairly 
uniform ; these regions should not 
be crossed by major features such 
as polypeptide chains. Using these 
criteria, it is possible to outline the 
whole molecule with minor uncer. 
tainties. It was gratifying to find 
that the result agreed very well, in 
projection, with a salt-water differ- 
ence-Fourier projection made as 
part of the two-dimensional pro- 
gramme (for the principles involved, 
see ref..12). Moreover, the dimen- 
sions of the molecule agreed closely 

with those deduced from packing considerations in 
various types of unit cell. 


The Myoglobin Molecule 


We are now in & position to study the tertiary 
structure of @ single myoglobin molecule separated 
from its neighbours. Fig. 2 illustrates various views 
of a three-dimensional model constructed to show the 
regions of high electron density in the isolated 
molecule. Several points must be noticed. First, 
the model shows only the general distribution of 
dense regions. The core of a helical polypeptide chain 
would be such a region ; but if the chain were pulled 
out, into a B-configuration, for example, its mean 
density would drop to near the average for the cell 
and the chain would fade out at this resolution. 


No. 4610 March 8, 1958 | E 


Similarly, side-chains should, in iE 
general, scarcely show up, so that > 
the polypeptide rods in the model. - 
must be imagined as clothed in an — 
invisible integument of side-chains, 
so thick that neighbouring chains 
in reality touch. Third, features 
other than polypeptide chains may 
be responsible for some of the 
regions of high density ; patches of 
adsorbed salt, for example. Fourth, 
the surface chosen to demarcate a 
molecule cannot be traced every- 
where with certamty, so it is 
possible that the molecule shown 
contains parts of its neighbours, 
and correspondingly lacks part of 
its own substance. 

Making due allowance for these 
difficulties, we may note the main 
features. Ib is known that myo- 
globin has only one terminal amino- 
group: it is simplest to suppose 
that it consists of a single poly- 
peptide chain. This chain is folded 
to form a flat disk of dimensions 
about 43 A. x 35 A. x 23 A. 
Within the disk chains pursue a 
complicated course, turning through 
large angles and generally behaving 
so irregularly that it is difficult to 
describe the arrangement in simple 
terras ; but we note the strong 
tendency for neighbourmg chains 
to le 8-10 A. apart in spite of 
the irregularity. One might loosely 
say that the molecule consists of 
two layers of chains, the predom- 
inant directions of which are nearly at right angles 
in the two layers. If we attempt to trace a single 
continuous chain throughout the model, we soon 
run into difficulties and ambiguities, because we 
must follow it around corners, and it is precisely 
at corners that the chain must lose the tightly 
packed configuration which alone makes it visible 
at this resolution (an «-helix, for example, cannot 
turn corners without its helical configuration 
bemg disrupted). Also, there are several apparent 
bridges between neighbouring chains, perhaps due 
to the apposition of bulky side-chains. The model 
is certainly compatible with a single continuous 
chain, but there are at least two alternative ways 
of tracing it through the molecule, and it will 
not be possible to ascertain which (if either) is 
correct until the resolution has been improved. 
Of the secondary structure we can see virtually 
nothing directly at this stage. Owing to the corners, 
the chain cannot be in helical configuration through- 
out; in fact, the total length of chain im the 
model is 300 A., whereas an a-helix of 152 residues 
would be only 228 A. long. The 300 A. might 
correspond, for example, to 70 per cent a-helix 
and 30 per cent fully extended chain, but of course 
intermediate configurations are probably present, 
too. The hæm group is held in the structure by links 
to at least four neighbouring chains; nevertheless, 
one side of it is readily accessible from the environ- 
ment to oxygen and to larger reagents such 
as p-iodo-phenylhydroxylamine (in the difference- 
Fourier projection of this complex, referred to above, 
the position of the iodine atom indicates that the 





NATURE i 


were attached to the molecule (black : : 
dark grey: Hg of mercury diammine: ght grey: Aw of auri-chloride). The marke on 








Fig, 2. Photographs of a model of the myoglobin molecule, Polypeptide chains are white; - 
the grey disk is the ham group. The three spheres show positions at which heavy atoms. 


tig of p-chloro-mercuri-benzene-sulphonate : 


the seale are 1 A. apart 


ligand is attached to the outside of the group), 
Clearly, however, the model cannot at present be 
correlated in detail with what we know of the 
chemistry of myoglobin; this must await further 
refinement. | | 
Perhaps the most remarkable features of the 
molecule are its complexity and its lack of symmetry. 


The arrangement seems to be almost totally lacking a 


in the kind of regularities which one instinctively 
anticipates, and it is more complicated than has been 
predicated by any theory of protein structure. Though 
the detailed principles of construction do, not yet 
emerge, wo may hope that they will do so at a later 
stage of the analysis. We are at present engaged im 
extending the resolution to 3 A., which should show 


us something of the secondary structure; we 5 
anticipate that still further extensions will later be- 
possible—eventually, perhaps, to the point of 


revealing even the primary structure, 


Full details of this work will be published else- 
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RECENT CLIMATIC CHANGES 
By Dr. E. B. KRAUS 


LIMATE is nowhere invariant. The existence of 
= a never-ending change is most apparent along 
-o the shifting boundaries of the various climatic 
© provinees. During the past few hundred years the 
_ boundaries of the Alpine and Sub-Aretic regions have 
experienced some striking changes in glaciation and 
_.. eonsiderable variations in the extent and the seasonal 
- duration of sea ice. It has now been established from 
< the analysis of rainfall and stream-flow records that 
fluctuations of corresponding or even larger amplitude 
occurred in the sub-tropics at the boundary of the 
arid zone. During the same time the climates of the 
_ Antarctic ice cap, the central Sahara or the Amazon 
“rain forest may not have altered a great deal. 
Changes in a time series can be illustrated to 
advantage by graphs of cumulative percentual 
deviations from a mean. Graphs of this type 
‘accentuate changes in a time series, while running 
averages or orthodox statistical analyses tend to 
gmooth them out. They demonstrate, at a glance, the 
>> existence of a trend and the time when it changes. 
<y. In the folowing diagrams (Figs. 1-6), the ordinate : 


rI 
F— l 


Sphere n represents the running calendar year, 7; the 
rainfall or stream discharge for the year l, and F 
-othe mean for the years 1881-1940. It is easily seen 
so. “that y must bo zero at the beginning of 1881 and the 
~~ end of 1940. The graph of y rises for r; > F and vice 
versa. It will be concave upwards during periods 

when. r is increasing with time and convex when it 
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= 100 X 
l=1881 
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the mean for any other period, say the years n to 
(a+ m), is given simply by [y (n + m) — y(m)]/m. 





s globe. ‘Fig. 1 illustrates the changes which occurred 
- in the rainfall regime of semi-arid, north-western 

= New South Wales (Australian rainfall district No. 48). 
=c It ean be deduced from the curve that the mean 
rainfall for the years 1879-97 was 26 per cent above 
_.the 1881-1940 average. It was 11 per cent below 
that average during the period. 1898-1946. In 








to. those of the nineteenth century. 






l than 30 per cent or 27 x 10° m.?/year. 
‘decreasing. The percentual deviation from F of | 
Africa are illustrated by Fig. 6, which represents the 
-South African rainfall district No. 16A in the Centra 





<The accompanying six diagrams have been brought 
together to demonstrate how fluctuations of the same — 
type occur at about the same time all around the =<. 
| ‘to those demonstrated here have occurred in marit 
parts of East Asia and in the West Indies, Hawaii 
~ and other tropical stations. They can also be found 
_ in Rhodesian rainfall records. Together, this material 

would seem to prove the existence of parallel and 
rather abrupt climatic fluctuations over a large: part 
E _ of the Earth. 

. absolute terms, the mean annual rainfall from thè 

i beginning of records to 1897 was 16-90 in; during la: 
> the following forty-nine years it was 12-02 in. ae 
the past ten years conditions were again more similar — 


“not ¢ wailable in Australia for the two African cases. 


Snowy Mountains Hydro-Electric Authority, Cooma North, New South Wales, Australia 


Fig. 2 deals with the east coast of Queensland _ 
(Australian rainfall district No. 40). The rainfall. 
there is more seasonal but also more than three times 
as heavy as in north-western New South Wales. - 
The onset of the dry period occurred two years later. 

It was interrupted by wetter conditions after about 
1923, though a second severe drought occurred in 
the late °30’s and early 1940's. 7 

Conditions on the east coast of North America are 
illustrated by Fig. 3, which gives the mean rainfall 
for Charleston and Cape Hatteras. In an earlier. 
paper* it had been shown that fluctuations there 
were paralleled by the records of other stations along 
the American east coast, and that the records suggest 
the persistence of relatively wet conditions all _ 
through the nineteenth and the later eighteenth 
centuries. 

Fig. 4 shows the changes which occurred in the 
space-average of a large number of rainfall stations 
used by the Indian Meteorological Service to evaluate 
and forecast monsoon rainfall over the Indian penin- 
sula. The change in the rainfall regime there was 
comparatively small and the vertical scale of the — 
diagram has therefore been doubled. The same. _ 
pattern of change with somewhat larger amplitude = 
occurred in the more arid districts of north-west 
India and West Pakistan. All over this region the = 
dry period which began at the end of the past Ape ae 
was ameliorated or terminated by about 1910. aces 

Fig. 5 treats the discharge of the Nile at Aswan in 
a similar way. The difference in the mean discharge - 
before and after 1898 amounts, in this case, to more — 




















‘The changes which occurred in parts of South 


ape Province. Unfortunately, data after 1946 were 





rakawat and I have shown that changes similar 





` The bere tare of wip apes in rainfall zegime » was 








Figs. 1-6. Cumulative percentual deviations from the 1881-1940 annual mean. 
New South Wales (Australian rainfall district No. 48) ; a Queensland Coast (Australian 


rainfall district No. 40); (3) Carolina Coast (mean of C 
(4) India (peninsula); (5) Nile discharge at Aswan; 
Africa Rainfall District No. 16.4) 


able records. The change is also well marked along 
the sub-tropical east coasts of North America and 
Australia. In the humid tropics it appears to have 
been restricted to the beginning or end of the rainy 
seasons. Similarly, in the sub-tropical transition 
regions, where rain may fall both summer and winter, 
the same pattern of change may be restricted to the 
intermediate seasons of autumn and spring. The 
curves of cumulative deviations from the mean for 
these seasons for some parts of Australia and South 
Africa are parallel to those shown for annual rainfall 
and stream-flow in the present article. In some cases 
they show extremely large amplitudes, though the 
changes in annual rainfall were comparatively 
insignificant. 

A more detailed analysis indicates that the onset 
of dry conditions at the ond of the past century was 
associated with a widening of the arid zone, mainly 
at the expense of the equatorial summer-rainfall belt. 
This produced a wider separation in space and time 
of summer- and winter-rainfall regimes. As rain in 
many sub-tropical regions is associated with the 
seasonal migration of the equatorial rainfall belt, the 
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narrowing of this belt caused 

rainy seasons to become shorter. 

The observable sequence of 
events began in 1894 with a 
failure of spring rains in the 
‘transition’ regions of South 
Africa and Australia. A pro- 
longed drought commenced in 

. 1895 onfthe equatorial fringes of 
the arid zones. From 1899 
onwards dry conditions affected 
both the east coast of the con- 
tinents and wet tropical regions 
with pronounced seasonal rain- 
fall regimes. In 1902 a sudden 
onset of warmer conditions can 
be observed in the temperature 
records of many stations in tem- 
perate regions, demonstrated for 

Edinburgh, for example, by 

Veryard’?. An accelerated reces- 

sion of glaciers has also been 

reported to have started at the 
beginning of the century. By 

1910 the seasonal pressure fluc- 

tuations associated with the 

Asiatic monsoon began to in- 

crease in amplitude, resulting in 

a return to somewhat moister 

conditions in India’. 

To interpret the sequence it 
should be considered that in 
spite of the marked change of 
rainfall in low latitudes, no 
corresponding change can be 
discerned in higher latitudes. 
The decrease of rainfall in low 
latitudes must therefore have 
been associated with reduced 
evaporation. There is no evi- 
dence of a change in solar 
radiation at sea-level; in fact, 
the decrease in rainfall may well 
have been associated with a 
decrease in cloudiness. As & 
result of reduced evaporation, 
the sea surface should have 
become warmer. ‘Transport of 

warmer water to higher latitudes may have con- 
tributed to the temperature increases and accelerated 
glacier recessions there, at the beginning of the 
century. By 1910 the heating of the Arctic may 
have progressed sufficiently to cause & weakening 
of the zonal atmospheric circulation which would 
permit a stronger development of the monsoon. 

Evaporation from the sea depends on the wind 
strength. The trade-wind circulation is largely 
driven by a heat source associated with the liberation 
of latent heat in precipitation, and by a cold source 
associated with radiational cooling in the free atmo- 
sphere. The intensity and the difference in the level 
of these two sources determine the efficiency of the 
conversion of thermal into kinetic energy, and hence 
the strength of the trade circulation. 

Both the height and the intensity of radiational 
cooling from the troposphere are affected to some 
small extent by ozone. Plass? calculated that com- 
paratively minor changes in the ozone distribution 
could change the equilibrium temperature at the 
ground and at the top of cloud banks by more than 
2 deg. C. In the free troposphere the heating and cooling 
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rates due to ozone amount only ito a few tenths of a 
degree per day, but even that may be sufficient to 
affect the trade circulation, which is a rather finely 
balaneed process. The ozone layer in high latitudes 
is so thick that its upper strata shield it effectively 
against most solar influences. Changes in the ozone 
distribution there are mainly associated with 
vertical motion in the troposphere below. Near the 
equator the ozone is more likely to be affected 
directly by possible changes in ultra-violet solar 
radiation. Increases in short-wave radiation would 
tend to cause some heating and possible lowering of 
the tropical ozonosphere. This in turn would reduce 
radiational cooling in the troposphere and so decrease 
the efficiency of the trade circulation. It may be 
shown that if this effect exists, sudden changes in 
the tropical radiation balance would tend to cause 
disturbances in the atmospheric circulation pattern 
some two or three weeks Jater. This is supported by 
some observational evidence. 

Menzel’ and Bell’ have discussed another possible 
mechanism of solar — weather relationships. - They 
quote Craig, who found a statistically significant 
association of magnetic perturbations with pressure 
rises at 60—70° N. and pressure falls at about 40° N. 
It is assumed that such a pressure change would 
tend to oppose the accumulation of cold surface air 
in the Arctic. Magnetic disturbances are caused by 
corpuscular streams. Menzel indicates that the 
incoming stream may at times carry an energy 
density which over a limited area can be equivalent 
to that of solar radiation itself, and that this should 
cause intense heating of the surrounding atmospheric 
regions. Bell suggests that this causes the reported 
statistical changes in surface pressure. It is difficult 
to conceive a physical mechanism which would link 
high-level heating in the auroral zone with mass 
movements in the troposphere. If the mechanism 
stipulated by Miss Bell does in fact exist, tt would 
act parallel to the one outlined above for the tropics. 
The increased solar activity would then tend to 
favour penetration of warm air into high latitudes 
on one hand; on the other, it would be associated 
with a less efficient trade circulation, decreased 
evaporation and a narrowed tropical rainbelt. 

The tropospheric radiation balance is also affected 
by dust. Variations in dust content may affect in 
addition the available number of freezing nuclei. 
However, the decrease in rainfall at the end of the 
past century cannot be readily associated with the 
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date of any major volcanic eruption or known change 
in meteoric activity ; nor can this be done for the 
recent widespread increase in precipitation. Further- 
more, these rainfall changes affected only a limited 
part of the globe. This seems to exclude explanations 
of climatic change primarily in terms of a changing 
number of atmospheric freezing nuclei. 

To summarize: precipitation in the sub-tropics 
was generally above the 1881-1940 mean during the 
recorded part of the nineteenth century. <A dry 
period associated with a widening of the arid belts 
set in abruptly at the end of the century. This lasted 
with only short interruption until a return of con- 
sistently wetter conditions in recent years. In several 
stations at the fringes of the arid zone the changes 
of long-term means amounted to more than 30 per 
cent. In climatically corresponding locations the 
change occurred simultaneously north and south 
of the equator. Tentative explanations in terms 
of variable solar activity are possible, but they 
cannot be substantiated without continuing quan- 
titative measurements of the Sun and the upper 
air. 

The large simultaneous change which occurred at 
the end of the past century at the fringes of the arid 
zone passed comparatively unnoticed. With the 
present more intensive development of marginal 
resources the economic effects of a similar change 
would be more apparent. In the case of Japan, this 
has been demonstrated rather strikingly by Arakawa?. 
Records of rainfall, stream flow, flood incidence, etc., 
which cover a limited period only, must not be used 
uneritically as a basis for planning costly develop- 
ments of marginal water resources. The study of 
climatic fluctuations has therefore concrete practical 
implications, besides bearing upon knowledge of the 
past and upon interpretation of our present physical 
environment. 

District rainfall values were made specially avail- 
able by the Directors of the Australian and Indian 
Meteorological Services; this is gratefully acknow- 
ledged. 

1 Aralova, H., Archiv für Met., Geophys. und Bioklimatologie, 7, 406 
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OBITUARY 


Dr. A. Y. Few 


By the death of Dr. A. V. Few on December 24 
from poliomyelitis, after a very short illness, research 
work on the surface chemistry of biological systems 
has lost one of its foremost younger workers. 

Alan Victor Few was born on December 28, 1926, 
and was educated at Alleyn’s School, Dulwich (1937—- 
43), and then at Battersea Polytechnic, London, where 
in 1946 he graduated in chemistry, obtaining the 
B.Sc. (Special) degree with first-class honours. After 
a short spell in industry, he returned to Battersea in 
1947 and worked with Dr. J. W. Smith. In 1949 he 
obtained the: Ph.D. degree at the University of 
London for his work on the “Molecular Polarization 
of Amines in Solution”. 


However, his future interest m research was 
determined in 1949, when he moved to the Wright- 
Fleming Institute of Microbiology. Here he com- 
menced to work on the physical chemistry of bacterial 
cells with Drs. P. D. Cooper and D. Rowley, work 
which Jed to the investigation of the mode of action 
of penicillin with the cell wall of Staphylococcus 
aureus, and emphasized the importance of studying 
the surface chemical properties of penicillin salts. In 
1951 he moved to the Department of Colloid Science, 
Cambridge, with a grant from the Medical Research 
Council, where in the group under the direction of 
Dr. J. H. Schuiman he commenced to study in detail 
the interaction of antibiotics with bacterial surfaces 
using surface-chemical techniques. As well as peni- 
cillin, the action of polymyxins was studied, and by 
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the use of a low-pressure surface balance, with salt 
solutions as substrate, the molecular weights of 
polymyxins A, B, D and E were determined. In 
1953 he was awarded the Ph.D. degree of the 
University of Cambridge for a thesis entitled ‘““The 
Surface Chemistry of Certain Antibiotics”. 

This work had merely acted as an apéritif, and on 
his appointment to the external staff of the Medical 
Research Council, he proceeded with great enthusiasm 
to study the interaction of many other compounds 
with bacterial surfaces, and with cell extracts. His 
most recent work included investigations on the 
behaviour of the cyclic polypeptides, tyrocidine and 
gramicidin S at the air-water interface, the binding 
of surface-active agents by proteins, and an extensive 
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Commonwealth Trans-Antarctic Expedition 


THE Commonwealth Trans-Antarctic Expedition 
led by Dr. Vivian Fuchs arrived at Scott Base on the 
Ross Sea at 1.47 p.m. on March 1, having completed 
the “last great journey in the world”. The expedition 
has crossed the Antarctic Continent from Shackleton 
Base on the Weddell Sea, a distance of 2,150 miles, 
in ninety-nine days. The purpose of the journey has 
been to conduct a programme of scientific observa- 
tions including seismic soundings, gravimetric read- 
ings, and meteorological observations in connexion 
with the International Geophysical Year. The survey 
party was accompanied by Sir Edmund Hillary, who 
met Dr. Fuchs at Depot 700, the last of the chain of 
five depots of food and fuel, established earlier between 
Scott Base and the South Pole. The other members 
of the expedition are: Warrant-Officer Roy Homard, 
engineer (Brixton); Ralph Lenton, wireless operator 
and carpenter (Coulsdon, Surrey); George Lowe, 
photographer (Hastings, New Zealand) ; David Pratt, 
engineer and transport officer (Bournemouth) ; Allan 
Rogers, medical officer (University of Bristol) ; 
David Stratton, surveyor and second in command of 
the team (London); Johannes la Grange, meteorol- 
ogist (Keighley); and Geoffrey Pratt, physicist 
(Richmond, Surrey). They were met by vehicles and 
sledges manned by the New Zealand party which set 
out from Scott Base to accompany the expedition for 
the last mile or so. Dr. Fuchs was greeted at Scott 
Base by congratulatory messages from scientific and 
geographic institutions throughout the world, and 
from the prime ministers of the United Kingdom, 
New Zealand and South Africa. 

A message from H.M. The Queen, who has 
announced her intention of conferring a knighthood 
upon Dr. Fuchs, said: “On the completion of your 
hard and adventurous journey across Antarctica my 
husband and I send our warmest congratulations to 
you and all members of the Commonwealth Trans- 
antarctic Expedition. You have made a notable 
contribution to scientific knowledge and have 
succeeded ina great enterprise. Well done. Elizabeth R.” 


Woods Hole Oceanographic Institution : 
Dr. C. O’D. Iselin 
Dr. ©. O’D. Isern, director of the Woods Hole 
Oceanographic Institution and its mainstay since it 
was founded in 1930, is retiring. He started his 
oceanographic career by exploring the Labrador 
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study with Dr. A. R. Gilby of the interaction of 
surface-active agents with bacterial surfaces. 

A modest man of charming disposition, he was an 
enthusiastic and determined research worker, always 
willing to discuss problems with junior workers and 
to give advice when consulted. He will be remem- 
bered with great affection by his colleagues and 
collaborators. His untimely death at an early 
age has robbed surface chemistry of a very active 
and promising worker. 

His marriage to Gwendolen Mary Crookenden in 
1949 was a very happy one, and there can be no 
doubt that his happy home-life contributed greatly 
to his research. He is survived by his wife and two 
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current in his own schooner Chance in the summer 
of 1926. He had much to do with the building 
of Atlantis, which still serves the Institution, and 
took command on her first voyage in 1931. He 
was appointed director of the Institution in 1940, 
but after serving for ten years asked to be re- 
lieved of this responsibility (as Dr. Bigelow had 
done after the first ten years) to gain time for 
research. He is best known for his contributions to 
our knowledge of the Gulf Stream and the circulation 
of the western North Atlantic Ocean, but since 1940 
he has devoted much of his time to the commendable 
task of guiding the many new developments created 
by the growing demands of science, defence and 
industry, for better understanding of the oceans. 
Although it has been a period of great expansion of 
interest in marine physics, he has maintained the 
traditional interest of the Woods Hole Institution in 
biological problems, and has done much for the local 
fisheries. For his work on the application of science 
to undersea warfare he was awarded the Legion of 
Merit in 1948, and he received the Agassiz Medal of 
the U.S. National Academy of Sciences in 1951. He 
had to return to the directorship of the Institution 
as a temporary measure in 1956 on the retirement 
of Admiral E. H. Smith, and will continue to be 
associated with the laboratory as the first holder of 
the chair of Henry Byant Bigelow Oceanographer 
recently founded by the Board of Trustees. 


Dr. P. M. Fye 


Dr. PauL M. Fyer, the future director, is a chemist 
with long experience of government service and 
research administration. In 1942, at the age of 
thirty, he went to the Underwater Explosives 
Laboratory at the Woods Hole Institution, and 
became research director of the project in 1945. 
After the Second World War he returned to teaching 
for a year in the University of Tennessee, and then 
went to work at the Naval Ordnance Laboratory, 
where he was appointed associate director for research 
in 1956. His research interests have been in the fields 
of gas kinetics, photochemistry, purification of gases, 
high explosives damage, underwater photography, 
gas equilibria, liquid state and explosion of products. 
His work at Woods Hole and in the Naval Ordnance 
Laboratory has interested him in oceanographic 
problems, and he is well known to marine scientists 
in the United States. 
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Mathematics at Bedford College : 
Prof. W. N. Bailey 


Tar retirement of Prof. W. N. Bailey from the 
chair of mathematics at Bedford College, in the 
University of London, has been announced. Previous 
to his appointment to this chair in 1944, Prof. Bailey 
had been for many years senior lecturer in mathe- 
matics in the University of Manchester. He is best 
known for his work on generalized hypergeomotric 
series, being the author of a number of papers on the 
subject, and of a Cambridge Tract (published in 
1935) which is the standard work of reference. He is a 
D.Sc. of the University of Manchester and an Sc.D. 
of the University of Cambridge. He has held several 
offices in the London Mathematical Society, having 
been librarian during 1944-46, editor of the Pro- 
ceedings during 1946-49, secretary 1954-55 and vice- 
president during 1955-57. 


Dr. H. G. Eggleston 


Dr. H. G. Eecartzston has been appointed to the 
chair of mathematics at Bedford College in the 
University of London, in succession to Prof. W. N. 
Bailey. Dr. Eggleston has been lecturer in mathe- 
matics in the University of Cambridge since 1953, 
having previously held an appointment at University 
College, Swansea. He is one of the younger genera- 
tion of analysts who have established their reputation 
since the Second World War: he graduated at 
Cambridge in 1943, took the Ph.D. degree in 1948 
and was awarded an Sc.D. in 1954. His work has 
been mainly in real variable theory, particularly the 
theory of measure and the properties of convex sets. 
His distinguished contributions to these fields have 
been recognized by the award to him, last year, of 
the Adams Prize in the University of Cambridge. 
He is at present a member of the editorial committee 
of the Cambridge Philosophical Society, and a member 
of the Council of the London Mathematical Society. 


Physiological Chemistry in the University of Reading 


M Tae Department of Agricultural Chemistry in the 
Faculty of Agriculture and Horticulture of the 
University of Reading is concerned with animal 
nutrition, soil science, dairy chemistry and pesticide 
chemistry. Modern developments in these subjects 
have been particularly concerned with physiology and 
biochemistry, which have accordingly in the past 
few years figured prominently in the Departmeni’s 
teaching and research programme. These develop- 
ments, and the fact that there-is no separate depart- 
ment in the Faculty of Seience concerned with 
physiology or biochemistry, have resulted in the 
establishment of the Department of Physiological 
Chemistry. It will be formed in October 1958, and 
will have responsibilities to both Faculties. In the 
Faculty of Agriculture and Horticulture, teaching of, 
and research in, the various branches of agricultural 
chemistry will continue as before. This teaching 
consists of the provision of the honours degree 
course in agricultural chemistry and of what may be 
called ‘service courses’ for students reading for 
degrees in agriculture, horticulture, dairying and 
agricultural botany. In the Faculty of Science there 
wil ultimately be courses in physiological chemistry 
to general and special degree levels, but these 
developments will depend upon the provision of more 
laboratory space and the recruitment of new staff. 
Prof. C. Tyler, who has been professor of agricultural 
chemistry since 1947, will become professor of physio- 
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logical chemistry on September 30, and the staff of 
the Department of Agricultural Chemistry will form 
the nucleus of the staff for the new department. 
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European Organization for Nuclear Research 


REPLYING to @ question on February 25 regarding 
the laboratories of the European Organization for 
Nuclear Research at Geneva, Mr. H. Nicholls, Par- 
liamentary Secretary to the Ministry of Works, as 
representing the Lord President of the Council, said 
that the smaller nuclear particle accelerator has 
undergone running trials and is now available for 
full-scale research. The larger accelerator should 
come into service in 1960, and good progress is also 
being made with the laboratory buildings. The third 
annual report of the Organization will be issued 
shortly. The United Kingdom has provided about 
40 of the total staff of 170 and is responsible for about 
a quarter of the total cost of the project of £15 million. 


Preservation of Hadrian's Wall 


THE methods used in preserving Hadrian’s Wall 
were discussed in the House of Commons on Feb- 
ruary 25. The Minister of Works, Mr. H. Molson, 
said in reply to a question that the methods of 
maintenance used by the Ministry have been approved 
by the Ancient Monuments Board for England. The 
archeological policy in carrying out the repair work 
is directed by the Ministry’s Inspector of Ancient 
Monuments, who has visited the work periodically 
and has had the co-operation of local archeologists 
who are specialists on Hadrian’s Wall. The day-to- 
day work is supervised by staff with long experience 
of archeological restoration. Original Roman work 
is exposed, retained and consolidated in the state in 
which it is found. Fallen stones are replaced if their 
original position is known, and stones on the point 
of falling are removed from the Wall and re-bedded. 
Apart from this re-bedding, there has been no 
dismantling of the Wall at Birdeswald or elsewhere. 
Roman mortar is kept wherever possible, and on 
exposed surfaces lime mortar is used when necessary. 
Mr. Molson said that he has had letters from Prof. E. 
Birley and Mr. J. P. Gillam, professor and reader, 
respectively, of Romano-British history and archzo- 
logy in the University of Durham, approving of what 
had been done. 


Ordnance Survey 


In replying for the Government in an adjournment 
debate on February 20 on redundancies in the Ord- 
nance Survey Department, Mr. J- B. Godber said 
that the Ordnance Survey had for some years been 
endeavouring to recruit cartographic draughtsmen 
and surveyors through the Civil Service Commission, 
but had not succeeded in filling its authorized non- 
industrial complement. Last summer there was a 
marked improvement in recruitment and more than 
200 out of nearly 300 candidates were accepted. 
Continuance of recruitment at this rate for two or 
three months would have filled the authorized com- 
plement, and sufficient established recruits would 
have been available to replace the temporary staff 
during 1958. Meanwhile, the Civil Service Arbitration 
Tribunal awarded an increase of about 15 per cent 
in the rates of pay for cartographic draughtsmen, 
and in consequence of the Government’s policy that 
increased wages costs falling on the Exchequer 
should be met by corresponding savings elsewhere, 
it was decided to restrict the Ordnance Survey 
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Department’s non-industrial strength to 3,827. In 
consequence, the Department had 200 fewer posits 
and more than 200 additional draughtsmen, 50 of 
whom had been asked to report for duty. After 
considering the three alternative possibilities, the 
Minister decided, in view of the adverse effect on 
recruitment of the alternatives, the importance of a 
proper age distribution and of the maximum pro- 
portion of permanent staff, to advance the anticipated 
discharge of temporary staff during 1958, most af 
whom were eligible for consideration for a gratuity, 
and discharge some temporary staff immediately and 
the remainder over a period of nearly a year, not 
more than twenty-five in any three months. Mr. 
Godber emphasized that most of them had bad an 
opportunity to become established at some time. 
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Agricultural Research 


Mr. J. B. Gopzer, Parliamentary Secretary to the 
Ministry of Agriculture, Fisheries and Food, in a 
written answer for the Lord President of the 
Council in the House of Commons on February 17, 
gave the total estimated expenditure on agricultural 
research co-ordinated by the Agricultural Research 
Council for the present financial year as £4,657,000, 
of which £2,033,000 is for animal research, £2,084,000 
on plants and soils research and £350,000 on research 
on agricultural machinery. Research under the 
Ministry of Agriculture, Fisheries and Food was 
estimated to amount to another £166,000 on animal 
research and £2,000 on plant research. 


University Apartheid 


As @ result of suggestions made by participants at 
the meeting on university apartheid held in London 
in November (see Nature, 180, 1163 ; 1957), the Inter- 
national, Committee on Science and Freedom, in 
co-operation with the World University Service, has 
launched an appeal for funds to help non-white 
South African students to obtain university education 
at one of the two ‘open’ universities, at Cape Town 
and Witwatersrand, before the Separate University 
Education Bill, reserving these universities for whites 
only, becomes effective in South Africa. This legis- 
lation will probably not become effective before 
January 1959; students who are attending a 
university at that time will be allowed to finish 
their course. If and when the Separate University 
Edueation Bill becomes effective, then the funds 
collected in aid of non-white students will be used to 
help them to attend universities outside South 
Africa. The World University Service will distribute 
the money, in the first instance, among the organiza- 
tions that have been formed in South Afriea, under 
university auspices, to assist non-white students to 
obtain university education. These organizations will 
be responsible for selecting the students who are to 
benefit from financial aid, and watching over their 
progress. Contributions to this fund can be sent to 
the Secretary, World University Service, 59 Gloucester 
Place, London, W.1, from whom further information 
can be obtained. 


Importation into Britain of Liquid Natural Gas 


A DEVELOPMENT of singular interest has recently 
been reported, namely, the importation into Britain 
of liquefied natural gas, to be used in the gas industry. 
There are many parts of the world in which natural 
gas is found, but in which there is no local demand 
for fuel. If the importation of such gas from such 
sources can supplement the fuel supplies of industrial 
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areas On an economical basis, then the development 
constitutes an addition to the utilizable fuel supplies 
of the world. Trial shipments of natural gas, liquefied 
by the use of an already existing liquefaction plant 
constructed on a barge, are to be taken from the 
Gulf Coast oilfields to a depot on Canvey Island. 
The technical problem which appears to have been 
overcome is the construction of insulated tanks, and 
the ballasting of the ship to carry the exceptionally 
light cargo. It is well known that normal materials 
for the construction of such tanks are liable to lose 
the required properties at the very low temperatures 
involved, in this case — 260° F., for liquefaction at 
atmospheric pressure. A new transmission line is 
being laid from Canvey Island to connect with a 
high-pressure main already in existence between 
Shellhaven and Romford Works, and the gaseous 
methane will mix with refinery gases from the Shell- 
haven refinery. The vessel which is being converted 
for a trial load is a double-bottom cargo ship about 
340 ft. in length which, after conversion, will carry 
about 2,000 tons of liquid methane. The methane, 
of which natural gas mainly consists, and a rich gas 
of a calorific value of 1,000 B.T.0. per cu. ft., will be 
transformed into gas of the normal towns’ gas value 
of 500 B.T.U. per cu. ft. for use in consumers’ appli- 
ances. The results of this venture will doubtless be 
watched with great interest. 


Aerodynamics 


A symposium on “Real Gas Effects in High Speed 
Flow” held at the Armament Research and Develop- 
ment Establishment, Fort Halstead, on February 11, 
was attended by representatives of the Government 
research establishments, the universities and inter- 
ested firms. Four papers were presented, the first 
by K. N. ©. Bray (University of Southampton) 
discussing “Relaxation Phenomena in a Hypersonic 
Nozzle”. Using Prof. Lighthill’s model of ‘an ideal 
dissociating gas and Dr. Freeman’s equation for the 
rate of dissociation, Bray showed that for a typical 
hypersonic nozzle it is unlikely that the flow would 
reach thermodynamic equilibrium and. that the nozzle 
exit, that is, test conditions, would be unrepresenta- 
tive of free flight. These very interesting conclusions 
are in direct contrast to other previous work. In 
“The Effect of Relaxation on Gas Properties”, 
D. H. G. Frood (University of Liverpool) examined 
the flow chemistry behind & strong shock and BUg- 
gested that dissociation need not oecur from the 
ground-state only, as postulated by previous workers. 
This would explain the short dissociation. relaxation 
times found experimentally. B. G. Woods (Royal 
Aircraft Establishment, Farnborough) presented the 
results of some shock-tube performance calculations 
in his paper “Real Gas Effects in the Hypersonic Shock 
Tube”. He directed attention to the difficulty of 
avoiding slip-flow test conditions when expanding to 
flow temperatures representative of the atmosphere. 
Real gas effects reduce to less than half the testing 
period at shock strengths greater than 10. The 
final paper, on “Energy Transfer through a Dis- 
sociated Gas in Couette Flow”, was read by J. F. 
Clarke (Collega of Aeronautics, Cranfield). The 
chemical composition of the flow wag presented, 
together with the velocity and temperature profiles 
for both chemically frozen flow and flow in thermo- 
dynamic equilibrium. The heat-transfer and skin. 
friction relations were also described. The meeting 
ended with a brief tour of the hypersonic test facilities 
at Fort Halstead. Fuller reports of the papers 
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presented and the discussion are to be published by 
the Establishment. 


British Group for Engineering Applications of 
Automation 


Tse British Conference on Automation and Com- 
putation is being organized in three sections, as 
follows : (A) the British Group for the Engineering 
Applications of Automation ; (B) the British Group 
for Computation and Automatic Control; and (C) 
the British Group for the Sociological and Economic 
Aspects of Automation Techniques (Nature, 179, 
948 ; 1957). The British Group for Computation and 
Automatic Control, Group B, was formally con- 
stituted on December 20 (Nature, 181, 237; 1958). 
At a meeting held on February 20, Group A, the 
British Group for the Engineering Applications of 
Automation, was formally constituted, comprising as 
its members twenty-one professional and learned 
institutes and societies with interests in this field. 
The objects of the Group are: to foster the develop- 
ment of the engineering applications of automation ; 
to afford a common meeting ground for the adhering 
organizations ; to maintain liaison with other Groups 
of the British Conference on Automation and Com- 
putation and with corresponding national committees 
of other countries; and to encourage and to co- 
ordinate the presentation at international conferences 
of British papers on subjects falling within the 
purview of the Group. Dr. D. F. Galloway, a 
member of the Council of the Institution of Mech- 
anical Engineers, was elected chairman of the Group, 
with Mr. J. 8. Brough and Sir Walter Puckey (past- 
president of the Institution of Production Engineers) 
as vice-chairmen. Mr. Brian G. Robbins (secretary 
of the Institution of Mechanical Engineers) was 
elected honorary secretary, and the offer of the 
Institution of Mechanical Engineers to provide 
secretarial services for the Group was accepted. Dr. 
Galloway, Mr. Brough and Sir Walter Puckey will 
represent Group A on the general committee of the 
British Conference on Automation and Computation, 
which is made up of three representatives of each 
Group. The constitution of the Group provides for 
the election of additional member societies: those 
interested should write to the honorary secretary of 
the Group, at the Institution of Mechanical Engineers, 
l Birdcage Walk, Westminster, London, 8.W.1. 


Foundation of an Association of Radiobiologists 


THE formation of an Association of Radiobiologists 
has been under consideration for some time (Nature, 
180, 411 ; 1957). At a recent meeting of the Radiation 
Research Visiting Club, a steering committee was set 
up to propose the constitution of some form of 
association which would not jeopardize the future of 
the’ Club as it is at the moment. The Radiation 
Research Visiting Club has been invited to visit the 
Experimental Radiopathology Research Unit, at 
Hammersmith Hospital, on May 9 and 10, and an 
open meeting is to be held on May 9 at 5 p.m., at 
which the steering committee will formally propose 
the formation of an Association. The question as to 
whether an Association should be formed and, if so, 
the general nature of its constitution, will be debated. 
If it accords with the wishes of the meeting, an 
Association will come into being at this meeting and 
a body of persons will be elected to draw up rules 
and to attend to any other business of the Association 
which the meeting shall direct. Any interested person 
who wishes to attend this meeting, and who has not 
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previously been in contact with the Radiation 
Research Visiting Club, should communicate with the 
Director, Experimenta] Radiopathology Research Unit, 
Hammersmith Hospital, Ducane Road, London, W.12. 
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Trace Metals and Nitrogen Metabolism 


in an investigation of the function of trace metals 
in the nitrogen metabolism of plants, D. J. D. 
Nicholas (Annals of Bot., N.S., 21, 587; 1957) has 
pointed out that trace metals have been found to be 
associated with flavoproteins, a number of which are 
key enzymes in the nitrogen metabolism of plants. 
Thus, molybdenum is a constituent of nitrate 
reductase which catalyses the reduction of nitrate to 
nitrite in some bacteria, fungi and higher plants. 
During the enzymic reduction of nitrate a one- 
electron change is involved, Mo*t+t =Mo5+. Nitrite 
and hyponitrite reductases both require iron and 
copper and flavin for maximum activity and are 
inhibited by uncoupling reagents so that a phos- 
phorylation takes place at these two reductive steps. 
Hydroxylamine reductase is a flavoprotein. dependent 
on manganese, but, as with nitrate reductase, it 
is unaffected by uncoupling reagents. An aromatic 
route may also exist in plants for the reduction of 
organo-nitro compounds, but it is more likely that 
the aliphatic route is the primary reductive pathway. 
Molybdenum, vanadium, tungsten and iron may 

all be involved in the process of nitrogen fixation in 
free-living micro-organisms and in the root-nodule 
bacteria. The suggestion that the enzyme hydro- 
genase is coupled to nitrogen fixation is not borne 
out by the results of valency experiments with 
molybdenum and vanadium, which show that an 
active hydrogenase does not necessarily result in a 
vigorous fixation process. Although molybdenum - 
has been shown to be a constituent of hydrogenase 
from Clostridium pasteurianum, experiments in the 
Long Ashton Research Station laboratory show that 
a deficiency of iron only reduced the enzyme in this 
organism and in Azotobacter. Both molybdenum and 
iron, however, are essential for nitrogen fixation. In 
some strains of Azotobacter, vanadium or tungsten 
can partially replace molybdenum for nitrogen 
fixation. 


The Folklore of Birds 


A SURVEY of English folklore is being made by the 
Department of English in University College, London, 
under the guidance of Prof. A. H. Smith, with the 
assistance of Mr. J. McN. Dogson. The object of this 
survey is to collect an archive of folklore materials 
rather than to prepare, in the early stages at least, 
studies and monographs on particular aspects of 
folklore. A large and representative body of volun- 
tary collectors and informants from all parts of the 
country is needed, and those who are interested 
should write for information to the English Folk- 
lore Survey, University College, Gower Street, 
London, W.C.1. Questionnaire No. 8 of the English 
Folklore Survey deals with birds. It seeks informa- 
tion on the popular lore relating to birds, on popular 
beliefs about the physical appearance, habits and 
life-cycles of British birds, both wild and domestic, 
on any association of birds with good or ill luck, or 
with weather, etc. Informants are requested to send 
in information referring to various aspects of bird- 
life in folklore discussed under fourteen headings. 
British ornithologists and especially bird watchers 
should be interested in the work carried on by the 
survey. 
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Radiofrequency Spectroscopy Group 

A piscussion will be held on “High Resolution 
Nuclear Magnetic Resonance” in Oxford during 
April 21-22, organized by Dr. R. Richards. Limited 
accommodation will be available in college for those 
who wish it. Reservation forms for this should be 
obtained from Dr. R. Richards, Lincoln College, 
Oxford. It is hoped that there will be contributions 
on the theory of high-resolution spectra, its applica- 
tion to organic and inorganic chemistry, and on 
the design of spectrometers. It is not intended 
to have any introductory accounts of the subject. 
Another meeting will be held during September 22— 
23, at Newcastle, on “Magnetic Resonance in the 
Solid State”, organized by Dr. E. E. Schneider. 
Further information about these meetings and the 
Group can be ‘obtained from Dr. D. J. E. Ingram, 
Honorary Secretary, Radiofrequency Spectroscopy 
Group, The University, Southampton. 
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Physical Society Exhibition 

Te Physical Society’s annual Exhibition of 
Scientific Instruments and Apparatus will be held in 
the Old and New Halls of the Royal Horticultural 
Society, Westminster, 8.W.1, on the following dates : 
March 24, 10.30 a.m.—7 p.m. (Fellows and Press only, 
10.30 a.m.—2 p.m.); March 25, 10 am.-9 p.m. ; 
March 26, 10 am—7 pm.; March 27, 10 am — 
4.30 p.m. The size of the Exhibition is expected to 
be similar to that of previous years, including 133 
exhibitors, and a large number of universities, 
hospital physics departments and research organiza- 
tions are again participating, thus assuring a high 
` proportion of purely research exhibits. The following 
discourses, to be delivered at 5.45 p.m. on the dates 
indicated, are to be given: March 24, “Goethe’s 
Colour Experiments”, by Mr. M. H. Wilson (Goethean 
Science Foundation); March 25, “Some Uses of 
Physics in Archeology”, by Dr. E. T. Hall (Research 
Laboratory for Archeology and History of Art, 
Oxford); March 26, “Some Recent Investigations 
with Aircraft on the Physics of Clouds and Rain”, 
by Mr. R. J. Murgatroyd. As in previous years, the 
Society is publishing a “Handbook of Scientific 
Instruments and Apparatus” in connexion with the 
Exhibition (6s. net or 7s. 8d. post paid). All in- 
quiries should be addressed to the Physical Society, 
1 Lowther Gardens, Prince Consort Road, London, 
S.W.7. 


University News : 
University College of Rhodesia and Nyasalan 


LEVER BROTHERS (RHODESIA), LTD., has given 
£10,000 to the University College of Rhodesia and 
Nyasaland to endow a Research Fellowship. The 
Lever Research Fellowship will be of the value of 
£650 per annum, and preference in its award will be 
given to male graduates who wish to pursue advanced 
study and research in chemistry, chemical engineering 
or allied subjects. There are no restrictions of race 
or colour for candidates, who must normally be 
residents or children of residents in the Federation 
of Rhodesia and Nyasaland. 


Sheffield 


THE following have resigned: Prof. R. P. Jepson, 
on his appointment as professor of surgery in the 
University of Adelaide; Prof. W. Hobson, on his 
appointment as medical officer in training and 
education in the World Health Organization Regional 
Office, Copenhagen. 
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The University has received the following grants : 
£2,000 a year for the next five years from the Town 
Trustees. This will be used for strengthening the 
recently created Department of Psychiatry. 8,500 


dollars from the Rockefeller Foundation for research 
in microbiology. 


Announcements 


Tat following awards have been announced by the 
Royal Society of Edinburgh: Keith Prize, 1955-57, 
to Dr. I. M. H. Etherington, for his papers on algebra 
published in the Proceedings of the Society during 
the period of the award and for his earlier contribu- 
tions in the same field; Neill Prize, 1955-57, to 
Monica Taylor, for-her joint paper published in the 
Proceedings of the Society during the period of the 
award and in recognition of her distinguished con- 
tributions to protozoology. 


Dr. D. G. Evans has been appointed director of 
the Division of Biological Standards at the National 
Institute for Medical Research in succession to Dr. 
W. L. M. Perry, who is going to the chair of materia 
medica in the University of Edinburgh. 


THE annual open day of the Glasshouse Crops 
Research Institute will be held on June 11. Further 
information can be obtained from the Institute, 
Worthing Road, Rustington, Littlehampton, Sussex. 


THE 1958 annual conference of the Textile Institute 
will be held at Edinburgh during May 12-16. The 
subject will be ‘Fibre Blends and Mixtures”. Further 
information can be obtained from the Textile 
Institute, 10 Blackfriars Street. Manchester 3. 


A GENERAL discussion, organized by the Faraday 
Society, on ‘Configurations and Interactions of 
Macromolecules and Liquid Crystals” will be held in 
the Department of Chemistry, University of Leeds, 
during April 15-17. Further information can be 
obtained from the Secretary, Faraday Society, 
6 Gray’s Inn Square, Gray’s Inn, London, W.C.1. 


Tue Institution of Electrical Engineers is holding 
an International Convention on Microwave Valves 
during May 19-23. Further information can be 
obtained from The Secretary, Institution of Electrical 
Engineers, Savoy Place, London, W.C.2. 


THE third congress of the International Federation 
of Prestressing will be held in Berlin during May 
5-10. Further information can be obtained from 
Mr. Philip Gooding, Secretary, Prestressed Concrete 
Development Group, Terminal House, Grosvenor 
Gardens, London, 8.W.1. 


Toe eighth annual meeting of the Société de 
Chimie Physique, which is to be held in Paris during 
May 27-30, will be devoted to a discussion on “Trans- 
ferts d’Energie Lumineuse et Photosensibilisation’”’. 
Further information can be obtained from Prof. G. 
Emschwiller, Ecole Supérieure de Physique et de 
Chimie, 10 rue Vauquelin, Paris Ve. 


ERRATUM. In the communication entitled ‘Jso- 
leucine and Allo-dsoleucine” by Anna W. I. van 
Dam-Bakker in Nature of J. anuary 11, in line 8 on 
p. 117, the comment “erroneously called threonine by 
Shulgin” is incorrect; the phrase should read “an 
allo-configuration is also possible for hydroxyproline, 
hydroxylysine and threonine, which also contain 2 
asymmetric carbon atoms’’. 
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INDUSTRIAL CARBON AND GRAPHITE 


4 ee rapidly developing interest in carbon and 
graphite was demonstrated by the presentation 
of more than sixty papers, running in preprint form 
‘to more than 500 pages, to the Conference on Indus- 
‘trial Carbon and Graphite organized by the Society 
of Chemical Industry and held in London during 
September 24-26. In part, the enhanced importance 
of these materials has arison from the employment of 
graphite as a moderator in nuclear-power production, 
but’ the use of industrial carbon in many other 
branches of industry has also increased greatly in the 
past two decades. 

The Conference was opened by Dr. H. K. Cameron, 
‘who surveyed the traditional uses of carbon, and 
modern developments from them, and ventured to 
predict some of the problems of carbon technology 
which might be solved in the future. 

Historically, the expanding industrial use of 
carbon has depended mainly upon the evolution of a 
technology for the conversion of the irregular piece 
of coke or char resulting from the carbonization of 
organic matter into strong, rigid, macroscopically 
homogeneous forms suitable for industrial applica- 
tion. The basic process has remained unchanged for 
a century. The primary coke is ground (to form the 
‘grist’), mixed with a suitable binder (such as tar or 
pitch), pressed or extruded into the desired shape 
and calcined. The binder decomposes +o form a 
secondary coke which links together the particles: of 
the primary coke to produce a rigid product. At this 
stage the material is called ‘industrial carbon’. In 
recent years a further process is often added in which 
the carbon is heated in an inert atmosphere (such as 
argon) to temperatures in excess of 2,000° C. to 
iduce graphitization. The product is ‘industrial 
graphite’. 

Materials prepared in this way find many appli- 
cations. Among those dealt with specifically at the 
Conference were: as electrodes in both electro- 
chemical furnaces (used, for example, in aluminium 
production) and in melting furnaces; as moulds, 
crucibles and dies in metallurgical processes ; in the 
construction of chemical plant to withstand either 
high temperatures or corrosive conditions ; as carbon 
brushes for electrical machines; as dry bearings ; 
as electrical resistors both in the electronics industry 
and in heavier electrical applications ; and finally as 
a moderator in nuclear piles. 

Industrial carbon and graphite differ from natural 
graphite in many important respects, most of which 
were referred to during the Conference. These 
differences are structural rather than chemical in 
origin, and are associated with features ranging from 
variations in. the crystal lattice of sub-microscopic 
regions of the material, to heterogeneity on the 
microscopic and occasionally on the macroscopic 
scale which results inevitably from the method of 
manufacture. The properties of the final product 
depend on many factors, including the nature of the 
basic raw material, the way in which it is carbonized, 
the method of grinding, the size distribution and the 
shape of the grist particles, the nature of the binding 
agent and the amount used, the method of forming 
the product (pressing or extrusion), the conditions of 
the second carbonization and finally the temperature 


of graphitization and the atmosphere in which it is 
carried out. These factors often interact with one 
another, so that the problem of understanding the 
nature and properties of a given industrial carbon or 
graphite in relation to its method of preparation is 
exceedingly complex, and in the absence of a funda- 
mental understanding, a substantial body of empirical - 
technique has been built up in the industry. The 
papers presented to the Conference show, however, 
that real attempts are being made to rationalize 
knowledge of the fundamental processes, and to 
relate this knowledge to the properties of the 
final product by the correlation of information 
derived from a wide range of experimental 
methods. 

The property which reflects most directly the 
difference between artificial carbons and natural 
graphite is the bulk density: industrial materials 
rarely exceed a density of 1-75 gm./em.%, whereas 
graphite has a density of 2-26 gm./em.*. This 
difference arises from structural differences at all 
size-levels. It is generally presumed (although not 
definitely proved in all cases) that the basic structural 
unit of carbonized materials is the O,-ring, although 
the presence of some side-chains with free valencios 
is also assumed. Evidence for the presence of free 
radicals comes from electron-resonance studies 
(Ingram). These rings are fused together to form 
planer aggregates which may be complete or possess 
‘holes’ of various kinds. X-ray studies show that 
natural graphite consists of perfect planes of fused 
rings, arranged parallel to one another with a definite 
interlayer spacing, and with the orientation of each 
plane relative to its neighbour completely defined. 
The energies of the electronic configurations in the 
graphite structure are not yet calculable with high 
accuracy, and an attempt to obtain evidence about 
them by studying the reflectance of light of various 
wave-lengths by polished graphites was reported to 
the present Conference by Humphreys-Owen and 
Gilbert. Less-perfect structures of lower density 
occur when, the relative orientation of the rings in 
adjacent planes is random, and the average distance 
between planes increases slightly: the structure is 
said to be ‘turbostratic’. Amorphous carbons have 
also been subjected to careful study by X-ray tech- 
niques, and it is concluded that they consist of 
graphite-like crystallites, the size of which may range 
from the order of ten angstrom units to several 
hundred, interspersed with turbostratic_and possibly 
even more randomly arranged carbon. In addition, 
nearly all carbons have a characteristic porous 
structure consisting of cavities the dimensions of 
which may range from a few angstroms to tenths of 
& millimetre, and the shapes of which may vary 
widely. Hach individual carbonized material has its 
own characteristic structure, while the industrial 
carbons under discussion consist of an intimate 
blending of two such structures, one arising from 
the primary coke and the other from decomposition 
of the binder. Some of the more important implica- 
tions of this two-component. structure were brought 
out in Mrozowski’s: general introduction to the 
Conference, which stressed not only the complexities 
of the microstructure of artificial carbons, but also 
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the analogy between them and 
powders. ; 

X-ray studies have formed the basis of many of 
the conclusions regarding the molecular structure of 
carbon and graphite, and a survey of diffraction 
methods (including neutron diffraction) was given 
by Bacon, while a rapid X-ray method for determining 
the preferred crystallographic orientation was de- 
scribed by Ali, Fitzer and Ragoss. Recent work on 
the structure of carbonized coals was reported by 
Diamond and Hirsch, while the carbonization pro- 
ducts of materials of known composition have been 
examined by Stadler and Thomson (single crystals 
of flavanthrone) and by Winslow, Matreyek and 
Yager (vinyl polymers). Further work on the pro- 
gress of graphitization at high temperatures, as 
revealed by X-ray studies, was reported by Maire and 
Mering, and by Steward and H. W. Davidson. Corre- 
lation is found by Adamson and Blayden between the 
size of the graphite crystals and the magnetic suscept- 
ibility, and these authors used the latter property to 
study the dependence of crystallite size on starting 
material and thermal treatment. Other properties 
which are closely related to the structure of carbons 
are the thermal and electrical conductivities. They 
depend mainly on the size, orientation and density 
of the crystallites, but in different ways in various 
ranges of temperature. Consequently, measurements 
of thermal and electrical conductivity over a wide 
temperature-range are important (Berman; Powell ; 
Albert and Parisot; Mason), especially when associ- 
ated with X-ray studies (Bowman, Krumhansl and 
Meers). The porosity of carbons is a property which 
in some applications is desirable and for many others 
undesirable. Reliable methods for assessing the total 
porosity and its distribution in terms of the size of 
cavities are therefore important. Bond and Spencer 
reviewed methods developed at the British Coal 
Utilization Research Association for studying the 
ultra-fine structure of coals and carbonized coals, 
while Academician Dubinin surveyed Russian work 
on the correlation of adsorptive properties with 
porous structure. A paper by Cadenhead and Everett 
was concerned with the elucidation of the porous 
structure of carbons by a study of the thermodynamics 
of adsorption processes. Gas permeability methods 
are widely used for assessing porosity, although the 
fundamental theory of the method is far from satis- 
factory. Papers by Wiggs and by Hutcheon, Long- 
staff and Warner discussed both the theory and the 
interpretation of experimental results on industrial 
graphites. . ! 

The major part of the porosity of an industrial 
carbon is associated. with the secondary coke formed 
by decomposition of the binder. Consequently, it is 
desirable to use the minimum amount of binder. 
The grist aggregate must therefore have a minimum 
of inter-particle voids, and optimum packing is 
achieved by blending different particle sizes in the 
grist. The shape as well as the size of grist particles 
is also important, and this has been studied by 
Amstein and Watson. Furthermore, extruded carbons 
are anisotropic and this is in part controlled by the 
particle shape (Grossman). The choice of suitable 
binder is of great importance, and several papers 
(Darney ; McNeil and Wood; Blakeley and Earp; 
Lessing) were devoted to this problem. A systematic 
investigation of the variation of the properties of 
carbons, in particular mechanical strength and elec- 
trical resistivity, with amount of binder and with the 
composition of the grist, was reported by Fialkov. 
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The manufacture of electrodes having long life is 
important economically, both in the production of 
aluminium and in electro-melting: half a ton of 
carbon is consumed for each ton of aluminium pro- 
duced, while 15 per cent of the cost of converting 
scrap steel to ingots arises from electrode wear. Two 
problems in the production of electrodes for alum- 
inium cells were discussed. The first is concerned 
with the cracking of electrodes during baking, which 
causes uneven current distribution. According to 
Pratt, this arises from shrinkage of the grist during 
the second carbonization, and he has studied the 
shrinkage of cokes at 1,000° C.; this is shown to be 
related to the hydrogen content of the coke. Dis- 
integration of the electrode surface, arising from 
preferential oxidation of one component of the 
carbon, also makes an important contribution to 
electrode wear, and Bowitz, Böckman, Jahr and 
Sandberg attribute this to the greater porosity and 
reactivity of the coked binder. The mechanism of 
electrode consumption in melting furnaces is not 
clearly understood, and the work of Ravenscroft and 
Preston on the distribution of electrode wear at 
different points on the surface as a function of 
electrode current and voltage provides some basic 
information about the phenomenon. 

Problems of electrode life, as well-as many indus- 
trial applications of carbon, depend upon the reactivity 
of carbons towards oxidizing gases. A fundamental 
study by J. D. Watt and Franklin in which changes 
of structure arising from oxidation were studied by 
X-ray methods suggests that the most reactive part 
of a porous carbon structure consists of single, 
unstacked, graphite layers which can adsorb. oxygen 
on both faces. The kinetics of reaction of carbon 
with various gases continues to be studied, and a 
number of recent researches were reported (Graham, 
A. R. G. Brown, Hall and W. Watt; Earp and Hill ; 
Walker and Nichols; Day, Walker and Wright) ; 
particular emphasis is now being placed on measure- 
ments at high temperatures (1,500—-2,500° C.) and 
at high rates of gas flow. The effect of surface 
oxides on the reactivity of carbon was the 
subject of a paper by Harker, Marsh and Wynne- 
Jones. 

In the electrical industry great importance is 
attached both to the electrical conductivity of carbon, 
and to the contact resistance at carbon-carbon and 
carbon—metal interfaces. A review of developments in 
applications of carbon to current-collection was given 
by Vaughan, with particular reference to behaviour 
under high-altitude conditions, where, in the absence 
of water vapour, the friction between brush and metal 
commutator increases and rapid wear ensues. Experi- 
mental studies of the electrical properties of sliding 
contacts at low gas-pressures were described by 
Millet. In these applications metallized types of 
graphite are often employed, and details of the pro- 
duction of copper—graphite materials were given by 
Beech and Price. The contact resistance at carbon— 
carbon surfaces, and its dependence on load, is 
important both in high-duty variable carbon-plate 
resistances and in carbon microphones. The former 
application was discussed by Knowles, while measure- 
ments of the electrical characteristics of microphone 
carbon as a function of frequency were reported by 
Fairweather, Frost and Shirley. Blanchard presented 
results on the electrical conductivity charactoristics 
of a wide range of compressed carbon blacks, in 
particular in relation to their dependence on heat 
treatment, while Dawson and White reported on the 
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properties of resistors made from various carbon 
blacks bonded with resins. 

Methods of preparing dense, unreactive carbon are 
of great importance. If successful, they would find 
application both in bulk form and as surface coatings 


for less dense material. Recent work (A. R. G. Brown 


and W. Watt) shows that dense impervious material 
is produced by the thermal decomposition of hydro- 
carbons at œ hot surface (1,600-2,100° C.), and surface 
coatings of this kind enhance the chemical resistance 
of more reactive graphites. The kinetics of deposition 
of carbon films from benzene and toluene vapour 
carried by a stream of helium in a rather lower tem- 
perature range (850-950° C.) have been studied by 
Kinney and Murphy. 

Carbons as normally prepared may contain, besides 
small amounts of trace elements, a substantial 
amount of hydrogen, oxygen, nitrogen and sulphur. 
These elements may have an important influence on 
the structure, and Riley, Baraniecki and Streeter 
reviewed. the properties of these ‘heterocarbons’. 
The particular case of graphitic oxide has been 
studied extensively in the past thirty years: 
the present position was reviewed by de Boer 
and van Doorn in the light of their more recent 
work. 

Considerable emphasis was placed on industrial 
carbon as @ constructional material. Reviews of its 
applications in various industries were contributed 
by Lyddon and Hurden (mechanical engineering) ; 
K. F. Anderson (chemical engineering); H. D. 
Anderson. and Ward (chemical plant); Hilliard (heat 
exchangers); Haines (high-temperature furnaces) ; 
G. E. Ross and D. W. Brown (metallurgy) ; Lakin and 
Mackenzie (blast-furnace linings). The mechanical 
properties relevant to these applications were dis- 
cussed by H. W. Davidson, Losty and A. M. Ross, and 
by Arragon and Berthier, while methods of non. 
destructive testing were outlined by T. D. Davidson. 

The most important new field of application of 
industrial graphite is in nuclear-power plant, where 
to the desirable properties of high density, low 
reactivity and mechanical strength, must be added 
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the over-riding requirement of high purity. Dis- 
cussions of this application and of the required 
properties were contributed by McIntosh, Heal and 
Cowan; Lockett; and McIntosh, O’Driscoll and 
Tyzack. Special attention has to be paid to the 
effects of high temperatures and of neutron irradia- 
tion, and papers by Hove and by Simmons were 
concerned with these problems. In studying the 
suitability of various raw materials and manufac- 
turing procedures for nuclear-graphite production, 
large-scale experimental plant is needed, and that 
recently constructed at Harwell was described by 
Price and Yeats. The problems arising in the 
manufacture of nuclear graphite were discussed by 
Cornault and Rochettes. High purity may in prin- 
ciple be attained either by using very pure raw 
materials, by the purification of ordinary graphite 
or by purification in the course of the final graphit- 
ization. The latter method is that actually chosen, 
and a study of the purification of graphite by treat- 
ment with gaseous chlorine or a chlorofluorohydro- 
carbon during graphitization was the subject of a 
paper by Odening and Bowman. The resultant 
purity depends on the permeability of the carbon : 
the high density and low porosity desirable in graphite 
for use as a moderator may not be compatible with 
gas-purification methods. Methods of estimating the 
purity of reactor graphite were mentioned in several 
papers—the usual method being to compare the 
effect of different graphites on the time required for 
the reactor to become critical ; detection and estima- 
tion of rare earths by the radioactivation technique 
and a study of the changes of rare earth content in 
the course of graphite manufacture was described by 
Decour, Leveque, Hering and J ouquet. The altera- 
tion of properties brought about by purification was 
discussed by Baroin. 

During the period of the Conference an exhibition 
of industrial carbon and graphite was held in the 
Department of .Chemical Engineering, University 
College, London; and this, together with several 
social functions, contributed to the success of the 
Conference. D. H. EVERETT 
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SAFETY IN MINES RESEARCH 


Ta scope of the Safety in Mines Research 
Advisory Board was ‘widened early in 1956 when 
the Board was re-appointed, with Prof. R. V. Jones as 
chairman, and given new terms of reference which 
ask the Board “to keep under review and advise the 
Minister of Power on the general scope, organization. 
and progress of research work on safety in mines”. 
Until then the scope had been restricted to the 
Ministry’s research work on the subject. It is appro- 
priate, therefore, for the thirty-fifth annual report on 
safety in mines research (London: H.M. Stationery 
Office, 1958) to include a short account of the ninth 
international conference of directors of safety in 
mines research and to give in appendixes not only 
synopses of recent publications of the Safety in Mines 
Research Establishment, but also a list of papers 
presented by all the delegates to the ninth inter- 
national conference. 

The report, however, is essentially a report of the 
work of the Safety in Mines Research Establishment 
for the year 1956. During the year the move to new 


premises, in Broad Street, Sheffield, housing the 
engineering sections and much of the Technical 
Information Service Department, was begun. It is 
significant that the acute problem of accommodation 
has resulted “as much from increasing the strength 
of research teams to the necessary extent, as from the 


` Increasing complexity of the work”. As the director 


of the Establishment, Mr. H. T. Ramsay, remarks in 
his introduction to the report, “Mining research has 
been in progress for a long time and the easier answers 
have usually been found; real advances against the 
remaining hazards will only be mado by a penetrating 
study of their mechanisms and, so far from becoming 
easier, one may expect the Establishment’s work to 
become more difficult’’. 

Most of the report is concerned with the research 
of the Establishment into the hazards of mining. 
There are eight main sections, namely, explosives and 
blasting devices, the explosion hazard, breathing 
apparatus, fire hazard, engineering and metallurgical 
research, dust control and pneumoconiosis hazard, 
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miscellaneous, and testing services. The wide scope 
of the work of the establishment is illustrated by the 
fact that within the eight main sections there are 
nearly a hundred sub-sections dealing with such 
widely different topics as pulsed infusion of coal, 
ignition of gases by sparks of various origins, fighting 
roadway fires with foam-plugs, atomic hydrogen 
welding of wrought iron, catalytic oxidation of 
exhaust gases of Diesel locomotives, deposition and 
dispersion of respirable dust, automatic assessment of 
miners’ pneumoconiosis from chest radiographs, 
safety helmets and factors affecting the movement 
and control of rats in drift mines. 

It is not easy to select from the necessarily highly 
condensed accounts of investigations included in the 
report examples which illustrate adequately the 
scope and quality of the work of the Establishment ; 
accordingly, the largest sections, those devoted to 
the explosion hazard and to engineering and metallur- 
gical research, are selected for mention. The report 
points out that, during the decade 1946-55, there was 
a marked decrease in the number of casualties 
from explosions in mines in Great Britain, due not to 
any great reduction in the number of gas ignitions 
but to reduced severity of the explosions as measured 
by the number of casualties. This improvement may 
well be due to improved mine ventilation and gas 
control, with consequent reduction in the size of 
accumulations of gas available for inflammation. 
It is felt by the Establishment that current research 
on the causes of ignition of gas in mines should be 
supplemented by research on the movement of fire- 
damp in mines and on the dispersal of accumulations 
of gas. Coal-dust explosions in mines are generally 
initiated by explosions of methane, so that attention 
continues to be directed towards the ignition of 
methane, particularly by frictional sparking such as 
may occur when certain light alloys strike rusty steel, 
or from steel chock releases, or from -auger mining, 
or from rocks during drilling. 

So far as coal-dust explosions are concerned, the 
report includes work on binding of coal dust by dilute 
solutions of adhesive and by aerosols, and work in 
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OS July 5 a meeting was arranged by the Institute 
of Biology to discuss the professional problems 
of biologists serving overseas. A report of the meeting 
has been published in the Institute’s Journal (4, 
No. 4; 1957). The meeting was opened by Dr. 
Kenneth Mellanby, lately principal of the University 
College, Ibadan, Nigeria, who said that many of the 
economic problems of tropical territories could only 
be solved by biologists, for whom there are an immense 
number of fascinating and important problems 
waiting to be tackled. So far, there has been very 
little serious biological research in any part of the 
tropics. Hard-pressed government officials in a 
number of territories have done much fine work, but 
shortages of staff and the constant preoccupation 
with ad hoc measures have meant that the funda- 
mental work on which practical measures should be 
based has not been tackled. At times, the need for 
such fundamental work has not even been realized ; 
in Nigeria the belief was that there was no need for 
any work on cocoa and its pests because this was all 
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the Establishment’s explosion gallery at Buxton on 
the propagation and prevention of propagation of a 
coal-dust explosion. The work in the gallery includes 
an investigation on the dispersion of dust by, and in, 
the blast from an explosion. An interesting part of 
that section on explosions deals with the application 
of gas chromatography followed by a hot-wire detector 
(or for some purposes an infra-red analyser) for 
analysis of mine atmospheres, natural gases from 
boreholes in coal and ironstone mines, fire products 
and Diesel exhausts. 

The section on engineering and metallurgical re- 
search shows that light-weight roof-bars were studied 
during 1956 especially in respect of their stability 
in temporary support systems at roadheads. Attén- 
tion was given to the development of convenient and 
rapid non-destructive methods for checking the 
soundness of welds in chain links, of particular 
Importance, for example, in cage suspensions. Several 
failures in ropes and components of couplings and 
draw gear were examined, and as a result theoretical 
and experimental work was begun to find improve- 
ments in design or in choice of material; photo- 
elastic methods are being used increasingly in this 
work. Mining gear may be subjected to corrosion 
arising from, for example, moist salt spread in mines 
to bind dust, from acid pit-water, or from the reaction 
products between salt and acid pit-water. The 
effects of potentially corrosive materials on mining 
gear, including wire ropes, were examined during 
the year and the influence of certain inhibitors was 
investigated. 

As mentioned above, it is not easy to deal ade- 
quately in this short notice with the wide variety of 
work summarized in the report. The report will be 
read, as the earlier reports of the Establishment 
have been, with real interest by those connected with 
the mining industry. It can be recommended, also, 
to those who are not connected with the mining 
industry, not only because of the wide range of 
problems receiving attention but also because several 
of the problems are similar to those found in other 
industries. S. G. Warp 


THE TROPICS 


covered by the work of the Cocoa Research Station 
in Ghana. There are many more entomologists in 
Britain studying the wheat bulb fly than there are in 
West Africa concerned with the pests of cocoa, the main- 
stay of the economy of Ghana and Western Nigeria. 

Dr. E. E. Weatherly, who some years ago worked 
as @& botanist in the Department of Agriculture, 
Uganda, indicated that there could be no better 
experience for a biologist of Ph.D. level than that of 
spending a few years of research in a tropical country. 
The major professional difficulty in working in 
tropical parts is that of isolation. First, there is 
isolation from libraries. To a scientist the library 
comes second only to the laboratory, but a library is 
more difficult and expensive to equip and maintain 
than a laboratory. This difficulty is inherent in 
spreading out research over isolated and remote 
stations, for even reasonably useful libraries simply 
cannot be maintained at such centres. 

Next to the absence of books comes the absence 
of professional colleagues. Except for the very few, 
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discussion of work with others in the same or related 
fields is a vital stimulus to progress. Few specialists 
in the tropics can expect such contacts. 

Professional isolation has a secondary effect: it 
can lead only too easily to professional oblivion. 
The young man overseas, having no opportunity 
for the self-advertisement provided by conferences 
and meetings, remains unknown to those of his seniors 
who might help promote his professional interests. 

The greatest problem of all who serve overseas, 
according to Dr. Weatherly, is education of children. 
It looms even larger than the purely professional 
problems, but it inevitably leads to a vital question 
which is professional in nature. This is the question 
of length of service. In view of professional and 
family difficulties, the ideal arrangements would 
seem to be five, ten or even fifteen years of service, 
with the opportunity of a return to the United 
Kingdom when professional or family circumstances 
demand. 

The not-so-young biologist who wishes to resign. is 
confronted with the problem of obtaining a post in 
the United Kingdom ; for this the specialist is better 
placed than his administrative colleagues. A general 
agricultural officer is unfit for a return to Britain in 
proportion to the length of his service. His intimate 
knowledge of the agriculture, people and climate of 
an area in Africa is not likely to impress a committee 
of the Ministry of Agriculture in Britain, or a com- 
mercial firm wanting a farm manager. 

The difficulties of the biologist research officers 
wishing to return to the United Kingdom are con- 
siderable. For a man who obtains a Colonial Office 
scholarship immediately after his first degree, the 
possibility of obtaining a higher degree is precluded. 
In any event, the type of work carried out in @ 
government department might not be suitable for 
submission as a thesis. Moreover, his work, although 
very valuable to his employers and perhaps very 
valuable as experience to himself, may have led to 
little publication except in local reports or journals. 
Then there is the disadvantage of physical remote- 
ness. The head of a department receiving applications 
for a post is likely to view one from overseas less 
favourably than others. Nor can the attitude which 
many senior biologists have to work overseas be 
precluded. In most branches of biology, tropical 
experience is not at a premium—it is often regarded 
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as an improper and largely irrelevant version of 
experience gained in the United Kingdom. 

This misconception is rendered possible by the 
fact that so many senior biologists themselves have 
never visited, or worked in, the tropics and are in 
no position to assess the value of tropical experience. 
Many biologists who have spent some years of suc- 
cessful research in the tropics might reasonably look 
forward to a biological post in one of the universities 
in the United Kingdom, but the pattern of university 
recruitment to-day makes their chances very slender. 
University teaching has become a profession which 
may be entered at the bottom, occasionally at the 
top, but very seldom in the middle. 

Finally, there is the problem with which a univer- 
sity tutor is faced in advising students whether to 
take up tropical work. Is a young man to-day well 
advised to enter a field of work which seems to be 
contracting ? Self-government in overseas territories 
and the increasing education of Africans and other 
peoples up to university-level must inevitably mean 
fewer posts for Europeans. This would seem to point 
to scientific careers in the tropics being in many 
cases rather short, at all events much shorter than 
thirty years. 

Guarantees of security for young men who wish to 
venture overseas are essential. As biologists they are 
taking great professional risks and their interests 
should be safeguarded. Such safeguards are expressed 
by the Colonial Office in “‘Reorganization of the 
Colonial Service, 1954”* as follows: “They will be 
given adequate notice of any intention to terminate 
their employment in consequence of constitutional 
changes, and Her Majesty’s Government in the 
United Kingdom will endeavour to find them 
alternative employment should they so desire”. The 
word ‘endeavour’ should be replaced by ‘undertake’. 

Other contributions to this important meeting were 
made by D. Rhind, Secretary for Colonial Agricultural 
Research, who talked about biological research in 
Colonial territories ; Prof. A. H. Bunting, who con- 
sidered the problems of biologists in the transition of 
Colonial countries to independence; Prof. G. F. 
Asprey, who examined the problems of biologists in 
university colleges overseas, and Prof. R. D. Purchon, 
of the University of Malaya, who was particularly 
concerned with the problems of his own university. 

* Colonial No. 306. (London: H.M. Stationery Office.) 
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TRADE WASTES 


S a result of public demand for the abatement 

of pollution of rivers, the River Boards Act, 
1948, and the Rivers (Prevention of Pollution) Act, 
1951, all those concerned with the disposal of 
polluting liquids, and particularly industrialists and 
local authorities, have found it necessary in recent 
years to give serious consideration to the develop- 
ment of efficient methods of treating such liquids to 
reduce their polluting character. During the past 
three years, several symposia on industrial effluents 
have been held in Britain, and a report has been 
issued* on the proceedings of a successful and 


* Symposium on Trade Wastes held at the University of Birming- 
ham. . 167. (London: Joint Secretaries, Institute of Sewage 
Purification, 1957.) 10s. 


well-attended symposium held by the Midland 
Branch of the Institute of Sewage Purification at the 
University of Birmingham on April 9, 1957. The 
chairman was Dr. A. Key, senior chemical inspector, 
Ministry of Housing and Local Government, and the 
proceedings were opened by Alderman A. Paddon 
Smith, chairman of the Birmingham Tame and Rea 
District Drainage Board. The papers presented dealt 
with the problems concerned with acceptance of 
trade effluents into public sewers, the obligations 
imposed on local authorities and traders by the 
rivers pollution prevention Acts, and methods of 
treatment of particular waste waters. 

Mr. M. A. Kershaw, in a paper on the first of these 
subjects, makes the point that one of the effects of 
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industrial expansion is the aggravated pollution 
problem occasioned by increased volumes of trade 
effluent, frequently of a highly complex character. 
He accepts the view that trade effluents are best 
disposed of by discharge to the public sewers, pro- 
vided that treatment is applied to the effluents so 
that they will not damage the sewers, or cause danger 
to workmen, or interfere with the processes of puri- 
fication of sewage. Methods of removing constituents 
most likely to cause difficulty are outlined, and an 
organized system of trade effluent inspection and 
control operated by the local authority is advocated 
to ensure co-operation between the authority and 
manufacturers. 

Dealing with the obligations imposed by the 
pollution prevention Acts, Mr. M. Lovett directs 
attention to the fact that, although during the 
interim period of seven years after the passing of the 
1951 Act a river board may not, without the consent 
of the Minister of Housing and Local Government, 
institute legal proceedings against a person who 
“causes or knowingly permits to enter a stream any 
poisonous, noxious or polluting matter’’, the consent 
of the Minister is not required for proceedings against 
an offender who fails to comply with valid conditions 
of consent relating to a new discharge. A new feature 
which is referred to is that river boards may now 
‘apprehend’ that a contravention of the Act is likely 
to occur as a result of a proposed use of a stream, 
and, subject to the consent of the Minister during 
the interim period, may obtain an order prohibiting 
the use complained of. The author, however, 
emphasizes that river boards are much more anxious 
to abate pollution than to institute legal pro- 
ceedings. 

In four of the five examples of methods of treat- 
ment of industrial organic wastes brought together 
by Dr. D. H. Sharp, biological oxidation forms the 
final stage, after preliminary chemical and physical 
treatment to remove substances which would other- 
wise interfere with biological action. Perhaps the 
most interesting of these preliminary treatments is 
that applied to the waste water from the manufacture 
of pesticides. These contain bactericidal and toxic 
compounds which are removed partly by adsorption 
on activated charcoal and partly by chemical pre- 
cipitation before the neutralized and diluted waste is 
applied to percolating filters. 

The paper on acid wastes by Dr. S. H. Jenkins and 
Mr. C. H. Hewitt is of particular interest in the 
Birmingham district, where a great deal of metal 
working is done, with consequent discharge of acid 
liquors and washings from preliminary pickling of the 
metal. Examples of acid discharges are quoted which 
reduced the pH value of sewage reaching a treatment 
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works to less than 3 for several hours. At this degree 
of acidity damage to the sewer occurs, the conversion 
of urea to ammonia is inhibited, and there is serious 
depression of the biological activity on which puri- 
fication of sewage depends. Neutralization of acid 
discharges is therefore essential, and the authors 
describe (with illustrations) a range of neutralization 
plants of different sizes and designs. 

Discharge of electro-plating wastes is also very 
common in the Midlands, and in a paper on treatment 
of these liquids Mr. A. E. J. Pettet stresses the need 
to consider conservation of water and chemicals in 
the plating shop before treatment of wastes unavoid- 
ably discharged is undertaken. Chemical methods of 
oxidation, reduction or precipitation are usually used 
for treatment, but cyanides can be destroyed bio- 
logically. Waste chromic acid anodizing solutions 
can be regenerated for re-use by means of recently 
developed ion-exchange resins resistant to the action 
of this acid. 

The disposal of gas works effluents, dealt with by 
Mr. W. T. Lockett, is a problem of national concern, 
and investigators in the Midlands are particularly 
active in seeking a solution. The author traces the 
changing nature of the problem from the time when 
horizontal gas retorts were in use, ammonia was 
worth recovering from the liquor, and each gas works 
served a restricted area, to the present day when 
vertical retorts are most commonly used, ammonia 
can be recovered only at a loss, and small gas works 
are being superseded by centralized works serving 
large areas. Investigations fifty years ago showed 
that gas liquor could be treated biologically, the 
researches of the Institution of Gas Engineers dur- 
ing 1928-37 defined the conditions under which gas 
liquor could be satisfactorily treated when mixed 
with sewage, and revealed that certain changes in 
the operation of gas works could make treatment 
easier, and present-day researches are concerned with 
both chemical and high-rate biological methods of 
treatment. 

Much discussion, reported in a separate booklet, 
centred around the mode of application of the 1937, 
1948 and 195] Acts and the cost to manufacturers 
and local authorities of treating industrial effluents. 
It was urged that by alteration of processes and by 
using conservation methods within factories, water 
and valuable materials could be saved and the cost and 
difficulty of treatment could be much reduced. Among 
examples quoted were that in one factory waste 
sulphonation acid was reconcentrated to give a crude 
but saleable product, and that in another small 
factory 10,000 gallons of water were saved a day 
by alteration of process and by introduction of a 
re-circulatory water system. A. E. J. Perret 


BASIC RESEARCH IN THE UNITED STATES 


|B gers of expenditure on basic research in the 
United States are given in various surveys pub- 
lished by the National Science Foundation, but the 
report “Basic Research—A National Resource”, 
recently issued by the Foundation; is more in the 
lineage of Vannevar Bush’s “Science—The Endless 
Frontier” and the Steelman report, “Science and 
Public Policy”. It attempts to convey to the general 
citizen the meaning of basic scientific research and 
its bearing on the national economy, welfare and 


security. The growth of basic research in the United 
States is briefly described in a chapter which illus- 
trates some of the possibilities implicit to-day in 
virus research, in translation by electronic methods 
and in the study of other problems of social com- 
munication in leadership. After a brief reference to 
some unsolved problems, the following chapter 
outlines the present position of basic research 
in the United States, both in -scalo and in 
organization, while in the final chapter the strength- 
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ening of basic research is discussed and various 
suggestions listed in the general summary are 
amplified. 

Stress is laid upon the establishment of more 
favourable conditions for its continued growth, 
including an increasing awareness on the part of the 
public of the methods, aims and significance—cul- 
tural as well as material—of basic research, as well 
as upon increased financial support. A more active 
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participation by private industry is particularly 
urged as well as reduction in the amount of develop- 
ment work in universities and colleges under contract 
with Government agencies. Although in general 
terms the report contains little that is not to be 
found in the Barlow and other reports in Great 
Britain, it presents the case for basic research in 
cogent terms that are equally applicable in Britain 
and elsewhere. 
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ORIGIN OF CHONDRULES IN METEORITIC STONES 
By Dr. L. J. SPENCER, C.B.E., F.R.S. 


dee chondrules (yévSpos, & grain) in meteoritic 
stones are quite distinct from the spherulites in 
terrestrial volcanic rocks and from the ooliths and 
sand grains in sedimentary rocks. They occur in 
chondrites (chondritic meteoritic stones); other 
rarer meteoritic stones in which they are not present 
are classed as achondrites. They are usually quite 
small (1-3 mm.), about the size of millet seed, usually 
spherical, and are embedded in a finely brecciated 
matrix of the same materials (olivine, pyroxene, 
felspar, glass, nickel-iron, etc.) of which they them- 
selves are composed. 

Their mode of origin has long been a puzzle, giving 
rise to much speculation. In recent reviews’ of the 
various hypotheses, mention has been made, but with 
little support, of an early suggestion by H. C. Sorby? 
of glassy globules of ‘fiery rain’. This mention of 
‘fiery rain’ calls to mind the findings at the meteorite 
craters of Wabar in Arabia’. 

Mr. H. St.J. B. Philby’s expedition in 1932, with 
eighteen Arabs and thirty-two camels wandering 
in the desert for three months, had the object 
of finding the legendary city of Wabar, supposed to 
have been “destroyed by fire from heaven”. Two 
meteorite craters were found, and there were in- 
dications of others buried beneath the desert sand ; 
their walls are formed of cindery blocks and bombs 
of silica glass. Nearby, pieces of meteoritic iron were 
collected, the largest weighing 25 Ib.; but a mass of 
iron as “big as a camel” could not be found. The 
locality is known to the Arabs as Al Hadida (place 
of the iron). Scattered around were numerous 
shining black pellets. These were thought by the 
Arabs to be pearls, blackened by the fire, that had 
been worn by the ladies of the court of the wicked 
king ’Ad ibn Kin’ad. With a lust for wealth, the 
Arabs filled the camel saddle-bags with these ‘pearls’, 
but on the return to Mecca they were rejected by 
the dealers and thrown away. Fortunately, a 
few were preserved in Mr. Philby’s collection. 
These consist of a vesicular white silica-glass (810,, 
92-88 per cent), coated outside with a lustrous black 
glass (SiO, 87-45 per cent), with some iron and 
nickel. 

Larger blocks or bombs show in some cases & 
corrugated surface resembling ropy lava, and 
covered with minute pimples, which perhaps represent 
dew-drops of silica. Broken surfaces show a breccia 
of white, grey, and black glass with a few shattered 
grains of quartz, and many round bubbles varying 
widely in size. Thin sections under the microscope 
show in addition large numbers of minute black 
specks. These specks I had at first assumed to be 
small holes filled with the grinding and polishing 


materials used in the preparation of the sections. 
But Dr. Leonard Hawkes, when he crushed a frag- 
ment of the glass on a microscope slide, saw minute 
metallic spheres rolling about. A piece of the glass 
crushed (not ground) in an agate mortar yielded a 
powder from which a magnetic needle picked up 
bunches of bright spheres by the thousands. These 
range from 0-1 to 0-0005 mm. in diameter. Two 
counts of the black dots over areas of a square 
millimetre on the thin sections gave estimates of 
one and two million in a cubic centimetre of the glass. 

Tn a solution of copper sulphate the spheres become 
coated with copper. Analyses gave: Fe 91:2, 
Ni 8:8 per cent; Fo: Ni = 10-4, as compared with 
12-6 in the meteorite. X-ray examination by Dr. 
F. A. Bannister showed the material to be body- 
centred cubic «-iron. Meteallographic examination 
by Dr. J. M. Robertson showed that the smaller 
spheres consist of a single crystal, while larger ones 
consist of several crystals with inclusions (probably 
silica-glass) between the irregular boundaries of the 

ins. 

At Wabar there evidently was a shower of large 
masses of meteoritic iron. The sudden transforma- 
tion of the kinetic energy into heat gave rise to violent 
explosions, and broken fragments of iron were 
ejected from the craters. The Earth’s atmosphere 
was blasted aside by vapours of iron and nickel, and 
of silica (from the desert sand). Temperatures were 
far in excess of : 


Nickel Iron Silica 
eas (e C.) (° C.) (° C.) 
Melting point 1,452 1,535 2,900 
Boiling point 2,900 3,200 3,500? 


A rain, or rather drizzle, of globules of molten 
nickel-iron and silica fell into pools of boiling silica. 
Conditions such as these, with some variations, 
would seem to be quite suitable for the formation of 
chondrites. 

A shower of hail-stones into a mush of broken 
snowflakes (both grown from water-vapour) would 
produce a somewhat similar structure. Curious 
hail-stones fell at Menabilly in Cornwall on October 20, 
1791. One of them, weighing nearly one ounce, was 
sketched by Philip Rashleigh and a glass model was 
made. Enclosed in clear ice were four white 
spherical hail-stones of the usual kind‘. This is 
perhaps another example of chondritic structure. 

At other meteorite craters different conditions have 
prevailed. The Tunguska meteorite of 1908 in central 
Siberia appears to have been entirely vaporized, and 
only quite recently have traces of meteoritic material 
been detected in soil samples’. The Meteor Crater in 
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Arizona shows silica-glass, and from the soil of the 
surrounding country globules of nickel-iron have been 
collected with a magnetic rake. Magnetic globules 
have also been collected from the soil at the place of 
fall in 1947 of a largo shower of iron meteorites in 
the Sikhote-Alin Mountains in eastern Siberia; but 
here they represent drops of molten material swept 
from the surface during passage through the Earth’s 
atmosphere. When steel plates aro cut with the 
oxy-acetylene blowpipe, showers of sparks fall to the 
ground as minute globules of magnetite, and quanti- 
ties can be separated from floor sweepings. 

The bright streaks radiating from some of the larger 
craters on the Moon probably consist of myriads of 
tiny spheres of nickel-iron from the vaporization of 
iron meteorites’, 

According to Bode’s law (1772) on the relative 
distances of the planets from the Sun, there ig one 
missing between Mars and Jupiter. How this cata- 
strophe happened will never be known. However, it 
seems safe to assume that the asteroids between 
Mars and Jupiter are fragments of the missing planet. 
The largest, Ceres, 480 miles in diameter, was the 
first to be discovered in 1801; other large ones are 
Pallas (306 miles), Vesta (241), and Juno (121); 
others, amounting to more than 1,500, are much 
smaller, and no doubt fragments are plentiful. All 
these exert mutual attractions, and their orbits have 
a high degree of eccentricity, overlapping one 
another and even the orbit of the Earth. From the 
trajectory of the Sikhote-Alin meteorite of 1947, its 
orbit has been calculated to embrace the zone of 
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asteroids’. Under such conditions, there ara good 
chances for frequent and violent collisions, resulting 
in further breaking up, brecciation, melting, Vaporiza- 
tion, and rearrangement of materials—just as hap- 
pened, on a much smaller scale, at Wabar. 

Sorby (loc. cit.) pointed out that when a fused 
globule (for example, a blowpipe bead) cools, crystal- 
lization starts from the exterior. This is how chon- 
drules have crystallized, and is in complete contrast 
With the growth of spherulites, where crystallization 
has proceeded radially outwards from a central 
nucleus; and of ooliths and pisolites with a 
concentric structure. 

The striking pictures of radiating eccentric chon- 
drules are fully displayed only when the section plane 
passes through the centre of the sphere and the 
point where crystallization commenced on the rim. 
Other section planes perpendicular to this direction 
may display a barred structure, and sections in other 
directions will show different patterns. 


* Smith, W, Campbell, Adv. Set., 7, 143 (1950) ; Nature, 186,378 
Urey, H. C., Geochim, Acta, 4, 72 (1953). Roy, $. K., Fé 
Geol., Chicago, 10, 388 (1987). 

* Sorby, H. O., Nature, 15, 495 (1877): Proc, Roy. Soe., 13, 323 (1864). 

* Philby, H. 8t.J. B., Geogr. J., 81, 1 (1933); “The Empty Quarter” 
oa 1933). Spencer, L. J., with chemical anaiyses y Hey, 
MI, H., Mineral. Mag., 28, 387 (1933). 

“King, E., “Stones said to have Fallen from the Clouds” {London 
1796); also included is a contemporary account of the fall of 
a stone [chondritic meteorite] weighing 56 Ib. at Wold Cottage, 
Yorkshire, on December 13, 1795, thought to have condensed 
from clouds of volcanic dust wafted from Mt. Hekla, 

* Yavnel, A. A., Geokimiya, dead. Sci. U.S.8.R., No. 8, 553 (1957). 

* Spencer, L. J., Nature, 189, 655 (1937). 

7 Fesenkov, V. G., Meteoritika, Akad. Sci. U.S.S.R. ı No. 9,3, 27 (1951) ; 
(Mineralog. Abstr., 12, 262). 
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A THEORY OF ANTIBODY FORMATION INVOLVING 
EOSINOPHILS AND RETICULOENDOTHELIAL 
CELLS 


By Dr. ROBERT S. SPEIRS 
Department of Anatomy, State University of New York, College of Medicine, Brooklyn 


Ree have been many attempts to determine 
the precise cellular mechanisms involved in 
antibody formation. Although there is general 
agreement that calls common to the reticulo-endo- 
thelial, lymphoid and hematopoietic systems are 
involved, there has been a wide diversity of opinion 
as to the specific cell or cells in these systems capable 
of synthesizing the antibody. Plasma cells, lympho- 
cytes, macrophages and certain transitional cells have 
been proposed as cells capable of producing antibody 
(see reviews by Taliaferro! and McMaster‘). 

The problem of determining the mechanism of 
antibody production has been complicated by the 
fact that the site of production varies, depending upon 
the manner in which the antigen was introduced into 
the host. Under various experimental conditions, 
local formation of antibody has been reported in the 
spleen, regional lymph nodes, bone marrow, thymus, 
omentum, skin, muscle, fat, ete. Once antibody 
synthesis has occurred in vivo, it is possible to con- 
tinue the production after transferring viable lym- 
phoid or exudative cells to other animals*~? or by 
culturing the cells in vitrot-14, However, initiation of 
antibody synthesis following the addition of antigen 
to cells in vitro has been very difficult or impossible 
to attain, suggesting that a primary in vivo step 


must be necessary. These and other experiments 
warrant the proposal that at least two steps are 
involved in antibody production!-16 ; (1) A primary 
step which consists of the reaction of certain cells 
with antigen, bringing about specific enzymatic 
changes or the formation of an enzymatic template. 
This step appears to be radio-sensitive and occurs in 
vivo at the site of penetration of antigen into the 
organism. (2) The ‘second stage consists of the 
utilization of the specific enzymes for the synthesis 
of antibody. This step can occur in vitro as well as 
in vivo, and appears to be somewhat radio-resistant. 
It occurs in the lymphoid or reticulo-endothelial 
tissues of the animal. It is quite possible that these 
two steps occur in two different cells, However, 
none of the present theories of antibody production 
gives a satisfactory explanation for the specificity, 
mobility and radio-sensitivity of the first step. There 
appears to be a missing link in the theories, and it is 
quite possible that some cell, heretofore not con- 
sidered by immunologists, is involved. 

Recent studies in our laboratory!?-29 have indicated 
that there are three phases of local cellular response 
at the site of injection of a non-toxic antigen. The 
first phase, which lasts up to 48 hr., is characterized 
primarily by a neutrophilia and sometimes a tran- 
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sitory eosinophilia. The second phase is charac- 
terized by a relatively large prolonged accumulation 
of eosinophils, reaching a peak on the fourth day 
after antigen injection. This phase occurs only in 
animals capable of rapid formation of large amounts 
of antibody and does not occur in passively immunized 
enimals*1.22, The third phase is characterized by an 
increase in local histiocytes (mononuclear cells) and 
a stimulation of the draining lymph nodes. The 
time relationship of the second and third phases with 
the appearance of serum antibody is shown in Fig. L 


It may be seen that the accumulation of eosinophils: 


precedes the appearance of serum antibody, otherwise 
the logarithmic increase in these cells is very similar 
to the logarithmic rise in antibody titres. Moreover, 
there appears to be a close correlation between the 
number of eosinophils responding to an injection of 
antigen, and the resulting serum antibody titres. 
Factors, such as large doses of cortisone or whole-body 
X-irradiation which inhibit antibody formation, also 
inhibit the accumulation of eosinophils™.?4. Further- 
more, in irradiated animals which were allowed to 
recover before challenging, a prolonged local eosino- 
philia was observed that coincided with a prolongation 
of the time for peak serum antibody titres. Irra- 
diation appears to decrease the number of reticulo- 
endothelial cells capable of phagocytizing the eosino- 
phils and accounted for the slow rate of removal of 
these cells (unpublished results). Additional experi- 
ments have indicated that eosinophils do not contain 
measurable amounts of antibody, but as they are 
phagocytized after coming into contact with the 
antigen, there is @ concomitant appearance of 
antibody in the blood serum. 

The preceding findings and other experiments have 
led us to believe that eosinophils are involved in the 
initiation of antibody synthesis?5 26, I suggest the 
following working hypothesis: Antigen introduced 
into an organism produces two general types of 
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cellular reactions. First there is a migration 
of granulocytic cells into the inflamed area. 
If the host has been previously exposed to 
the antigen, there is a specific eosinophil 
response at the site of injection and in the 
region of antigen fixation. The eosinophils 
ere chemotactically attracted to the antigen 
and react with it, producing specific enzym- 
atic changes on or within the cell. The 
second step involves the phagocytosis of 
eosinophils by reticulo-endothelial cells and 
the -utilization of the specific enzyme by 
these cells to form antibody. During and 
following the process of antibody formation, 
reticulo-endothelial cells undergo nuclear 
changes, increase their cytoplasmic baso- 
philia (pyroninophilia) and are known as 
plasma, cells®.*. 

The chief merit of the above hypothesis 
is that it directs attention to the fact that 
granulocytic cells, such as the eosinophil, 
may take an important role in antibody 
formation. It would explain the repeated 
observations of the close association of 
eosinophils and plasma cells, and the role of 
these cells in immune reactions. Further- 
more, the hypothesis would explain why 
reticulo-endothelial cella are capable of con- 
tinuing antibody production in vitro, but 
are incapable of initiating it. The ability 
of an animal to form antibody depends 
_ upon two factors: the number of eosino- 
phils responding to the antigen, and the capability 
of phagocytic cells to remove the eosinophils after 
they have been in contact with the antigen. Tt is 
possible that some of the diseases of hypersensitivity 
may be due to a failure of phagocytosis of eosinophil 
cells and utilization of the enzymatic templates by 
reticulo-endothelial cells to form antibody. Further 
experiments are in progress to elucidate the role of 
these cells in defence mechanisms. 

* Taliaferro, W. H., “Ann. Rev. Microbiol.”, 8, 159 (1949). 
3 McMaster, P. D., eas 2 in Pappenhelmer, A. M. i “The Nature 
pa R of the Antibody Response” (Columbia Press, 


? Chase, M. W., Chapter 10 in Pappenheimer, A. M., “The Nature 
and Significance of the Antibody Response” (Columbias Press, 
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POSSIBLE POLYMORPHISM OF BOVINE «-LACTALBUMIN 


By B. S. BLUMBERG* and M. P. TOMBS 
Department of Biochemistry, Oxford 


Oe or arose during recent trips to 
Iceland and Nigeria to collect samples of milk 
from the indigenous herds of cattle. These were 
examined to determine the type or types of B-lacto- 
globulin they contained. 

There are two §-lactoglobulins!, namely, Ba and 
Bp, distinguishable by paper electrophoresis. Aschaf- 
fenburg and Drewry? have studied their incidence in 
British breeds, and by family studies have demon- 
strated their genetic determination. Their presence 
or absence is determined by two allelic autosomal 
genes, and all three phenotypes, Ba, BB and BAB, 
have been identified. 

Samples of milk were prepared for paper electro- 
phoresis according to the method of Aschaffenburg 
and Drewry’, and run on Whatman 3MM paper for 
17 hr. at 2 m.amp./om. width of paper and a potential 
drop of about 1-5 V./em. length of paper, in veronal 
buffer J = 0-05, pH 8-6 ina ‘Durrum’-type appar- 
atus®. Staining was with alcoholic bromphenol blue, 
and washing with 2 per cent acetic acid and tap- 
water. 

The Nigerian cattle were White Fulani or Lyre- 
horned Zebu‘ from the stock farm of the Veterinary 
Research Station, Vom. They are big humped 
animals, with large dewlaps and frequently extremely 
large horns. They are similar in appearance to the 
Brahmin cattle of the East. They are thought to 
have been. brought into Nigeria by the nomadic 
Fulani people. Twelve of the specimens were from 
White Fulani—Friesian crosses. 

Samples from Icelandic cattle were collected from 
various dairy herds on the island. The Icelandic 
breed is thought to have originated in Norway, and 
to have been isolated for a considerable period. 
The Icelandic cattle were selected so as to be free 
from close interrelationships. Some sister and 
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There was no significant difference between the 
incidences in the Zebu, Icelandic or British breeds. 
(For Zebu P > 0:2, for Icelandic P > 0-3, each 
compared to British incidences taken from Aschaffen- 
burg and Drewry.) 

During electrophoresis of the Fulani samples a 
doubling of the «-lactalbumin band was noticed in 
some cases. Where the two bands were seen, one of 
them appeared to correspond in mobility with the 
a-lactalbumin previously found in British breeds, 
while the other moved more rapidly. Further search 
revealed a sample containing only the fast-moving 
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mother-daughter pairs were present in the Nigerian 
COWS. 

The distribution of the B-lactoglobulin phenotypes 
is shown in Table 1. They fit the predictions of the 
Hardy-Weinberg law quite well. In the Nigerian 
sample the Friesian—Fulani crosses are included. 

Their omission does not significantly alter the results. 


* Fellow of the Arthritis and Rheumatism Foundation. 





Table 2. INCIDENCE OF THB a-LACTALBUMIN AND £-LACTOGLOBULIN 
PHENOTYPE IN FORTY-SIX PURE BRE«D WHITE FULANI (ZEBU) COWS 
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a-lactalbumin. No fast «-lactalbumins were found in 
the Fulani—Friesian crosses. The incidence of each 
of the phenotypes in the pure Fulani animals only 
is shown in Table 1. 

The distribution of the three types agrees closely 
with the predictions of the Hardy-Weinberg law. 
Although too few samples have been examined to 
provide family studies, by analogy with the case for 
the §-lactoglobulins, it is suggested that these 
o-lactalbumins are also genetically determined. The 
symbols «4, ag are given to the proteins, and the 
symbols L4,, LB, assigned to the genes presumably 
determining their presence. ga is the faster moving 
component and ag the slower on paper electro- 
phoresis under the conditions stated above. 

All twelve paired o-lactalbumins ‘were found 
in animals which produced only 6 ,-lactoglobulin. 
This association is significant at less than the 5 per 
cent level. The one sample with only «4-lactalbumin 
was found in a Bga-producer (Table 2). 

This might be genetic association through close 
linkage with selection or due to some physiological 
effect in the mammary gland. The fast-moving 
a,4-lactalbumin has not so far been found in any 
British breed, nor in the Icelandic. This protem may 
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therefore provide a marker by which the affinities 
of the Zebu cattle, and indirectly the Fulani people 
associated with them, may be traced. The B-lacto- 
globulins do not appear to be suitable for dis- 
tinguishing the breeds so far examined. No selective 
value has yet been found for either the «-lactalbumins 
or the 6-lactoglobulins. 

This investigation was supported in part by a 
research grant, H-3161, from the National Heart 
Institute, U.S. Public Health Service, and the 
Wenner-Gren Foundation for Anthropological Re- 
search. Milk samples were collected from the 
Nigerian cattle with the permission and help of Dr. 
J. Taylor, director of the Veterinary Research 
Station, Vom. One of us (M. P. T.) is indebted to 
the Agricultural Research Council for a travel grant, 
and to the Icelandic authorities and Mr. B. S. 
Benedikz for their assistance in Iceland. Investi- 
gations in Nigeria were carried out under the auspices 
of Prof. B. G. T. Elmes, Department of Pathology, 
University College, Ibadan. 

t Agchaffenburg, R., and Drewry, J., Nature, 176, 218 (1955). Ogston, 
A. G., and Tombs, M. P., Biochem. J., 66, 399 (1967). 

2 Aschaffenburg, R., and Drewry, J., Nature, 180, 876 (1957). 

2 Flynn, F. V., and De Mayo, P., Lancet, ii, 235 (1951). 

‘Gates, G. M., Farm and Forest, 11, 19 (1952). 
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PROTECTION OF AUGUST RATS AGAINST LETHAL DOSES OF 
A DIMETHYL HOMOLOGUE OF MYLERAN BY ISOLOGOUS 
BONE MARROW 


By Pror. TIMOTHY R. TALBOT* ano Dr. L. A. ELSON 


The Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, London, $.W.3 


YLERAN (1: 4-dimethanesulphonoxybutane)}, 

introduced by Haddow and Timmis* and 
clinically by Galton?, is now well established as 
a useful agent for the therapy of human chronic 
granulocytic leukemia’. The haematological effects 
in rats of compounds of the general type 
CH,S80O,.0.(CH.)n.0.80,CH3, of which myleran is the 
member where n = 4, have been studied by Elson*’. 
These studies have recently been extended to the 
series : 


CH, CH, 


| 
CH,.S0,0.CH. (CH,)y.CH.O.80,CH, 


made by Timmis and Hudson‘, and the member in 
which n = 2, namely, 2 : 5-dimethanesulphonoxy- 
hexane (CB 2348), a dimethyl homologue of myleran, 
has been found to be three times more active than 
myleran in depressing the number of neutrophils in 
the circulating blood of rats’. CB 2348 is more soluble 
in water and in organic solvents than myleran, and 
has a higher rate of chemical reactivity as assessed 
by the rate of hydrolysis®. 

Clinical trials in malignant diseases indicate that 
CB 2348 has a therapeutic action similar to that of 
myleran in chronic granulocytic leukemia’, and pre- 
liminary results by Bierman® indicate that it may not 
be entirely devoid of action in acute leukemia. In 


* Assistant professor of medicine, University of Pennsylvania. This 
work was conducted during tenure of a Research Fellowship of the 
National Cancer Institute of the National Institutes of Health. 


conformity with their effectiveness in granulocytic 
leukemia, myleran and CB 2348 show a preferential 
action on the myeloid series of blood cells, and at 
suiteble doses can produce in rats a marked fall in 
peripheral neutrophils with relatively little effect on 
lymphocytes or lymphatic tissue. In comparative 
studies of the effects of cytostatic agents and radia- 
tion, Elson! has suggested that the myeloid effects of 
X-radiation can be imitated very closely by com- 
pounds of the myleran type, whereas the lymphoid 
effects of radiation are imitated by compounds of the 
nitrogen mustard series. : 

The present interest in protection against lethal 
doses of X-radiation by means of bone marrow 
administered shortly after the irradiation suggested 
that it would be useful to investigate the effective- 
ness of bone marrow protection against cytostatic 
agents of the myleran and nitrogen mustard type. 
Of particular interest is the fact that with myleran 
compounds the protection against myeloid effects can 
be studied without the complication of the marked 
lymphoid effects which are inseparable from myeloid 
effects in animals treated with X-radiation. 

Because of its high biological activity and rapidity 
of chemical action, making it unlikely that it would 
persist in the body in an active state for a long 


‘period after administration, CB 2348 was felt to be 


particularly suitable for this investigation. 
It is now well established that mice exposed to a 
supralethal dose of X-radiation recover from the 
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radiation injury if they are given intravenous or 
intraperitoneal injection of isologous, homologous or 
heterologous bone marrow®.!°, Rats which have 
received supralethal doses of X-radiation usually die 
within 5-6 days, primarily from damage to the small 
intestine and before hematological damage is fully 
developed. Mice do not die until several days later 
than this, and death is associated with severe 
thrombocytopenia, leukopenia and anæmia. There- 
fore it is not possible to give supralethal doses of 
X-radiation to rats (in contrast to mice) and then 
prevent death by bone marrow injection, since 
gastro-intestinal injury, rather than hematopoietic 
depression, is the major cause of death". 

Rats which have received X-radiation in the lethal, 
but not supralethal, range can be protected by 
isologous bone marrow, but not by homologous or 
heterologous marrow. This is thought to be due to 
the fact that in order to inhibit the immune response 
of the recipient animal, thereby permitting the 
growth of the injected ‘foreign’ cells, supralethal 
doses of X-radiation are necessary. Maisin!? has, 
however, shown that the ‘intestinal’ effects of supra- 
lethal doses of X-radiation can be reduced by the 
prior administration of mercaptoethylamine, and 
about half the rats so treated can be saved by 
means of an intraperitoneal injection of isologous 
bone marrow. 

Sartorelli and LePage? have demonstrated that 
tumour-bearing mice can be protected against lethal 
doses of thioguanine by means of injections of 
isologous bone marrow. Weston™ has reported bone 
marrow protection of rats treated with lethal doses 
of myleran. 

Our experiments were carried out in pure line 
August rats weighing about 120 gm. COB 2348, 
7-5 mgm./kgm. was administered in arachis oil by 
intraperitoneal injection. The usual concentration 
was 0:75 mgm./ml. of oil. 

Suspensions of bone marrow were prepared by 
blowing out the marrow from both femurs of each 
donor rat into 1 ml. of saline solution. The total 
final volume of bone marrow suspension, containing 
the marrow from 4-10 donors, varied from 1 to 
2-5 ml. for each group of five recipients. Intravenous 
injections usually consisted of 0:2 ml. per recipient 
and intraperitoneal injections 0-5 ml. per recipient. 
Counts showed that each femur contributed about 


No. 4610 


Table 1. BONE MARROW PROTECTION OF RATS AGAINST A LETHAL 
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* There were five control animals in each experiment, all of which 
died in 10-14 days. 

t A = August; W = Wistar; M = Marshall. 

(1) Wistar — Wistar = homologous; (2) August > August = iso- 
logous; (3) Marshall— August = homologous. 
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35 x 108 nucleated cells. The lateral tail vein was 
used for the intravenous injections. The bone marrow 
was injected at various times, from 14 hr. in one 
experiment to as long as 4 days in another experi- 
ment, after the chemical had been given. In some 
experiments, Wistar or Marshall rats were used as 
homologous donors. Donor rats were of approximately 
the same age as the recipient animals. 

Lhe results from representative experiments are 
summarized in Table 1. 

Jé is thus clear that in the majority of our experi- 
ments the lethal effects of CB 2348 can be largely 


overcome by intraperitoneal or intravenous injections 


of isologous bone marrow. Homologous marrow was 
ineffective, and attempts to protect Wistar rats were 
unsuccessful. It was possible to achieve protection 
by bone marrow injection at 14-24 hr. after the 
chemical was administered, but not at 48 hr. 

In collaboration with Dr. L. F. Lamerton and Dr. 
J. M. Loiselle, we have also completed a series of 
experiments in which August rats were exposed to 
500 or 550 r. of X-radiation, followed, in 4-3 hr., by 
injections of isologous or homologous bone marrow. 
These amounts of irradiation caused death of the 
control animals at about 12-16 days. Isologous 
marrow, but not homologous marrow, was effective 
in preventing death in almost all animals. 

There is considerable evidence that lymphatic 
tissue plays an important part in the development of 
immune responses!®*, Myleran suppresses the hzmato- 
poietic elements more than the lymphatic tissues. 
Nitrogen mustard (HN2) and related compounds 
such as chlorambucil : 


CICH,CH, 


>y—<__S—(cH,),coon 


CICH,CH, 


have a relatively greater effect on lymphatic tissue, 
and their action on the other hematopoietic activity 
is of shorter duration than myleran. CB 2348 lies 
somewhere between these two compounds in its mode 
of action‘ 5. . 

One would therefore expect that the nitrogen 
mustard derivatives would behave like X-radiation 
with respect to suppression of immune responses, 
and that if protection against the lethal effects of 
nitrogen mustards could be accomplished it could be 
achieved by the injection of either isologous or homo- 
logous bone marrow. However, the response of most 
animals to toxic doses of these chemicals follows one 
of three patterns, depending upon the dose adminis- 
tered : (a) acute convulsive seizures and death within 
a few hours; (b) death within 3-7 days in a manner 
similar to that which follows supralethal doses of 
X-radiation; or (c) weight-loss, diarrhoea and pan- 
cytopenia followed by rapid recovery!8. The response . 
described in category (b) is usually elicited by amounts 
in the range of the median lethal dose, but it is 
difficult to plan an experiment in such a way that 
death is produced in the majority of animals at 6-7 
days. Chlorambucil, one of the aromatic nitrogen 
mustards, closely resembles HN2Z in these patterns of 
response at different doses. It thus appears likely 
that in order adequately to suppress the immune 
response of rats by means of HN2 or related com- 
pounds, a dose must be given which leads to death 
in the same fashion as in (a) or (b) above. The 
nitrogen mustard derivatives of an aromatic amino- 
acid, such as melphalan (CB 3025) : 
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CICH,CH, 


aa a a 


CICH,CH, Wa 
2 


do not produce acute death or convulsions as in 
category (a), even at more than twice the lethal 
dose, and there is evidence to suggest that deaths in 
category (b) above will be somewhat more delayed 
than with other nitrogen mustard derivatives tested 
so far. Protection experiments are therefore being 
conducted with this and similar compounds in an 
effort to define further the potentialities and mode 
of action of some of the chemotherapeutic or 
alkylating agents. 
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METAL-CHELATING PROPERTIES OF PLANT-GROWTH SUBSTANCES 


By DAN COHEN and BEN-ZION GINZBURG 
Botany Department 
AND 
Dr. CARLA HEITNER-WIRGUIN 


Inorganic Chemistry Department, The Hebrew University, Jerusalem 


T has beon found that several chelating compounds 

have auxin activity!*. As a consequence, it has 

been suggested that the activity of the known auxins 
is due to their chelating action?.*. 

Auxin action has been ascribed to the two-point 
attachment of the growth substance to some suitable 
substrate, the attaching groups being the aromatic 
ring and a polar group of the side chain®.*. The 
complexing groups of a bidentate chelate may serve 
as such points of attachment. However, no chelating 
action has been reported for indolyl-3-acetic acid or 
a«-naphthalene acetic acid. The chelating activity of 
these acids was therefore investigated. 

The methods used were those described by Martell 
and Calvin?. As the auxins are only slightly soluble 
in water, they were dissolved 
in. 50 per cent ethanol, which 
also was a suitable solvent 
for the metal salts. Absorp- 
tion spectra of indolyl-3- 
acetic and «-naphthalene 
acetic acids end cupric nit- 
rate were determined, using 


600 


500 


a Beckman DU spectro- £& 400 
photometer. The results are g 
given in Fig. 1. A pro- È 
nounced difference is ob- 4 800 
served when the spectrum of 7% 
the mixture of the auxinand §& 
copper salt is compared with 200 


the sum of the two separate 
spectra. This indicates a 
change in chemical bonding 
which can be interpreted 
as chelating or complexing 
of the metal by the acids. 
The composition of the 
complex was determined by 
plotting absorption of the 
copper-indolyl]-3-acetic acid 
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Fig. 1. 


Indolyl-3-acetic acid 


Absorption spectra in 50 per centethanol. pH 3-8. 


©, a-naphthalene acetic acid 2 x 1073 M; 
acid 2 x 10-? M + Cu(NO,), 2 x 107*§ M 


complex at 360 mu and that of the copper—ca- 
naphthalene acetic acid at 330 mp against the 
ratio acid/copper in both cases, keeping the acid 
concentration constant (Fig. 2). Breaks in the 
curves indicate the composition of the complexes 
in the solution; such breaks were obtamed at 
l copper : 1 indolyl-3-acetic acid ; 1 copper : 2 indolyl- 
3-acetic acid and 1 copper: 2 a-naphthalene acetic 
acid. The stability of the complexes was determined 
by the Bjerrum method, as modified by Calvin’ to 
suit the MA, case. pH titration curves for free acid 
and acid with small amount of metal were plotted 
(Fig. 3). The horizontal distance between the 
curves is equivalent to the amount of hydrogen ions 
released by the complexing of the metal. 


a-Naphthalene acetic acid 





400 450 320 
Wave-length (mp) 


®, indolyl-3-acetic acid, 2 x 107? 
M; A, Cu(NO,), 3 x 10-*M; x, indolyl-3-acetic acid 2 x 10-72 M + Cu(NO,), 3 x 10 M 


A, Cu(NO,), 2 X 10-* M; W, a-naphthalene acetic 


March 8, 1958 
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Optical density (10°) 





Fig. 2. Optical density of the copper—indolyl-3-acetic acid complex (860 mu, pH 3:6) and of the 
copper—a-naphthalene aceticacid complex (330 mz, pH 3°18) in 50 per cent ethanol. 
x, copper-indolyl acetic acid complex; +, copper-a-naph- 


of acids constant at 2 x 10-2 M. 
thalene acetic acid complex 
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another mechanism of 
chelating activity must be 
applied to suit both com- 
pounds. The first complex- 
ing group is the carboxyl 
group, the properties of 
which are probably not 
affected by these substitu- 
tions in the acetic acid 
molecule, since the pKa 
acetic acid is 4:7, indolyl-3- 
acetic acid is 4:6 and «- 
naphthalene acetic acid is 
4:6. The complexing action 
of the carboxyl group in 
acetic acid is low with cop- 
per ions. As the second 
complexing group the entire 
aromatic ring may function. 
There is some evidence for 
this in the recent finding 
of complex formation be- 
tween metal ions and vari- 
ous aromatic compounds? ®. 
This explanation of the 
second active site could 
apply both to «-naphtha- 
lene acetic and indolyl-3- 
acetic acids, and could be 
the basis of the two-point 
attachment theory for auxin 
activity. 

Some other preliminary 
experiments with indolyl-3- 
acetic acid show strong 
chelating activity with ferric 
ions and considerably less 
with cobaltous ions (log 
K ~2). No activity could 
be demonstrated with cal- 
cium and magnesium ions. 
Consequently, if the growth- 
promoting activity of auxin 
is due to its chelating pro- 
perty, this could be only 


2°0 3°0 4°0 


Concentration 


with heavy metals. There 

are several possible modes 

3-0 of action of auxin as a 
0-02 0-06 O'l 0-02 0-06 0-1 heavy-metal chelating 
Potassium hydroxide 1 M (ml.) agent. It may act as a 

Fig. 3. gH titrationcurve in 50 per cent ethanol. X, indolyl-3-acetic acid; ®©, a-naphthalene carrier, mask functional 


acetic acid; A, indolyl-3-acetic acid + Cu(NO;),: ©, a-naphthalene acetic acid + 
Concentration of Cu(NO,),, 2 x 10 M. 


Concentration of acid, 107° M 
M potassium hydroxide 


From. these titrations the degree of formation 7 
was calculated and plotted against —log [indoly]-3- 
acetic acid—] and —log [«-naphthalene acetic acid-], 
respectively. The calculated stability constants for 
the overall reaction were: log K = 5-4 for copper 
(x-naphthalene acetic acid), (log kı = 3-2; log ka = 
2:2); log K = 5-5 for copper (indolyl acetic acid), 
(log kı = 3-2; log k, = 2-3). 

Under the same conditions indole showed only 
very slight complexing ability. Roberts, quoted by 
Heath and Clark', suggested that indolyl-3-acetic 
acid could chelate between the carboxyl oxygen and 
the imino nitrogen, forming a seven-membered ring. 
«-Naphthalene acetic acid, however, lacks a replace- 
able hydrogen on a basic atom in the ring. As both 
copper (indoly]l-3-acetic acid), and copper («-naphtha- 
lene acetic acid), compounds show similar stability, 


(NO ae: 


Titration wit heavy-metal ions, or remove 


ions inhibitory to cell wall 
growth. 

Our thanks are due to Prof. Patai, of the Organic 
Chemistry Department of the Hebrow University, 
and Dr. J. Edelman, of the Imperial College of 
Science and Technology, London, for helpful criticism 
and stimulating discussion. 
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LETTERS TO THE EDITORS 


The Editore do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Radio Noise from Lightning Discharges 


In studies of atmospheric radio noise from thunder- 
storms, and of its interference with radio systems, it 
is useful to know the wave-forms of the atmospherics 
received in different frequency bands from a single 
lightning discharge. Although measurements of the 
electromagnetic field changes are the basis of much 
of our knowledge of the discharge processes, they 
have been mainly restricted to frequencies less than 
100 ke./s. Norinder' has recorded samples of noise 
at 500 ke./s., but there are few records of the wave- 
forms of atmospherics in the high-frequency band 
which is important for long-distance communication. 
Records obtained at the Radio Research Station, 
Slough, during two local thunderstorms are therefore 
of interest both in the study of radio interference and 
also as a possible source of further information about 
the discharge processes. 

During a storm on July 19, 1957, records of the 
wave-form of the vertical component of electric field 
were obtained, in a bandwidth of 300 c./s. at 11 Mc./s., 
from twenty-five flashes at known distances in the 
range 1-6 km., deduced from the delay in hearing 
thunder. Twenty-one flashes were seen to strike 
the ground; the others may have been either cloud 
flashes or ground flashes obscured from view. 

The atmospherics were recorded on magnetic tape, 
at a subcarrier frequency of 10 ke./s., and later 
transferred to film. The wave-forms were so varied 
in detail that it was difficult to select any as bemg 
typical, but those reproduced in Fig. 1 illustrate the 
main features. Fig. la shows a single relatively 
large burst in an atmospheric of total duration. 
230 m.sec. In Fig. 1b the whole atmospheric is of 
similar duration but contains several peaks of 
comparable amplitude. Fig. le shows a more 
continuous type of atmospheric with the largest 
amplitude at the beginning. These atmospherics, all 
from ground flashes at distances of about 3 km., 
had peak amplitude in the range 550-900 uV./mo., 
and the amplitudes of all twenty-five atroospherics 
were of this order. The durations were in the range 
40-330 m.sec. 

Fig. ld is a record from a flash at 5-km. range 
which was seen to be in the form of a catenary, well 
above the ground, with its ends in the thundercloud. 
So far as could be seen, neither the amplitude nor 
the wave-form was significantly different from those 
originating in ground flashes. Although the flash 
appeared to be of the cloud type, it may have struck 
the ground outside visible range. 

The suggestion has been made* that noise in the 
high-frequency band originates in the stepped-leader 
type of discharge which travels towards the ground 
and ig usually followed by @ high-current return stroke 
from the ground to the cloud. The stepped-leader 
part of the discharge lasts only for a time of the 
order of a millisecond, however, and cannot be re- 
sponsible for the relatively long bursts of noise in the 
examples shown. 

A study of the high-frequency atmospheric in 
relation to that recorded at very low frequencies is 
instructive, since a very-low-frequency atmospheric 
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4—— 0-1 sec. —— 


Fig. 1. 11 Mc./s. atmospherics from near storm 


is known to contain large pulses originating in the 
return strokes. During another storm, on August 12, 
1957, noiso fields were recorded simultaneously at 
11 Me./s. and 6 ke./s., in band-widths of 300 and 
200 c./s. respectively. A twin-track recorder was not 
available, and the two frequencies were recorded on 
a single track, the 6 ke./s. signal direct and the 
11 Mc./s. signal after frequency-changing to 10 ke./s. 
The tape was then played back, through low- and 
high-pass filters to separate the signals, on to a two- 
gun cathode-ray tube for obtaining film records. 

Most of the flashes were outside visual range 
(about 10 km.); only three were seen to be ground 
flashes, but there were no doubt many others. 

The wave-forms were generally similar to those 
from the earlier storm, but again with a wide 
variation in detail. Twenty-six records from flashes 
at known distances between 1 and 18 km. were 
examined. The high-frequency atmospherics had 
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11 hic. /3. 
IGO V. fm. 


6 kc./s. 


1 Me. fs. 


770, V. /m. 


6 kes. 


0-5 V. f/m. 


— 0'1 sec. —— 


Fig. 2. Corresponding atmospherics at 11 Mc./s. and 6 ke./s. 


peak amplitudes between 50 and 1,500 uV./m. and 
those at very low frequency between 0-3 and 30 V./m. 
Seventeen of the atmospherics had a ratio of very-low 
to high-frequency peak amplitude of 10*, within a 
factor of 2 either way, but the total range was 
650-42,000. Fig. 2a shows the atmospheric with 
the highest ratio and Fig. 2b that with the lowest. 
Tt should be noted that each record has been ad- 
justed in amplitude to illustrate the main features 
clearly, and the scale therefore varies from one record 
to another. The absence of large pulses in the 
6 ke./s. record of Fig. 2b may be 
an indication that it was a cloud 
flash. 

Fig. 2a illustrates æ curious 
phenomenon which occurred on 
many of the records. The main 
feature of the high-frequency 
noise was the pair of pulses, the 
first of which occurred about ten 
milliseconds after the very-low- 
frequency pulse (presumed to 
originate in a return stroke). Of 
the twenty-six records examined, 
ten showed this double-pulse 
effect, while four others showed a 
single pulse in a similar position 
and two showed three pulses. 

Fig. 3 shows atmospherics from 
the nearest ground flash, about 
l km. away. The first film record 
taken from the tape (Fig. 3a) 
could be interpreted, using the 
currently accepted model of the 
lightning flash, as indicating a 
flash with two, and possibly three, 
return strokes, the high-frequency 
noise being radiated from the 
preliminary discharges. Another 
record of the same atmospheric 
was taken from the tape, with 
much greater amplification at 
6 ke./s. (Fig. 3b). A succession 
of very-low-frequency pulses was 





then observed with a wide range of amplitudes. Also 


_ the atmospherics were clearly seen to have started 


simultaneously and to have had the same overall 
durations on the two frequencies, characteristics 
which would probably not have been inferred from 
Fig. 3a. 

Many of the features of these records are not 
readily explained in terms of our present knowledge 
of lightning, and a more detailed study of these and 
similar records may lead to new information about 
the discharge mechanism. 


IM 


«<— O-lgsec. —— 


Fig. 8. Atmospherics from a very near flash. Peak amplitudes: 1-4 mV./m. at 11 Me./s. ; 
30 V./m. at 6 ke./s. 
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This work was carried out as part of the pro- 
gramme of the Radio Research Board, and is pub- 
lished by permission of the Director of Radio Research 
of the Department of Scientific and Industrial 
Research. 

F. HORNER 
C. CLARKE 
Radio Research Station 
(Department of Scientific and 
Industrial Research), 
Slough, Bucks. Jan. 14. 


i Norinder, H., J. Franklin Inst., 244, 109 (1947). 
2 Aiya, 5. V. 0., Proe, Inst. Rad. Eng., 43, 966 (1955). 


Solar-Flare Effect in the F2-Layer of the 
lonosphere 


A SOLAR flare usually causes a simultaneous 
increase in the electron density of the D- and #-layers 
of the ionosphere in the daylight hemisphere. It is 
raro, however, to find any corresponding increase in 
the #2-layer, and. the only previously reported case 
occurred in 19491 during an important flare which 
was accompenied by an unusually intense burst of 
cosmic radiation. 


A similar, but even more intense, flare occurred on. . 


February 23, 1956, and a simultaneous increase in 
F2-layer ionization at Okinawa has been reported 
by Shapley and Knecht?. Since increases of about 
the same magnitude occurred on other days, and 
since no simultaneous increases were observed at 
Adak, Baguio or Guam, Shapley and Knecht suggest 
that the increase at Okinawa may not have been 
caused by the flare. 

The very great merease in D-layer ionization at 
Singapore during the flare of February 23, 1956, has 
already been described’. A simultaneous increase in 
the critical frequency (f) of the F2-layer was also 
observed but, since the behaviour of the #2-layer is 
notoriously erratic, & critical examination of the data 
is necessary to establish the validity of the obvious 
inference that the increase was caused by the flaro. 
Fig. la shows the measured values of f on February 
23, 1956, and a comparison curve based on the 
median values for the ten control days. Owing to 
the very high D-layer absorption during the flare, 
it was impossible to measure f at 1100 i.M.T., but a 
value has been estimated by extrapolating backwards 
from the measured values obtained between 1123 and 
1200 u.u.t. A comparison between the two curves 
suggests that the values of f on February 23 were 
unusually high at 1100 uur. and just afterwards. 
The visible flare began at about’ 1034, reached 
maximum intensity near 1045 and had almost 
vanished by 1200 u.m.t. Thore is, therefore, a prima 
facie case for suggesting that there is a correlation 
between the two events; but, to prove this, an 
objective method of measuring the frequency of 
occurrence end the magnitude of any other similar 
increases must first be found. 

The measured critical frequency, fmit) at time £ 
(in hours) varies in an erratic manner from one day 
to another, but there is a close correlation between 
Sm(t) and the value for tho following hour, f(t + 1), 
on the same day. For each value of t, therefore, it is 
possible to fit a line through a series of points (f(t), 
m(t + 1) ) obtained over a period of a few weeks; 
this has been done for each hour for the range of 
times £ = 0900-1800 for the twenty-two day period 
February 14~March 6. For any given measured 
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Fig. 1. Changesin oa) and A f(6) for the F2-layer on February 23, 


20 


1956, and in Af (ce) on February 19 and 25, at Singapore. 
©, Observed; A, extrapolated values: fj, 1:13 x median F3 
on control days February 18-28. F, commencement of flare 


value of f(t), the appropriate line may then be used 
to give the most probable value of f 1 hr. later: 
Jp{t + 1); the difference Af = fm(é + 1) — fn(é + 1) 
may then be used to represent the departure of the 
measured value from its ‘normal’ value. Fig. lb 
shows the variations in Af for February 23 using 
Fm{1000) to derive fp(1100), fp(1100) to derive f,(1200) 
and so on. The presumed flare effect is seen to be a 
positive ‘pulse’ of amplitude 1-1 Me./s. which is 
followed by a second smaller pulse at 1600 r.M.T. 
The same procedure was repeated for each of the 
twenty-two days mentioned above for ¢ = 0900- 
1800; in addition to the two positive pulses on 
February 23, only two others were discovered which 
had amplitudes of 0-5 Me./s. or greater. These 
occurred on February 19 and 25, and there was 
also & negative pulse of amplitude 0-5 Me./s.-on 
February 22, 

An analysis of the statistics of the fluctuations. in 
Af has been made and from this it is possible to 
calculate the probability that a pulse exceeding any 
specified amplitude should occur by chance. From 
these caloulations it follows that the second pulse 
on February 23 and the negative pulse might have 
occurred by chance. On tho other hand, the number 
of pulses of amplitude not less than 1+1 Me./s. ex- 
pected to occur by chance during the twenty-two day 
period is 0-06, as compared with three pulses actually 
observed. It seems reasonable to conclude that the 
pulses on February 19 and 25 and the first pulse on 
February 23 are most unlikely to have occurred by 
chance and that some physical cause remains to be 
identified. 


No. 4610 


March 8, 1958 


Table 1. COINCIDENCE OF FLARES AND PULSES 


No flare | 


Pulse 
No pulse 


Totals 


1 
181 
182 





The pulse on February 23 at 1100 L.M.T. was pre- 
ceded by a class 2-3 flare which began at 1034 and 
and that on February 19 by a class 2 flare which 
began at 1455. No flare was observed during the 
hour preceding the pulse on February 25. During 
the period of 198 hours covered by the analysis, 
fourteen flares of class 2 or greater intensity were 
recorded which did not coincide with ionospheric 
pulses. These and other relevant data are included in 
Table 1. Since the ‘expected’ numbers in the two 
upper cells are small, the simple x? test for significance 
cannot safely be used, but Yates’s method gives 
P = 0:017. The observed number of coincidences 
of flares and pulses (2) is greater than the number 
expected to occur by chance (0-24), and it is concluded 
that there is probably an association between the 
two phenomena. 

The pulse on February 25 occurred during a 
severe geomagnetic disturbance and, since such dis- 
turbances are often accompanied by ionospheric 
disturbances, this may account for its having occurred 
in the absence of a flare. Although it appears that 
pulses of the type described can sometimes be caused 
by fairly intense flares, some additional factor must 
also be involved which is not always favourable and 
which permits the occurrence of pulses after only a 
small fraction of all such flares. 

This work was carried out as part of the programme 
of the Radio Research Board, and is published by 
permission of the Director of Radio Research of the 
Department of Scientific and Industrial Research. 

C. M. Mxuynis 
G. H. Bazzarp 
Radio Research Station 
(Department of Scientific and Industrial Research), 
Slough. 
Oct. 9. 
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A New Thermal Image-Converter 


A SIMPLE thermal image-converter can be made, 
using the dependence upon temperature of the 
absorption threshold in a semiconductor. When a 
sample of a suitable material is viewed by trans- 
mitted monochromatic light at a wave-length near 
the threshold, any variations in temperature appear 
as differences in the transmitted intensity. If a 
scene in which there are objects of various tempera- 
tures and emissivities is focused on the semiconductor, 
@ visible picture will result. 

The complete image-converter (Fig. 1) consists of 
a self-supporting film of amorphous selenium, 
metallized on one side, and mounted in a vacuum 
at the focus of a parabolic mirror. The film is viewed 
in transmission by light from a sodium lamp. 

To achieve high sensitivity three requirements 
must be satisfied: (a) The semiconductor should 
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have an extinction coefficient which is strongly 
dependent on temperature. This is determined by 
the product of two factors, the steepness of the 
absorption edge and the temperature coefficient of 
the forbidden energy gap. (b) The semiconductor 
must have low lateral heat spread ; it must therefore 
be made as a thin film, and be of low thermal con- 
ductivity. (c) The film must be coupled strongly 
to the scene of view via the imaging mirror, and 
weakly to its surroundings. 

For a simple tube it is also necessary that the 
absorption edge should be at a wave-length to which 
the eye is sensitive. 

We have found amorphous selenium to be the most 
suitable semiconductor for the application. It has a 
thermal conductivity! less than 5 x 10-‘ cal./gm. and 
can easily be prepared as a thin self-supporting film. 
At 5890 A. its extinction coefficient is 1:7 x 104em.-!, 
with a temperature coefficient? of 190 cm.-1 deg.-!. 
The energy gap changes by 9:7 x 10-4 eV. deg.-!. The 
edge is not as steep as in semiconductors such as 
germanium and silicon, but the large change of 
energy gap with temperature more than compensates 
for this. 

Since, like most semiconductors, selenium is trans- 
parent to thermal radiation, some absorbing layer 
must be added to the film. It has been shown else- 
where? that a composite metal-selenium film has a 
high absorption for radiation incident on the selenium 
side at angles of incidence less than 50°, but low 
absorption for larger angles of incidence, or for 
radiation incident on the metallized side. Its average 
emissivity will therefore be quite low. 

The last requirement is therefore met by using a 
selenium-—metal combination in an enclosure, evacu- 
ated to eliminate convective losses, with the selenium 
side facing a mirror of high aperture ratio. The sel- 
enium should be about ly thick, but the sensitivity 
is not strongly dependent on the nature or thickness 
of the metal. 

Using an absorption-edge tube of this nature, with 
an f/1 parabolic mirror, objects 15 deg. C. above 
ambient temperature can be seen. Fig. 2a shows 
the image of a kettle 60 deg. C. above ambient. The 
sensitivity limit is determined by the smallest con- 
trast which the eye can detect. Fig. 2b shows the 
image of a head. In this photograph the contrast 
hes been doubled by a photographic technique. 

The resolution obtained is 2 line-pairs per mm. 
and is probably equally limited by the performance 
of the mirror and of the film. The time-constant 
is less than 0:5 sec., and an exposure of 2 sec. is 
sufficient to photograph the image. 

For objects hotter than 200° C. the aperture of the 
mirror must be reduced to avoid crystallization of 
the selenium. Crude sealed-off tubes have been 
made in which the two windows are waxed to the 
glass, and the vacuum required (10-* mm. of mercury, 
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Fig. 2 


maintained by getters. The life before re-pumping 
was needed was about two months. If longer life 
is required it is necessary to use a more complicated 
rock-salt-to-glass seal* and to out-gas the tube. The 
film must be kept cool during this process. 
We are grateful to the Admiralty for permission 

to publish this communication. 

W. R. HARDING 

C. Hirsum 

D. C. NORTHROP 
Services Electronics Research Laboratory, 

Baldock, Herts. 
Nov. 21. 
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Stress Optical Coefficients of Different 
Specimens of Vitreous Silica 


In a recent communication: the resultes obtained 
from a study of the stress optical coefficient of a 
sample of vitreous silica and its variation with 
wave-length were described. This sample was 
obtained from the Thermal Syndicate, Ltd., England, 
a few years ago. In order to find out whether there 
Was any variation of stress optical coefficient from 
specimen to specimen, two specimens of vitreous 
silica one of ‘OH’ quality and the other of ‘OG’ 
quality were recently obtained from the same firm. 
Hach specimen wes in the form of a rectangular 
plate (20 mm. x 20 xm. x ő mm.) with polished 
faces. Using the same experimental technique as 
before], accurate determinations have been made of 
the stress-optical coefficient, C, of these two samples 
over the wave-length range 2300 A.-5400 A. Measure- 
ments were made for not less than 25 different wave- 
lengths well distributed throughout the range 
investigated. The variation of C with wave-length 
for the two new specimens is represented graphically 
in Fig. 1. The errors in the value of C for the 
various wave-lengths for the ‘OH’ and ‘OG’ quality 
specimens are less than 0:5 per cent. The values 
obtained for the earlier specimen are shown as 
curve Pin Fig. 1. It is seen that for any wave-length 
the stress optical coefficient C for the ‘OH’ quality 
specimen is less than that for the ‘OG’ quality, the 
difference being of the order 2 per cent. It is found 
that dispersion for all these specimens remains 
practically the same. 
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The ‘OH’ quality was ir- 
radiated by neutrons in the 
APSARA reactor (Trombay) by 
the courtesy of the Indian 
Atomic Energy Commission. The 
integrated neutron flux hours were 
47 x 10" = neutrons/em.’. The 
specimen was coloured violet- 
brown after irradiation. The 
variation of C with weve-length 
for the irradiated specimen is 
represented by the broken curve in 
Fig. 1. Ib is found that neutron 
irradiation increases the value of 
the stress optical coefficient. At 
5000 A. the increase amounts to 1-7 
per cent, while at 2500 A. it is 
about 2-9 per cent. The trend of 

- the curve for the neutron-irradiated 
specimen appears to be different from that of ‘OG 
quality. ; 

The colour of the neutron-irradiated specimen was 
partly bleached by exposure for about twelve hours 
to witra-violet radiation (A 2536). The resulting 
specimen did not exhibit any appreciable variation 
of the stress optical coafficient from the unbleached 
specimen, 

Thus it is seen that the observed values of C for 
any particular wave-length are different for different 
specimens of fused quartz. This could only be due 
to three factors, namely, the variation from specimen 
to specimen of (1) refractive index, (2) homogeneity 
and (3) impurity. 

According to the Thermal Syndicate, the difference 
between ‘OG? and ‘OH’ quality les only in the 
homogeneity of the specimens—‘OH’ being more 
homogeneous than ‘OG’—and not in a difference in 
the impurity content. The specimen employed in our 
earlier investigation! is less homogeneous than, the 
present ‘OG’ quality. Besides, the variation in 
refractive index between ‘OG’ and ‘OH’ quality is 
of the order of two units in the fourth decimal place. 
This cannot account for the observed difference in 
the variation of C. Therefore the difference in the 
stress optical coefficients of the specimens must be 
due to the variation in the homogeneity of t he different 
specimens. An improvement in the homogeneity 
decreases the value of C for any particular wave- 
Jength and vice versa. 

Intense neutron irradiation changes the refractive 
index of fused silica slightly®. For the neutron 
dosage employed here, the change in the refractive 
index will be too small to account for the observed 
effect on the stress optical coefficient. It is possible 
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Fig. 1, The stress optical coefficient of diffecant specimens of 
vitreous silica. P, previous sample 
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that neutron irradiation causes a decrease in the 
homogeneity of the ‘OH? quality specimen and this 
might explain the increase in the stress optical 
co-efficient following irradiation. 

We wish to thank Dr. G. E. Stephenson, 
of the Thermal Syndicate, Lid., for the information 
concerning the refractive index and homogeneity of 
the specimens, and the Indian Atomic Energy Com- 
mission for the neutron irradiation, 

R. 8. KRISENAN 
E. 8. Joa 
R. SRINIVASAN 
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An Improved Orientation Stage for 
Microscopic Optical Crystallography 

A. PRELIMINARY description has been published! of 
an accessory to the polarizing microscope embodying 
novel principles which allow a full range of optical 
qualitative studies, quantitative measurements, and 
refractive index determinations to be carried out 
simply and accurately on diverse crystalline material 
such as well-developed crystal individuals, fragments, 
and sectioned aggregates. The crystal occupies the 
centre of & glass sphere, formed of two easily detach- 
able segments, which has complete freedom of 
rotation about its centre, thus allowing the conosctopic 
or orthoscopic phenomena to be observed for any 
desired direction of transmission within the crystal. 
Morphological and optical data representing axial or 
planar directions within the crystal, as, for example, 
the optic axes, are adjusted to the cross-hairs and 
recorded by an automatic plotting device in their 
equivalent positions on the outer surface of the 
sphere. Simple great circle and polar relationships 
only are involved, and the angular data plotted upon. 
the surface of the sphere is measured on a vernier to 
one-tenth of a degree, on the periphery of a single 
horizontal graduated circle. 

Owing to refraction by the glass of the sphere, 
however, quantitative data so plotted are subject to 
correction and re-plotting to yield the true undoviated 
direction and angular values within. the crystal. The 
necessity for this correction has been now successfully 
overcome by & modification of the sphere, described 
below, which greatly simplifies procedure. 

In the original design, a given ray, traversing the 
crystal, is refracted upon meeting the plane surface 
of the upper segment, the direction of the new path 
depending on both the angle the ray makes with the 
normal to this plane surface, and the difference 
between the refractive index of the given ray and 
that of the glass. 

The purpose of the new sphere design. is to eliminate 
deviation and the need for correction, and this is 
accomplished by providing the upper segment with 
a small hemispherical hollow truly concentric with 
the outer spherical surface of tho segment. Pro- 
vided the refractive index of the immersion liquid 
within the hollow and surrounding the crystal 
is equal to that for the transmitted ray within 
the crystal, the ray suffers no refraction, being 
always normal to the hollow spherical surface, and 
therefore points of emergence of optical directions 
recorded on the sphere occupy their true positions. 
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The sphere, inscribed with the labelled directional 
data, becomes an accurate model of the crystal, 
depicting the optical indicatrix within its MOr- 
phological scaffold. True cardinal directions are 
presented for principal refractive index observations 
by the immersion. method, and the optical situation 
is clearly illustrated, facilitating complete determ- 
ination of the specifie characteristics of the crystal. 
In order to confine the immersion liquid to the 
centred grain under observation, independent of the 
attitude of the sphere, and also to facilitate the 
change of liquids in refractive index determinations, 
the upper segment is provided with a shallow annular 
trough surrounding the hollow, the resulting surface 
tension effects causing the preferential retention of 
the liquid at the centre, surrounding the crystal and 
filling the hollow. Only one sphere, of ordinary 
serviceable low refractive index glass, is needed to 
cover the whole range of crystal substances. 

The advantage of the improved sphere is algo 
applied to the projector for interference figures’, and 
the phenomena observed by normal vision upon the 
gereen occupy their undeviated positions, giving true 
readings for optic axial angles and other relationships. 

The simplicity of operation of these instruments 
may extend the application of optical studies in 
fields where the complexity of other methods has 
been a hindrance. An experimental model of the 
orientation stage is being developed by Messrs. James 
Swift. 

H. ©. G. VINCENT 
Department of Mineralogy and 
Geology, 
University of Cape Town. 
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Triboelectricity and Electron Traps in 
Insulating Materials : Some Correlations 


Tux contact electrification between metals has been 
explained by Harper in terms of electron transfer 
due to the difference of work function of the metals, 
but the frictional charge on insulating materials 
is not so easily explained. Frenkel? has suggested 
that the friction develops high temperatures locally 
and instantaneously so that electrons in the full 
band in the insulators can be excited to the con- 
duction band and may then be transferred and 
trapped in impurity levels on the surfaces. Vicks 
and Gonsalve‘ also postulated the existence of surface 
electron levels and assumed that the electron transfer 
between insulators is determined by the differences 
in energy of these levels®. Fowlers.” has investigated 
the detailed distribution of electron traps in a number 
of insulators by measuring the conductivity induced 
by X-rays. We have carried out the measurement 
of triboolectricity on the same materials that were 
used in the study of X-ray induced conductivity®, in 
order to investigate the correlation, if any, between 
triboslectricity and the distribution of electron traps. 
These distributions had been derived from measure. 
ments of predominantly volume conductivity ; but 
the effects of surface traps could not be excluded. 

Tho specimens were carefully cleaned with alcohol, 
and surface static charges were eliminated by the 
ionic atmosphere of ẹ gas fame. Two specimens 
were rubbed lightly together and each rubbed surface 
was presented in turn to the measuring electrode, 
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which was connected to the grid of an ET3 electro- 
meter triode in a bridge circuit. The measurement 
of absolute value of the charge was abandoned 
because of the different shapes of specimens. The 
signs of the surface charges were, however, readily 
determined, and the specimens could be placed in a 
well-defined triboelectric series as illustrated in Table 
1. The positive or negative sign in Table 1 indicates 
that the material in the left-hand column is charged 
with that sign when rubbed against the material in 
the top line. 

The order of the substances given in Table 1 by 
virtue of their triboelectric properties may be com- 
pared with the order of the same substances given 
in ref. 6 by virtue of the shape of the distribution of 
traps, where they were listed in order of progression 
from, ‘exponential’ distributions of traps to ‘uniform’ 
distributions. The shape of distribution was- defined 
by the parameter T, in the relation 


Mgdg = Aoxp(— E/kT,) dE 


where Mg is the number of traps between E and 
E +dE in depth (energy). When T, is small, approach- 
ing room temperature, the distribution will be steeply 
exponential. This is merely a formalized way of ex- 
pressing the physical condition that there are many 
more shallow traps than deep ones, and it may 
apply only over a limited region of energy-depth. 

Table 2 gives the values of T', for the substances 
listed in the same order as Table 1. In addition, a 
parameter Æ, is given, representing an approximately 
exponential factor in change of conductivity with 
temperature when free electrons are being produced 
by X-rays. H, was related to T, by the measured 
dependence of induced current upon X-ray intensity®. 
In addition, the total number of traps, M per cem.?, is 
given: for the materials with low values of T, only 
a lower limit of M could be derived. While the 
correlation has some anomalies, particularly for un- 
plasticized polymethylmethacrylate, it appears that 
in general the substances at the negative end of the 
triboelectric series are those with the largest values 
of 7',, that is, the most uniform distributions of traps 
and the smallest numbers of traps per em.. 


Table 2 
Substances in order 
of triboelectric sign Tı C K. x 10°) Ez (eV.) M 

Negative 

Polytetrafiuoroethylene 0°58 0°5 102° 
Polyethylene l'4 0°35 107" 
Polystyrene (United States) 0:9 0-18 107° 
Polystyrene (British) 0:5 0'44 10” 
Moulded amber 10 0:06 104 
Natural amber 10 0-22 10% 
Polymethylmethacrylate (plasticized) 10 0:1 1976 
Polymethy]lmethacrylate ea 4-3 0:07 1077 
Polymethylmethacrylate (unplasticized) 0°41 0°5 101° 
Mica i 5'5 0°18 1076 
Positive 
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It may be tentatively suggested that the partition 
of electrons between two substances is determined 
as follows: free electrons are produced when the 
substances are rubbed together, either by abrasion 
processes not yet understood or by local heating, 
and these free electrons are then shared between the 
traps of both substances, so that the substance with 
the greater number of traps below the Fermi limit 
will accept the greater number of electrons, becoming 
negatively charged. It would be expected that sub- 
stances with an ‘exponential’ distribution, having a 
greater number of traps, should become negatively 
charged. The experimental evidence appears to con- 
firm this expectation in general. 

It should be emphasized that this conception is 
very crude and is only an attempt to explain the 
order of a particular triboelectric series from some 
previously determined trap distributions. The con- 
ception differs in detail from those mentioned in 
the introduction. 

We wish to express our thanks to Dr. R. W. B. 
Stephens for his interest in this work and Dr. 
F. T. Farmer for providing the specimens. One 
of us (E.F.) expresses his appreciation to the 
British Council for granting him the scholarship 
during the tenure of which this work was carried 
out in the Department of Physics, Imperial College 
of Science and Technology, London. 
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Observation of Metal Sections by means 
of the 300-kV. Electron Microscope 


FERNANDEZ-Mor4n! has reported the preparation 
of ultra-thin sections of metal, and showed electron 
micrographs and diffraction patterns of sections of 
pure germanium used for transistors. He cuts the 
metal with the Moran ultra-microtome equipped with 
a diamond knife. 

We have cut aluminium, copper and steel with 
an improved Minot-type microtome equipped with 
a Latta-Hartman type glass knife, and observed the 
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Fig.l. Aluminium 






Fig. 2. Copper 


Fig. 3. Carbon steel 


sections by means of the 300-kV. electron microscope?. 
The feeding mechanism of the microtome has been 
improved to give sections of 0-5 micron. The glass 
knife is set on the microtome with the cutting angle 
at about 50°-60°. The edge of a knife which has the 
cutting angle smaller than 50° is apt to be broken 
in the course of cutting. A relatively slow cutting 
speed is necessary to obtain sections. A small 
specimen of about 1 mm. x I mm. x 5 mm. is em- 
bedded in methacrylate resin to hold the specimen, 
and the sections aro floated off the knife on the surface 
of 40 per cent ethanol or watchmakers’ oil. 

Even the 300-kV. electrons do not penetrate 
sections of 0-5 micron sufficiently, so the section is 
thinned by etching in hydrochloric acid or potassium 
cyanide. The etching may also serve to remove the 
residual strain in the sliced sections. 

Fig. 1 shows the electron micrograph and diffraction 
pattern of a section of aluminium single crystal. 
Many lines and steps can be observed, which seem to 
correspond to the deformation of the crystal due to 
the non-uniformity or vibration of the knife edge. 
This fact is in contrast with the net-like diffraction 
pattern with Kikuchi patterns. Hence the section 
looks morphologically irregular in the electron micro- 
graph, but crystallographically regular in the 
diffraction pattern. 

Fig. 2 shows pictures of a section of copper. As 
in the case of aluminium, the diffraction pattern is 
from a relatively regular crystal, contrasting with 
the irregular shape in the electron micrograph. The 
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diffraction pattern illustrates the oriented deformation 
of the crystal. l 
Fig. 3 shows pictures of æ section of 0-1 per cent 
carbon steel. In this case the section is so thick that 
detail is not shown in the micrograph. The diffraction 
pattern, however, is clear enough to identify the 
specimen. 
HipETsuGU TSUCHIKURA 
Kerr IOHIGE 
Hitachi Central Research Laboratory, 
Kokubunji, Tokyo. 
1 Fernandez-Moran, J. Biophys. Biochem. Cytol., 2, 29 (1956). 
2Tadano, B., and Sakaki, Y., et al., J. Electron Microscopy, 4, 5 (1956). 


Rapid Assessment of Surface Radioactive 
Contamination 


WueEN radioactive contamination occupies an 
extended area, as, for example, the surface of labora- 
tory benches, its determination by the usual method 
of B-ray counting is tedious and is relatively not 
precise. However, the activity can be assessed in 
this case by a very simple, fast and sensitive method 
—the discharge of a conductor. The loss of charge 
of a conductor is due to the aerial ions of opposite 
sign generated by ionizing radiations, and the method 
of the discharge of a conductor has formerly been 
used for routine measurements of atmospheric 
conductivity?. I can give here only a very brief 
account of this method, which is based on the relation 
between the charge Q on a conductor and rate of 
loss of charge, given by Coulomb? : 


dQjdt = — ag (1) 


Tt can be easily shown that the constant a of 
Coulomb’s equation is equal to rnw, n being the 
number of ions per cm.® of air surrounding the 
conductor and w their mobility in the electric field. 
From (1) we finally get the relation : 


n = Kjt (2) 


where K is a constant implying the capacity constants 
of the measuring device, and t the time which 
corresponds to the drop of potential from V, to Ve 
The validity of (2) supposes that Vo, V; and w do 
not vary during the experiment, & condition prac- 
tically always fulfilled for laboratory measurements. 

When the ionizing radiation produces g ions of 
one sign per sec. per cm.® then the total number of 
ions per cm.? of air is given by the equation : 


n = (qla)? (3) 


where « is the recombination coefficient for small ions, 
in our measurements a constant. The rate of ion- 
production q is proportional to the intensity J of 
ionizing radiation. When the source of this radiation 
is a radioisotope deposited on a plane surface with 
the activity Å, per square cm. and the respective 
intensity of radiation J o we can put, according to (2) : 


Pt At Sol? (4) 


The validity of (4) was tested with phosphorus-32 
and strontium-90 +yttrium-90. A circular filter paper, 
with diameter 98 cm., was uniformly impregnated 
with the radioactive solution of which the activity 
was 33-8 no. (4:48 x 10-? uc./em.*) for phosphorus-32 
and 59-3 ue. (7-85 x 10-? ye./em.?) for strontium-90 
and yttrium-90. The time ¢ was determined for 
various distances v of the charged conductor from 
the active surface and the respective values of the 
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intensity J, of B-radiation were computed from the 
well-known absorption relation of King? : 
Jg = — 3d ol fi(—px) — He —pr)] (5) 
In this equation p is the absorption coefficient of 
the B-rays in air, x the minimum and 7 the maximum 
distance of the centre of the conductor from the 
active surface and Ei the exponential integral. Since 
the expression in front of the brackets in (5) is 
constant for a given experiment, J, is determined by 
the difference of the two exponential integrals. The 
resulis obtained for phosphorus-32 are shown in 
Fig. 1. Within the limits of accuracy of this method 
(about 15 per cent) the curves reduced to the same 
origin agree very well. The parallel course of the 
two curves proves that the validity of (3) is not 
markedly impaired by the presence of large ions 
formed from the condensation nuclei. This fact is 


partly due to the weak electric field being unable to 


carry the large ions on the con- p? 
1a 


ductor to any considerable extent, 
and partly to the formation of 
these ions, governed by a relation. 
similar to (3). 

A simple measuring device has 
been used: the conductor, a 
piece of insulated aluminium wire 
(length about 9 cm., diam. 0-1 
cm.), is screwed on the charging 
contact of a routine protection 
pocket electrometer of the stylo 
type. For current measurements 
the electrometer is supported by 
a very light wire frame in the 
form of two parallel letter X’s 
connected by a cross wire. Kud- 
den changes of the capacity of 
the exposed wire caused by the 
approach of a hand or a head 
to the microscope have no last- 
ing offect on the reading of 
the electrometers. The fibre 
is deflected but returns imme- 
diately to its original position. 

The conductor method is very 
sensitive because the measured 
value, n, varies with the square 
root of the activity. So for 
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Fig. 1. Side views of wire: (a) negative, (b) positive. 
(a) negative, (5) positive. a nites positiv 
Lichtenberg figure, positive inner electrode 
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the previously mentioned sample of phosphorus-32 
t had the value of 9:23 sec. for « = 20 cem., Vy = 
145 V. and V; = 120 V. Since at the same time 
t for the natural background was about 1,200 sec., 
it is obvious that a specific activity as low as 10-4 uc. 
per cm.* can be easily detected. Analogous figures 
have been obtained for strontium-90 and yttrium- 90, 
which suggests a simple method for the continuous 
registration of radioactive atmospheric fall-out from 
nuclear tests. 

A detailed account of this work will be published 
elsewhere. I am indebted to Mr. Kočí, Mrs. 
Majerová and Mrs. Zelenkové of the Institute of 
Nuclear Physics for their collaboration. 

F. BEHOUNEK 
Charles University, 
Faculty of the Technical and 
Nuclear Physics, 
Prague 1, Břehová 7. Dec. 22. 
1 aac J. À., “Atmospheric Electricity” (Clarendon Press, Oxford, 


* Coulomb, C. A., Mém. de l'Acad., Paris, 616 (1795). 
1 King, L. V., Phil. Mag., (2), 28, 242 (1912). 


Electrical Discharges between Coaxial 
Electrodes 


Lumous corona discharges occur when transient 
voltages, lasting about a microsecond, are applied 
between a wire and a small coaxially mounted ring 
in air. I have photographed these discharges and 
find that their shapes differ with the polarity of the 
electrodes. When the wire is made the negative 
electrode the discharge has the form of diffuse tufts, 
which are grouped around the wire into a roughly 
symmetrical brush; when positive, the discharge 
occurs in radial filaments (Figs. 1 and 2). Viewed 
along the axis the shape of a corona discharge, 
resembles the Lichtenberg figure corresponding to 
the same polarity, which is produced by a discharge 
in air on an insulating surface between concentric 
electrodes! (Figs. 3 and 4). 
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Fig. 2, Axial views of wire: 


Fig. 3. Lichtenberg figure, negative inner electrode. Fig. 4. 
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Ratio A/a (radius of outer electrode = A = 8-25 em. 
Fig. 5. Impulse spark-over voltage as a function of radius, a, 
ofinner electrode 

It appears from the photographs that the impulse 
corona forms a sheath around the negative wire, but 
has no such effect when the wire is positive. The 
form of the relation between wire-radius and impulse 
spark-over voltage in a system of coaxial cylinder 
and wire? (Fig. 5) is consistent with the assumption 
that a sheath, which protects the system against 
spark-over, is also formed in that geometry around 
the negative wire. The protection is greater than 
would be afforded by an extension of the wire-radius, 
which merely reduced the electric field; such an 
extension could raise the spark-over voltage no 
higher than the peak at Aja = 3:6 (Fig. 5). 

Differences of impulse spark-over voltage with 
polarity are observed not only in coaxial electrode- 
systems but also in many others, the value being 
almost always higher when the electrode at which 
the stress is greater has negative polarity®. It is 
surmised that protection of negative electrodes by 
impulse corona which precedes spark-over may be 
a general effect. 

J. S. T. Looms 
Electricity Division, 
National Physical Laboratory, 
Teddington, Middlesex. 
Nov. 12. 

' Merrill and von Hippel, J. App. Phys., 10, 891 (1939). 
* Looms, Report to B.E.A.I.R.A., S/B/7.124 (1955). 


* Bellaschi and Teage, Elect. Eng., 53, 1688 (1934). 
* Bowdler and Standring, J. Inst. Elect. Eng., 88, Il, 5 (1941). 


Distribution of Radioactivity in Rocks 
and Minerals, and the Effect of Weather- 
ing on Determinations of Uranium 


In determining the uranium content of a series 
of rocks for the purpose of studying its geochemical 
behaviour, difficulties are often encountered because 
of the loss of uranium by leaching. In some cases it 
is almost impossible to ascertain whether or not a 
rock has been affected by leaching. Late-stage 
hydrothermal activity will remove (by solution) some 
uranium, but in addition to this a certain amount is 
removed by weathering. Because of the hetero- 
genous distribution of uranium in acid rocks (for 
example, granites), the effect of hydrothermal solu- 
tions, mineralization and variations in uranium and 
thorium ratios, the geochemical behaviour of uranium 
is best approached by studying more homogeneous 
rocks, in particular basaltic types. l 

Adams! notes that the alpha-particle activity 
(as determined by scintillation counting) of a 
series of rocks when plotted against the uranium 
content gives rise to æ linear plot. This indicates 
that the uranium-thorium ratio in the rocks studied 
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was constant. In the Lassen Peak series studied 
by Adams, weathered rocks and mud flows did not 
show such a well-defined correlation of activity to 
uranium content. I have also observed (with a series 
of differentiated basic rocks, basalts, granophyres 
and granites) that a linear relationship exists between 
the uranium content of a rock and the alpha-particle 
activity (as determined by nuclear emulsion tech- 
niques). In the case of some basic rocks studied 
(uranium content, 0-05-1 p.p.m.) the uranium con- 
tent of weathered samples is decreased by a factor 
of 30-50 per cent, but the linear relationship still 
holds. This indicates that some thorium was prob- 
ably removed together with the uranium. In addition, 
there is apparently no separation of uranium and 
thorium towards the end of the differentiated series 
studied. This supports Adams’s! view, and not 
those of Kirsch and Hecht?, who believed that the 
process of differentiation would separate uranium and 
thorium. In order to undertake a more compre- 
hensive study it is necessary to determine the total 
uranium and thorium content of weathered and 
unweathered samples. Unfortunately it is difficult 
to determine small amounts (< 10 p.p.m.) of thorium 
satisfactorily. 

The distribution of radioactivity in the major 
rock-forming minerals has been fairly well established 
by Picciotto® and me‘. There is no preferential 
increase of importance in the major minerals such as 
felspar, pyroxene olivine and quartz. Significant 
increases of radioactivity occur only in the accessory 
minerals such as zircon, epidote, orthite, sphene, 
xenotime, apatite and others. ‘The distribution of 
radioactivity in intercrystal areas is very sporadic. 
A study of this intercrystal radioactivity is best 


. approached by using nuclear emulsions; but even 


then it is possible that this loosely bound inter- 
crystal material containing uranium and thorium 
may be partly removed during the preparation of 
thin rock sections. Another method of determining 
the easily leached radioactivity is by refluxing a 
rock sample with dilute acids, as described by Brown, 
Great care must be exercised when carrying out 
such experiments, as radioactive minerals such as 
uraninite may be present. Deutsch! has described 
the presence of uraninite in the Baveno granite while 
I have observed it in the granites of Dartmoor and 
Shap. 

. While isolated intercrystal material containing 
radioactive elements may be totally removed by 
weathering by solutions percolating along cracks, this 
is not comparable to the weathering of such radio- 
active minerals as xenotime, monazite, uraninite, 
thorite, epidote, orthite and fergusonite. In the 
‘iron stain’ halo surrounding these minerals it is 
observed that considerable amounts of radioactivity 
are present. On a smaller scale altered minerals often 
contain the bulk of the radioactivity on ferruginous 
secondary material. It is of interest to note that in 
the case of some preliminary studies carried out on 
the radioactive minerals of Norwegian pegmatites, 
the mineral may contain a certain percentage of 
uranium and thorium and be surrounded by a radio- 
active ‘iron halo’, while the surrounding felspar emits 
as much radioactivity as that present in the felspar 
of an oceanic basalt. 

Finally, the distribution of radioactivity in a single 
mineral still involves a consideration of the radio- 
activity both within the body of the mineral and that 
present in cracks. Unfortunately, even with long 
exposures using nuclear emulsion techniques, it is 


698 


difficult to determine these two factors on ‘normal’ 
zircons in & granite. Zircons are of particular interest 
as they are so widely used in age determinations. A 
study of zircons from Great Britain, Norway and 
Ceylon indicates the following. 

(1) A zonal distribution of radioactivity in zoned 
specimens. 

(2) Presence of highly radioactive pomt sources 
perhaps due to submicro inclusions of a very radio- 
active material or aggregates of radiocolloids. 

(3) Either: (a) homogenous distribution of radio- 
activity ; (b) increase of radioactivity in central 
areas of a crystal; (c) increase of radioactivity im 
peripheral regions. 

(4) In zircons in particular as much as 50 per cent 
of the total radioactivity may be present in iron- 
stained intra-crystal cracks. 

In conclusion, it has been observed that : 

(1) A plot of total alpha-particle radioactivity 
against uranium content can indicate whether or not 
the uranium thorium ratio is constant, and the effect 
of weathering on the ratio. 

(2) The radioactivity of the major rock-forming 
minerals is essentially constant. 

(3) Weathering can, lead to a loss of about 50 per 
cent of the total radioactivity and sometimes up to 
50 per cent of the uranium content. 

(4) The distribution of such rare accessory minerals 
as uraninite and thorite may be far more common 
than realized. The presence of such minerals prevents 
the determination of purely intercrystal radioactivity 
by acid-leaching studies. 

(5) In some accessory and even major minerals 
appreciable amounts of radioactivity may be present 
in ‘iron halos’ surrounding the mineral and on cracks 
within the mineral. The radioactive material in such 
locations is easily leached. 

E. HAMILTON 

Radiochemical Laboratory, 

Mineralogical Museum, and 
Geological Survey of Greenland, 

Denmark. 


1 Adams, J. A. S., Geochim. et Cosmochim. Acta, 8, 74 (1955). 
2 Kirsch, G., and Hecht, F., Z. anorg. algem. Chem., 238, 157 (1938). 
3 Picelotio, E., Bull. Soc. Belge Geol. Paléont. et Hydrol., 59, 170 


! Hamilton, E., thesis, Oxford (in process of publication, 1957). 
š Brown, H., et al., Bull. Geol. Soc. Amer., 64, 7, 1400 (1953). 
3 Deutsch, S., Haperientia, 12/9, 383 (1956). 


Thermal Stability of 
Polytetrafluoroethylene 


POLYTETRAFLUOROETHYLENE is notable among 
addition polymers for its high thermal stability. 
It decomposes at temperatures above about 400° C. 
to give tetrafluoroethylene as primary product?. It 
seems possible to account for this high stability in 
thermodynamic terms. A useful, though arbitrary, 
measure of the ultimate stability of a polymer, or 
more correctly of its free radical form, with respect 
to its monomeric precursor, is the temperature at 
which a particular pressure of monomer is supported 
over the polymer. This is given by? : 


Te = AH gel ASge 


where AHg, and ASge are the heat and entropy of 
polymerization for the chosen monomer pressure at a 
suitable temperature, conveniently taken as 25°C. 
in most cases. Thus the ultimate stability is de- 
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termined by the heat of polymerization of the mono- 
mer (which is in the range —16 to —25 kcal./mole 
for most monomers), and the entropy of polymerizea- 
tion (which increases with the molecular weight 
and complexity of the monomer). The heats of 
formation of tetrafluoroethylene and of its polymer 
(—152 keal./mole® and —199 _ kecal./tetrafluoro- 
ethylene mole unit‘, respectively) give the heat of 
polymerization of tetrafluoroethylene as about —47 
keal./mole. The entropy of polymerization at 67° C. 
(which temperature is chosen to avoid anomalies 
resulting from the second-order phase transition of 
the polymer at room temperature), derived from the 
measured entropies of monomer’ and polymer®, is 
about —45 entropy units/mole for one atmosphere 
pressure of monomer. These compare with the values’ 
AH ge = —24-7 keal./mole and Aspe = —37 e.u./mole 
for ethylene at 25° C., and account for the strikingly 
greater thermal stability of tetrafluoroethylene. 

Thermochemical considerations suggest that other 
olefines containing the =CF, group will have heats 
of polymerization greater than those of better-known 
olefines, but lower than that of tetrafluoroethylene. 
The ultimate stabilities of polymers derived from 
these olefines will therefore be intermediate between 
those derived from normal olefines and from tetra- 
fluoroethylene. In practice, however, the polymers 
may be less stable than these thermodynamic con- 
siderations suggest, since they may decompose more 
readily into other products. Examples are poly- 
vinylidene fluoride and polytrifluoroethylene, which 
yield hydrogen fluoride as the first decomposition 
producti. 


C. R. Parriok 
Chemistry Department, 
University of Birmingham. 
Jan. 2. 
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Soc., 51, 1710 (1955). 


Paper Chromatography of the Polycyclic 
Tar Hydrocarbons 


WuatTman No. 4 filter paper impregnated with 
10 per cent paraffin oil, and methanol saturated 
with paraffin oil (prepared by shaking methanol with 
paraffin oil in a separating funnel) as the ascending 
mobile phase, were found suitable for paper chromato- 
graphy of the polycyclic tar hydrocarbons (for others, 
see ref. 1). 

The paper was impregnated by dipping it into a 
10 per cent petrol-ether solution of paraffin oil, 
quality as in ‘‘Pharmacopoea Bohemoslovenica”’ 
(second edition), and by evaporating the petrol—-ether 
during 15 min. The technique of paper chromato- 
graphy employed is already adequately described*. 
After developing the chromatogram for about 4 hr. 
(30 cm. from the front to the starting point is suffi- 
cient), it was possible to see characteristic fluor- 
escence spots under ultra-violet light. f 

The average Ry values and their colour under 
ultra-violet light, both of control substances and of 
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Table 1 
Rr | 
Order Re Fluor- (Coal 
of Control (con- | escence* tar Notes* 
spots | compound | trol) (C, T) com- 
pound) 
1 Violet 0-60 
2 Greenish- 0:50 | In excess only 
prey 
Anthracene | 0:43 Violet spot sep- 
3 | Phen- Violet 0-44 | arating from 
anthrene 0-41 following green ; 
(T) l 
4 | Pyrene 0:36 | Green 0°38 
5 0°34 | Blue-violet Chrysene( C) 
Chrysenct Yellowish- | 0-82 | Possibly 1,2- 
6 0-31 | green benzanthra- - 
cene (C, T) 
7 3,4 Benz- 0°28 | Violet 0:28 
pyrene 
8 |1,2,5,6 Di- | 0-254] Violet 1,2,5,6 Dibenz- 
benz- anthracene (C) 
anthra- 0:252 | Yellowish- | 0-25 | Possibly 1,2,7,8 
cenet green dibenzanthra- 
cene (C, T}. The 
second is con- 
centric with 
the first (C) 
in excess only 
9 Violet 0:21 | Possibly coron- 
ene (T) 
10 0-20 
11 0-18 | These spots are 
12 White- 0-16 | not always so 
13 bluish 0-14 well separated 
14 12 | (T) 
15 10 
This forms the 
first of the yel- 
low series 
16 Yellow 0:09 | which will be 
developed in a 
different sol- 
vent system (T) 





* (C) refers to contro] compound ; (T) refers to coal-tar compound. 
t Two spots due to an impurity in the control compound. 


the spots obtained from coal tar with the phenols 
and nitrogen compounds removed (by sheking a 
cyclohexane solution of the tar with 2 N aqueous 
potassium hydroxide, and, after rejecting the 
aqueous layer, with 2 N sulphuric acid), are shown 
in Table 1. 

I am grateful to Prof. Jan Sula, of Prague, for the 
control compounds. 

ERNEST MALÝ 
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Carbohydrases in the Sugar-Gland Juice of 
Cryptochiton (Polyplacophora, Mollusca) 


ALTHOUGH considerable work has been done on the 
digestive enzymes of snails and mussels!, very little 
is known about those of the marine chitons. Fretter, 
working with the two British species, Lepidochitona 
cinereus Gray and Acanthochiiona crinitus Gray, has 
reported? that the fluid in the sugar gland (a pouch- 
shaped organ connected with the cesophagus) hydro- 
lyses starch, with a pH optimum at 5-6, and glycogen, 
with a pH optimum at 6-4-6-8. 

In 1956; we studied the enzymes in the sugar-gland 
juice of the giant chiton, Cryptochiion stelleri Midden- 
dorff, which is common along the Pacific coast of the 
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Fig. 1. Absorption spectra of different samples of Cryptochiton 
sugar-gland juice. The peake indicated by the arrows (sample A 
coincide exactly with those of phycoerythrin R. The peak a 
680 mu is probably caused by the presence of a chlorophyll 


United States. In most cases the juice, whiċh can 
be obtained in considerable quantities, is salmon- 
coloured ; examination in the spectrophotometer 
reveals, very surprisingly, that phycoerythrin R is 
often present, while chlorophylls, such as chlorophyll 
D, may also occur (Fig. 1). The conclusion that the 
animal feeds largely on seaweeds is confirmed by the 
observation that large pieces of green, red and brown 
algae, including whole ‘branches’ of the hard coralline 
algae, can be found in the intestinal tract. A study of 
the mobilization of the algal carbohydrates by the 
chiton is imperative not only because of its intrinsic 
interest but also because of its ecological and bio- 
chemical implications. 

Thus far, the following substrates were found to be 
hydrolysed energetically by the juice: starch, gly- 
cogen, laminarin, sodium-alginate, xylan from the 
red alga, Rhodymenia palmata ; cellulose and substi- 
tuted celluloses, cellopentaose, cellotetraose, cello- 
triose, cellobiose, maltose, zsomaltose, panose, turan- 
ose, salicin, «- and B-methyl glucoside, and melezyt- 
ose. Agar is probably attacked by two enzymes in 
the juice ; one of these modifies the iodine reaction, 
whereas the other causes this reaction to disappear 
completely. Moreover, a drop in viscosity under the 
influence of the juice could be observed in very weak 
agar solutions after a few days. ‘Weak or doubtful 
activity was displayed towards gentiobiose, fucoidin, 
tunicin and bacterial dextran; no hydrolysis took 
place in the cases of sucrose, trehalose, lactose, meli- 
biose, stachyose, raffinose and inulin. The pH 
optima for the hydrolytic actions were generally in 
the vicinity of pH 5 (Fig. 2), which is the natural pH. 
of the sugar-vland juice; cellulase, which seems to 
have a somewhat lower pH optimum (Fig. 3) forms 
an exception. 

Thus «- as well as 6-glucosidic 1 : 4 linkages between 
glucose residues (starch, glycogen, cellulose) and 6 
1:3 linkages between such residues (Jaminarin) can 
be broken. The evidence on « 1: 6 linkages between 
glucose residues is less conclusive ; from the fact that 
isomaltose is hydrolysed with ease and that almost 
all the glucose theoretically expected is formed in the 
breakdown of starch (which has some 1: 6 linkages) 
one must conclude that they are hydrolysed, but on 
the other hand the breakdown of bacterial dextran. 
(which has an abundance of « 1 : 6 bonds) is very 
slow. 
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Some sugar-gland enzymes show synthetic as well 
as hydrolytic properties. For example, in digests 
with turanose, evidence was obtained for the transient 
occurrence of a new sugar with a slightly lower Rp 
value than turanose, and in isomaltose digests there 
were clear indications of trisaccharide formation. 

The invulnerability of trehalose, sucrose and 
inulin is remarkable in view of the fact that these 
substances have been reported as constituents of 
blue-green algae (trehalose) and Dasycladales (sucrose, 
inulin), respectively. It is obvious that information. 
on. the activities of other parts of the digestive tract 
of Cryptochiton is needed. Most experiments were 
performed on the sugar-gland amylase, which was 
shown to be a true a-amylase, activated by halide 
ions (Fig. 4); it is able to digest native Codium- 
starch, and acts in conjunction with a powerful 
maltase. The pH optima for the breakdown of 
starch and of glycogen are identical. Some purifica- 
tion of the amylase could be achieved by procedures 
involving ammonium sulphate fractionation, adsorp- 
tion on native potato starch and elution with weak 
ammonium phosphate solutions. The origin of the 
sugar-gland enzymes is not clear; they may be 
produced by symbiotic bacteria. It is possible that 
the activation of the amylase by halide ions may 
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Fig. 2. pH optimum for Cryptochiton sugar-gland amylase. 
Activity studied by following the disappearance of the iodine 
reaction of a starch solution (Wohlgemuth method) 
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Fig. 3. pH optimum for the breakdown of cellulose by Crypto- 
chiton sugar-gland enzyme. (Turbidity measurements on expanded 
cotton cellulose) 
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Activation of Cryptochiton sugar-gland amylase by 


Fig. 4. 
chloride ions 


provide a clue, since it seems to be a general feature 
of the amylases of snails and bivalves, noticeable even 
in those cases where the presence of bacteria is at 
least doubtful. 

A systematic survey of the biochemical activities 
of the sugar gland is in progress. 


B. J. D. MEEUSE 
WALTER FLUEGEL 
University of Washington, 
Seattle, Washington. 
Nov. 20. 
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Formation of -Alanine from Spermine and 
Spermidine by Pseudomonas aeruginosa 


THE importance of ßB-alanine, especially as a 
constituent of pantothenic acid, in biological systems 
is well recognized; but little is known about its 
biosynthesis. One possible mechanism of formation 
involves the decarboxylation of aspartic acid though 
this has been established only for a small number of 
bacteria!. It has been recently found that B-alanine 
might also be formed from uracil by a certain species 
of Clostridium?. 

Studying the degradation of the naturally occurring 
polyamines spermine and spermidine, we found that 
these substances were oxidized by Pseudomonas 
aeruginosa. Carbon dioxide and ammonia were 
evolved, and a ninhydrin-positive compound accum- 
ulated during the reaction. This compound behaved 
like 8-alanine when analysed by paper chromato- 
graphy using various solvent systems*-§. A similar 
result was obtained by paper electrophoresis, in 
phthalate buffer of pH 3:2 °. 

The results are illustrated in Fig. 1; spermine 
(a) and spermidine (b) rapidly disappeared during the 
reaction, while B-alanine was formed. ßB-Alanine was 
then further metabolized by Ps. aeruginosa, as can 
be seen in all experiments. Quantitative measure- 
ment® showed that about twice the amount of 
B-alanine was formed from spermine compared to 
spermidine. This might be expected from the 
composition of the two compounds, since spermine 
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(a) 2-5 uM spermine; (b) 2:5 uM spermidine; 


contains two (CHa), fragments and spermidine orily 
one : 
NH,(CH,),;NH(CH,),NH(CH,),NH, 
spermine 
NH,(CH,),NH(CH,),NH. 


spermidine 


That these (CH,), fragments participate in the 
formation of f-alanine, is borne out by the fact that 
1:3 propane diamine was oxidized by P. aeruginosa 
to B-alanine, whereas putrescine was not. 

The formation of ®-alanine from spermine and 
spermidine thus opens up a new possibility for the 
biosynthesis of this important compound. This 
approach is especially attractive in view of the wide 
distribution of spermine and spermidine®.!® and their 
role as growth-factors for various micro-organisms!—}8, 

A detailed report of this study will be published 
elsewhere. ? 

i S. RAZIN 
U. BACHRACH 
I. GERY 
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Substrate-Selective Inhibition of Mito- 
chondrial Oxidations by -Enhanced Tonicity 


DURING an investigation of factors controlling rates 
of oxidation by mitochondria, it was found that 
variations of sucrose concentration in the suspending 
medium profoundly inhibited the oxygen consumption 
with some substrates but had much less effect with 
others. Earlier studies!:* have indicated that the use 
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Formation of $-alanine by resting cells of Ps. aeruginosa. Cells were 
synthetic medium (ref. 7) enriched with 0-3 per cent spermine. Washed ce ls, suspended in 
hosphate buffer, pH 7:0, were incubated at 30° in Warburg flasks containing 
(c) 5 uM B-alanine or (d) 5 uM 1:3 propane 
diamine, respectively. Samples were taken at the times indicated centrifuged, and the super- 
natants analysed by paper chromatography (ref. 8) 
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of 0-88 M sucrose as the diluent 
during homogenization and iso- 
lation of mitochondria resulted 
in lower rates of mitochondrial 
oxidations than, when 0:25 M 
sucrose was used. This was 
true despite the dilution of the 
mitochondria with other com- 
ponents of the final reaction 
mixture. 

In the present studies, rat- 
liver mitochondria were pre- 
d pared in 0-25 M sucrose and 
0-5 ml. of the washed suspen- 
sion (equivalent to 0:5 gm. 
original liver) was placed in 
Warburg vessels containing, in 
l ml. of solution, 6 tumoles 
adenosine triphosphate, 50 
moles inorganic phosphate, 15 moles magnesium 
sulphate, 50 umoles glucose, 1 mgm. of partially puri- 
fied yeast hexokinase and 20-40 umoles of substrate. 
Final volume was brought to 3-0 ml. by the addition 
of sucrose solutions of appropriate concentration. 

Typical experiments with each of ten different 
substrates are shown in Table 1. In our routine 
experiments the final sucrose concentration is 0-17 M. 
Lowering tonicity to 0:075 M sucrose seemed to have 
no adverse effect on either respiration or phosphoryl- 
ation. However, raising the sucrose concentration 
above 0:17 M progressively inhibited the oxidation 
of glutamate, a-keto-glutarate, citrate, pyruvate (to 
aceto-acetate) and caprylate virtually to complete 
suppression at 0:48 M. Glutamate oxidation was 
50 per cent inhibited at 0°37 M sucrose. It is interest- 
ing that oxidation of other pyridine-nucleotide linked 
substrates such as malate, isocitrate, proline? and 
8-hydroxybutyrate were much less inhibited. Suc- 
cinate oxidation was relatively little affected. 

It is possible that the selective effect with different 
substrates results from selective permeability of the 
mitochondria in higher concentrations of sucrose. 
Citrate must be oxidized via zsocitrate, yet it is more 
strongly inhibited than the latter, indicating a selective 
permeability or an effect of high-sucrose on aconitase 
activity. Cooper and Lehninger! have reported high 
sucrose concentrations to inhibit dinitrophenol- 
stimulated adenosine triphosphatase and the exchange 


l «—3-alanine 


+-1:3 propane 
diamine 


0 30 


own on a semi- 


Table 1 


| 
Inhibition 

by hyper- 
tonicity 

(per cent) 


Molarity of sucrose 
0:075 
Qo(N) P/O 
2°8 


Substrate 


Qo.(N) P/O | Qox\N) P/O 


Glutamate 
a-Keto- 
glutarate 
Pyruvate 
Citrate 
DL-Iso- 
cltrate® 
l-Malate 
Caprylate 


Succinate 





Qo,(N) =c.mm. oxygen consumed per mgm. mitochondria 
nitrogen per hr. The experiments were of 8-20 min. duration to permit 
comparable amounts of oxygen (6-10 atoms) to be consumed despite 
differences in rate of oxygen consumption. 


*allo-Free, obtained from California Biochemicals Foundation. 
The low rate of ony n consumption reflects inhibition by the un- 
natural enantiomorph. ¢soCitrateisolated from Bryophyllum is oxidized 
as rapidly as citrate. 
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reaction between adenosine triphosphate and inor- 
ganic phosphate in submitochondrial particles pre- 
pared with digitonin. 

Additions of diphosphopyridine nucleotide, coen- 
zyme A, 2,4-dinitrophenol or triiodothyroacetic acid 
did not relieve sucrose inhibition of glutamate or 
Q-hydroxybutyrate oxidation. The inhibition was 
completely reversed by centrifuging mitochondria 
from the medium containing 0:48 M sucrose and 
transferring to one containing 0:17 M sucrose. 

This work was supported by a grant from the 
American Cancer Society. 

DIANE JOHNSON 
Henry Larpy 
Institute for Enzyme Research, 
University of Wisconsin, 
Madison, Wis. Dec. 4. 
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ochemical Localization of Succinic 
Dehydrogenase in Mitochondria from 
Periplaneta americana 


MORPHOLOGICAL! ? and biochemical®-* studies indi- 
cate that the mitochondrion is a structurally complex 
organelle in which certain oxidative enzyme systems 
are localized. The succinic dehydrogenase system, 
in particular, has been shown to be situated almost 
exclusively in the mitochondrial fraction of tissue 
homogenates. 

Histochemical methods for showing this enzyme 
system depend on the acceptance of hydrogen by 
water-soluble tetrazolium salts and their reduction to 
coloured, insoluble, formazan dyes. 


N 
rd 1 H ? A N 
R—Ó N-R => k-C N-R 
| | 9 j 
e N——N 
Tetrazolium Formazan 


This reaction is not reversible in biological systems, 
and the amount of formazan deposited in tissue 
sections can be related directly to the amount of 
succinic dehydrogenase*. Localization of the succinic 
dehydrogenase system within the mitochondria is not 
possible, however, with the mono- and di-tetrazolium 
salts in current histochemical use. This is due partly 
to the slow rate at which they penetrate bjological 
membranes and partly to the large crystel size of 
their formazans. 

Recently, metal chelation of the formazans of 
mono-tetrazolium salts containing N-thiazol-2-yl 
groups has been successfully used for the intracellular 
localization of the succinic dehydrogenase system’. 
The present report concerns observations on the 
isolated mitochondria of the cockroach Periplaneta 
americana made during a series of experiments 
designed to evaluate the accuracy of localization of 
the succinic dehydrogenase system afforded by 
various metal-formazan complexes. 

The pooled fat bodies of several cockroaches were 
homogenized in 0-44 M sucrose with a Potter- 
Elvehjem homogenizer and centrifuged at 8009 for 
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10 min. The sediment was resuspended and washed 
once. The supernatants were centrifuged at 7,0009 
for 15 min., resuspended and washed twice. 2 ml. 
of a medium containing 3,5-dipheny]-2-(4,5-dimethyl- 
thiazol-2-yl) tetrazolium bromide, cobaltous chloride, 
various electrolytes, phosphate buffer at pH 6:3 and 
sodium succinate, was added to 1 ml. of a 10 per cent 
mitochondrial suspension in sucrose. 

Details of the preparation of this medium have 
been published elsewhere’. The reaction in duplicate 
samples was completely inhibited by 1-ml. of 0-1 M 
iodoacetic acid added prior to incubation. The 
suspensions were incubated at 37-5° C. for 10-16 min. 
in an atmosphere of pure nitrogen. The reaction was 
stopped by the addition of 0-05 ml. of 10 per cent 
formalin and the suspensions were mounted in 10 per 
cent gelatin. 

It was observed’ that in thin fresh sections of 
tissues the metal chelation method did not reveal the 
mitochondria as they are usually shown by conven- 
tional staining methods but rather as rows of small 
black bodies. The present studies of isolated mito- 
chondria show that each mitochondrion contains 
2-5 of these ‘bodies’ the size of which depends to 
some extent on the length of incubation. They may 
appear (Fig. 1) as round objects 0-6-1 :0u in diameter. 
With longer incubation these can be seen to grow 
and finally to burst the mitochondrial membrane, 
an observation in keeping with the view that sub- 
strates must penetrate into the mitochondrion before 
being oxidized®. With short incubation times they 
appear (Fig. 2) in the form of straight or curved 
transverse bars, orientated at right angles to the long 
axis of the mitochondrion, the appearance of which 
suggests a relationship to the criste mitochondriales 
observed in electron microscope studies. Admittedly 
the characterization of these structures by the metal- 
formazan technique is much ,coarser. At higher 
magnifications (Fig. 3) further details of the ‘oristæ’ 
are revealed. 

A composite tracing (Fig. 4) has been made of the. 
localization of metal formazan at different levels in 
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Fig. 1. Isolated cockroach mitochrondrion. Shows two round 


deposits of cobalt-formazan. (x 4,000) 
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Fig. 2. Isolated cockroach mitochondria. Shorter incubation. 
Shows deposits as dots ve er and curved transverse bars. 
XxX 4, 
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Fig. 3. Photograph of a single mitochondrion showing metal- 
formazan deposition on structures resembling cristæ mito- 
chondriales. x 8,000 
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Composite tracing of deposition of cobalt-formazan 
at various levels within a single mitochondrion. Shows the spiral 


Fig. 4. 


form referred to in the text. x 8,000 


the body of a single mitochondrion, by superimposing 
the photographic images obtained at different depths 
of focus. The tracing clearly shows that the structure 
revealed by the metal-formazan deposits exists in the 
form of a helix, and we suggest, therefore, that the 
cristz mitochondriales may occur not as complete or 
incomplete transverse bars but as a single continuous 
spiral. 

The. presence of a similar arrangement of mito- 
chondria in the axial filament of mammalian sperma- 
tozoa and of the sites of succinic dehydrogenase 
activity in B. subtilis suggests, furthermore, that the 
helix may represent a pattern of enzyme localization 
common to many biological forms. 
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Electrical Responses of Frog Spinal 
Ganglion Cells in Sodium-free Media 


SINCE ‘Lorente de Nó! found that a group of small 
axons (“Et fibres’’) in the frog are able to conduct 
prolonged’ action potentials when the external sodium 
is replaced by certain quaternary ammonium ions, 
special attention has been directed to the effects of 
these compounds on other excitable tissues. Fatt 
and Katz? observed that the electrical responses of 
crustacean muscle fibres are maintained and even 
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intensified when choline, tetramethylammonium, 
tetraethylammonium or tetrabutylammonium ions 
are substituted for the sodium in the external medium. 
No other excitable tissue, however, has been reported 
to show active responses after complete replacement 
of sodium by these ions. Choline, in particular, has 
repeatedly been used as an ‘inert’ osmotic substitute 
in experiments on sodium depletion in the extra- 
cellular spaces. At low concentrations, for example, 
10-20 per cent replacement of sodium, tetraethyl- 
ammonium lengthens the falling phase of the action 
potential of crustacean nerve? and of frog twitch 
musclet. The intracellular injection of tetraethyl- 
ammonium into the giant axon of the squid prolongs 
the duration of the action potential’. In frog nerve 
fibres, the enhancement of the negative after-potential 
produced by addition of tetraethylammonium to 
the Ringer’s solution is more prominent in the 
terminal endings than in the nodes’, suggesting that 
quaternary ammonium ions might act in different 
degrees on the various parts of the neurone. 
Cell-bodies in the spinal ganglion of the frog have 
characteristic properties as compared with the axonal 
node’, and it was therefore expected that specific 
effects of quaternary ammonium compounds could 
be revealed on the cell membrane. In the course of 
the investigation with these ions, it was found that 
the electrical activity of the ganglion cells could be 
maintained when the sodium of the Ringer’s solution 
was totally replaced by choline or tetraethylam- 
monium. The ninth or tenth lumbar spinal ganglion 
was isolated from Rana pipiens, together with the 
sciatic plexus branch and the dorsal root. The 
capsule covering the ganglion and the connective 
tissue adhering to the cells were carefully removed. 
The individual nerve cell-bodies (about 60u diam.) 
could then be clearly seen so that the insertion of a 
microelectrode could be carried out under visual 
control. By use of the arrangement previously 
described’, the superficial cells were directly stimu- 
lated with short pulses and the action potentials 
recorded through a single intracellular microelectrode. 
When the preparation was soaked in a sodium-free 
sucrose—Ringer’s solution for 3 hr., there was no 
appreciable effect on the resting potential of the cells, 
and no spike potential could be detected. Occa- 
sionally, a graded abortive response to very large 
stimuli was still observed in a few cells. After 3—5 hr. 
in sodium-free choline-Ringer’s solution, the resting 
potential had a normal value (about 65 mV.) imme- 
diately after insertion of the micro-electrode, but 
tended to fall with time. No action potential could 
be indirectly evoked in the cell-bodies by stimulation 
If direct stimulation 
was delivered through the microelectrode, however, 
large responses were regularly produced in the cell- 
body membrane. In Fig. 1, records 2 and 3 represent 
action potentials recorded in choline—Ringer’s solution, 
while records 1 and 4 represent control responses 
obtained in normal Ringer’s solution before and after 
the choline treatment respectively. The threshold 
for initiation of ‘choline potentials’ was higher than 
for ‘sodium potentials’, while the rate of rise of the 
spikes was diminished and their falling phase enor- 
mously prolonged. The entire configuration of the 
action potential was somewhat similar to that of 
crustacean muscle fibres in choline?. The excitability 
of the nerve cell-bodies was maintained even after 
several hours in choline, and the effect of the latter 
was perfectly reversible by re-immersing in Ringer’s 
solution. In other experiments, the occurrence of 


at 


-+ Awad’ evel’ more sbri 


704 





AVAUOAVATATAYATATAVAYATAYATA AACA `. 


Fig. 1. Records 1-4 were obtained from the same preparation. 
Records 2 and 3 are ‘choline potentials’ recorded at different 
sweep speeds, and records 1 and 4 are ‘sodium potentials’ recorded 
before and immediately after soaking in choline Ringer's solution. 
Records 6-7 show ‘tetracthylammonium potentials’ at different 
sweep speeds obtained from another pre ara ion: Time marks : 

1 MBeEC., AREP for Record 7 (100 msec.}. Calibration :- 50 mY, 


‘choline potentitile’ was confirmed in preparations 
previously “blocked after several hours in sucrose 
Ringer’s solution. The action of tetraethylammonium 
g than that of choline; action 
potentials were tremendously prolonged, their dura- 
tion reaching usually 4-1 sec. Records 5-7 show 
typical ‘tetraethylammonium potentials’ recorded at 
different sweep speeds. 

These results demonstrate that choline and tetra- 
ethylammonium ions are not ‘inert’ on the neurone 
cell-body of the spinal ganglion, but have a specific 
action which apparently reinforces the membrane 
excitatory processes. 
action potentials observed in media where the sodium 
has been completely replaced by choline or tetraethyl- 
ammonium, it might be argued that some residual 
sodium exists in the intersticial spaces Immediately 
surrounding the cell-bodies or accumulates as a result 
of slow leakage from the cell interior. This possibility 
cannot easily be disproved, but the conservation of 
cell excitability even after 8 hr. soaking in choline, 
and its rapid recovery in the latter after a prolonged 
immersion in sucrose~Ringer’s solution apparently 
argue against an appreciable retention. Indeed, the 
concentration of extracellular sodium is probably less 
than the intracellular, particularly in the case of the 
superficial cells. If ionic currents underly the olec- 
trical activity observed in these experiments, there 
are three conceivable ways of accounting for the 
mechanism of the ‘choline’ or ‘tetraethylammonium 
potentials’: (1) by an influx of residual extracellular 
sodium (along a low or even reversed concentration 
gradient) or of some other cation (for example, 
calcium) through the active membrane; (2) by an 
outiux of an internal anion; or (3) by an inward 
transfer of charges transported by choline or tetra- 
ethylammonium ions. The first explanation would 
imply that, in the cell-body, choline and tetraethyl- 
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ammonium somehow facilitate the normal excitatory 
process. There is no evidence, as yet, that choline 
or tetraethylammonium ions penetrate the nerve 
cell during its electrical activity. 
K. KOKETSU 
J. A. CERF* 
S. NisHt 
Department of Psychiatry, 
Neuropsychiatric Institute; 
University of Illinois College of Medicine, 
Chicago. 


* ‘Chercheur qualifié’ of the Belgian National Foundation for 
Selentific Research. 
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A Histological Stain for Newly Calcified 
Tissues 


Dorne investigations in which sudan black B was 
used for studying the lipoid inclusions in cells of bone 
and teeth!, it was found that dentin, enamel, cartilage 
and bone did not stain significantly unless they were 
previously extracted with pyridine at 60° C., when 


‘characteristic staining reactions were obtained. 


Rats’ upper incisor teeth with the surrounding 
tissue and the proximal ənds of tibias were used. 
After fixation and treatment with pyridine, and 
decalcification in some instances, they were embedded 
in gelatin and cut frozen. The sections were stained 
with sudan black B (George T. Gurr), using Baker’s 
method? and mounted in glycerine jelly. Unextracted 
sections were algo stained with toluidine blue and 
examined mounted in water, only undecaicified 
tissues being used. The perchloric acid technique for 
the removal of ribonucleic and deoxyribonucleic 
acids and the periodic acid-Schiff method were also 
employed. Some sections were. treated with hyal- 
uronidase for 24 hr. at 37° C. at pH 5-7. 

When they were stained with sudan black without 
preliminary treatment with pyridine, the hard tissues 
were & uniform pale blue colour. After treatment 
with pyridine all areas where calcification was being 
initiated stained deep blue or black. These areas 
were at the predentin—dentin junction (Fig. 1), the 





Fig. 1. Transverse section of labial side of formative end of 

undecaleified rat incisor tooth. (a) Dentin, (b) predoni; (c) odon- 

toblasts and pulp. Note darkly stained ‘ine at dentin-predentin 

junction. Stained with sudan black B after treatment with hot 
pyridine, as described in the text. x 480 
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Fig. 2. Part of maxillary alveolar bone of rat. At the top an 

osteoclast can be seen and below a row of osteoblasts (a). Note 

intense staining line on appositional side of bone, separated 

from the osteoblasts by a narrow rim of matrix. Stained with 

sudan black B after treatment with hot pyridine, as described 
in the text. x 430 


part of the organic enamel where it became acid- 
soluble, a line on the appositional side of bone, but a 
short distance inwards (Fig. 2), and the intercellular 
matrix between the hypertrophic cells of the epi- 
physeal cartilage Just before their removal (Fig. 3). 
These areas in the incisor were also metachromatic, 
but bone and epiphyseal cartilage could only be 
examined after decalcification, when the whole tissue 
was metachromatic. Treatment with pepsin did not 
affect the staining of the teeth. Hyaluronidase did 
not abolish either the metachromasia of the teeth or 
the sudan black staining of any of the tissues. Treat- 
ment with perchloric acid did not change the staining 
reactions. No specific staining of the dentin—preden- 
tin junction was observed with the periodic acid- 
Schiff technique. 

For sudan black to stain in these ways, treatment 
with pyridine had to precede decalcification, though 
decalcification was not necessary. Treatment with 
hot formalin solution instead of pyridine did not 
cause the characteristic sudan black staining. Extrac- 
tion with pyridine made no difference to the meta- 
chromatic staining. 

It seems probable that under the conditions of 
these experiments, sudan black is staining some 





Fig. 3. Longitudinal section of part of tibial epiphyseal cartilage 
of young rat, showing large hypertrophic cells and, below, the 
zone of cell erosion. Note the staining of the intercellular matrix 
between the hypertrophic cells. Stained with sudan black B 
after treatment with hot pyridine, as described in the text. x 480 
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fraction of the mucopolysaccharides, but is a good 
deal more selective in this respect than toluidine blue. 
The process underlying pyridine treatment seems 
from the work of Hadadian and Pirrie® to be some 
sort of precipitation. This makes the material 
insoluble in acid and stainable with sudan black. 

Leblond et al.4 have found the dentin—predentin 
junction to be strongly metachromatic, and Bélanger® 
reported that sulphur-35 is laid down here two hours 
after injection. The puzzling aspect is that both 
sudan black and toluidine blue stain this area only, 
although the zone of sulphur-35, as seen by auto- 
radiographs, moved progressively outwards with 
accretion of more dentin’. What is the difference 
between the mucopolysaccharide at the dentin- 
predentin junction and that in the depths of the 
dentin ? Scott and Pease’, in electron microscope 
studies, have noted that a fibrous preosseous matrix 
exists between the osteoblasts and calcified bone 
matrix, and the width of this zone is about the same 
as that in the present findings. But, as with dentin, 
only the first narrow strip of calcified bone stained 
with sudan black. 

Although it was not possible to compare the stain- 
ing with sudan black and toluidine blue in bone, I 
consider that the similarity of the two appearances 
in teeth is sufficient to conclude that the same 
constituent of the tissue is being stained. 


J. T. IRVING 


Joint Dental Research Unit of the 
Commonwealth Scientific and 


: 1 
Industrial Research and the aye 06 “ee Of Sr. 


PHYSIGE Dent. 
“A, Tyntra Cirotdar BA, Oelentts 


University of the Witwatersrand, 4 
Johannesburg. & 
Dec. 3. 
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Rubidium-86 as a Tracer of Potassium 
in Man 


SERIAL estimations of exchangeable potassium 
cannot be made after a single dose of potassium-42 
because the half-life of the isotope (12:4 hr.) is too 
short. Rubidium-86 (half-life, 19-5 days) and 
potassium appear to be handled similarly in man, 
and Burch et al.1 have suggested that this isotope 
could be used as a potassium tracer in prolonged 
studies. 

We have compared changes in potassium-balance 
in three subjects measured by a metabolic-balance 
technique (in which intake and output by all routes 
are estimated by chemical methods) with changes 
in exchangeable ‘potassium’ measured by the cumula- 
tive excretion isotope dilution method after @ single 
dose of 100 ue. of rubidium-86 by mouth. 5-8 days 
were allowed for equilibration and samples of lysed 
red cells and of 24-hr. and ‘spot’ collections of urine 
were counted in a Geiger—Miiller dip-counter and in 
a scintillation counter. The double counting was 
necessary because sodium-22 was given simul- 
taneously*. Errors of counting and of flame photo- 
metry were estimated to be 3-8 per cent. 

We found that the specific activities of red cells 
and particularly of urine fluctuated unpredictably 
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Table 1 


Changes in balance during study 
(m.equiv.) 


Rubidium-386 method, 
specific activities 
calculated from : 

‘Spot’ urine Red cells 


Duration 
of study 
(days) 


Subject 
Chemical 
method 


Premenstrual 
fluid retention 

Steroid with- 
drawal after 
adrenalectomy 

Removal of ad- 
renal adenoma 
causing Cushing’s 
syndrome 





from day to day, and calculations of exchangeable 
‘potassium’ were therefore made from figures obtained. 
from idealized graphs of observed values. The 
specific activity of urine was always less than that of 
‘red colls collected at the same time. In one patient, 
after nine days equilibration, there was close agree- 
ment between the specific activities of red cells and 
muscle (each 1,740 counts/min./m.equiv. potassium) 
and adrenal tissue (1,750 counts/min./m.equiv. 
potassium), while fasting urine collected at the same 
time had a specific activity of 1,220 .counts/min./ 
m.equiv. potassium. The overall results for the three 
patients are shown in Table 1 and the day-to-day 
results for one of them are shown in Fig. I. 


1,800 






1,600 


Specific activity 
(Counts/min./m.equlv. 
potasslum) 


1,400 


1,200 


1,000 


+400 

Cumulative isotope +200 
balance 

(m.equiv.) 

0 

—100 

+200 

Cumulative chemical +100 
balance 

(m, equiv.) 0 

—100 

8 12 16 20 
i Time (days) 


Fig. 1. Woman aged 35. Removal of adrenal adenoma onlday 9 
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We feol that the magnitude of the errors and the 
variations of specific activity make rubidium-86 
unsuitable as a potassium tracer, certainly for pro- 
longed studies. We thank Prof. J. E. Roberts, 
Dr. J. D. N. Naberro and Dr. K. Jones for their 
advice. The work was done during the tenure of 
a Leverhulme Research Scholarship by one of us 
(M. M. M.). 


M. MENCER MARTIN 
GEOFFREY WALKER 


Institute of Clinical Research, 
Middlesex Hospital Medical School, 
London, W.1. 

Nov. 25. 
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Lymphotrophic Antibiotics 

Most antibiotics are crystalloid molecules and are, 
for this reason, primarily circulated through the 
body by a vascular route. Concentrations of anti- 
biotics in lymph and lymph nodes are often difficult 
to raise to significant levels. On the other hand, it 
is an established fact that macromolecules and 
colloidal particles have a particular affinity for the 
lymphatic system and can therefore attain high 

concentrations in lymph and lymph 

nodes. 

We have combined streptomycin, 
neomycin, viomycin and strepto- 
thrycin with carboxyl, sulphonic or 
phosphorylated high molecular com- 
pounds and studied the changes 
in their pharmacological properties. 

In one series of experiments the 
question of the colloidal versus 
the crystalloid behaviour of these 
preparations was examined. To 
this end these substances were in- 
fused into a peripheral lymph vessel 
of the. hind extremity of a dog 
at @ constant rate and the amount 
appearing in the thoracic drainage 
was measured over a period of 
4 hr. The results were compared 
with the perfusion with a colloidal 
(dextran) and a crystalloid substance 
(para-arminohippurie acid). 

Further experiments were per- 
formed in dogs in which blood- 
and lymph-levels (thoracic duct can- 
nulation) were measured after intra- 
muscular, intraperitoneal, intrapleu- 
ral, etc., administration. In an- 
other series of experiments these 
substances were injected mtramus- 
cularly, intrapleurally, etc., and con- 
centrations were followed in local 
lymph nodes. We further in- 

_ vestigated the blood-levels of these 
new substances after various means 
of application as compared with 
streptomycin and neomycin. 

Finally, we have investigated 
changes in the acute toxicity of 
these substances in macromolecular 
combinations. 


Red cells 


24-hr. urine, 


‘Spot’ urine 


Red cell; 


‘Spot’ urine 
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PERFUSION OF LYMPH SYSTEM 
Dextran 


Streptolymphin i 


Neolymphin 





Fig. 1. The porcen tago of substance in the thoracic lymph drain- 
age infused into the peripheral mph vessel, with: dextran, 
neolymphin I, neolymphin II, orep nen a II, para-amino- 
hippuric acid, streptomycin, neomyc n, penicillin (basic zero-line) 


These macromolecular salts, which have been 
termed ‘antibiolymphing’, fall under three headings : 
(1) salts of antibiotic bases with polyacrylic acids 
(streptolymphin I, neolymphin I); (2) salts of anti- 
biotic bases with sulphonic or phosphorylated poly- 
saccharides (streptolymphin II, neolymphin II); 
(3) salts of antibiotic bases with natural polycarboxyl 
acids from a series of polyuronic substances and 
polysaccharide derivatives containing carboxyl groups 
(streptolymphin III, neolymphin III). 

Antibiolymphins have the following pharmaco- 
logical properties : 

(1) Their physiological behaviour comes some- 
where between a pure crystalloid and a pure colloid. 
This is shown in Fig. 1, which shows the percentage 
of substance appearing in the thoracic drainage with 
dextran infusion and para-aminohippuric acid. In 
4 hr., 70 per cent of dextran appeared in the thoracic 
lymph drainage, whereas the para-aminohippuric 
concentration in lymph was insignificant. Strepto- 
mycin, neomycin and penicillin acted like para- 
aminohippuric acid. Streptolymphin and neo- 






BLOOD AND LYMPH LEVELS 
(Intraperitoneal Application) 
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Fig. 2. Blood- and lymph-levels of streptomycin and strepto- 
lymphin (thoracic duct cannulation) after intraperitoneal 
application 
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lymphin acted more like a pure colloid, since in 4 hr. 
20 per cent collected in the thoracic duct. 

(2) Antibiolymphins, as compared with the gener- 
ally used antibiotic preparations, are absorbed from 
the injection locus primarily by the lymphatic system. 
Hig. 2 shows the rate of absorption of streptomycin 
and streptolymphin I from the peritoneal cavity in 
a dog. It can be seen that streptomycin concentra- 
tion is high in blood, low in lymph, while the reverse 
obtains with streptolymphin I. 

(3) A high concentration of long duration may be 
produced in the lymph nodes of the drainage channels. 
Fig. 3 shows the tissue concentration of streptomycin 
and streptolymphin I in the para-aortal lymph nodes 
after intramuscular application into the hind ex- 
tremity of a dog at various intervals after the 
application. It is seen that streptomycin is producing 
relatively low concentrations and disappears rapidly 
(after the fourth hour). The streptolymphin-levels 
are far higher and the time of their disappearance is 
72 hr. and more. Similar results have been obtained 
with sternal and mediastinal nodes after intrapleural 
application. 


TISSUE CONCENTRATION OF ANTIBIOTICS 
IN REGIONAL LYMPH NODES 
(Intramuscular. Application) 


E 


Streptolymphin jg 


Streptomycin 





Fig. 3. Tissue concentrations of slap Spied we Ase and streptolymphin 
I in the para-aortal lymph nodes after intramuscular application 
into the hind extremity of dogs 


(4) In comparison with the normal antibiotic 
equivalent, the blood-level is lower but.maintained 
for @ longer time, since the absorption of macro- 
molecules via the lymph system is a slow process. 
Thus, neomycin disappears from the pleural cavity 


: after 4 hr., while neolymphin was still present after 


48-72 hr. and more. 

(5) The acute toxicity is much less. For example, 
the LD50 in rats and mice is raised five times with 
streptolymphin I and ten times with neolymphin I. 

In conclusion, we believe that the same chemical 
principle of tissue localization can be applied with 
other substances as well, be they antibiotic, cyto- 
static, chemotherapeutic, etc. 


P. MALEK 
M. HEROLD 
J. HOFFMAN 
J. Koro 
Institute for Clinical and Experimental Surgery, 
and 
Institute for Antibiotic Research, 
Prague. 
Nov. 24. 
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Experimental Suppression of the Early 
Inflammatory Phenomena of Turpentine 
Pleurisy in Rats 


Previous work! has indicated that the increased 
capillary permeability and resultant exudate that 
follows intrapleural injection of turpentine m rats 
might be due at first to local release of histamine 
or 5-hydroxytryptamine, or both, and later to 
activation of other mechanisms. 

In order to obtain experimental support for this 
hypothesis it was decided, by employing measures 
solely designed to block the specific action of bist- 
amine and 65-hydroxytryptamine, to attempt to 
suppress the formation of the very early exudates, 
leaving the later exudates unchanged. 

Repeated injections of the histamine liberator 
48/80 deplete many body tissues of histamine and 
§-hydroxytryptamine and prevent certain reactions 
dependent on release of these substances*-*. In the 
present work 150-gm. albino rats were given 100 pgm. 
intraperitoneally of 48/80 twice daily for seven doses, 
then two further doses of 200 pgm. 6 hr. after the 
last injection, 0:1 ml. of turpentine was injected into 
the right pleural cavity and the animals killed 
30 min. later. As can be seen from Table 1, prior 
depletion of the rats with 48/80 led to virtually total 
suppression of the 30-min. pleural exudate. When 
the interval between injection of turpentine and 
killing the animal was prolonged to l-2 hr., the 
volume of pleural exudate obtained from rats de- 
pleted of histamine and 5-hydroxytryptamine with 
48/80 increased. However, even at 2 hr. the amount 
of exudate was less than half of that withdrawn from 
non-depleted controls. When the interval between 
injections of turpentine and death was prolonged to 
4 hr., however, no significant difference in the volume 
of exudates was observed between depleted and 
control groups. 

A further injection of 200 ugm. of 48/80 at the time 
the rats received their intrapleural turpentine failed 
to decrease the volume of the 4-hr. exudate. 

When, instead of a course of such injections, rats 
were given 2 single dose of 200 ugm. of 48/80 44 hr. 
before injection of turpentine, and killed 30 min. 
later, the volume of pleural exudate obtained did 
not differ significantly from that obtained from 
control animals. 

These experiments were repeated using the hist- 
amine liberator ‘Polymixin P’ instead of 48/807. 
Rats were given 0-5 mgm. ‘Polymixin’ intra- 
peritoneally twice daily for nine doses and the 
experiment commenced 5 hr. after the last injection. 
As can be geen from Table 1, the results were 
essentially similar to those obtained with 48/80 except 


Table 1 


Standard 
d 


Group animals | exudate 
(ml. ) 


in. | Controls 


O & 


Ooo Oo 


0-9 
0-1 
0-2 
0-1 
1:3 
0°8 
0-4 
1.5 
1-2 
1-6 


Anthisan 
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that suppression of the volume of the 30-min. exudate 
was not as complete. 

To confirm the role of histamine suggested by these 
depletion experiments ‘Mepyramine’ maleate? was 
injected intravenously in a dosage of 1 mgm./kgm. 
and turpentine injected intrapleurally 10 min. later. 
As can be seen from Table 1, the results were similar 
to those of the depletion experiments. In order to 
determine whether the appearance of an unaltered 
volume of exudate at 4 hr. was due to the effect of 
the drug wearing off, a group of rats was given two 
further intravenous injections of the same dose of 
‘Mepyramine’ maleate at 45-min. intervals in the 
4-hr. period between injection of turpentine and 
death of the animal. However, these rats showed no 
reduction in the volume of their pleural exudates, 
which again did not differ significantly from those 
of 4-hr. exudates in control animals. To confirm 
that the action was shared by another antihistamine, 
promethazine hydrochloric acid (‘Phenergan’), 
1 mem./kem., was substituted for ‘Mepyramine’. 
Once again practically total suppression of 
30-min. exudates was obtained, the 4-hr. exudates 
not differing significantly in volume from the 
controls. 

Previous experiments®* had suggested that 5- 
hydroxytryptamine might play æ part as chemical 
mediator in the early stages of turpentine pleurisy. 
Reserpine, a Rauwolfia alkaloid, depletes much of 
the 5-hydroxytryptamine in tissues**. The sub- 
stance was injected intraperitoneally into eight 150- 
gm. rats, four doses of 1-0 mgm. being given over 
3 days. 18 hr. after the last injection, 0-1 ml. 
of turpentine was given intrepleurally and the 
animals killed 30 min. later. Six rats had pleural 
exudates the volume of which ranged between 0:8 
and 1-1 ml., that is, within the range observed in 
control animals. The remaining two rats had only 
0-1-0-2 ml. of exudate ; but both these animals were 
in a state of profound collapse and unconsciousness 
and showed no reaction even when the pleural cavity 
was opened. That extrome hypotension existed in 
these animals could be shown by the almost non- 
existent blood flow on cutting the carotid artery. 
Under these conditions it seems likely that the blood 
pressure was too low for effective filtration to occur 
through the permeable pleural capillaries. The failure 
of reserpine to alter the initial response of the 
pleura to turpentine was confirmed by the use of 
‘BOL 148’ (2-brom-p-lysergic acid diethylamide 
bitartrate). This substance is a powerful inhibitor 
of 5-hydroxytryptamine’. 0:5 mgm. was given 
intravenously to 150-gm. rats and 10 min., and in 
some instances 30 min., later 0-1 ml. turpentine was 
injected into the right pleural cavity, the animals 
being killed 30 min. afterwards. No significant 
difference was observed in the volume of pleural 
exudates of these and of control rats also killed 
30 min after intrapleural turpentine. 

That the effect of 48/80 and ‘Mepyramine’ was not 
due to a general depression of capillary permeability 
was shown by skin tests on rats injected intra- 
venously with trypan blue. 

A greatly increased rate of removal of fluid and 
protein from the pleural cavity might in theory account 
for the great diminution in 30-min. exudates. That 
this is not in fact the case was shown by injecting 
1 ml. of rat serum into the pleural cavity of control 
rats depleted with 48/80 and rats pre-treated with 
‘Mepyramine’. The serum was absorbed at a similar 
slow rate in all three groups. 
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The present results appear to provide strong sup- 
port for the hypothesis that the initial inflammatory 
phenomena of turpentine pleurisy in the rat are 
largely due to local release of histamine and that 
other factors then come into play to prolong the 
increased capillary permeability thus initiated, the 
two systems apparently working quite independently. 
That 5-hydroxytryptamine may play a subsidiary 
part in the ‘histamine phase’ is possibly suggested 
by the diminished effectiveness of “Polymixin’ relative 
to 48/80 and by more rapid accumulation of exudate 
seen in ‘Mepyramine’-treated rats compared with 
rats depleted of histamine and 5-hydroxytryptamine 
by 48/80. Further work is in progress, and the results 
will be discussed more fully elsewhere. 

We thank Sir Roy Cameron for guidance and 
encouragement, Dr. R. Moulton for helpful dis- 
cussion and Messrs. Sandoz for supplying ‘BOL 148’, 
and Messrs. Burroughs Wellcome for supplying 
compound 48/80. 
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Vanillic Acid Excretion during Stress 


RECENT reports of the metabolice conversion of the 
3 : 4-dihydroxyphenyl into the 4-hydroxy-3-methoxy- 
phenyl grouping}? and of the occurrence in urine of 
4-hydroxy-3-methoxymandelic acid’, a metabolite of 
adrenaline and noradrenaline, prompt us to record 
briefly our own findings along these lines. Aromatic 
compounds extracted by ether from acid-hydrolysed 
urine have been examined chromatographically by a 
method! derived from that described by Boscott® ; 
methylated products have been found to be invariably 
excreted by human subjects following oral admin- 
istration of small doses (100-300 mgm.) of catechols. 
The compounds fed and metabolites detected are so 
similar to those described previously as to need little 
further comment ; however, it has been observed, in 
one case at least, that methylation is not necessarily 
confined to the hydroxyl group in the 3-position, 
since 3-hydroxy-4-methoxycinnamic acid has been 
identified, together with the isomeric 4-hydroxy-3- 
methoxy compound, among the substances detected 
folowing administration of caffeic (3,4-dihydroxy- 
cinnamic) acid. Both these acids have been regularly 
detected in normal urines following acid hydrolysis. 

These experiments were stimulated by the obser- 
vation that some subjects exposed to prolonged 
periods of stress were found to excrete abnormally 
large amounts of a substance apparently chromato- 
graphically identical with 4-hydroxy-3-methoxyben- 
zoic (vanillic) acid. Ten urine samples were success- 
fully collected over 5-10 hr. periods late in the first or 
second day from subjects participating in a motor- 
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car rally necessitating continuous vigilance and lack 
of sleep for 48 hr. Onesubject excreted large amounts 
of the acid on both days, two subjects on the first 
day only and one on the second day only. Two 
further subjects, who each gave only one urine sample, 
excreted only normal amounts. Many subjects 
failed to produce an adequate quantity of urine 
owing to restricted fluid intake ; some of the subjects 
had received large doses of nicotinamide in connexion 
with other investigations, but this did not appear 
to influence vanillic acid excretion. Although no 
proper dietary control was possible, it did not appear 
that anything unusual had been eaten by the sub- 
jects ; however, they may well have tended to eat 
similar meals which fortuitously may have contained 
vanillic acid or some precursor. 

However, it is certainly tempting to postulate that 
excretion of vanillic acid reflects secretion of adren- 
aline and noradrenaline in stress situations. It 
would not appear profitable at this stage to contrast 
the finding of vanillic acid in hydrolysed urines with 
that of 4-hydroxy-3-methoxymandelic acid in unhy- 
drolysed urine’, and it is hoped that future oppor- 
tunities may occur to enable us to clarify the situation. 
The experiments described form part of an investiga- 
tion into the possibility that metabolites of adrenaline 
may be responsible for the mental effects of prolonged 
stress; as an alternative approach to this problem, 
the synthesis and metabolism of compounds inter- 
mediate in structure between adrenaline and mescaline 
are also being studied. 

We wish to thank the Director-General of Medical 
Services, Royal Air Force, for permission to publish 
this work. 

P. SMITH 
A. M. H. BENNETT 


R.A.F. Institute of Aviation Medicine, 
Farnborough, Hants. 
Dec. 6. 
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Relative Distribution and Chemical Nature 
of the Fuel Store of the Two Types of 
Fibres in the Pectoralis Major Muscle of 

the Pigeon 


George and Jyoti! showed that the pectoralis major 
muscle of the pigeon consists of two types of fibres : 
a broad variety, well striated and with clear sarco- 
plasm, having very few inclusions, and the other a 
narrow type, with dense lipoid inclusions and stria- 
tions scarcely visible. They also observed that the 
fat globules in the narrow fibres become fewer after 
strenuous muscular exercise and suggested the pos- 
sibility of the utilization of fat in such muscular 
activity. In the present work, we have investigated 
the relative distribution of the two types of fibres in 
the muscle and the chemical nature of the fuel store 
in them. 

Pieces of muscle from a pigeon immediately after 
it was decapitated and fixed in formalin — calcium 
chloride fixative? (1 gm. of calcium chloride dissolved 
in 100 c.c. of 10 per cent formalin) were sectioned with 
a freezing microtome and stained with sudan black B 





Dnstained broad fibre 


Fig. 1. Photomicrograph of a transverse section of a fasciculus in 
the pectoralis major ET ba pigeon, stained with sudan 
ac 


Stained narrow fibre 


(Fig. 1). The narrow fibres were deeply stained 
whereas the broad ones were completely unstained, 
thereby showing that the former are fat-loaded 
fibres. 

Pieces of the muscle were taken from a pigeon 
immediately after it was decapitated, and some were 
fixed in picric acid-saturated alcohol—formalin and the 
rest preserved in 80 per cent methanol, ice-cold 
fixative being used in both cases. Microtome sections 
of the fixed muscle were cut at 8u and stained with 
Best carmine stain (after Bensley’) for glycogen and 
lightly counterstained with hematoxylin. The nar- 
row fibres were faintly stained, whereas the broad 
ones, the majority of which are confined to the 
periphery of the fasciculus (Figs. 1 and 2), were 
stained a brilliant red (Fig. 2), denoting a compara- 
tively high percentage of glycogen in them. A 
control slide, which was incubated in diastase solution 
in order to digest and remove the glycogen prior to 
staining, did not show the characteristic red colour 
for glycogen. 

From the pieces of the muscle preserved in 
methanol, the broad and the narrow fibres were 
separately isolated in sufficient quantities to yield at 
least 2-3 mgm. of the material in dry weight, by 
carefully teasing them out by means of very fine 
forceps under a stereoscopic dissection microscope. 
The broad and narrow fibres thus collected in separate 
containers were dried in a desiccator under vacuum 
and weighed ona microbalance. The glycogen content 
of the two types of fibres was estimated on the dry 
weight of the fibres preserved in methanol. The 


Pa 


ee - 
arr 
-i . - 
biet r 
y aay 


i 
-s 
Ti" g 


5 é” 
y 


ié 
$ i 


Ru: 
A Soa 7 
: f 
i “t ~ 
7. Pe 
x on 
7 3 =. 
* zat 
pect Be 





ed Ay $ 
E 
E ak i p 
8 BY See x 
5 rss) x 4 TE F ah. i] 
3 ER Ge EHE AS NG Git s wal ; : 
Faintly stained narrow fibre t Deeply stained broad fibre 


Fig. 2. Photomicrograph of a transverse section of a piece of 
pectoralis major muscle of the pigeon, stained with Best carmine 
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method employed in the estimation of glycogen was 
a colorimetric micro-method (after Kemp et al.*) 
using the Beckman spectrophotometer (DU model). 
Since the fibres were preserved in methanol, which, 
being a fat solvent, would have dissolved some fat 
during preservation and, since the relative fat content 
of the two types of fibres differs considerably, the 
calculation of the glycogen content based: on dry 
weight of the material thus preserved would not give 
accurate figures for glycogen. Therefore it was 
thought more desirable to express the relative glyco- 
gen. content of the two types of fibres (per unit dry 
weight of the material preserved in 80 per cent 
methanol) as a ratio rather than in actual percentage 
figures. 

The diameter of the fibres in a fasciculus was 
measured from the section of a frozen piece of fresh 
muscle. The measurement was made indirectly 
from a camera lucida sketch using a micrometer slide. 
The ratio of broad to narrow fibres more or less in 
the middle of the muscle was found to be 1:16. The 
number of the narrow ones to one broad was found 
to vary in tho different regions of the muscle. 


Table 1 


Broad Abres 


1 Practically de- 
void of fat 
globules and 

nules. Stria- 
ions clear 


2. White, trans- 
lucent 


Narrow fibres 


1 Appearance of fresh|1 Highly granu- 
fibres lated with fat 
globuies and 
granules ob- 
scuring the 
striations 
2 Red in colour 


Mostly in the Mostly on the 
fasciculus interior periphery 

8 Relative number with- : 
in a fasciculus 16:1 

4 Relative diameter of 
fibres in cross-section 1:2 
of fresh frozen musele 

5 Relative glycogen con- 
tent per unit dry 
weight of material 
preserved in 80 per 
cent methanol 

6 Nature of the fibres 
(fuel store) 


2 Distribution within a 


Fat-loaded Glycogen-loaded 





The present work has shown that the narrow fibres 
are fat-loaded and that the broad ones are glycogen- 
loaded, having about five times the glycogen store of 
the other type. George and Jyoti® have shown that 


` a considerable amount of fat is reduced in the breast 


muscle of the bird and bat during exercise and that 
fat is the chief fuel during sustained muscular activity 
(George, J. C., and Jyoti, D., unpublished work). 
Very recently, George and Scaria* have demonstrated 
a large amount of lipase in the breast muscle of the 
pigeon, obviously for the conversion of fat into fatty 
acids and glycerol, which is the first step in the 
utilization of fat for energy. 

In the light of these findings, the presence of the 
two types of muscle fibres, the glycogen-loaded, 
broad ones and fat-loaded, narrow ones, in the most 
powerful flight muscle of the pigeon, is of special 
interest. Obviously the fat-loaded, narrow fibres 
which predominate are adapted for sustained flight, 
and the few, broad, glycogen-loaded ones for quick 
and sudden action. On the other hand, in some 
birds, for example, the parakeet (Psittacula krameri) 
and the bee-eater (Merops orientalis), the pectoralis 
major muscle consists of only the narrow variety of 
fibres, the broad ones being absent altogether, while 
there are others, for example, the domestic fowl 
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(Gallus domesticus) and the kite (Milvus migrans), in 
which there is only the broad variety’. Hence an 
understanding of the exact role of the two types of 
fibres in the pectoralis major muscle of the pigeon 
requires & detailed study of the fibrillar structure and 
its evolution in different birds, and also in relation 
with other body muscles, particularly those concerned 
with flight. This is now being undertaken. 

J. C. GEORGE 

R. M. Nam 


Laboratories of Animal Physiology 
and Histochemistry, 
Department of Zoology, 

M.S. University of Baroda, 
Baroda, India. 
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Effect of Human apAcid Glycoprotein on 
Blood Coagulation 


As yet no specific function of the «,-glycoproteins 
has been demonstrated. The average amount of 
a%,-acid glycoprotein in normal plasma is 50 mgm. 
per 100 ml. The alpha-glycoproteins have been 
found to be increased in many pathological con- 
ditions, including cancer and diseases associated 
with tissue destruction such as in the inflammatory 
dermatoses. 

On addition of «,-acid glycoprotein to normal 
plasma we noticed a prolongation of the time of 
coagulation, which prompted further investigation. of 
such effects. 

Most of the methods employed have already been 
described. «,-Acid glycoprotein was prepared from 
human plasma in the manner described by Yama- 
shina?. Unless otherwise stated, 1 per cent solution 
of «,-acid glycoprotein in imidazole buffer of pH 7-25 
and ionic strength 0:15 was used for the clotting 
tests. The solution showed no thrombin, prothrombin, 
proconvertin or proaccelerin activity; it did not 
delay the clotting of fibrinogen by thrombin; in 
tests on plasma, it showed no immediate or progressive 
anti-thrombin activity ; tested on fibrin plates it did 
not show any plasmin or plasminogen-activator 
activity ; it had no plasmin inhibitory effect, but it 
did inhibit the transformation of plasminogen to 
plasmin by urokinase (P. Wallén and I. Yamashina, 
unpublished work). 

The effect of «,-acid glycoprotein on the activation 
of bovine prothrombin prepared according to the 
method of Seegers? in 25 per cent sodium citrate 
solution was also studied. Addition of 20 mgm. of 
“%,-acid glycoprotein to 9 mgm. of prothrombin did 
not demonstrably inhibit the prothrombin activation. 

In the investigation of the mechanism of anti- 
coagulant action of acid glycoprotein, we used the 
test system of Owren and Aast for the determination 
of prothrombin and proconvertin. (Clotting mixture : 
0-2 ml. of barium sulphate-adsorbed bovine oxalated 
plasma + 0-2 ml. of human brain thromboplastin 
+ 0-2ml. of «,-acid glycoprotein solution (or buffer) 
+ 0-2 ml. of normal citrated plasma in varying 
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Fig. 1. The inhibition of a,-acid glycoprotein in the one-stage 

prothrombin test system (expressed according to Lineweaver 

and Burk). A, acid glycoprotein (2:5 mgm./ml.); B, no acid 
glycoprotein 


concentrations + 0-2 ml. of 0-03 M calcium chloride 
solution). The variables in this test system were 
prothrombin and proconvertin (citrated plasma), 
thromboplastin, proaccelerin (barium sulphate-ad- 
sorbed bovine plasma), calcium and «,-acid glyco- 
protein. The latter was found to inhibit coagulation. 
For example, when the clotting mixture consisted of 
undiluted thromboplastin, diluted citrated plasma, 
(1/10) and an excess of proaccelerin and calcium, 
acid glycoprotein in a final concentration of 2-5 mgm. 
per mi. prolonged the clotting time from 33 to 83 sec. 
and 0-5 mgm. per ml. to 43 sec. It is clear from 
Fig. 1 that in the presence of a constant amount of 
thromboplastin and excess of proaccelerin and cal- 
cium, «,-acid glycoprotein inhibited the transforma- 
tion of prothrombin to thrombin in a competitive 
manner. With 1/1 to 1/1,000 dilutions of thrombo- 
plastin the factor by which the slope of the line 
increased was invariable. Decreasing concentrations 
of proaccelerin in the test system did not increase 
the anti-coagulant effect of acid glycoprotein, neither 
did variations in the amount of calcium. 

It was also demonstrated by the thromboplastin- 
generation test that acid glycoprotein inhibited the 
plasma thromboplastin in a manner similar to that 
for brain thromboplastin. 

In view of these observations, the anticoagulant 
effect of acid glycoprotein could be attributed to an 
inhibition of the transformation of prothrombin to 
thrombin by thromboplastin in a competitive 
manner. Heating «,-acid glycoprotein at 100° C. 
for 30 min. did not impair its anticoagulant effect, 
in agreement with the fact that boiling produces no 
change in its electrophoretic and ultracentrifugal 
patterns’. 

Corresponding experiments were carried out with 
albumin prepared according to Cohn’s method 6: and 
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reprecipitated. A 5 per cent solution of albumin in 
the same buffer as that used for the acid glycoprotein 
, experiments showed no antithrombin effect. The 
albumin solution was, however, found to inhibit the 
citrate activation of prothrombin to thrombin. Thus, 
when 50 mgm. of albumin was added to 11 mgm. of 
prothrombin only 60 per cent of the prothrombin was 
activated. In the one-stage prothrombin test system 
used for acid glycoprotein described before, albumin 
in a final concentration of 12-5 mgm. per ml. pro- 
longed the clotting time from 33 to 42 sec., instead of 
to 83 by 2-5 mgm. of acid glycoprotein per ml. The 
inhibition was interpreted as being noncompetitive. 

The fact that acid glycoprotein has an antithrombo- 
plastic effect suggests the possibility that it plays a 
part in the coagulation of blood. Even the concen- 
tration of «,-acid glycoprotein in normal plasma is 
sufficient to influence the clotting time. In diseases 
associated with a decrease of prothrombin or an 
increase of acid glycoprotein-levels, a more significant 
anticoagulant effect of acid glycoprotem can be 
expected because of the competitive inhibition for 
prothrombin activation by thromboplastin. 

Inca Marre NILSSON 
IKUO YAaMASHINA 
Chemistry Department II, 
Karolinska Institutet, 
Stockholm, Sweden. 
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Interaction of Phenolic Compounds with 
Bacteria 


Te interaction of several phenolic compounds 
with bacteria has been examined as part of an 
investigation of the mode of action of various anti- 
bacterial substances?. This communication sum- 
marizes the results obtained using hexylresorcinol 
and Escherichia coli. 

Addition of hexylresorcinol to washed suspensions 
of E. colt (originally N.C.T.C. 5933) effected the re- 
lease of substances which absorb in the ultra-violet 
(for convenience, these substances will be referred to 
as cell exudate) (Amax. 260 my) from the bacteria, 
reminiscent of the effects reported for various anti- 
bacterial surface-active agents?. Solutions containing 
hexylresoreinol and cell exudate were analysed 
spectrophotometrically after a quantitative separation 
involving a liquid-liquid extraction with an organic 
solvent. At low hexylresorcinol concentrations, the 
cell exudate released from the cell in 10 min. at 25° 
was proportional to the drug concentrations added. 
However, as the latter were increased, a limiting 
value was reached which corresponded to the bac- 
tericidal concentration of hexylresorcinol, defined in 
terms of the single mean survivor time of E. coli in 
an aqueous solution at 25°. Similar concentrations 
of the phenol greatly increased the light-scattering 
properties of suspensions of Æ. cols immediately upon 
contact between drug and bacteria. 

The amount of hexylresorcinol taken up by the 
bacteria was proportional to the concentration of the 
drug to which they were exposed: no limiting value 
was reached, possibly due to the limited aqueous 
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solubility of hexylresorcinol. At a bactericidal 
concentration of hexylresorcinol (single mean survivor 
time of 48 min.), the amount of drug bound per 
bacterium was greater than that required to form a 
close packed monomolecular layer surrounding the 
organism, whatever the orientation of the molecules 
with respect to the surface (assuming that the surface 
area, of the cytoplasmic membrane approximates to 
the surface area of a cylinder, of maximum size 
dy. X 0-82, in the living organism). The uptake of 
hexylresorcino]l by isolated cell-wall preparations of 
E. colt was negligible. The observed changes in 
light-scattering properties of isolated cell walls and 
intact cells on addition of hexylresorcinol were not 
of comparable magnitude; the changes in light- 
scattering proporties of the latter are attributed to 
the interaction of the drug with the cytoplasmic 
membrane. 

The evidence available in the literature® suggesis 
that the site of action of phenolic compounds is at 
the cytoplasmic membrane; the present results 
provide further evidence in favour of this hypothesis. 

Phenolic compounds have little value as preserva- 
tives in preparations containing non-ionic surface- 
active agents*; the results obtaimed on addition of 
‘Cetomacrogol’ to the hexylresorcinol-H#. coli system 
provides evidence concerning the nature of this 
inactivation. Addition of ‘Cetomacrogol’, in as low a 
molecular ratio as possible without offecting insoluble 
complex formation, reduced the uptake of hexyl- 
resorcinol from solutions by Æ. coli at all concentration 
levels of the phenol studied. (Hexylresorcinol was 
determined colorimetrically in the presence of ‘Ceto- 
macrogol’ due to difficulties associated with solvent 
extraction procedures in presence of surface-active 
agents.) The changes in light-scattering properties 
of suspensions of FE. colt caused by the presence of 
hexylresorcinol were prevented by the addition of 
‘Cetomacrogol’ to the drug solution. The antibac- 
terial activity of hexylresorcinol (bactericidal and 
bacteriostatic activity) against #. cols was completely 
abolished in the presence of the non-ionic agent. 
However, sufficient hexylresorcinol was taken up by 
the bacteria from a solution containing the maximum 
attainable drug concentration and a low molar ratio 
of ‘Cetomacrogol’ to exert a bactericidal action in the 
absence of the surface-active agent. The ‘Cetomacro- 
gol’ would therefore appear to prevent or interfere 
with the interaction of the drug with the cytoplasmic 
membrane. 

A full account of experimental techniques and 
observations will be published elsewhere. 
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Filarial Infection in Simulium 
griseicolle Becker 


In the course of a Simulium survey at Lokoja, 
Kabba Province, Northern Nigeria, in September 
1956 adult Simulium griseicolle were found to be very 
abundant. Hitherto adults of this species had not 
been collected although it was known to breed along 
several hundred miles of the Niger River!. The flies 
were particularly numerous on the window-panes of 
the Lokoja catering rest-house, but they were also 
seen in villages some distance from Lokoja and one 
fly was collected 24 miles from the nearest breeding- 
site in the Niger. 

In the Sudan S. griseicolle can be a troublesome 
man-biter*,?; but no evidence was found that the 
flies at Lokoja were biting man and sucking human 
blood although flies would frequently settle on the 
skin and crawl about for a short time, especially in 
the early morning (6.80-7.30 a.m.). 

Although flies had not been seen to feed on man 
it was decided to dissect specimens and examine 
them for developing filariæ, for it had recently been 
found’ that filarial infection occurred in Simulium 
bovis de Meillon, which although it occasionally feeds 
on man in Northern Nigeria’ is not normally an 
anthropophilic species. Flies for dissection were 
collected on the window-panes in the Lokoja rest- 
house which lies about 14 miles from the breeding- 
ground in the Niger. 

It was surprising to find that some flies were 
infected with filarial worms, for so far as is known 
filarial infection in S. griseicolle has not previously 
been observed. The results are summarized in 
Table 1. 


Table 1 
Flies Flies with caud- 


dissected | ate ‘sausage’ 
forms 


Flies with 
tnfective forms 


Total flies 
infected 


321 7 
2°18 per cent 


on | 
1-25 per cent 


8 
0-98 per cent 





The caudate ‘sausage’ worms were embedded, as is 
usual with this stage, in the thoracic muscles, and the 
three flies harbouring caudate forms had one, two 
and three worms respectively. Of the four flies with 
infective forms the first had one worm only in the 
head, the second had one worm in the thorax, the 
third had two worms (one in the head and one in the 
thorax), and the fourth had two worms (one in the 
head and one in the abdomen). The caudate worms 
measured 240u x 30u and the infective forms 
` 350-400n. x 20-25. 

The identity of the worms seen is of course not 
known; but it seems very unlikely that they were 
Onchocerca volvulus (Leuck.) since, although oncho- 
cerciasis is endemic at Lokoja, the S. grzseicolle were 
not observed actually feeding on man. The ‘sausage’ 
forms seen in the S. griseicolle were considerably 
larger than those of O. volvulus when seen in S. 
damnosum Theobald; but a size difference in the 
‘sausage’ stage is probably not of much significance 
as O. volvulus is normally only seen in its inter- 
mediate host at definite intervals in the development 
(because flies are usually only dissected after they 
have been caught coming to bite), whereas the S. 
griseicolle had not been collected when biting; on 
the other hand the infective forms observed in S. 
griseicolle were smaller than those of O. volvulus as 
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seen in S. damnosum, which is against their being 
O. volvulus. 

S. griseicolle is known to feed on birds in the 
Sudan*3,.5, including turkeys and pigeons; it was 
noticed at Lokoja that flies sometimes occurred in 
small clouds around ducks. It is possible that the 
filarial infections seen in the flies had been derived 
from birds, and that S. griseicolle may be the vector 
of an avian filariasis. This possibility is supported 
by the recent work in Canada’, which has shown that 
simuliids are the vectors of Ornithofilaria fallisensis 
Anderson, a filarial parasite of domestic and wild 
ducks. The fact that worms in the infective stage 
were found in the heads of S. griseicolle suggests that 
the fly is a vector of the parasite concerned, although 
the identities of the nematode and its primary host 
are not known as yet. 

R. W. CROSSKEY 
M. E. CROSSKEY 
Simulium Control Unit, 
Medical Department, 
Northern Nigeria. 
1 Crosskey, R. W., Bull. Ent. Res., 48, 59 (1957). 
* Lewis, D. J., Trans. Roy. Ent. Soc. Lond., 99, 475 (1948). 
* Lewis, D. J., Sudan Notes, 35, 76 (1954). 
1 Crosskey, R. W., Ann. Trop. Med. Parasit., 51, 80 (1957). 
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Effect of Borate Buffer on the 
Electrophoresis of Serum 


DURING some recent investigations (Cooper, D. R., 
and Johnson, P., unpublished work), the protein 
components present in neutral or slightly alkaline 
extracts of bovine hide were compared with those of 
bovine serum by paper electrophoresis. For these 
comparisons a borate buffer (pH = 8-6, I = 0-05)! 
was used, and the papers were treated with bromo- 
phenol blue to detect the protein bands?. 

In several runs it was found that the intense band 
corresponding to albumin was preceded by a less- 
intense band, migrating just faster than the albumin 
(Fig. 1). A similar effect was also obtained with two 
samples of normal rat serum supplied by the South 
African Medical Research Institute. When barbi- 
turate buffer (pH = 8-6, J = 0:05) was used instead 
of the borate buffer, no such effect was observed with 
the bovine serum. This indicates that the borate 
ion must increase the mobility of one or more of the 
components of the serum. 

It is suggested that the borate ion reacts with 
protein-bound carbohydrate, since the band gave a 
positive stain for protein, resulting in an increased 
mobility for this component. All the protein con- 





Fig. 1. Paper electrophoresis of bovine serum in borate buffer : 
pH 8:6; J = 0:05; 0-2 m.amp./em.; 17 hr. 





«—Descending 


Electrophoresis of bovine serum. (b) Barbiturate buffer, pH =8-6, I =0-2; (a) borate 
‘buffer, pH =8-6, IT=0-05 


Fig. 2. 


stituents of serum appear to contain some carbo- 
hydrate, the main source being the «,- and a,- 
globulins’. Therefore the band obtained in borate 
buffer could be due to complexing between the 
borate ion and «,- or «,-globulin. 

Further evidence for the effect of the borate ion 
on serum proteins was found by moving-boundary 
electrophoresis in a Tiselius apparatus at 4° C. As 
shown in Fig. 2, the electrophoretic pattern for bovine 
serum in barbiturate buffer (pH = 8-6, I = 0-2) 
differs considerably from that in borate buffer 
(pH = 8-6, IZ = 0-05). In the borate buffer no 
peak corresponding to «,-globulin is obvious, whereas 
a small peak is seen to migrate just faster than 
the albumin in the ascending boundary, which 
presumably corresponds to the extra band obtained 
by paper electrophoresis. The albumin peak in 
the descending boundary is unusually diffuse and 
asymmetrical. . 

The sedimenting components of bovine serum in 
the two buffers were the same when examined in a 
‘Spinco’ ultracentrifuge. 

I acknowledge the technical assistance of Mr. van 
Berge; and I am indebted to the South African 
Council for Scientific and Industrial Research for 
facilities placed at my disposal. 


D. R. COOPER 


Leather Industries Research Institute, 
Rhodes University, Grahamstown, 
South Africa. 
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Physicochemical Investigations of 
Erythrocyte Membranes 


A SMALL drop of citrated human blood is placed 
on a slide next to a somewhat larger drop of 
Ponceau 2 and the two drops are mixed, covered 
with a cover glass and examined both with ordinary 
and polarized light. Under the double action of the 
dye and the hypotonicity, all the red cells become 
perfectly spherical with a diameter ranging from 
5:0 to 5:6u and stain weakly orange-red. No bire- 
fringence is observed. 

A small drop of 1 per cent acetic acid solution or of 
0:5 per cent hydrochloric acid is placed at the edge 
of the cover glass. As this penetrates by diffusion 
the red cells undergo a series of changes. Those 
reached by the diffusing acid first become pale and 
swell progressively, their surfaces being perfectly 
spherical. At the same time they become strongly 
birefringent. Most of the surface membranes form 
spheres of 7-5-8-5y in diameter, while others are 
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larger, up to ll.or even léu. This 
means @ volume increase of 3-8- 
21:8 times the initial volume. 
Accompanying the swelling and the 
birefringence, the red cell surfaces 
(membranes) become stained an 
intense red. Some red cells show an 
interior concentration of hemoglo- 
bin, and the membrane of these 
cells, which has no direct contact 
with the condensed hemoglobin, 
becomes red, spherical and bire- 
fringent. In the case of other cells, the hemoglobin is 
expelled whilé the hzemoglobin-free membrane be- 
comes spherical and birefringent. 

Sometimes, especially with stored red cells, the 
expulsion of the hemoglobin through the membrane 
leads to the formation of a long, curved and stiff 
‘myelin tube’ at the point at which it is expelled. 
This ‘myelin tube’ is violently projected so that the 
cell itself is jerked back with force and moves the 
other cells with which it is in contact. 

The membranes of the largest empty red cells are 
the most birefringent, @ phenomenon which is de- 
pendent upon the presence of the dye. The direction 
of the birefringence is tangential to the surface of 
the spheres. 

Similarly, if a drop of 4 per cent aqueous phenol 
is added at the edge of the cover glass beneath which 
there is a red cell suspension, the erythrocytes in the 
contact zone between the red cell suspension and the 
phenol solution soon become birefringent spheres, 
similar to those produced by the action of the 
acidulated dye solution. Again, if one volume of 
washed red cell suspension is shaken vigorously with 
20 vol. of 2-8 per cent phenol in distilled water, all 
the red cells lose their hemoglobin, their membranes 
becoming spherical and birefringent with diameters 
7°5-l1p. 7 

Of the variety of dyes, only alkaline and acid 
fuchsin (1 per cent aqueous solution) behave similarly, 
and there seems no doubt that the birefringence of 
the red cell membrane is due to the oriented absorp- 
tion of these dyes in concentric layers. If the red 
cells are hæmolysed by saponin before adding the 
dyes, there is no separation or birefringence of the 
membrane, and adding saponin to the’ swollen 
birefringent coloured membranes does not result in 
hemolysis; this is probably due to the dye pre- 
cipitating and fixing the protein components of the 
membrane. Ponceau 2R produces the phenomenon 
of swelling and birefringence of the red cell surface 
only if the dye solution is made acid. This is prob- 
ably due to there being a close chemical combination 
between the lipid membrane and the interior hæmo- 
globin both in the normal red cell as well as in the red 
cell hemolysed with distilled water, that is, to their 
being lipoprotein ccenapses of the type described by 
Rubinstein and Rudberg. While these complexes 
exist, the staining affinities of the lipids are marked 
or blocked by the protein molecules, but as soon as 
the bonds between the proteins and lipids are broken 
by hydrogen ions, valences are freed which allow 
the absorption of the dye and its action in fixing 
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the protein components, thus transforming the iso- 


topic membrane into a birefringent one. Again, the 
extent to which the surface structures of the 
red cells swell can be explained by the myelinic 
character of the isolated membranes, myelin forms 
being notoriously capable of extending their 
surface. 
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The membrane of the red cell does not seem to 
have a morphologically differentiated structure in 
that it has no cytological structure, no elasticity, 
mechanical resistance, etc. It appears to be fluid 
and unorganized, able to detach itself from its con- 
tents and to swell like any other myelin sphere con- 
sisting of fluid or semi-fluid lipids. It is highly prob- 
able that this membrane possesses a mobile statistical 
structure which is in a state of dynamic equilibrium 
with the lipids of the plasma in which the cells are 
suspended, lipid and protem molecules constantly 
leaving the red cell surface and their place being 
taken by similar molecules from thé plasma. 
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Muscular Exercise and Adrenal 
17-Hydroxycorticosteroid Secretion 
in Dogs 


EVIDENCE of increased adrenocortical secretory 
activity elicited by muscular exercise has been 
provided by indirect evaluations such as fall in 
ascorbic acid or cholesterol content of the adrenal 
gland!-3. However, no direct measurements of 
corticosteroid secretion in response to muscular 
exercise have been reported. The present studies 
were undertaken to evaluate quantitatively the effect 
of muscular exercise on adrenocortical activity by 
estimating directly the rate of secretion of adrenal 
17-hydroxycorticosteroid in unanesthetized dogs. 

For collecting the adrenal venous blood under 
physiological condition, the lumbar route method of 
Satake, Sugawara and Watanabe was employed. 
The dorsal spinal roots corresponding to the surgical 
operation area were cut under ‘Evipan’-sodium and 
ether narcosis and about three weeks or more later the 
experiments proper were carried out. The procedures 
for exposing the lumbo-adrenal vein, inserting a small 
cannula into the vein and collecting the adrenal 
venous blood were performed without anzsthetizing, 
fastening or evoking any pain. About two hours were 
allowed to elapse between the cannulation and 
beginning observations. After collecting the control 
adrenal venous blood sample, the dogs, paced by an 
attendant on a bicycle, were run 5-1-14:7 km. at 
average speeds of 109-276 m. per min. In all dogs, 
except one, exhaustion with severe panting was 
observed at the end of the run. Just ‘after and at 
intervals after running, the adrenal venous blood 
samples were taken. The plasma was separated from 
the blood sample by centrifugation and analysed for 
17-hydroxycorticosteroids by the method of Nelson 
and Samuels’. 

The rate of secretion of adrenal 17-hydroxycorti- 
costeroid before running was estimated as 0:19- 
0-60 ugm. per kgm. of body-weight per min., with an 
average of 0-34 ugm. After running, the secretion-rate 
was found to have increased. In one dog, which 
showed no signs of fatigue during and after running, 
only a slight increase in corticosteroid secretion was 
found. In four others, however, it increased markedly 
and reached 1-0, 1-2, 1-9 and 2-7 ugm. per kgm. per 
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min., respectively. Maximal increase was mostly 
found at 60 min. after the end of the run. 


T. Suzux1 
K. YAMASHITA | 
T. MITAMORA 


Department of Physiology, 
Nagasaki University School of Medicine, 
Nagasaki. 

Dec. 4. 
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Zone Electrophoresis of Myrothrecium 
Cellulase 


THe cellulase activity of culture filtrates of the 
mould Myrothecium verrucaria (Alb. and Schw.) Ditm. 
ex Fr. has been variously attributed to: (i) a single 
hydrolytic enzyme! which, inter alia, is homogeneous 
in free-boundary electrophoresis at pH 7; (ii) at 
least two and possibly three hydrolytic enzymes 
which migrate at different rates under the same 
conditions of electrophoresis? ; and (iii) an enzyme, 
C,, of unspecified function which enables cellulose 
to be further degraded by Oz, a group of enzymes 
characterized by hydrolytic activity towards carboxy- 
methylcellulose*, which can be resolved‘ into at least 
eight components by zone electrophoresis at pH 7. 
Other controversies centre on the specificity of the 
enzyme(s) with respect to the chain-length of cellulose 
and its hydrolysis products and involve certain other 
enzymes as well. The need to resolve these con- 
troversies prompts us to report some procedures 
which enable the electrophoretic homogeneity and 
substrate specificity of cellulases to be tested simul- 
taneously. 

The supporting media for the electrophoretic 
separations were strips of Whatman 3MM filter paper 
(Fig. 1), Reeve-Angel glass-fibre filter paper (Fig. 24) 
and a thinner glass-fibre paper of very fine texture 
(Fig. 2B) obtained by courtesy of Dr. R. B. Hobbs, 
of the National Bureau of Standards, Washington, 
D.C. The enzyme preparations! were applied at 
positions indicated by dotted arrows in the figures ; 
the amounts added were 1 mgm. of protein in 0-01 ml. 
of buffer when applied in one spot at the centre of 
the strip, 5 mgm. of protein in 0-04 ml. of buffer 
when. applied across the width (5 cm.) of the strip as 
in Fig. 2B. Electrophoresis was carried out in & 
room at 3° C. with the strips of cellulose paper 
clamped in sets of three in an apparatus similar to 
that of Woods and Gillespie’, and the glass-fibre 
papers in an #HC-401 electrophoresis apparatus 
(E-C Apparatus Co., New York). After electro- 
phoresis the strips were dried in a current of warm 
air. The solid arrows in the figures indicate the 
positions to which neutral components would be 
transported by electro-osmotic flow, as measured by 
the migration of trinitrobenzene or o-nitroaniline® in 
the cellulose paper and of glucose in the glass-fibre 
paper. . 

The strips of Whatman paper were sprayed as 
indicated with a 0-1 per cent ethanolic solution of 


Fig. 1. Electrophoresis of crude and purified enzyme in Whatman 
3MM filter paper. 
(A) Crude enzyme after electrophoresis for 270 min. at a potential 
gradient of 14 V./em. in phosphate buffer of pH 7:0 and ionic 
strength 0-2. dicators: (1) ninhydrin; (2) p-anisidine 
hydrochloride 
(B) [Purified enzyme after electrophoresis for 210 min. as above, 
Indicator: ninhydrin 
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Fig. 2. Electrophoresis of purified enzyme in glass-fibre filter paper. 
(A,1) After electrophoresis for 75 min, at a gradient of 11 Çe. 
in sodium acetate-hydrochloric acid buffer of pH 3-0 and ionic 
strength 0:05. (4,2) After electrophoresis for 90 min. at the 
same gradient in phosphate eae of pH 6-7 and ionic strength 


12. 
(B) After electrophoresis for 90 min. at a gradient of 14 V./em. 
in phosphate buffer as above 


ninhydrin or a saturated ethanolic solution of 
p-anisidine hydrochloride and heated at 100° C. for 
a few minutes. Ninhydrin showed the crude enzyme 
to contain at least seven components, of which two 
(No. 4 and 5) predominated; the latter trailed as 
though adsorbed by the paper. p-Anisidine gave a 
typical aldohexose colour reaction which was dis- 
placed slightly in the direction of electro-osmotic 
flow from component 5 but conformed to its shape 
(Fig. 14). The main change in the ninhydrin pattern 
after electrophoresis in acetate buffer of pH 5-0 was 
a reversal in the direction of migration. of component 
5; @ corresponding change in the p-anisidine pattern 
was also observed. As the enzyme preparation showed 
no evidence of carbohydrate when tested with 
anthrone and gave no colour reaction with p-anisidine 
after electrophoresis in glass-fibre paper at pH 7 
(Fig. 2B, strip 3) or after electrophoresis in cellulose 
paper at pH 3, we conclude that p-anisidine indicates 
reducing sugar resulting from the action of cellulase 
on cellulose paper during electrophoresis. Assays of 
cellulase activity based on the amount of reducing 
sugar formed when sections of a cellulose strip were 
incubated in acetate buffer of pH 5 gave a similar 
correlation. between cellulase activity and com- 
ponent 5. | 

The glass-fibre papers to which Fig. 2A refers were 
sprayed with a 1 per cent solution of potassium 
permanganate in 2:5 N sodium hydroxide. The 
purified enzyme likewise showed no evidence of 
adsorption or heterogeneity after electrophoresis in 
acetate buffer of pH 5-0. The indicators for the 
individual sections in Fig. 2B were as follows: 
(a) alkaline permanganate (strips 1, 6 and 9); (b) p- 
anisidine: (i) following a spray with 0:05 M acetate 
buffer of pH 5-0 (strip 3); (ii) following a spray with 
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dilute solutions of the following substrates in acetate 
buffer: methyl §8-cellobioside (strip 8), methyl 
B-cellotetraoside (strip 5), cellopentaose (strip 7) and ` 
carboxymethylcellulose (Hercules Powder Co. type 
507) (strip 2); (iii) on Whatman No. l paper after 
strip 4 had been sprayed with buffer and left for 5 min. 
in close contact with the Whatman paper. The time- 
interval between spraying with substrate and spraying 
with p-anisidine was 20 min. for methyl B-cellobioside 
which, like sorbityl 8-cellobioside, is hydrolysed more 
rapidly than cellobiose but less rapidly than cello- 
triose’, and 5 min. for the other substrates. Methyl 
B-glucoside was not included as it is not hydrolysed 
by the enzyme. 

This evidence of electrophoretic homogeneity in 
enzymatic activity toward substrates covering a wide 
range of degree of polymerization is in accordance 
with other evidence reported from this laboratory on 
the properties of this enzyme in hydrolysing the 
soluble 1,4-8 linked oligoglucosides with degrees of 
polymerization between 2 and 6, a cellodextrin with 
a number-average degree of polymerization of 24 and 
a swollen cellulose with a weight-average degree of 
polymerization of 1,000°. 

The absence of polysaccharide in these enzyme 
preparations may be significant relative to Miller 
and Bloom’s electrophoretic evidence of an apparent 
multiplicity of cellulases in an enzyme preparation 
containing roughly equal amounts of protein and 
electrophoretically heterogeneous polysaccharide‘. 
Possibly Myrothectum cellulase, like Stachybotrys atra 
cellulase®, forms stable complexes with polysacchar- 
ides and other metabolic products of variable occur- 
rence in the culture medium; if so, much of the 
confusion in the literature on the properties of this 
enzyme is understandable. : 

A detailed report of this work will be published 
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Effect of Adenosine Triphosphate on 
Cleavage of Sea Urchin Eggs 


THERE is no evidence for the direct participation 
of adenosine triphosphate in the cleavage of sea 
urchin eggs, although it can remove the block to 
division caused by certain agents such as dinitro- 
phenol’, and can raise the hydrostatic pressure 
required to prevent cleavage*. 

In a series of experiments in which the eggs of the 
sea urchin Psammechinus miliaris, from which the 
fertilization membranes had been removed, were 
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placed in adenosine triphosphate (neutralized at 
pH 7-5-8-0) at various times after fertilization, the 
eggs divided normally if the concentration of adeno- 
sine triphosphate was less than 10-* M. Eggs placed 
in 4 x 10-? M adenosine triphosphate within 5 min. 
after fertilization also divided normally, but eggs 
placed in this concentration 40 min. after fertilization, 
that is, 10 min. before cleavage, showed considerable 
delay and abnormalities in cleavage and sometimes 
failed to cleave at all. The eggs often took up irre- 
gular shapes and in those which did cleave bubbling 
often occurred in the furrow region. The mitotic 
apparatus seemed unaffected and the blockage 
appeared partially reversible with washing. . 

It is very unlikely that this phenomenon is due to 
some greater general sensitivity of the egg Just prior 
to cleavage, since similar tests with a wide variety of 
other reagents gave no indication of this. 

The simplest explanation seems to be that adeno- 
sine triphosphate participates directly in cleavage 
(possibly through its action on the cell cortex) and 
that some type of regulation of the concentration of 
adenosine triphosphate occurs. The early application 
of the adenosine triphosphate allows regulation of the 
level of the triphosphate to occur, but the addition 
of a high concentration of adenosine triphosphate 
close to the time of cleavage gives no opportunity 
for regulation to occur and causes inhibition. 

It was also found that isotonic calcium chloride 
reversibly inhibits cleavage if applied just before 
cleavage starts ; also, eggs placed in isotonic magnes- 
ium chloride after fertilization usually cleave with 
a very characteristic bubbling in the furrow region. 

There is good evidence that cleavage involves a 
contractile system?.‘, and these results suggest that 
it may be in some ways analogous to an actomyosin 
system in which superoptimal concentrations of 
adenosine triphosphate can inhibit contraction and in 
which behaviour of the system is very dependent on 
the relative concentrations of adenosine triphosphate, 
calcium and magnesium. A similar system is involved 
in the cleavage of the glycérol-extracted models of 
tissue-culture cells of Hoffmann-Berling’. 

A paper on the relevance of these Tesults to a 
detailed theory of cleavage is in preparation‘. 

This work was carried out at the Marine Station, 
Millport, while holding a Nuffield Biological Scholar- 
ship. 
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Nitrogen Fixation in Elaeagnus Root 
Nodules 


Tus three genera comprising the Elaeagnaceae, 
namely, Elaeagnus, Hippophaé and Shepherdia have 
been known for some time to bear root nodules ; but 
it ig only within the past few years that the physiol- 
ogical significance of these structures has been 
rigorously investigated. Previously, the main interest 
had been cytological. Nodules of Hippophaé'.? and 
Shepherdia® have recently been shown, by growth 
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oxperiments and by tests with nitrogen-15, to be 
able to fix nitrogen. 

The genus Elaeagnus comprises 30 species widely 
distributed in Asia, Europe, and North America. 
Nobbe and Hiltner’ reported that a nodule-bearing 
plant of E. angustifolia showed marked ability to 
grow in sand free of combined nitrogen, and attained. 
a height of 120 cm. in four years as compared with 
24 em. for a corresponding plant without nodules. 
The authors accordingly suspected the occurrence of 
fixation. Roberg® reported that, in the course of 
tests which demonstrated cross-inoculation between 
Elaeagnus and Hippophaé, he saw signs of fixation in 
both genera, while Panosjan*, whose report is avail- 
able only in summary form, found that nodulated 
plants were independent of the presence of combined 
nitrogen. 

In the present work, seed of E. angustifolia was 
germinated in moist sand in the spring of 1956 and 
the seedlings grown on in water culture in Crone’s 
solution containing @ small quantity of combined 
nitrogen. After four weeks, @ nitrogen-free solution 
was substituted and a suspension of crushed nodules 
from a plant of E. pungens growing in the Glasgow 
Botanic Gardens (obtained by the kindness of the 
Curator) was applied to the roots of certain of the 
plants. Since no nodules had appeared after 4 weeks, 
it seemed that the inoculum had been inactive, and 
a further inoculum, prepared from Hippophaé 
nodules, was applied. After ten days,” numerous 
nodules were present on the roots of the plants in 
culture solution of pH 6:0, but none at pH 5-0. 

Growth of the plants was allowed to continue until 
autumn 1957, with periodic renewal of the nitrogen- 
free culture solution. Control plants without nodules 
showed very feeble development, but nodulated 
plants grew satisfactorily (Fig. 1) and accumulated 
substantial amounts of nitrogen (Table 1). The mean 
percentage nitrogen (dry weight basis) in the nodules 
was 3-5 as compared with 1:8 in both roots and shoots. 





Fig. 1. Plants of Elaeagnus angustifolia after two seasons growth 
in culture solution free of combined nitrogen. The plant on the 
left bears root nodules. X $ 
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Table 1. HARVEST RESULTS FOR Elaeagnus jangustifolia AFTER 15 
MONTHS GROWTH IN NITROGEN-FREE CRONE’S SOLUTION 








Shoot Dry weight (gm.) Total 
Type height|-———-———__—__ nitrogen 
(cm.) | Root-+-Shoot | Nodules| (mgm.) 
Nodulated 48 2°22 ‘0-11 270 
62 6-59 0-21 148 °8 
56 5'84 “| 0-19 128 ‘0 
74 9°64 0-40 186:4 
Non-nodulated | 5-8 4-10 0 -03-0 -15 — 0°5-2:1 





Although the plants were not grown under aseptic 
conditions, the only satisfactory explanation of the 
strong growth of the nodulated plants is that the 
nodules are able to fix nitrogen. It is reasonable to 
suppose that the same is true of the nodules of other 
species of Hlaeagnus. Evidence’: is growing that 
the ecological importance of non-legume nodule 
plants such as Alnus, Myrica and Hippophaé in the 
provision of soil nitrogen in past and present times 
is greater than previously supposed. The same may 
apply to Hlaeagnus. 

I. ©. GARDNER* 

Department of Botany, 

University of Glasgow. 

Dec. 5. 


* Carnegie Research Scholar. 
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Vesicular-Arbuscular Mycorrhiza in the 
Gramineae 


VESICULAR-ARBUSOULAR mycorrhiza has been 
found to be widespread in cereals and in many grasses 
in Britain}. The incidence of root infection and the 
amount of endophyte mycelium on the root surface 
and in the rhizosphere differ greatly in different 
habitats and communities. For example, in sand- 
dune grasses—where mycorrhiza is strongly developed 
—the degree of infection varies between different 
species and with the stage in the dune succession. 
As illustrated in Table 1, samples collected from 
the sand dunes at Gibraltar Point, Lincolnshire, 
showed about a 20 per cent level root infection 
when growing in the embryo dune phase, that 
is on sites which have never supported plant 
growth previously. In the next zone in the dune 
succession infection falls almost to zero, but it reaches 


Table 1 


Roots with 
external mycelium 
attached 
(per cent) 


Root 
infection 


Species 
(per cent) 


Vegetation zone 


Ammophila 
arenaria 19 
Ammophila 
arenaria 
Ammopåila 
arenari a 
Festuca rubra 
var. arenaria 
Poa pratensis 
A. arenaria 
P. pratensis 


Embryo dunes 
Mobile yellow 


unes 
Fixed yellow 
dunes 


Older fixed 
dunes 
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Fig. 1. Spore aggregates associated with mycorrhizal roots of 


Festuca rubra var. arenaria. (a) The spores or vesicles are em- 

bedded in a matrix of organic matter and hyphe; (b) shows a 

compact mass of spores which are not embedded in any significant 
amount of organic matter or hyphæ 


a maximum where the sand becomes stabilized 
in the fixed yellow dunes. In this zone, where 
the ranges of three grasses overlap, there is marked 
variation in infection between the different species. 
As the community matures and becomes more 
complex, there is a general decrease in endophyte 
activity. Roots of grasses in the fixed yellow dunes 
were often extensively covered with wefts of external 
mycelium as well as showing a high incidence of 
infection. 

Compact aggregates of spores, resembling Hndogone- 
type fruiting bodies, have been found on external 
mycelium associated with, and directly connected to, 
the endophytic mycelium in the roots of Festuca rubra 
var. arenaria and Ammophila arenaria. ‘These spore 
masses are not as regular or uniform in size or structure 
as the sporocarps described by Mosse’. In size the 
spore aggregates on grass roots vary greatly but they 
are always less than 0-8 mm. diam. Three main 
types of structure occur: (1) the spores or vesicles 
may be embedded in a matrix consisting of hyphae 
and some organic matter (Fig. la); (2) the spores 
may be embedded in a matrix of organic matter with 
little or no hyphæ present—many particles or organic 
matter which remain attached to the external myce- 
lium or to the root surface after gentle washing con- 
tain embedded spores in this way ; or (3) there may 
be compact masses of spores which are not embedded 
in any significant amount of hyphæ or organic 
matter (Fig. 1b). These different conditions possibly 
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represent developmental or disintegration stages of 
distinct fruiting bodies or may be due to strain 
differences in the endophyte. The number of spores 
present varies greatly, and up to 50 have been noted 
in a single structure. Likewise there is variation in 
size of spore, the largest seen being 75u in diameter. 
Frequently these spores have thick walls (Fig. la); 
otherwise they resemble isolated vesicles formed on 
external mycelium. 

These observations, which include samples from a 
wide range of habitats, suggest that the endophytes 
occurring on grasses in the majority of cases are 
related to the genus Hndogone, being similar to those 
described on a range of different plants by Peyronel!.® 
and on fruit plants by Mosse. No evidence has yet 
been obtained that the endophytes of grasses may be 
strains of Pythium ultimum as has been found for 
vesicular-arbuscular mycorrhiza in. Allium ursinum 
and in other plants®-8. 

I am grateful to Dr. Barbara Mosse of the East 
Malling Research Station for allowing me to inspect 
her Hndogone material. ` 


T. H. NICOLSON 


University of Nottingham 
School of Agriculture, 
Sutton Bonington, 
Loughborough. 

Nov. 26. 
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The Vitreous Body of Galago crassicaudatus 
agisymbanus 


Many aspects of the anatomy of the eye in galagos 
and related species have been described.2. I am, 
however, not aware of any description of the vitreous 
body in these species, but in Galago crassicaudatus 
agisymbanus I have found peculiarities that I 
have not encountered or found described in other 
animals. 

In. vertebrates the vitreous body is generally 
described as a translucent gel, although its consistency 
varies, being most rigid in birds? and varying con- 
siderably in solidity among the mammals. Examina- 
tion with the slit-lamp, dark-ground and phase- 
contrast microscopes shows that it possesses a definite 
structure? ®, 

The vitreous body of Galago c. agisymbanus, 
however, is in ordinary circumstances a free liquid. 
Thus it can be aspirated through a hypodermic needle 
of 0-3-mm. external diameter as easily as can the 
aqueous humour, the volume extracted varying 
between 0:8 and 1-0 ml. and leaving the globe almost 
empty. The fluid so extracted shows no tendency to 
clot and contains only a trace of substance precipi- 
tated by trichloracetic acid. 

The vitreous body in this species would also appear 
to be structureless on examination with the slit-lamp 
microscope, although it must be said that good 
definition is very difficult in this animal because of 
the intense reflexion from the highly developed 
cellular tapetum. 


NATURE 


719 


The vitreous body is generally believed to exchange 
constituents with surrounding tissues and fluids, 
especially the aqueous humour, solely by diffusion 
of substances, and not by any mechanical mixing 
with other fluids or by stirring of the liquid phase of 
the vitreous body itself». This fact has recently 
been shown to be of importance in investigating the 
dynamics of the exchange of substances within the 
rabbit’s eye. $ 

The following experiments were carried out on the 
galago in view of the apparent species differences 
and the implications they carry. The animal was 
anesthetized (sodium pentobarbitone 30 mgm. /kgm.), 
placed prone with the head held in a mould so that 
the plane of the lens of the eye was approximately 
horizontal. The eye was atropinized and a 0-3-mm. 
external diameter hollow needle pushed through the 
sclera at the equator until the point could be clearly 
soon under the lens in the centre of the vitreous, 
either by the naked eye with good general illum- 
ination or with the ophthalmoscope. With a micro- 
meter syringe attached to the needle by ‘Polythene’ 
tubing, 0:001—-0-002 ml. of indian ink suspended in 
physiological saline was injected into the eye. The 
needle was withdrawn, detaching the droplet, which 
fell smoothly and freely through the vitreous on to 
the fundus, where it spread over the surface, clearly 
visible against the brilliant gold of the tapetum. It 
dispersed, leaving no area of obviously high concen- 
tration, within 15-20 min. ; an attempt to repeat the 
experiment in vitro, with a similar droplet falling and 
mixing in saline, gave a dispersion time of the same 
order. If the eye was manipulated or the head moved 
briskly during the observation, the time for dispersion 
was reduced to about 7 min. No definite streams of 
flow were seen, nor can any circulation of the vitreous 
be argued from the experiments; but it is almost 
certain that the vitreous in this species in ordinary 
circumstances is a homogeneous fluid, probably kept 
stirred by the normal head and eye movements. It 
should also be noted that these experiments provide 
no evidence of a mingling of the aqueous and vitreous 
fluids. There is in fact good evidence that the fluids 
are quite separate. Aspiration of the vitreous does 
not withdraw any fluid from the anterior chamber, 
nor does the anterior chamber fill rapidly after 
aspiration of the aqueous humour which one might 
expect if there was free mixing of the fluids. Even if 
this evidence is insecure, as one might suppose the 
possibility of an iris-lens valve mechanism that 
prevented flow into or out of the anterior chamber 
under abnormal pressure, there is the further fact 
that particulate matter in the form of indian ink 
suspended in aspirated vitreous fluid and reinjected 
does not appear in the aqueous humour even after 
vigorous movements of the head and eye. 


C. P. Luck 


Medical School, 
Makerere College, 
Kampala, 
Uganda. 
Dec. 9. 


1 Kolmer, W., in v. Möllendorff’s “Handbuch der mikroskopischen 
Anatomie des Menschen”, 3, Pt. 2 (Julius Springer, Berlin, 1936). 

°? Rocnon du Vigneaud, A., “Les yeux et la vision des vertébrés” 
(Masson, Paris, 1948). 

* Bembridge, B. A., Crawford, G. N. C., and Pirie, A., Brit. J. Ophthal.. 
36, 131 (1952). 

“Davson, H., “Physiology of the Ocular and Cerebrospinal Fluids" 
(Churchil, London, 1956). ; 

5 Maurice, D. M., J. Physiol., 187, 110 (1957). - 


~. 
“ 


720 


Size and Shape of Alfalfa Mosaic Virus 


In the course of purifying alfalfa mosaic virus we 
have found that at least three kinds of macromole- 
cular particles are produced by plants as a result of 
their infection with the virus, and that one of these 
is the infectious entity. In the electron microscope 
the virus particles, and also the other two particles, 
appear as small rodlets about 550 A. long and about 
200 A. in diameter. Thus they are not spherical, as 
previous isolates of alfalfa mosaic virus apparently 
are, and indeed they look markedly different from 
any viruses reported in the literature. 


The isolate used was obtained from ladino clover. . 


Single local-lesion isolates were made from bean, one 
of which was retained and identified by cross protec- 
tion tests to be similar to isolate No. 96 of the Ameri- 
can Type Culture Collection’. It is similar in sympto- 
matology and concentration pattern to the unobtain- 
able alfalfa. mosaic virus isolate extensively studied 
by Ross? The virus was grown on Nicotiana tabacum 
L. var. 4231 and purified using methods similar to 
those described by Ross. Alternative methods 
involving differential centrifugation and n-butanol 
chloroform—water extraction? at 6° C. yielded purified 
material with similar specific infectivity. 

These purified preparations exhibited three closely 
spaced schlieren peaks in the analytical ultracentri- 
fuge with sedimentation coefficients at infinite 
dilution and 20° C. of 73, 89 and 99 Svedberg units. 
The buffer. was 0-10 ionic strength of which 0-08 was 
contributed by sodium chloride and 0-02 by sodium 
phosphates. The areas under the schlieren peaks 


’ wererin’ thè- ratio 43.: 14:43 for top, middle and 


bottom components respectively. No such peaks 
‘were observed in- similarly prepared extracts from 
healthy plants. From its sedimentation behaviour, 
this material does not appear to be similar in its 
physical properties to Ross’s isolate, since his material 
under similar preparative conditions yielded a single 
sedimentation peak with a sedimentation constant of 
Saou = 708. 

The three components were partially separated 
from each other using sucrose density-gradient 
centrifugation techniques in a ‘Spinco’ SW 25 swing 
bucket rotor’5. Complete separations were not 
achieved because the resulting three bands were very 
closely spaced. In one experiment three fractions 
were obtained for electron microscopy, sedimentation 
and infectivity tests. Fraction 1 removed from the 
topmost band contained more than 90 per cent top 
component and less than 5 per cent middle and 5 per 
cent bottom components. Fraction 2 removed from 
the middle band contained about 30 per cent top, 
50 per cent middle and 20 per cent bottom com- 
ponent. Fraction 3 removed from the bottom band 
contained more than 90 per cent bottom component 
and less than 5 per cent middle and 5 per cent top 
components. All three fractions were serologically 
similar and gave identical ultra-violet absorption 
curves, with a maximum at 260 my. 

Their relative infectivities were tested by assaying 
on the local-lesion host Phaseolus vulgaris L. var. 
Bountiful. Fraction 1 gave 5 lesions, fraction 2 gave 
405 lesions and fraction 3, containing predominantly 
bottom component, gave 1,900 lesions. Clearly, 
infectivity is associated with a particle having the 


sedimentation characteristics of the bottom com- . 


ponent. The residual infectivity in fraction l, and 
probably also in fraction 2, could be attributed to 
contamination with bottom-component particles. 


NATURE 


March 8, 1958 voL. 181 


Eh og 


“ 


~ ar 5 
X s i 
spe ae 
F, x! E 
OR AEE e. 
s. E k PS 
sad tte * 
Tiy I ah 
je 4 ae 
A 
sr. 


erie 


<4 


A 
ae 


ts 
Mot e. 
ae CT ` 


E 
at Ws, 


eg 
a. 


Eert 
Kaot a 


a, Sy Te 
Sig Ae Se 


ange ny 


a Sage, 
Par 





Fg; 
DE 


Fig. 1. A uranium-shadowed preparation of fraction 3, taken in a 
Siemens Elmiskop I. (x 140,000) 


Electron microscope specimens were prepared 
using essentially the freeze-drying method of 
Wiliams’. Micrographs of the three fractions were 
indistinguishable, and all showed particles most of 
which had a minor dimension of about 240 A. and 
the majority of which had a major dimension of 
about 580 A. Fig. 1 is a typical micrograph of 
fraction 3, that is, the bottom component. Fig. 2 
shows the length distribution of 100 particles lying 
in the proximity of the particles of Fig. 1. It shows 
that some short particles exist, whereas only a fow 
are longer than 600 A. 

As is the case with shadowed tobacco mosaic virus 
and with other elongated viruses’, centre-to-centre 
distances between several particles lying side-by-side 
is less than the measured width of isolated particles. 
The former is probably the more accurate measure of 
particle diameter. The average centre-to-centre 
distance measured in this work is about} 200 A. 
Thus the predominantly occurring macromolecular 
particle in our virus preparation is a short rod about 
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200 A. in diameter and 550 A. in length. The 
predominant particles in the top and middle com- 
ponent preparations have similar dimensions. 

This work was supported in part by the Public 
Health Service and by the Research Committee of 
the University of Wisconsin Graduate School from 
funds supplied by the Wisconsin Alumni Research 
Foundation. 
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Virus Transmission by Dactynotus 
cichoricola H.R.L., a New Aphid on 
Chicory 


A SEINY, dark brown, rapidly multiplying aphid 
was observed in the early autumn of 1957 on 
Cichorium intybus L. var. foliosum cultivated as a 
vegetable in fields near Louvain (Belgium). Later, 
the insect was found on the same crop in several 
other places. The species, which is close to Dactynotus 
tussilagints Wlk., was acknowledged as new by 
M. Hille Ris Lambers (Bennekom, Netherlands), and 
named by him Dactynotus cichoricola n. sp. In 
September, apterous and alate virginopare, unwinged 
oviparous females and apterous males were captured, 
while in October only the last two forms could be 
found. 

Copulation of D. cichoricola is common under 
laboratory conditions ; the eggs are shiny black when 
l-2 days old. Oviposition takes place on the stalks 
and on the lower face of the leaves. Under natural 
conditions, some eggs were found on Cichorium 
intybus. Trials were conducted to determine whether 
this aphid is a vector of plant viruses. Only one 
aphid-borne virus, namely, cucumber mosaic virus}? 
is known on chicory. 

Young larve of oviparous females of Dactynotus 

cichoricola, collected on chicory in an open field, were 
reared in the laboratory on C. intybus seedlings until 
they were adult. They were then starved for 2-3 hr. 
and allowed to feed for 1 min. on tobacco leaves 
infected with a cucumber mosaic strain isolated from 
chicory. Many of them did not insert their stylets 
in the leaf tissues, although they had the typical 
feeding aspect ; these were removed. The remainder 
were immediately transferred to the test-plants for 
24 hr. ; 
_ Of three inoculated cucumber seedlings var. Blanc 
hâtif (ten aphids on each plant), two showed the 
typical symptoms of the virus after 8 days. Control 
plants inoculated with non-infectious aphids remained 
unaffected. 

Of three inoculated tobacco seedlings var. Samsun 
(five aphids on each plant), two became infected with 
the virus as was shown by the symptoms and by a 
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protection test against Pierce’s yellow strain of 
cucumber mosaic virus. i 

Not one of six aphid-inoculated chicory seedlings 
var. foliosum (five aphids on each plant) became 
infected, but two of five plants showed the typical 
symptoms of the virus when inoculated with 
infectious tobacco sap mixed with ‘Carborundum’. 
These results agree with the very low infection- 
rate of chicory cultures by cucumber mosaic 
virus. 

The same method was used with aphids fed for 
I min. on beet leaves infected with beet mosaic virus 
and transferred to three young beet seedlings var. 
Kleinwanzleben E. (five aphids on each plant). The 
symptoms of the virus infection became apparent on 
one of the beets after 13 days. 

It was observed that most of the chicory leaves 
colonized by D. cichoricola in the field showed brittle 
areas with interveinal yellowing and thickening. Sap 
inoculation, and aphid transmission trials with Myzus 
persicae Sulzer, Myzus ascalonicus Doncaster and 
Dactynotus cichoricola H.R.L. were made from those 
leaves on to chicory seedlings, but no reliable results 
were obtained to support the idea that the symptom 
is associated with a virus. 

I thank Prof. R. Vanderwalle for his helpful 
criticism during the experiments. Virus-infected 
material sent by Mr. F. C. Bawden, Rothamsted 
Experimental Station, and Dr. K. M. Smith, Univer- 
sity of Cambridge, is gratefully acknowledged. 
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Relationship of Tectoquinone to Durability 
in Tectona grandis 


THE heartwood of teak (Tectona grandis L.f.) is 
extremely resistant to attack by insects or by fungi ; 
but the reasons for this resistance are not known. It 
is usually ascribed to the presence of toxic substances, 
and it has been suggested that tectoquinone (B-methyl 
anthraquinone), which is characteristically present in 
teak heartwood, may be responsible. Wolcott! has 


. shown this substance to be highly repellent to the 


dry-wood termite Cryptotermes brevis (Walker), and 
Sandermann. and Dietrichs? have demonstrated ‘its 
toxicity, in high concentrations, to the North Ameri- 
can subterranean termite Reticulitermes flavipes Kol. 
No reference seems to have been made to its toxicity 
to fungi. In current investigations into the chemical 
basis of the durability of teak, we have examined the 
amount of tectoquinone in teak from Thailand and 
Indonesia, and its toxicity to decay fungi and to 
subterranean termites. 

Tectoquinone was readily identified on paper 
chromatograms by its bright green-yellow fluorescence 
in ultra-violet light. It was observed at Rp 0-90 in 
n-butanol/acetic acid/water (6:1:2) at 20°C.; 
anthranilic acid, used as a marker, was located at 
Ry 0-85 under these conditions. Using n-butanol 
saturated with an ammonia buffer (Fewster and 
Hall’), tectoquinone had an Ry value of 0-94, while 
benzoic acid, used as a marker, had an Rp value of 
0-44. The tectoquinone present in several samples of 


% 


Sau 


722 


Table 1. TECTOQUINONE CONTENT AND DURABILITY OF TEAK BLOCKS 


Decay 


C. cere- | T. Ilac- 
bella |ino-gilva 


Termite attack 


Weight- | Weight- 
loss (per | loss (per 
cent) cent) 


Teak 1 (Thailand 
Outer heartwoo 
Middle heart- 

wood 
Inner heartwood 

Teak 2 (Indonesia) 
Outer—middle 

heartwood 


Mountain ash 
heartwood (con- 
trol 
Unfed control 
termite colony 





Each result is the mean of five blocks for fungi and eight for termites. 
* All O. lacteus colonies (including unfed control) survived for the 
whole of the test (84 days) ; survival (per cent) Is given on the 84th day. 


teak was isolated by thorough extraction of the saw- 
dust with ether followed by methanol; partial puri- 
fication was carried out by paper chromatography 
and alkali washing. The tectoquinone was estimated 
by conversion to the sodium salt of dihydro-tecto- 
quinone, and the absorption at 417 my (max.) 
compared with standards of this derivative made 
from pure tectoquinone (B.D.H., Ltd.). The results 
are given in Table 1 and show that the amount of 
tectoquinone in durable outer heartwood was as high 
as 0-58 per cent (oven-dry basis). Kafuku and Sebe* 
have isolated 0-3 per cent of tectoquinone from teak 
heartwood and recently Sandermann and Dietrichs? 
have isolated 0°36, 0:56 and 0-88 per cent from 
Indonesian, Thai and Burmese teak respectively. 

. The amount of tectoquinone present in different 
samples of teak was then compared with the resistance 
of matched test blocks to attack by the wood- 
destroying fungi Coniophora cerebella Pers. DEP 1779 
and Trametes lilacino-gilva Berk. DFP 1109 and by 
the subterranean termite Coptotermes lacteus (Frogg.). 
The resistance of the test blocks to decay was 
measured by a soil—wood block decay test®, and 
termite resistance was measured by the standard 
laboratory colony test of Gay et al. ; these results 
are given in Table 1. 

To determine the toxicity of tectoquinone to 
wood-destroying fungi, known amounts of pure 
tectoquinone (B.D.H.) were dissolved in ether and 
added to known amounts of decay-susceptible saw- 
dust from the heartwood of mountain ash (Hucalyptus 
regnans F. Muell.). The methanol was removed by 
vacuum-drying and 0-5-gm. samples of sawdust 
tested for decay resistance in the soil jar-sawdust 
dish technique described by Da Costa and Rudman’. 
The results (Table 2) show no evidence of toxicity 


Table 2. EFFECT OF TECTOQUINONE IN MOUNTAIN ASH SAWDUST ON 
DECAY FUNGI 


C. cerebella 
Weight-loss 
(per cent) 


Tectoguinone in 
mountain ash 
‘(per cent) 


T. lilacino-gilva 
Weight-loss 
(per cent) 





Each result is the mean of four replicates 
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even at concentrations well above those found in teak. 
(These two test fungi, under similar conditions of 
test, will not produce weight losses of more than 
3 per cent in sawdust from durable teak heartwood.) 

The toxicity of tectoquinone to termites was 
determined by dissolving known amounts in benzene 
and mixing the solution into 100-gm. samples of 
mountain ash sawdust. The sawdust was bonded 
with melamine powder under pressure into a compact 
board, the temperature being maintained at 70° C. 
for the first 3 hr. of the 24-hr. pressing period. Test 


_ samples, approximately 3} in. x in. X $in., were 


sawn from these boards and tested in standard 
laboratory termite colonies of C. lacteus and of 
Nasutitermes exitiosus (Hill) ; the results are given in 
Table 3. Although the progressively smaller amounts 
eaten (weight-loss) with increasing loadings indicate 
that tectoquinone is distasteful and/or nutritionally 
unsatisfactory to these termites, the amount of attack 
is far greater than that obtained on samples of durable 
teak heartwood of smaller tectoquinone content. 
Comparison of survival-rates with those of the unfed 
colonies indicates that there is no actual toxic effect. 


Table 8. EFFECT OF TRCTOQUINONE IN MOUNTAIN ASH SAWDUST ON 
SUBTERRANEAN TERMITES 
















Tectoquinone in 







moustaeaak” [Wola | sari | WEDE | sarin 
(per cent) | (Per cent) | (per cent) | (Per cont) 


Unfed control 
colony ‘ 


Each result is the mean of three, except for unfed control which is 
the mean of two. Duration of test: 84 days. 


* Colonies only survived a mean of 54 days. 
+ Colonies only survived a mean of 50 days. 


In general, it may be concluded that although 
tectoquinone occurs in appreciable quantities in teak 
heartwood, it shows no sign of toxicity to wood- 
destroying fungi; its effect on subterranean termites 
is relatively slight, and it is not solely responsible for 
the termite resistance of teak. 


P. RUDMAN 
E. W. B. Da Costa 


Division of Forest Products, 
Commonwealth Scientific and 
Industrial Research Organization, 
Melbourne. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, March 10 


UNIVERSITY COLLEGE, LONDON (in the Physiology Theatre, Gower 
Street, London, ee ies 5 pa Dr J. D. Judah: ‘Oxidative 
Phosphorylation”.* (Further lecture on March 17.) 

ROYAL SOCIETY oF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 6 p.m.—Sir William Pugh, 0.B.E., F.R.S.: “The Geo- 


logical Survey of Great Britain’. (First of two Cantor Lectures. 
Further lecture on March 17.) 


INSTITUTION OF ELECTRICAL ENGINEERS LONDON GRADUATE AND 
STUDENT SECTION (joint meeting with the INsTiTUTION oF CIIL 
ENGINEERS, at Great George Street, London, 8.W.1), at 6.80 p.m.— 
Vice-Admiral Sir Archibald Day, K.B.E., C.B., D.8.0.: “The Inter- 
national Geophysical Year”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 
8.W.7), at 8.80 p.m.—Prof. P. M. 8. Blackett, F.R.S.: “Rock Mag- 
netism as Evidence of Continental Drift”. 


Tuesday, March Il 


ZOOLOGIOAL SOCIETY OF LONDON (at the Zoological Gardens, 
Regent’s Park, London, N.W.1), at 5 p.m.—Scientific Papers. 

INSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Scientific Papers. 

INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the 
National College of Rubber Technology, Holloway, London, N.7), 
at 6.30 p.m,—Mr. E. Hornby: “Modern Methods of Tyre Building 
and Vulcanizing”. 7 p.m.—Research Lecturers and Demonstrations. 


Tuesday, March |1—Wednesday, March 12 


SOOIETY OF CHEMICAL INDUSTRY, CORROSION GROUP (at the 
Institution of Mechanical Engineers, 1 Birdcage Walk, Westminster, 
London, S8.W.1), at 9.30 a.m. daily—Symposium on “The Protection 
of Motor Vehicles from Corrosion”. 


Tuesday, March 11—Thursday, March 13 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (in the 
Royal Horticultural Society’s New Hall, Greycoat and Elverton 
Streets, London, 8.W.1)}—Tenth Technical Exhibition.* 


Vednesday, March 12 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Mr. N. W. Pirie, F.R.S.: “World Hunger as a 
Biochemical Problem” (Frankland Armstrong Memorial Lecture). 


PALZONTOLOGIOAL ASSOCIATION (at the Geological Society of 
London, Burlington House, Piccadilly, London, W.1), at 4.45 p.m.— 


Prof. O. M. B. Bulman, F.R.S. : “The Sequence of Graptolite Faunas” 


(First Annual Address). 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, 
London, W.1), at 5.30 p.m.—Dr. H. D. Anthony: “Scientific Books 
of the 18th Century and the Emergence of Modern Science”. 


INSTITUTE OF WELDING (at 54 Princes Gate, Exhibition Road, 
London, 8.W.7), at 6 p.m.—Prof. Sir Alfred Pugsley, F.R.S.: “The 
Influence of Welding on Structural Design”. 


SOOIETY OF CHEMICAL INDUSTRY, FOOD GROUP (joint meeting with 
the MIOROBIOLOGY GROUP, at 14 Belgrave Square, London, S.W.1), 
at ae p.m.—Meeting on “The Prevention of Microbial Spoilage in 


RADAR AND ELECTRONICS ASSOCIATION (in the Anatomy Theatre, 
University College, Gower Street, London, W.C.1), at 7.30 p.m.— 
Prof. A. ©. B. Lovell, 0.B.E., F.R.S.: “The Jodrell Bank Radio- 
telescope in Action”, 


Thursday, March 13 


ROYAL Soorrty (at Burlington House, Piccadilly, London, W.1), 
at 10.30 a.m.—Discussion on “The Physiology and Biochemistry of 
Lactation”. . 

LINNEAN Soorrty oF LONDON (at Burlington House,. Piccadilly, 
London, W.1), at 5 p.m.—Prof. T. G. Tutin and Dr. V. H. Heywood : 
“The Flora sla Se Project”; Dr. J. Ramsbottom, O.B.E.: “P. A. 
‘Micheli’s Nova Plantarum Genera, 1729". 


INSTITUTION OF ELECTRIOAL ENGINEERS, UTILIZATION SECTION 
(at Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. D. L. Smart 
and Mr. J. J. L. Weaver: “The Use of Steel-Tank Mercury-Are In- 
verters for Generating Medium Frequencies for Induction Heating”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 
5.30 p.m.—Prof, Kurt Mothes (Deutsche Akademie der Wissenschaften 
zu Berlin): “Physiology of Alkaloids’.* (First of two Special Univer- 
sity Lectures in Pharmacy. Further lecture on March 14.) 

ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the Wrst HAM COLLEGE OF TECHNOLOGY CHEMIOAL SOOIETY, 
at the West Ham College of Technology, Romford Road, London, 
pam, at 7 p.m.—Mr. I. Goodman: “The Chemistry of Synthetic 

res”, 
CHEMICAL SOCIETY (at Burlington House, Piccadilly, London» 
W.1), at 7.80 p.m.—Prof. Dr. W. Klemm: “Metalloids and Their 
Compounds with the Alkali Metals” (Centenary Lecture). 


Friday, March 14 


SOOIETY FOR WATER TREATMENT AND EXAMINATION (at the Royal 
Society of Health, 90 Buckingham Palace Road, London, S.W.1), at 
9.30 a.m.—Annuai General Meeting, followed by Scientific Papers. 
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ROYAL INSTITUTE OF BRITISH ARCHITECTS (in the Jarvis Hall, 
R.I.B.A., 66 Portland Place, London, W.1), at 2.15 p.m.—Symposium 
on “The Design of Teaching Laboratories in Universities and Colleges 
of Advanced Technology”. ‘ 


BRITISH GLACIOLOGIOAL SOCIETY (at the Geography School, 341 
Bristol Road, Birmingham), at 5.80 p.m.—-Mr. W. H. Ward: “The 
Ice Caps and Glaciers of Baffin Island”. 


INSTITUTE OF PHYSICS, NON-DESTRUCTIVE TESTING GROUP (at 
47 Belgrave Square, London, 8.W.1), at 6 p.m.—Meeting on “X-Ray 
Microscopy”. Prof. R. W. K. Honeycombe: ‘‘Surfaces Reflection 
Techniques”; Mr. P. Duncomb: “Electron Probe Methods”. 


SOOLETY OF CHEMICALS INDUSTRY, FINE CHEMICALS GROUP (joint 
meeting with the LONDON SEoTION, at 14 Belgrave $S e, London, 
8.W.1), at 6.30 p.m.—Mr. E. S. Hedges and Dr. G. J. M. Van der 
Kerk: “Research on Organotin Compounds and their Technological 
Applications”. 


ROYAL PHOTOGRAPHIO SOCIETY (at 16 Princes Gate, London, 8.W.7)> 
at 7 p.m.—Mr. S. W. Simmons: “Kinematograph Instrumentation”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Prof. H. S. W. Massey, F.R.S.: “Artificial Satellites”. 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURER (with a degree in sctence or agriculture and 
an interest in dairy chemistry) IN TRY—The Secretary, West 
of aa aah Agricultural College, 6 Blythswood Square, Glasgow, C.2 

{arc A 

ASSISTANT, Grade B, FOR ANATOMY, PHYSIOLOGY AND SOME 
BIOLOGY; an ASSISTANT, Grade B, FOR CHEMISTRY AND SCIENCE: 
and an ASSISTANT, Grade A, FOR GENERAL LABORATORY TECHNIQUES 
AND SCIENCE—The Secretary, Paddington Technical College, Saltram 
Crescent, London, W.9 (March 14). 

ASSISTANT LIBRARIAN (CHARTERED LIBRARIAN) IN THE DAIRY 
SCIENCE LIBRARY—The Secretary, National Institute for Research 
in Dairying, Shinfleld, Reading, quoting Ref. 58/4 (March 15). 

LECTURER IN ORGANIC CHEMISTRY—The Principal, Nottingham and 
District Technical College, Shakespeare Street, Nottingham (March 15). 

LECTURER (Grade II) IN PURE MATHEMATICS—-The Registrar, The 
University, Bristol (March 17). 

SCIENTIST (with a good honours degree or equivalent in chemistry, 
chemical engineering or metallurgy and a number of years experience 
in a responsible position in industrial research, development or pro- 
duction operations, and preferably experience in uranium or ceramics), 
at Springflelds Laboratory, Salwick, Preston, Lancashire, to lead a 
section which is principally concerned with the experimental manu- 
facture of ceramic fuels—The Recruitment Officer, United Kingdom 
Atomic Energy Authority, I.G.H.Q., Risley, Warrington, Lancashire, 
quoting Ref. 2289 (March 17). 

HEAD (with good academic and teaching qualifications and prefer- 
ably industrial experience) OF THE MATHEMATICS DEPARTMENT—The 
Clerk to the Governors, Woolwich Polytechnic, London, S.E.18 
(March 20). 

ASSISTANT CURATOR (ETHNOLOGY) (with a good honours degree 
or diploma and preferably museum experience) at Horniman Museum, 
London, 8.E.23—The Education Officer (EO/Estab.2/F), The County 
Hall, London, 8.E.1 (March 21). : 

JUNIOR LECTURER IN PHYSICAL CHEMISTRY—The Registrar, Trinity 
College, Dublin (March 22). 

ASSISTANT LECTURER AND DEMONSTRATOR IN ZOOLOGY—The 
Secretary, Queen Elizabeth College (University of London), Campden 
Hill Road, London, W.8 (March 24). 

ASSISTANT LECTURER (with qualificationgin petrology) IN GEOLOGY ; 
and an ASSISTANT LECTURER (with Caer in pure mathematics) 
IN MATHEMATICS—The Registrar, The University, Hull (March 28). 

ASSISTANT LECTURER or LECTURER IN PURE MATHEMATICS—The 
Registrar, University College, Singleton Park, Swansea (March 29). 

EXPERIMENTAL OFFICERS (with a degree in horticulture or botany 
or equivalent) IN THE POMOLOGY SECTION, for (a) experiments on 

ropagation of fruit plants, and (b) field experiments on small fruits— 
ae Saad East Malling Research Station, near Maidstone, Kent 

arch 31). 

KEEPER (with a university degree in botany or zoology or the 
Diploma of the Museums Association, and previous museum experience) 
OF THE DEPARTMENT OF BIOLOGY in the Leicester Museums—The 
Director, Museums and Art Gallery, New Walk, Leicester (March 31). 

LECTURER IN PSYCHOLOGY at the University of Natal, Durban— 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (South Africa, March 31). 

Post-DocroRaL FELLOW IN CHEMISTRY, for work on thermo- 
dynamic and relaxation behaviour of polyblycol-solvent systems— 
Dr. B. E. Conway, Department of Chemistry, University of Ottawa, 
Ottawa, Canada (March 81). 

RESEARCH FELLOW IN THE CHEMISTRY DEPARTMENT, for funda- 
mental work on compounds potentially useful in the paint industry— 
The Professor of Chemistry, The University, Hull (March 81). 

LEOTURER (with a degree in agriculture and a spocie interest in 
animal husbandry generally an poulin in particular) at Gwebi 
Apriltural College (Ministry of Agriculture), Salisbury, Southern 
Rhodesia, for duties which will include lecturing and giving practical 
instruction to diploma students in certain aspects of animal husbandry, 
including anatomy ph siology and in poultry husbandry —The 
Secretary on Rhodesia House, 429 Strand, London, W.C.2 (April 1). 

LECTURER/SENIOR LECTURER (preferably with a principal interest 
in morphological, phystological or chemical cytology) IN HISTOLOGY 
and EMBRYOLOGY at the University of Sydney, Australia—The 
Secretary, Association of Universities of the British Commonwealth, 
86 Gordon Square, London, W.C.1 (Australia, April 5). i 

LECTURER (with an honours degree in engineerin or physics and 
experience in vacuum tube and transistor circuits) IN RE GOTRIOAT. 
ENGINEERING at the University of Sydney, Australla—The Secretary, 
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Association of Universitles of the British Commonwealth, 36 Gordon 
Square, London, W:C.1 (Australia, April 5). . 

RESHAROH OFFICER (qualified zoologist with experience of fisheries 
research) IN THE FISHERIES RESEARCH UNIT within the, Department 
of Biology, University of Hong Kong—tThe Secretary, Association 
of Universities of the British Commonwealth, 86 Gordon Square, 
London, W.C.1 (Hong Kong, April 8). ; 

UNIVERSITY STUDENTS AND FELLOWS, for experimental or theoretical 
research in nuclear and elementary particle physics—The Professor 
of Natural Philosophy, The University, Glasgow, W.2 (April 12). 

SENIOR .LECTURER (with a degree in science with geology as a 
major subject, and experience in modern mineralogical techniques) 
IN GEOLOGY at the. University of Western Australia—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (Australla, April 30). 

TURNER and NEWALL RESEARCH FELLOWS IN ENGINEERING, 
INORGANIC CHEMISTRY, PHYSICS and allied subjects—The Registrar, 
The University, Manchester 18 (April 30). 

PRINOGIPAL (graduate of a. university in the British Commonwealth, 
a wide Sa porionne of agricultural teaching or advisory work, ex- 
perience of administration and a sound knowledge of commercial 
agriculture, and preferably under 45 years of age) OF THE ROYAL 
AGRICULTURAL COLLEGE—Joint Clerks to the Governors, Royal 
Agricultural College, 7 Dollar Street, Cirencester, Glos (May 1). 

SENIOR TEOHNIOIAN or TECHNICIAN IN THE DEPARTMENT OF 
CHEMISTRY, University College, Ibadan, Nigeria—The Secretary, 
Inter-University Council for Higher Education Overseas, 29 Woburn 
Square, London, W.C.1 (May-2). 

ASSISTANT CHEMIST (malé:or female, with training in agricultural 
chemistry, and preferably. postgraduate experience), fo carry out 
investigations into matters concerning turf maintenance—The Secre- 
tary, The Sports Turf Research Institute, Bingley, Yorkshire, 

CHIEF PLANT PHYSIOLOGIST in the Division of Plant Industry, 
Department of Agriculture and Stock, Brisbane, Australia—Agent- 
General for Queensland, 409 Strand, London, W.C.2. 

ENGINEERS AND PHYSICISTS (with an honours degree), for work in 
Sheffield on ‘problems of metal plasticity, lubrication, heat transfer, 
and their application to the manufacture of wrought steel products— 
The Personnel Officer, British Iron and Steel Research Association, 
11 Park Lane, London, W.1, quoting “M.W.2”. 

LECTURER, ASSISTANT PROFESSOR, POSTDOCTORATH FELLOW, and 
RESEARCH ASSISTANT IX THE DEPARTMENT OF PHysics—Head of 
ue De Sent of Physics, University of British Columbie, Vancouver, 

LECTURER IN MATHEMATIOS, to teach pure and applied mathe- 
matics to degree standard—The Clerk to the , Governors, Northern 
Polytechnic, Holloway, ‘London, N.7. 

LECTURERS (with special -qualifications in (a) organic chemistry 
or (&) physical chemistry) IN CHemisrry—The Secretary, Royal 
College of Science and Technology, Glasgow. f 

PHYSICIST (with at least an M.Sc. degree or equivalent)—Dr.' B. 
aleon, Superintendent, -General Hospital, St. John’s, Newfoundland, 

PHYSICISTS, Experimental Officer or Assistant Experimental Officer 
grade, to work in collaboration with scientists on research in the 
following: (a) properties of solids under high stress and high rates 
of strain; (6) physics of detonation process and.propagation of in- 
tense shock waves; (c) development of transient spectrographic 
vechniguce and application to study of high temperature gas shocks; 
and (d) experimental hydromagnetics—The Senior Recruitment 
Officer, Atomic Weapons Reséarch Establishment, Aldermaston, 
Berks, quoting Ref. C/1463/34. Vos 2 

SOMMNTIETO ASSISTANT is NTOMOLOGY) to assist in fleld work on 
controlling Culicoides in Scotland—Dr. D, S. Kettle, Midge Control 
Unit, Zoology Department, West Mains Road, Edinburgh. 

i SCIENTIFIO ASSISTANT {with a good science degree, a reading 

nowledge of two European languages (preferably other than French 

ot German), ability to write good English, and preferably a know- 

iedge of soil science and plant physiology), for work in & scientific 

lon service purely ing ppeerer Hing oon indexing—The Director, 
ureau of Soi otha i i 

Harpenden Herta i msted Experimental Station, 

SENIOR SCIUNTIFIO OFFIOER or SCIENTIFIO OFFICER CHEMIST (with 
a first- or second-class honours degree in chemistry or equivalent) 
IN THE INSECTICIDE SECTION of the Pest Infestation Laboratory, 
D.8.LR., Slough, Bucks, for work on contact insecticides for the 
Sonaro at Arara Pranit PEST Ministry of Labour and National 

» echnical and Scientific Register 
S. W.L quoting ¥.loo/ak. g (E), 26 King Street, London, 

SENIOR TEOHNIOIAN (with considerable experience in histological 
and photographic techniques, together with experience in the general 
Mh aor ai samy e ANATOMY DEPARTMENT — 

ary, Guy’s Ho al Medic i 
aiotias Ree ev sp al School, London Bridge, S.B.1, 

TECHNICIAN (preferably with experience in biochemical or micro- 
biological techniques) to assist in research in the Biochemistry Lab- 
oratories—The Secretary, Institute of Dental Surgery (University of 
London), Eastman Dental Hospital, Gray’s Inn Road, London, W.C.1. 


REPORTS and other PUBLICATIONS 


(not included tn the monthiy Books Supplement) 


-Great Britain and Ireland 


Eton Coilege Natural History Society. Twelfth Report, 1955-1957. 
EDs oe Eton: Eton College Natural History Society, rte} 
8. ôd. 2 
Annual Report of the National Oceanographic Council, 1956-57. 
Pp.v+34. (Cambridge: At the University Press,1957.) 6s. net. [1612 
Federation of British Industries. The Training of Designers for 
Industry: Furnlture, Pottery, Printing and Textiles. (A Report of a 
One-day Conference -between Industrialists and Educationalists, 
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London, 1957.) Pp. vii+50. (London: Federatlon of British Indus, 


.) 38. 6d. 2 

Scottish rine Biological Association, Annual Report, 1956-57, 
Pp. ti+384. (Milport, Iste of Cumbree: Scottish Marine Biological 
Association, 1957.) 4s. [1612 
Government Administrationin Wales: Text of a letter. addressed by 
the Prime Minister to the Chairman of the Council for Wales and 
Monmouthshire. Pp. 7. (Cmnd. 834.5 (London: H.M. Stationery 
Office, 1057.) 6d. net. [1612 
Building Research Station Digest, No. 104 (November, 1957): 
Mincelany, Pp. 6 (London: H.M. Stationery Office, tity 
Coal Tar Research Association. Review of Coal Tar Technology, 
Vol, 9, Part 1 (January-June, 1957.) Pp. 97. (Gomersal, Leeds: 
Coal Tar Research Association, 1957.) 10s. [1612 


Other Countries 


Carnegie Institution of Washington. 


Pp. 33. (Reprinted from Carnegie Institution of Washington Year 


Book, 56, for the year 1956-57.) (Washington, D.C.: Carnegie Institu- ., 


tion of Washington, 1957.) [1612 


Report cof the President. 


Institut National pour l'Étude Agronomique du Congo Belge.. :' 
cu 


Au Service de PAgricuiture Congolaise. Quatrième edition. Pp. 156. 
Bruxelles: Institut National pour l'Étude Agronomique du 
elge, 1957.) : {1612 
United States Department of the Interior: Geological Survey. 
Bulletin 1019-G: Bibliography of Titanium Deposits of the World. By 
Robert Lawthers and Helen R. Mark. Pp. jii-+-543-608. 25-cents. 
Bulletin 1080-M: Description of Indicator Plants and Methods of 
Botanical Prospecting for Uranium Deposits on the Colorado Plateau. 
By Helen L. Cannon. Pp. {v+399-516. 50 cents. Bulletin 1042-K: 
Dismal Swamp Placer Deposit, Elmore County, Idaho. By Frank ©. 
Armstrong. Pp. iil+383-392+plate 18. 15 cents. Bulletin 1059-0 : 
Selected Annotated rg tal id of the Geology of the Sandstone-type 
Uranium Deposits of the United States. By Robert E. Melin. Pp. 
ili+59-176. 85 cents. Bulletin 1074-A : Mineralogic Classification of 
Uranium-Vanadium Deposits of the Colorado Plateau. By Theodore 
Botinelly and Alice D. Weeks. Pp, il1+5-+plate 1. 40 cents. Water- 
Supply Paper 1320-B: Floods of May-June 1963 in Missouri Rtver 
Basin in Montana. Prepared under the direction of J. Y. B. Wells. 
Pp. vii+69-153-+plates 8 and 4. 1 dollar. Water-Supply rapir 
1377: Geology and Ground-Water Resources of Goshen County, 
Wyoming. By J. R. Rapp, F. N. Visher and R. T. Littleton. Pp. 
vi+145+4 plates, 1.75 dollars. Water Supply Paper 1414: Water 
Resources of the Neuse River Basin, North Carolina. By G. A 
Billingstey, R. H. Fish and R. G. Schipf. Pp. vii+89-+3 plates. 
cents. Water-Supply tel sped 1418: Geology and Ground Water, Heart 
Mountain and Chapman Bench Divisions, Shoshone Irrigation Project, 
Wyoming. By Frank A. Swenson. Pp. iv+55+7 plates. n.p. 
Water-Supply Paper 1421; Geology and Ground-Water Resources of 
Outagamie County, Wisconsin, By E. F. LeRoux. Pp. iv+57.1 
dollar. (Washington, D.C.: Government Printing Office, 1957.) [1612 
Conseil Permanent International pour )’Exp oration ‚de-la Mer, 
Charlottenhind-Slot, Danemark. Fiches d’Identification.du_ -Zoo- 
plancton, Nos. 61-70. Rédigé par J. H. Fraser et G. "Thorson Pp: 54. 
(Copenhague : Andr. Fred Host et Fils, 1957.) 15 Kr. 1612 
‘ Durban Museum -Novitates. Vol. 5, Part 3 (1 November, 1957): 
The Systematics of the Little Purple-Banded Sunbird Cinnyris 
bifasciatus (Shaw), with Notes on Its Allies. By P. A. Clancey and 
John G. Williams. Pp. 27-42. 2s. 6d. net. Vol. 6, Part 4 (10 Novem- 
ber, 1957): Miscellaneous Taxonomic Notes on African Birds: De- 
scriptions of Six New Races of Birds from the Interior of South Africa. 
ne ee A. Clancey. Pp. 48-50. 2s. 6d. (Durban: Durban Me 
1 ‘ 
STe oridirektoratets Skrifter. Serie Havundersekelser. Vol. 11, 
No. 8: Factors Influencing the Size of the Year Classes-in the Arcto- 
Norwegian Tribe of Cod. By Kristian Fredrik Wiborg. Pp. 24. 
Yol. 11, No. 9: Notes on the Energy Metabolism.of the Cod (Cadus 
callarias L.), and the Coaliish (Cadus virens L.) in. Relation to Body 


Congo 
1 
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+ 
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Size. By Gunnar Sundnes. Pp. 10. (Bergen: “A/S John Griega." 
Boktrykkeri, 1957.) 1612 4 
Chicago Natural History Museum. Fieldiana: Zoology. Vol. 39, . 


No. 8 (October 31, 1957): The Venomous Coral Snakes of Trinidad. 
By Karl F. Schmidt. Pp. 55-64. 25 cents. Vol. 39, No. 9 (Octobor 
31, 1957): Notes on Lizards of the Genus Dicrodon. By Karl P. 
Schmidt. Pp. 65-72. 20 cents, Vol. 39, No. 10 (October 31, 1957): 
Geographic Variation in the Central American Colubrine Snake, 
Nima sebre. By Karl P. Schmidt. Pp. 73-84. 25 cents. Vol. 4 
No. 1 (October 11, 1957): Birds from Nepal. By Austin L. Rand and 
Robert L. Fleming. Pp. 218. 8.50 dollars. (Chicago, IIL: Chicago 
Natural History Museum, 1957.) 

Proceedings of the American Philosophical Society. 
Index, Yolumes 76-100, 1986-1956. Pp. 48. (Philadelphla: American 
Philosophical Society, 1957.) [1612 
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We proudly announce that our 8.12 Stage Micro- R 
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SPECIFICATION 
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© Only 2 ring weights—300 and 600 mg. —both 
mechanically applied. 


© 300 mg. is the smallest weight required to give 
direct readings to 0.1 mg. 


CAPACITY : 200 g. SENSITIVITY : 0.1 mg. 
‘PERIOD’: 7 seconds (no load) 14 seconds (full load) 
SCALE: reading 300 mg. 
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photographic characteristics of the well-known ‘Kodak’ RP.30 paper, plus ; 
the advantages of a thinner base and a low-lustre surface. eae 

The thinner base (0.0045” compared with the 0.0068” base of RP.30 
paper) allows 50% more paper to be loaded into the camera. The paper is 
rapid-fixing and the thinner base enables the paper to be washed and dried 
more quickly. The low-lustre surface makes examination and annotation 
easier. 

RP.35 paper has been produced to meet the demands of scientists 
engaged in research on guided missiles and supersonic aircraft. The standards 
demanded in these fields are, of course, very high. Photographers in other 
branches of science and industry may therefore find that RP.35 recording 
paper gives better results than the material they are now using. A short 
trial would prove the point. 

Prices are the same as for RP.30 paper. 


RP.35 HIGH-SPEED THIN-BASE 
Kodak RECORDING PAPER 


Kodak Limited, Industrial Sales Division, Kodak House, Kingsway, London, W.C.2 ‘Kodak’ is a registered trade-mark 
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The VIBRON 


is a new electronic component, which replaces the 
electrometer valve in the measurement of very small 
currents. 


The VIBRON is a vibrating condenser unit which, in a 
suitable circuit, can measure currents as small as 107" 
ampere, or resistances as high as 10'* ohms, to an 
accuracy of +2% and with a zero stability of +100 
microvolts in twenty-four hours. It can be supplied as a 
unit for building into instruments of your own design, 
or, alternatively, VIBRON instruments of several types 
are available from E.I.L.: the Model 33B Electrometer 
shown here is an example. 


Manufactured under British Patent No. 550610 and 
Patent Application No. 35637154. 


ELECTRONIC INSTRUMENTS LIMITED 
RICHMOND SURREY RiChmond 5656 
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THE COMPTROLLERSHIP 


HAT a scientific office should have a scientific 

man at its head is a principle which seems 
obvious but needs to be constantly reasserted, 
because the administrative officials who influence 
such appointments are not always sympathetic 
towards the claims of science.” These words are 
quoted from an editorial published in Nature thirty- 
three years ago, on February 27, 1925. It had become 
known that the Comptroller-General of the Patent 
Office was likely to retire and that an administrative 
officer, without legal or scientific qualifications, had 
been chosen to fill the vacancy when this should 
occur. 

To-day the importance of applying scientific 
methods and results to public affairs is so generally 
accepted in industry and in many other fields that 
it has become a truism. Nobody would expect 
Imperial Chemical Industries, or the Atomic Energy 
Research Establishment at Harwell, or the National 
Physical Laboratory, to be under the direction of a 


man who had never worked in a laboratory. But 


fifty years ago the role of the scientist in adminis- 
tration was merely to supply information or advice 
to non-scientific administrators, who might or might 
not be capable of understanding it, and who certainly 
were ill-qualified to evaluate its significance in relation 
to policy. Even as late as 1925, however, it was 
necessary to refer, in the article quoted above, to a 
“tendency to regard a man of science as a mere 
adviser who is himself incapable of administrative 
work. Such an attitude is the more unjustifiable 
because of the fact that a scientific training is neces- 
sarily additional to some degree of education in the 
humanities, whereas a literary scholar may be quite 
ignorant of science; so that the former type of 
upbringing is the more likely to produce the breadth 
of outlook which is necessary in handling men and 
affairs’. It was to further this point of view that 
the British Science Guild had been founded, and 
largely through its work the importance of according 
the scientist his proper place was acknowledged. 
Eventually, the British Science Guild, with its assets 
and functions, was absorbed into the British Associa- 
tion, and the latter began to pay increased attention 
to the social aspects of science. 

But in 1925 the battle had not been won, and a 
deputation from the British Science Guild, led by Sir 
Richard Gregory, and including such men as Marconi, 
Sir Hugo Hirst and the first Lord Melchett, visited 
the President of the Board of Trade. The daily 
Press joined in, and after a strenuous battle common 
sense eventually triumphed. From that date until 
the beginning of this month, the Comptrollers of the 
Patent Office have been scientists with legal training 
and long experience of the intricacies of patent 
praetice. 

Meanwhile, the average invention has become 
immeasurably more technical than before, the rate 
of filing of complete specifications has increased by 
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OF THE PATENT OFFICE 


half, international negotiations relating to industrial 
property have become more intricate, the Second 
World War has left behind a number of problems 
demanding first-hand knowledge for their solution, 
and the competition of industry for the services of 
scientists has increased the need for handling the 
examining staff with understanding if they are not 
to be tempted to seek employment elsewhere. Yet 
successive Comptrollers have contrived to maintain, 
in the teeth of the most harassing difficulties, the 
services which the Patent Office renders to industry. 

The qualifications needed by the Comptroller of 
the Patent Office arise partly from the fact that he 
has to handle a staff which is predominantly scientific 
and technical, and partly from the nature of the 
statutory duties laid upon him by the Patents Acts. 
As regard the first point, “it would be unreasonable”, 
to quote once more from the editorial referred to 
above, “to subordinate the Examining Staff to the 
control of a man who is not qualified, by a scientific 
training similar to theirs, to understand the outlook + 
and mentality with which such a training is associ- 
ated”. That is even more true to-day, for the staff 
must be able to feel full confidence in its leader if it 
is to carry out with the necessary zest the gruelling 
task which it is particularly engaged upon at the 
present time, namely, that of reducing the long delay 
in the granting of patents without reducing the 
quality of the examination, with a consequent 
increase in litigation. 

As regards the Comptroller’s statutory duties: his 
court is a court of first instance for certain classes 
of patent litigation, and though he delegates some of 
this work to his immediate subordinates on the 
examining staff, it has been usual (except in, certain 
instances where bad health intervened) for him to 
take the most important hearings in person, and in 
any event to guide his staff on legal points. Comp- 
trollers have also attended international conferences 
on industrial property in person, and acted as chair- 
man in at least one instance. It is important that 
they should do so, and that they should be able to 
deal with the representatives of other countries on & 
footing of equality in the range of knowledge which 
comes from a scientific and legal background, with a 
foreground of experience of the highly specialized 
subject-matter with which such conferences have to 
deal. 

For the past two years, negotiations have been in 
progress in relation to patents within the European 
Free-Trade Area, and they are now entering upon an 
acute stage. British interests are likely to be at a 
disadvantage if Germany succeeds in her strenuous 
efforts to have the Patent Office of the Area estab- 
lished under her tutelage. 

We have just stated that the Comptrollers of the 
Patent Office have had the requisite professional 
qualifications “until the beginning of this month”. 
It is no secret that the Board of Trade has been 
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faced with a difficult establishment problem in that 
it has a redundancy of senior administrative officers 
for whom it has to find suitable posts. Such a post 
has been provided by the retirement through ill-health 
of the Comptroller-General of the Patent Office, 
which by historical accident is a department of the 
Board of Trade, and an appointment has been made ; 
this has been done by way of surprise, before the 
action taken in 1925 could be repeated. Nature is, of 
course, In no way concerned with personal considera- 
tions ; but it is concerned when a vitally important 
principle, for which it has always fought and which 
has come to be generally accepted in industry and in 
government departments of modern origin, has been 
violated by means of a fait accompli. To ask that what 
has been done should now be undone is to ask a great 
deal; but, on the other hand, a great deal is owed to 
the nation by way of reparation by a government 
department which has acted in such a way at a time 
when technological progress has become a matter of 
the utmost urgency in relation to the national 
interest. 

The head of the Patent Office, if he be not a scientist 
and a lawyer with long experience of patent practice, 
cannot be more than a figure-head for subordinates 
who do possess those qualifications, and a figure-head 
cannot hope to discharge the duties of the office 
in a way which will give satisfaction. The Patent 
Office is a vitally important feature of the indus- 
trial world, and of international significance par- 
ticularly at the present time. The appointment of 
a mere figure-head cannot but do disservice to the 
national interest. 


IONOSPHERIC RESEARCH 


Annals of the International Geophysical Year 

Vol. 3, Part 1. Pp. xix+168. Vol. 3, Parts 2, 3 and 
4. Pp. 169-381. Subscription per volume: 120s. ; 
17 dollars. (London and New York: Pergamon 
Press, 1957.) i 


AF this stage in the progress of the International 
Geophysical Year, which covers the period 
July 1, 1957, to December 31, 1958, the detailed 
programmes of observations are well in hand in all 
parts of the world. The results of these observations 
are being collected in an internationally agreed form 
at a number of world data centres, so that they may 
be available for scientific workers everywhere. 
Various discussions of these results and their analysis 
will undoubtedly occur from time to time in the 
course of normal scientific publications. In order to 
ensure that a co-ordinated central record of the 
whole proceedings of the International Geophysical 
Year is available for both present and future readers 
and students, it was decided, at an early stage in the 
discussions of the Special International Committee 
(C.S.A.G.I.), to publish a connected series of Annals 
of the International Geophysical Year. ‘These are 
published by the Pergamon Press, Ltd., under the 
general editorship of Sir Harold Spencer Jones, 
assisted by an advisory board comprising inter- 
national experts in the various disciplines involved. 

The first two volumes of the series will deal, 
respectively, with the history of the events leading 
up to the present International Geophysical Year, 
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and with the proceedings of the Special International 
Committee and its associate bodies. Vol. 3 is, how- 
ever, the first to be published since it was produced 
originally in the form of a series of radio instruction 
manuals for those engaged in the study of the iono- 
sphere. With the aid of the component sections of 
this volume, the detailed technique for sounding the 
ionosphere and presenting the results has been 
standardized together with the associated term- 
inology. They are, moreover, much more than 
booklets of instruction and guidance. In its present 
published form, this volume forms a notable con- 
tribution to the somewhat sparse number of available 
books dealing with the ionosphere and various other 
radio phenomena, such as atmospherics, associated 
with the atmosphere. ° 

Vol. 3 is divided into four parts, of which the first, 
entitled “Ionospherie Vertical Soundings”, has been 
compiled by J. W. Wright and R. W. Knecht (U.S. 
National Bureau of Standards) and K. Davies (Radio 
Physics Laboratory, Ottawa), and edited by W. J. G. 
Beynon and G. M. Brown (University College of 
Swansea}. An introduction covering the programme 
of the International Geophysical Year is followed by 
a chapter dealing with ionospheric physics, outlining 
the main characteristics of the ionosphere which are 
studied by radio techniques. There follow short 
descriptions of the fourteen types of ionosondes at 
present available; and practical instructions are 
given for adjusting the equipment to obtain the best 
results. The next chapter, on “Interpretation of 
Ionograms’’, provides detailed guidance on the | 
evaluation of the ionospheric parameters from the 
photographic records, the great variety of which is 
illustrated by some fifty excellent photographs. 
Chapter 6, on “Reduction of Ionograms’’, is equally 
helpful and well illustrated, and it should prove 
invaluable to a newcomer to this complicated tech- 
nique. A short chapter on the assessment of the 
quality of the data and a very brief list of references 
are followed by six appendixes which deal with 
programmes, interchange of data and suggestions for 
research at stations. l 

Part 2 deals with “The Measurement of Iono- 
spheric Absorption”? and has been compiled by a 
number of euthors with considerable experience in 
this field: W. R. Piggott (Radio Research Station, 
Slough), W. J. G. Beynon and G. M. Brown (Univer- 
sity College of Swansea) and C. G. Little (Geophysical 
Institute, College, Alaska}. An account is given of 
the general theory of the absorption of radio-waves 
in the ionosphere, and of two methods of measure- 
ment; namely, the pulse reflexion method using 
ionosonde technique, and the other, developed par- 
ticularly by. radio-astronomers, using radio-waves of 
extra-terrestrial origin. As in the preceding part, the 
subject of nomenclature and presentation of results 
is dealt with in appendixes. 

The third part is entitled “The Measurement of 
Ionospheric Drifts” and comprises separate con- 
tributions by B. H. Briggs (Cambridge), L. G. H. 
Huxley (Adelaide) and J. S. Greenhow (Manchester). 
The separate chapters deal with the measurement of 
ionospheric drift velocities by simultaneous fading 
records on three receivers, by observations on meteor 
reflexions, and by some other techniques available to 
ionospheric physicists and radio astronomers. 

The contents of Part 4 conform with its heading, 
“Miscellaneous Radio Measurements’, but some 
of these are not immediately obvious as coming 
under the general title of Vol. 8, “The Ionosphere”. 
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Nevertheless, the six contributions form a very 
appropriate ancillary part of the volume and are 
certainly directly related to portions of the programme 
of the International Geophysical Year under active 
study at the present time. These individual papers 
are entitled: “The Measurement of Atmospheric 
Radio Noise”, by F. Horner (Radio Research Station, 
Slough); “‘Whistlers and Dawn Chorus”, by M. Q. 
Morgan (Dartmouth College, Hanover, U.S.A.) ; 
“Radio Reflections from Aurorae’’, by A. C. B. Lovell 
(Manchester), P. A. Forsyth (Saskatchewan) and L. 
Harang (Auroral Observatory, Tromsö) ; “Apparatus 
for Radio-Echo Meteor Survey”, by A. C. B. Lovell ; 
“Tonospheric Forward Scatter’, by K. L. Bowles 
(U.S. National Bureau of Standards); and ‘‘Iono- 
spheric Back Scatter’, by A. M. Peterson (Stanford 
University). All these sections form well-illustrated 
reviews, each with selected references which should 
prove useful for further study. 

The publication of this volume (in two sections) 
shows that the work of preparation for the Inter- 
national Geophysical Year has successfully stimulated 
the production of a most useful addition to the 
scientific literature on the detailed characteristics of 
the ionosphere and related physical phenomena. 

R. L. Smrra-Rosz 


No. 4611 


ÅNGSTRÖM RADIATION AS 
PHENOMENON AND AS TOOL 


Handbuch der Physik 

Herausgegeben von S. Fligge. Band 30: Rént- 
genstrahlen. Pp. vii+384. Band 32: Strukturfor- 
schung. Pp. vii+663. (Berlin: Springer-Verlag, 
1957.) 88 and 144 D.M., respectively. 


ae books, though edited, printed and pub- 
lished in Germany, are largely written in English. 
In Vol. 30 only the first chapter, on the production 
of X-rays, by W. Schaaffs, isin German. The remain- 
ing chapters deal with experimental methods of 
X-ray spectroscopy at ordinary wave-lengths, by A. E. 
Sandström ; experimental methods of soft X-ray 
spectroscopy and the valence-band spectra of the 
light elements, by D. H. Tomboulian; X-ray 
microscopy, by P. Kirkpatrick and H. H. Pattee ; 
and the continuous X-ray spectrum, by S. T. Stephon- 
son. Vol. 32 contains French contributions also ; 
the chapters are on experimental methods for 
determining crystal structures by X-rays (in French) 
by A. Guinier and G. von Eller; on the theoretical 
principles of structural research by X-rays, by J. 
Bouman; on the study of the structure of liquids 
and amorphous substances by means of the diffusion 
of X-rays (also in French), by G. Fournet ; on size of 
particles and lattice defects, by W. W. Beeman, P. 
Kaesberg, J. W. Anderegg and M. B. Webb; on 
electron diffraction (in German), by H. Raether ; 
and lastly on neutron diffraction and interference, 
by G. R. Ringo. It is the last two chapters that 
necessitate ‘Ångström radiation’ instead of “X-radia- 
tion’ in the title of this review. 

The names of the authors guarantee the quality 
and accuracy of the various chapters. Vol. 30 
contains references up to 1956, but much of it has a 
curiously old-fashioned ring, as if it could have been 
written in the thirties without much difference. 
(The chapters on soft X-ray spectra and X-ray micro- 
scopy are clear exceptions.) In the field of emission 
spectra of medium wave-lengths, however, there are 
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signs of a revival of interest. Sandström, in summing 
up the experimental results, states ‘“These two effects 
[asymmetry and overlapping] raise the question of the 
dofinition of the wave-length of a line with a finite 
width. Usually the wave-length of the peak intensity 
is preferred as it is the one detail most easily identified. 
However, the centre of gravity of the area below the 
intensity distribution curve could also be chosen. ... 
No X-ray wave-lengths have been determined with an 
accuracy better than + 0:002 XU, which value has 
to be considered the ultimate limit of accuracy, 
systematic errors excluded. Some narrow lines in 
the region of medium wave-lengths excepted, the 
absolute value of the error certainly exceeds 
+ 0:004 XU. Considering the systematic errors, as 
well, errors 10 times as big are to be expected”. 
The differences between peak and centre-of-gravity 
wave-lengths, and systematic errors of 4 x 10-5 A., 
are big enough to be disturbing in the type of counter 
diffractometry now being developed, and it is to be 
hoped that the needs of crystallographers will 
stimulate the spectroscopists, who are presumably 
better equipped for the undertaking, to push the 
systematic error into’ the next decimal place, and to 
produce reliable line profiles extending several half- 
widths on both sides of the peak. 

I am a crystallographer, and I turned with some 
relief from the phenomenon to its applications. 
Guinier and von Eller’s description of experimental 
techniques is characteristically lucid. Bouman 
manages to give the theory of almost everything from 
symmetry elements to intensity statistics, not exclud- 
ing lattice distortion, in 140 pages. Fournet’s chapter 
on amorphous states and that of Beeman et al. on 
small particles and lattice defects carry particular 
aspects of the theory considerably further, and supple- 
ment the experimental techniques on low-angle 
scattering. ‘The chapters on diffraction of material 
particles contain much to fascinate the conventional 
X-ray worker. 

The German and the English sections are indexed 
in both German and English in the two volumes. 
The French sections in Vol. 32, however, are indexed 
only in French, a fact that does not seem to be stated 
clearly anywhere, and was discovered empirically. 
There are copious references to the original papers 
by means of footnotes, and each chapter ends with a 
general bibliography. The bibliographical coverage 
seems very thorough ; only two papers which I sought 
were not found mentioned in the expected places. 
There are no author indexes, so it could not be 
checked whether they appeared elsewhere. Alto- 
gether, these two volumes will be indispensable 
for the spectroscopist and the crystallographer, and 
each will learn much from the volume intended for 
the other. A. J. ©. Wrison 


RADIATION PHYSICS IN 
MEDICINE 


Radiological Physics 


By M. E. J. Young. Pp. x+365. (London: H. K. 
Lewis and Co., Ltd., 1957.) 42s. net. 


EDICAL practitioners specializing in radio- 
diagnosis or radiotherapy require an under- 
standing of certain aspects of radiation physics of a 
relatively advanced nature. There are few suitable 
text-books on the subject for doctors preparing for 
their professional examinations, and thus a new 
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work directed to their needs is welcome, particularly 
when it is as well written and presented as the 
volume under review. It should, moreover, be 
of value to a wider circle of readers, including new 
entrants to the field of medica! physics. 

After introductory chapters, the production of 
X-rays including those in the megavoltage region is 
considered in some detail, and is followed by an 
account of naturally occurring radioactive sources. 
There is one chapter on the interaction of X- and 
y-rays with matter, while two are devoted mainly to 
methods of measurement of ionizing radiation but 
include discussion of the principles of dosimetry. A 
chapter on the physical principles of diagnostic 
radiography is followed by an account of the chemical 
and biological effects of radiation. The therapeutic 
uses of X- and y-radiation are covered in some detail 
with examples of treatment planning. The pro- 
duction and medical applications of artificial radio- 
isotopes are next described, and the final chapter 
deals with radiation hazards and protection. Each 
of the main chapters has a list of references 
and a selection of appropriate examination 
questions. 

In general, the clarity and conciseness of expression 
are noteworthy, but the value of the book to students 
would be enhanced by more frequent use of crogs- 
reference. The author has made allowance for 
differences in the mathematics and physics back- 
ground of his readers by the use of small print for 
more advanced explanation, although this practice 
has not’ been followed entirely consistently. 

Some misprints have been noted, such as the 
repeated use of ‘Ce?’ when ‘Cs!8” is intended and 
‘8 mA’ for ‘3 mA’ in the fluoroscopy conditions in 
Table 9.01. One or two ambiguous or even erroneous 
statements have been overlooked, for example that 
X-ray pulses from a betatron have an interval of 
ł cycle, and it is unfortunate that the calculation on 
p. 199 relating to foreign-body localization is incor- 
rect. These criticisms, however, relate to minor 
defects in a text-book that can be warmly recom- 
mended. G. W. REED 


OCCUPATIONAL DISEASES 


The Diseases of Occupations 
. By Donald Hunter. Second enlarged and revised 


edition. Pp. xvii+1100+16 plates. (London: 
English Universities Pross, Ltd., 1957.) 105s. 
net. 


R. DONALD HUNTER is one of our most 

talented medical teachers, and few who have 
listened to his words can have failed to be impressed 
by his wide knowledge in the field of occupational 
medicine. 

He has given us the benefit of his knowledge in a 
remarkable text-book, which, in its first edition, has 
already become the standard work on this subject 
in the British Isles. I venture to suggest that it 
should be read by all consultants, who will find it 
not only extremely entertaining but also a revelation 
of the wide variety of ways in which occupation can 
affect health. 

In this second edition, eleven new illustrations have 
been added, making a total of 447, and certain 
_ additions and corrections have been made in the text, 
but the general layout and arrangement of the 
sections remain unchanged. The total number of 
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pages is now 1,100 compared with 1,046 in-the first 
edition. There are comprehensive bibliographies at 
the end of each chapter. 

Several additions have been made to the first four 
chapters concerned with the history of the subject. 
These include sections on metal workers in Greek, 
Roman and Teutonic mythology, a description of 
Alexander Gordon’s views on the cause of puerperal 
fever, the status of the lower middle classes, and the 
hey-day of the Lancashire cotton industry. There is 
& most useful and much-needed section on the 
importance of vital statistics and , epidemiology, 
including the work of Dr. John Snow on cholera. 
Unfortunately there is no account of the present-day 
use of morbidity statistics in industry. This is a 
pity since so much has been done in recent years, 
particularly by such organizations as the London 
Transport Executive. A description of the value of 
this type of work would have been a welcome addition. 
There is no adequate account of the extremely valu- 
able Occupational Mortality Supplement 1931 and 
the Supplement for 1951, based on a 1 per cent sample. 
There is a critical review of the findings of the Sadler 
Committee to inquire into the working conditions of 
children in factories. Due credit has now been given 
to the Perkins family of Leeds and their early dis- 
coveries in the dyestuffs industry. 

These items are mentioned to indicate the vast 
field which has been covered in the historical section 
of the book. 

The Factories Act 1948 is discussed, but unfortun- 
ately there is no mention of the fact that the examin- 
ing -surgeon is now called the appointed factory 
doctor. 

There are new sections on the National Insurance 
Industrial Injuries Act, the work of the National 
Coal Board Medical Services and an excellent descrip- 
tion of the workings of the Disabled Persons Employ- 
ment Act. The value of health education in industry 
is given its due emphasis. In all the sections on 
toxicology one marvels at the wide knowledge of 
industrial processes possessed by the author; the 
section on lead poisoning is particularly informative 
and full of fascination even for a lay person. Additional 
information has been given concerning vanadium 
poisoning in relation to petroleum and to boiler 
cleaning. There are a few slight additions to the 
section on manganese poisoning. 

There is @ new section on cadmium poisoning in 
man and in experimental animals. The section on 
thallium poisoning is completely new. There is an 
excellent account of hazards in the iron and steel 
industry and a description of the Iron and Steel 
Foundries Regulations 1958. The new section on 
sewer men gives & graphic account of the hazards of 
this dangerous job and the cheerful disposition of 
those employed in it. ' 

There is an up-to-date account of a nuclear power 
station and the dangers associated with it. In the 
next edition the public-health hazards might be 
discussed in more detail. In a book which is so 
comprehensive and which covers such a wide field it 
is almost inevitable that some minor items should be 
omitted. 

Everyone concerned with the health of workers 
should have access to this book. Although it is 
written by a consulting physician primarily for 
medical men, parts of it could be read with profit 
and interest by any intelligent layman. I regard the 
price of £5 5s. as reasonable, providing very good 
value for money. W. Hopson 
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ARCTIC AND ANTARCTIC 


Arctic Research 

The Current Status of Research and Some Immediate 
Problems in the North American Arctic and Sub- 
arctic. Edited by Diana Rowley. (Special publication 
No. 2 of the Arctic Institute of North America. 
Reprinted from Arctic, Vol. 7, Nos. 3 and 4.) Pp. 
261. (Montreal: Arctic Institute of North America, 
1955.) 3.50 dollars. 


Arctic Frontiers 

United States Explorations in the Far North. By 
Dr. John Edwards Caswell. Pp. xv+232+16 plates. 
(Norman, Oklahoma: University of Oklahoma 
Press, 1956.) 3.75 dollars. 


Men against the Frozen North 

By Ritchie Calder. Pp. 279+15 plates. (London : 
George Allen and Unwin, Ltd.; Toronto: Thomas 
Nelson and Sons (Canada), Ltd., 1957.) 16s. 
net. , 


Spring on an Arctic Island 
By Katharine Scherman. Pp. xvi+331+12 plates. 
(London: Victor Gollancz, Ltd., 1956.) 18s. net. 


6 thers higher latitudes, both north and south, in 
these days receive an amount and style of atten- 
tion which is not altogether in accord with reality. 
Vestigial glamour, lack of perspective, research 
progress, public ignorance and polar beauty, are 
among the attitudes which characterize, with varying 
degrees of helpfulness, the arctic literature of to-day. 
The present four volumes under review are diverse 
in worth, style, and subject, and all will find grateful 
readers. But those readers will be distinctly varied in 
type and taste, some learned, others ignorant but 
eager to read if the fare is, as some would say, served 
in the contemporary manner. The first of these four 
volumes is an important work. 

“Arctic Research” is a truly important compilation 
and reference book. Its twenty-six chapters, each 
with its list of references, are about equally divided 
between the physical, the biological and the social 
sciences. ‘There is a most impressive list of field 
research projects sponsored by the Arctic Institute 
since its foundation. 

This work was not intended to provide a complete 
picture of arctic research, not even of North American 
arctic research, at this date. That would have been 
a goal impossible of attainment. Rather was the 
attempt to define the present state of knowledge in a 
selected variety of fields where individuals of promin- 
ence are available to perform the task. The introduc- 
tion is by the late Dr. R. C. Wallace, the executive 
director of the Arctic Institute from 1951, until his 
death in 1955. Dr. Wallace played a great and 
vigorous part in the continuing growth of this ener- 
getic joint Canadian and United States organization. 
But the brunt of the work, in the production of the 
volume and the assembling of the authors, is due to 
Mrs. Diana Rowley, the editor. Her task cannot 
have been easy: the result is admirable. 

The chapters are naturally of varying quality, but 
in general it is distinctly high. Excessive verbosity, 
that intellectual disease of North America, has been 
fairly well controlled, though we are still presented 
with ‘population enumeration’ for ‘census’ and similar 
word wasters. The lists of references are not over- 
loaded ; indeed, in a few instances further references 
to the scientific literature of Europe might have been 
helpful. 
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Photographs are quite properly not numerous. 
There are four striking pictures of the retreat of the 
North Dawes glacier in Alaska between 1889 and 
1950, a total of 6,500 feet. 

This admirable volume may well be compared with 
“Problems of Polar Research”? issued as Special 
Publication No. 7 of the American Geographical 
Society in 1928. That earlier work had a long and 
useful life, and so will ‘“‘Arctie Research”. 

“Arctic Frontiers”? describes the period of United 


‘States arctic explorations from 1850 to Peary’s return 


from the attainment of the North Pole very nearly 
fifty years ago. As the author says, “This is the 
narrative, not of isolated adventures, but of a 
movement”. This is an interesting and useful intro- 
ductory record of what was afoot and when. The 
reader may well feel that he is perusing the competent 
précis of an extensive narrative; and that seems 
indeed to be so, the background work being the same 
author’s study of “The Utilization of the Scientific 
Reports of the United States Arctic Expeditions 
1850-1909”. 

“Men against the Frozen North” is æ successor to 
the same author’s two similarly titled books where our 
species is set as an adversary of deserts and jungles. 
This is not the place for detail. The author travelled 
very widely over the northern parts of the American 
continent, the Arctic Archipelago and Arctic Ocean. 
He did so in a very short time, and he is a scientific 
journalist of enthusiasm, discernment and repute. 
He knows full well that a large fraction of the 
population must be tempted to read by devices such 
as the use of direct speech and minor jokes, and that 
then information can be inserted like the filling of a 
sandwich. As The Times commented upon the on- 
stage disrobement of a revue star, “if you like that 
sort of thing; it is extremely well done”. 

“Spring on an Arctic Island” is by a woman author 
who spent six weeks in 1954 on Bylot Island off 
Northern Baffin Island in 73° north latitude. This 
is a simple, personal tale, well told by one to whom 
all was happy novelty. “Above all we got to know 
some Eskimos.” There are some _ attractive 
photographs. G. C. L. BERTRAM 


POISONOUS PLANTS. 


The Toxic Plants of Western Australia 

By C. A. Gardner and H. W. Bennetts. Pp. xxx + 
253 +52 coloured plates. (Perth: West Australian 
Newspapers, Lid., 1956.) £(A)2 10s. 


HE rich and varied flora of Western Australia, 

which has so many affinities with the flora of the 
Cape in South Africa, is noted for the number of highly 
ornamental or beautiful plants that it contains. 
Unfortunately, it contains also a large number of 
species known to be poisonous. These have been the 
cause of loss and anxiety to stock-owners since the 
days of the earliest settlers. A great deal of know- 
ledge regarding these harmful plants has been accumu- 
lated in recent years, thanks largely to the investiga- 
tions of the two authors of this book. They have now 
produced, in a most scholarly fashion, what is the 
first comprehensive work on the poisonous plants of 
Western Australia. Both authors are eminent in 
their respective fields—botanical and veterinary—and 
together they have formed an ideal partnership for 
work of this kind. It is to be hoped that the toxic 
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plants in other parts of the world, particularly the less- 
developed countries, will be similarly dealt with. 

The book has purposely been written in a manner 
that will enable pastoralists and farmers: to recognize 
symptoms of poisoning and to identify the plants 
that may be responsible. It is well illustrated with 
coloured plates and line drawings. Each species is 
treated separately and a detailed description of it 
provided. This is followed by information on toxicity, 
symptoms and post-mortem appearances. An appen- 
dix lists the toxic plants likely to be found in each of 
the sixteen districts of Western Australia. Other 
appendixes give lists of the cyanogenetic plants and 
. those known to cause photosensitivity, dermatitis and 
hay fever. As quite a number of the species dealt 
with occur in other parts of the world the book is 
likely to be of value in other countries. 

F. N. Howes 


WHEAT IN AUSTRALIA 


The Wheat Industry in Australia 

By Dr. A. R. Callaghan and Dr. A. J. Millington. 
Pp. viii+486. (Sydney and London: Angus and 
Robertson,’ Ltd., 1956.) 63s. 


HEAT is by far the most important crop in 

Australian agriculture, and next to wool it is 
the most valuable product. Australian wheat accounts 
for about 5 per cent of the world output, but its inter- 
national significance is greater than this figure 
suggests, because Australia is one of the four major 
wheat-exporting countries. The history of wheat 
cultivation in Australia provides an excellent exemple 
of agricultural evolution ; starting from an exhausting 
mono-culture on virgin land after clearing and burning 
the native vegetation, it was improved by the intro- 
duction of fallows and fertilizers, especially super- 
phosphate, and more recently by diversified cropping 
and alternation with leguminous pasture, in an 
attempt to achieve stability of yield and to prevent 
soil erosion. The extensive cultivation of wheat with 
a minimum of man-power was made possible by the 
invention of special implements and machines 
adapted to. local conditions. These are a few of the 
reasons that justify the publication of “the first 
comprehensive account of the Australian wheat 
industry”. 

This book is certainly comprehensive. It starts 
with a history of the establishment of agriculture in 
Australia, and its development up to the present. 
Some introductory chapters describe the climate and 
soils of the wheat lands, and discuss soil structure, 
plant nutrition and the use of fertilizers in general 
terms. -There are a useful summary of. Australian 
work on the effect of fallow and of leguminous crops 
on soil nitrogen, and an account of ‘dry-farming’, the 
benefits of which are shown to be due to conservation 
of nitrogen, not water, and to weed control. Varia- 
tions in husbandry on the different soil types of the 
wheat belt, and possible future developments in 
cropping systems are discussed. There is a short 
general description of the morphological changes 
during growth of a wheat plant, not specifically 
related to Australian varieties or conditions. Later 
chapters deal with the improvement of wheat varieties 
by selection and breeding, wheat diseases, and the 
implements and machines used in wheat growing. 
The rest of the book, about a quarter of it, is con- 
cerned with non-agricultural topics, such as storage 
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and marketing of grain, its conversion into flour and 
bread, and the economics of world trade in wheat. 
Some of these seem scarcely appropriate for a volume 
of the “Australian Agricultural and Livestock 
Series”. The most conspicuous omission is the lack 
of any consideration of the quantitative physiology 
of growth of wheat plants, and the ecology of wheat 
crops that form the basis on which the wheat industry 
is built. 

The book is lavishly illustrated with nearly 300 
photographs, diagrams and graphs, but many of 
them have so little relevance to the theme, and others 
so nearly duplicate each other (for example, Figs. 
140, 141 and 154) that they could have been omitted 
with little loss, and possibly some reduction in cost. 
It is full of factual information, clearly presented and 
critically discussed, and generally succeeds in its 
declared intention of giving “an overall appreciation 
of the industry and its problems” ; but it could have 
been shorter, more selective, and more readable if 
the authors had written for a more restricted audience, 
and had not tried to meet the requirements of “the 
farmer, the specialist, the student and the general 
reader” all within the same volume. 

D. J. WATSON 


COMMON LANDS 


The Common Lands of Hampshire 

By Dr. L. Ellis Tavener. “Pp. vii+123+8 plates + 
7 maps. (Winchester: Hampshire County Council, 
1957.) 2ls. 


HEN the Royal Commission on Common Land 

began its work two years ago, the lack of 
accurate information on the status and distribution 
of common land in England and Wales was at once 
apparent. The official estimate of about 2,000,000 
acres (of which 500,000 may be in Wales) was based 
on a return made so long ago as 1873, together with 
some later information on larger areas suitable 
for war-time reclamation. Only one county, Cam- 
bridge, had made a survey of commons as part of its 
planning survey. To remedy its own position, the 
Hampshire County Council commissioned Dr. L. EB. 
Tavener, senior lecturer in geography in the Univer- 
sity of Southampton, to carry out a factual study of 
common land in that county—excluding the New 
Forest, of which adequate details exist. 

The county has published his findings in this hand- 
some volume. Whereas he was provided with a 
provisional list of 90 commons covering 12,000 acres, 
he actually found at least 133 commons totalling 
nearly 17,000 acres, not including innumerable 
village greens of less than five acres which have not 
been listed. 

A tabular analysis and succinct descriptions of 
commons by administrative areas are accompanied by 
a chapter on their soils, and a comparison of the 
maps in the folder shows clearly the close association 
of commons with coarse, hungry soils of the London 
and Hampshire Tertiary basins, and the western end 
of the Weald. ‘Tavener’s pioneer study is of far 
more than local interest. A careful glossary, an 
attempt to determine what is a common, an indication 
of sources of information—notably the enclosure 
awards—combine to make this an indispensable 
guide to others who, it is hoped, will take up the 
systematic study in other counties. 

L. DUDLEY Stamp 
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Guided Missiles in War and Peace 

By Nels A. Parson, jun. Pp. xii+161. (Cambridge, 
Mass. : Harvard University Press ; London: Oxford 
University Press, 1956.) 28s. net. 


HIS introductory study, by a member of the 

United States Army Ordnance Corps, attempts 
to show the impact of guided missiles on military 
operations and to describe the technical characteristics 
of the main classes of missile. The subject is treated 
at a technical level. suitable for non-specialists ; 
nevertheless the book gives a useful account of the 
basic principles of missile propulsion, aerodynamics 
and guidance, with clear diagrammatic illustrations. 
There is a strong tendency to advance the guided 
missile as the solution to almost every military 
problem of the future, although the need for specially 
trained man-power to operate and maintain the 
associated complex equipment is emphasized. Great 
importance is attached to the use of submarine- 
launehed atomic missiles and to the provision of 
medium-range ballistic missiles for use by army 
commanders. Although, at the time the book was 
written, the speculations it contains on satellites and 
space travel may have seemed naive, the last chapter 
on ‘missiles of peace’ has a topical ring in the light 
of recent events. 

In general the book is typical of the spate of publica- 
tions on missiles which have emanated from the 
United States in the past few years. For the inquirmg 
layman, as for the soldier, sailor or airman, it gives a 
readable introduction to the subject, with a number of 
interesting photographs of American missiles and a 
summary review of the likely tactical and strategic 
uses of guided missiles. 


Non-Stable Stars 

Edited by George H. Herbig. (Symposium No. 3 of 
the International Astronomical Union.) Pp. viii+ 
200. (Cambridge: At the University Press, 1957.) 
30s. net. 


HIS volume contains the talks given at a 

symposium of the General Assembly of the 
International Astronomical Union held in 1955 at 
Dublin. It is concerned mainly with stars which for 
one reason or another are thought to be unstable, or 
near instability, especially T Tauri stars, flare 
stars, novae, Wolf-Rayet stars, and eclipsing 
binaries. 

Among the more interesting contributions are those 
on T Tauri stars, peculiar objects to which A. H. 
Joy first directed attention in 1945. They are 
dwarf stars, irregularly variable, with late-type 
spectra but showing emission lines, and associated 
closely with interstellar matter. At first their 
peculiarities were attributed solely to collision with 
gas clouds, but the association between stars and gas 
is now thought to be more than fortuitous. The 
general opinion is that these stars are young and, 
indeed, that we may be witnessing some stage in 
their formation. Another important paper is that by 
M. F. Walker, giving evidence for extremely rapid 
light variations in old novae, especially DQ Her, 
better known perhaps as Nova Herculis 1934. 
A. McKellar and R. M. Petrie give some valuable 
measures of spectrum line changes during ingress and 
egress in 31 Cyg, where a B5 star is eclipsed by a 
super-giant K star. The results show irregular 
structure and movement in the K star’s atmosphere, 
giving us a decidedly more complicated picture than 
is usually contemplated in theory. 
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Much attention is given to ejection of matter by 
one component of an eclipsing binary.and interception 
by the other. The opinion appears to be growing that 
some such mechanism is often operative, with a 
significant and possibly rapid effect on the evolution 
of the component stars. Z. Kopal reports some 
computations, based on a very simple model, to 
deduce the actual trajectories for gas particles from 
one star to the other. One may hope to see more 
work of this kind. 

But valuable and interesting though these and 
other papers in this book may be, I have been left 
with a rather depressing suspicion that in this subject 
we have too many complications and too few signi- 
ficant facts, too much hopeful speculation and perhaps 
not enough hard thinking. We need new measure- 
ment techniques, deliberately designed to answer 
specific questions, and not merely for the purposeless 
collection of more data with which to confuse our- 
selves; and we need fresh theoretical ideas, rigor- 
ously worked out. If this symposium stimulates 
such developments it will have justified itself. 

R. O. REDMAN 


The Origins of Modern Science, 1300-1800 
By Prof. H. Butterfield. New edition, revised and 
enlarged. Pp. x+242. (London: G. Bell and Sons, 
Ltd., 1957.) 16s. net. 
N view of its intrinsic value and the many appre- 
ciative reviews of the first edition, including that 
in Nature (165, 333; 1950), it is very fitting that 
“The Origins of Modern Science”, published in 1949 
and reprinted in 1950 and 1951, should now appear 
in a revised and enlarged form. Referring to the 
lectures which he delivered for the History of Science 
Committee in Cambridge in 1948, Prof. H. Butterfield 
writes, “In this revised edition they appear now 
with some of their original errors removed, some 
judgments altered, and some changes which reflect 
the advance of knowledge in the intervening years”. 
Thus, although this book retains its general plan, 
its value is enhanced by the author’s considered 
judgment, which finds expression in revision and 
expansion, here and there, of the various chapters. 
A summary of the importance of the ‘theory of 
impetus’; an appreciation of the contribution to 
modern science of fifteenth-century art ; a discussion 
of the notion, brought to a climax in the eighteenth 
century, of ‘the Great Chain of Being’, are examples. 
Not least in value are the suggestions for further 
reading, which have also been brought up to date. 
This new edition is specially welcome in a world 
which is still in need of the historian’s as well as the 
scientist's point of view. H. D. ANTHONY 


Pioneer of Sociology 
The Life and Letters of Patrick Geddes. By Philip 
Mairet. Pp. xx+226. (London: Lund Humphries 
and Co., Ltd., 1957.) 21s. net. 

O convey a vivid and accurate impression of a 

personality so dynamic and many-sided as that 
of Patrick Geddes is no easy task, and though the 
thirty-odd letters Mr. Mairet allows himself in his 
two hundred or so pages appear to be well chosen and 
representative, they are scanty measure for the task. 
None the less, the book is well balanced and gives 
a clearer and more continuous picture of Geddes’ 
whole life and work than Mr. Broadman’s earlier 
book. In his final chapter Mr. Mairet attempts a 
brief but admirable appreciation of the significance 
of Geddes’ work, and it is here in its exposition of the 
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contribution which Geddes’ work and thought has 
made to the problems of to-day that the great merit 
of this book is to be found. Not simply in town and 
country planning, in the community centre and in 
like fields of sociology, but on a host of educational 
issues such as the multi-racial university (as Sir 
William Holford notes in his foreword), the functions 
and work of a university, the fragmentation of 
knowledge, halls of residence and technical assistance, 
Geddes had stimulating and sensible ideas, the 
reference of which in the context of to-day is apparent 
from Mr. Mairet’s exposition. It is the more unfor- 
tunate, therefore, that the book is robbed of its full 
value by the omission to supply those bibliographical 
details which would enable the reader when interest 
is aroused to turn to Geddes’ own writings and study 
for himself the implications of his thought. The 
book is also marred by some careless writing, Inaccura- 
cies of description, for example of the Committee of 
Intellectual Co-operation, and the index is erratic and 
might well be more complete. R. BrieatmMan 


Tree Injuries 

Their Causes and Their Prevention. By H. L. Edlin 
and M. Nimmo. Pp. v+167. (London and New 
York: Thames and Hudson, Ltd., 1956.) 21s. net. 


HE post-war boom in horticultural societies has 

had its parallel in a marked revival of interest in 
arboriculture, and for this type of reader the book 
under review can be strongly recommended. It is 
eminently readable, the information provided is 
thoroughly reliable and, above all, the 125 photo- 
graphs provided are fascinating. With the text these 
should provide a means of recognizing and explaining 
all the common, and some uncommon, forms of 
damage and abnormality likely to be seen about the 
country, and should also serve as a warning of the 
harm that may be caused inadvertently by man. 
Some people,may find life the duller for the sensible 
answer given to the perennial question as to what 
damage is done to @ tree by ivy, but they may 
perhaps find compensation in becoming knowledge- 
able about many more recondite problems. It may 
be pedantic to quarrel with the classification of old 
age, coppicing, spiral grain, etc., as ‘injuries’, par- 
ticularly as the book would be much the poorer for 
their omission, but this leads to a misleading impres- 
sion that ‘prevention’, as mentioned in the title, is 
not very adequately covered. In fact, such measures 
as are possible for the prevention of diseases and 
defects are given with commendable brevity and 
practical sense. 

More than seventy types of ‘injury’ are described, 
and these are grouped conveniently ‘according to 
causes, such as climate, man, mammals and birds, 
insects, climbing and parasitic plants, fungi and old 
age, with a chapter on deformities and curiosities. A 


useful bibliography of about forty articles and books - 


is included. L. CHALK 
Insect Life in the Tropics 

By T. W. Kirkpatrick. Pp. xiv+311. (London and 
New York: Longmans, Green and Co., Ltd., 1957.) 
35s. net. 


HIS book may reasonably be likened to a small 
text-book on entomology in which particular 
point is made of selecting from tropical forms of insect- 
life examples to illustrate principles in insect biology 
and behaviour. The author draws largely from his 
own experiences and observations in East Africa, 


NATURE 


March 15, 1958 


Trinidad, Egypt and the Sudan. It is written primar- 
ily for the layman but contains so much information 
about different sorts of insects that it is likely to be 
helpful and of interest to the entomologist curious 
about insects beyond his speciality. The opening 
chapter considers briefly the nature of climates in the 
tropics. Two further chapters deal with the essentials 
of insect structure (mainly external), with some 
special reference to sensory organs, and the classifica- 
tion of insects to the level of orders. This is done in 
sufficient detail to satisfy the layman’s aspirations 
to approach his hobby scientifically. The remainder 
of the book presents its subject from a biological 
point of view. Thus, the chapters are on the way 
insects develop, reproductive mechanisms, food and 
feeding habits, locomotion, defence and protection, 
insect social communities and the architecture of 
insect nests and termitaria. The book is well 
illustrated with 146 line drawings and photo- 
graphs, well produced, and of a convenient size for 
travel. 


VoL. 181 


Heat and Thermodynamics 

An Intermediate Textbook for Students of Physics, 
Chemistry, and Engineering. By Prof. Mark W. 
Zemansky. Fourth Edition. Pp. xi+484. (London: 
McGraw-Hill Publishing Company, Ltd., 19657.) 
56s. 6d. 


MONG the present glut of thermodynamical 
texts, Prof. M. W. Zemansky’s book, in a refurb- 
ished edition, is still well among the best. It is, the 
author writes, aimed at physicists, chemists and 
engineers, but in fact it is most suited to the needs of 
physicists. It adheres rigidly to the classical approach, 
eschewing statistical mechanics and quantum theory, 
although certain facts have to be quoted from these 
subjects. This restriction does not prevent the author 
from discussing some of the most recent advances, 
notably in low-temperature physics. This topic, 
Zemansky’s own speciality, occupies a new and exten- 
sive chapter which forms an excellent survey of the 
field but tends to spoil the balance of the book. 
Perhaps this will be redressed in a fifth edition with 
an equally long chapter on the increasingly fashionable 
problems of high-temperature plasma, undoubtedly 
of great thermodynamic interest. Jonized gas is 
studied briefly in the chapter on gas reactions. The 
concluding chapters on chemical thermodynamics 
and the phase rule, though very clear, are markedly 
more theoretical in approach than the physical chap- 
ters, which abound in experimental detail. The 
sections with relevance to engineering are probably 
the weakest, and the section on heat transfer is 
necessarily so brief as to be scarcely worth while. A 
greater emphasis on flow processes is desirable in a 
thermodynamical text-book for engineers. 

The examples at the end of each chapter have been 
extended and improved. One’s only criticism is that 
many are exercises in mathematics rather than applied 
physics. 

Besides the discussion of low-temperature physics 
already mentioned, there are several new features 
in this edition. The faulty Kelvin treatment of the 
thermocouple has been superseded by the theory of 
coupled irreversible flows. The relation between 
information and entropy is touched on with tanta- 
lizing brevity. That the book should be so capable 
of continued development is testimony to the 
soundness of the original structure. 

J. A. SHERCLIFF 
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THE LONDON PLANETARIUM 
By Dr. H. C. KING 


Lecturer-in-Charge 


S R.H. the Duke of Edinburgh will be present 
. at the initial lecture or presentation to be 
held at the new London Planetarium on March 19. 
After this inauguration the Planetarium will be 
opening its doors to the general public and offering 
as many as thirty-five presentations a week, each 
presentation lasting forty minutes. 

The London Planetarium (Fig. 1) is the thirty- 
third Zeiss planetarium and the first large-scale 
project of its type in the British Commonwealth. 
The first was set up in 1924 on the roof of the Zeiss 
works at Jena, where in eighteen months some 
80,000 visitors viewed the artificial heavens. The 
instrument was thereafter operated at the Deutsches 
Museum, Munich, and a second projector, later moved 
to the Haagsche Courant at The Hague, took its 
place. By 1928 Zeiss had installed twelve planetarium 
projectors at important sites in Germany and Austria. 
Rome had one in 1928 and Moscow followed suit 
in 1929: according to a recent report 20,000,000 
visitors have so far visited the Moscow centre project. 
The first American planetarium, the 
Adler Planetarium, Chicago, was 
opened in May 1930. Its success 
was such that others appeared at 
Philadelphia (1933), Los Angeles 
and New York (1935), Pittsburgh 
(1939) and Chapel Hill, North 
Carolina (1949). During the 1930's 
Zeiss planetaria were also built 
at Stockholm, Milan, Osaka and 
Tokyo. 

The instrument for London is one 
of a new series made at the Zeiss 
works at Oberkochen, Western 
Germany. As such, it is of the type 
recently assembled in Sao Paulo 
and Hamburg. Previously, only the 
brightest star, Sirius, had been 
reproduced by a special optical 
projector ; but this system has now 
been extended and applied to all 
stars down to those of the second 
magnitude by the introduction of 
forty-two special projectors fitted 
to the main dumb-bell assembly 
(Fig. 2). Furthermore, the 32 star 
diapositives, which contain some 
8,900 remaining stars and various 
nebule and star clusters, are no 
longer made of perforated copper 
foil but are produced by photo- 
chemical means on scratch-proof 
plates. New speeds of three and 
twelve minutes have been intro- 
duced into both the diurnal and 
annual movements, and the Moon 
projector has been improved to 
show a brighter Moon with charac- 
teristic maculz. 

The building can be likened to a 
large hollow mushroom having 
an outer skin of copper-covered 


concrete, and an inner dome of aluminium alloy. 
The domes both rest on a circular floor of reinforced 
concrete 24 in. thick, which in turn is supported by 
twelve columns. These columns are placed 11 ft. 
back from the perimeter and act as fulera so that 
the mass of the concrete floor inside the circle of 
columns balances the cantilever plus the weight of 
the entire dome structure. The thrust downwards 
to the ground floor amounts to 145 tons per column, 
and this in turn is taken up by four piles to each 
column. The piles are 45 ft. long and have their tops 
10 ft. below road-level. 

The Metropolitan Railway runs along Marylebone 
Road at approximately 30 ft. from the edge of the 
building and the crown of the tunnel is some 6 ft. below 
road-level. Vibration from this source is so heavy 
that its effects can be heard in the present basement 
of Madame Tussaud’s—some 150 ft. back. Moreover, 
the direction of the railway changes at the new 
building and curves away into Baker Street Station ; 
as the trains slow down their wheels lock over to 
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The London Planetarium 


Fig. 1. 
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7 in Soo is oaa 
of 16-gauge half-hard aluminium. 
alloy sheets formed with butt. 
joints and screws to sixteen alum- 
mium ribs. These ribs are held in. 
position by two tubular tension 
rings and an upper aluminium 
saucer, and are bolted and imsu- 
lated to a steel substructure at the 
bottom. To prevent echoes and 
reverberation, the sheets are per- 
forated with holes 0-08 im. in 
diameter at a density of 20 per 
square inch and backed by a thick 
blanket of “Rocksil’. These holes 
in no way prevent the audience 
from seeing even the smallest star 
Images, 

In most planetaria the blackness 
of the darkened projection dome 
can be relieved by a faint blue 
radiance provided by two special. 
lamps fixed to the top members of 
the dumb-bell supports. In the 
London Planetarium this quite 
realistic auroral glow can be 
heightened by operating further 
lights concealed in the dais which 
surrounds the instrument, and by 
introducing blue and green ‘effects 
lights’ from behind the skyliné. 
The effects lighting is carried out 
in three rings of cold-cathode tubes. 
in red, green and blue (all con- 
coaled behind the plywood cut-out 
of the London skyline), and is 
controlled from the lecturer's con- 
sole. The red lighting is used for 
special sunrise and sunset effects, 
and can be faded in or out together 
with or separate from the blue and 


Fig. 2. The Zeiss dumb-bell projector green lights. 





cause heavy reverberation. It was therefore decided 
that only weight would overcome ground vibration, 
and the engineers designed heavy concrete beams on 
ss @ spiders web pattern. These beams connect up all 
the pile caps at 10 ft. below road surface and are 
topped off with an 18-in. thick concrete floor at 
“ground-level. This scheme has proved highly suc- 
cessful. Not only is the floor of the auditorium free 
from transmitted vibration but also the sound. of 
trains passing beneath is barely perceptible when the 
auditorium is empty. 

In all other planetaria the central projector 
assembly is permanently mounted at the centre of 
the auditorium. At London, however, this assembly 
is carried by a vertical lift mechanism installed by 
Knight Construction, Ltd. When a lecture is not in 
progress, the instrument can be seen by the public 
in the brightly-ht foyer directly beneath the audi- 
torium. In this ‘down’ position it is protected by a 
glass cage surround and a large overhead roller-blind. 
The sequence controls for the operation of the lift, 
lift blinds and lighting are at the lecturer’s console 
near the northern face of the auditorium. 

The auditorium has a seating capacity of 550 and 
can be given as many as eight changes of air every 
hour. Good optical projection makes it essential to _ 
enforce a ‘No Smoking’ ban and to filter the greater - 
part of the incoming air. The projection dome, ~ 









Fig. 3. Southera star dobe and Haiii Blake igi constelnikink 
Ce i ae a ee 
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Although the London Planetarium is owned by 
Madame Tussaud’s, Ltd., it will operate as a separate 
entity from the Waxworks Exhibition. So far as the 
public is concerned, there will be no connexion 
between the two. It is also the first planetarium to 
be financed by and operated through private enter- 
prise. As such, its presentations are designed to have 
the widest popular appeal and are not restricted to 
special times on just one or two days of the week. 
The presentations will be at once entertaining and 
yet restricted to the facts and findings of astronomy. 
Each and every aspect of astronomy that the Zeiss 
equipment can cover will be treated with integrity 
and in proper context and sequence. The public, as 
B. J. Bok has remarked, will soon lose interest in 
presentations of scientific results if the fundamentals 
of scientific honesty are not strictly observed. School 
parties will be specially catered for in the morning 
and early afternoon presentations. Lectures on more 
advanced aspects of astronomy and courses of lec- 
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tures on the fundamentals of practical astronomy and 
astro-navigation will undoubtedly follow in due 
course. How soon the normal programme can be 
extended into these most attractive fields will depend 
largely on the demand. For a year, ab least, and 
until all the necessary technical staff is appointed, 
the operation of the basic programme with its 
monthly changes will receive priority. 

The Planetarium has its own bookstall, and in 
addition to souvenir-brochures and booklets will 
later publish star-guides and low-priced books on 
elementary astronomy. The foyer will also contain 
display material arranged to interest the public in 
the findings of modern astronomy. When the new 
office block at the rear of the site is completed, the 
Planetarium will be able to offer an information 
service on matters astronomical to Press and public 
alike. It will by then have its own library and 
reference room, and also the necessary staff to deal 
with the anticipated heavy correspondence. 


THE BRITISH NUCLEAR ENERGY CONFERENCE 


SYMPOSIUM ON NUCLEAR ENERGY 


EVERAL chemical engineering aspects of atomic 
energy were discussed at the British Nuclear 
Energy Conference Symposium on Nuclear Energy 
which was held on January 21 in London. The 
symposium was sponsored by the Institution of 
Chemical Engineers, and the topics ranged from the 
problems which are involved when a nuclear power 
station of the Calder Hall type is started up, to the 
computation of the performance of solvent extraction 
columns which are used in purification processes for 
partially burnt nuclear fuel. 

Sir John Cockcroft, as chairman of the Conference, 
opened the symposium, after which the chair for the 
morning session was taken by Mr. A. 8. White 
(Atomic Energy Research Establishment, Harwell). 
Mr. H. G. Davey (United Kingdom Atomic Energy 
Authority, Windscale) presented the first paper on 
the “Commissioning and Operation of ‘A’ Station, 
Calder Works’’. Only a short time was available for 
commissioning the first of the two reactors in ‘A’ 
Station, and experimental measurements were 
restricted to those which would provide essential 
data. These included making measurements to 
determine the critical size and to find the optimum 
number and disposition of control rods required in the 
fully loaded reactor. These data were substantially 
supplemented by a more detailed experimental 
programme during the commissioning of the second 
reactor. 

A cylindrical loading pattern was used, and the 
critical mass found to be the equivalent of 406 
channels as compared with the predicted 475 channels, 
the difference being almost within the estimated 
error. A value of key, = 1-0547 was derived from 
experimental measurements, compared with the 
design figure of 1-042. The 48 control rods were 
calibrated by taking advantage of the closed pres- 
surized cooling circuit to maintain the reactor in a 
critical condition, by adjusting the air pressure 
within the pressure vessel. 


To ensure successful operation of the plant, it was 
necessary to test the coolant gas flow-rates through 
individual fuel channels, the gas leakage, the blowers, 
the gas circuit and the burst cartridge detection gear. 
Mr. Davey went on to discuss the work-up to power 
on August 1, 1956, and the approach to the maximum 
cartridge temperature of 375° C. on August 27, when 
the first turbine set was synchronized and loaded up. 
The second set was commissioned a week later and 
an electrical load of about 28 MW. was achieved 
with a reactor heat output of 136 MW. Steady con- 
ditions were maintained during September and early 
October and the official opening by H.M. the Queen 
was held on October 17, 1956, with the same operating 
conditions. A deliberate shut-down took place on 
November 15 and various modifications were made. 
Afterwards, near design conditions were obtained 
with an electrical output of 42 MW. at a heat output 
of 180 MW., with a maximum cartridge temperature 
of 408° C. The power output was eventually increased 
to 200 MW. heat in late August 1957. Mr. Davey 
gave sufficient information to demonstrate that 
Calder ‘A’ Station was not difficult to commission 
and, in fact, most of the teething troubles arose on 
the more conventional items of equipment. l 

In his paper on the “Development of the Butex 
Process for the Industrial Separation of Plutonium 
from Nuclear Reactor Fuels’, Mr. ©. M. Nicholls 
(Harwell) described the work which had been done 
in the Chalk River Laboratories prior to building 
the Windscale plant. Development of the Butex 
(diethylene glycol dibutyl ether) process, which was 
begun by a chemical team, was continued until 
proved by pilot-plant operation. The preferred 
process is one in which the fission products are 
eliminated by an early stage in a stream which is 
practically free from dissolved salts. Column studies 
were carried out, using uranyl nitrate, to study 
mechanical design details of solvent extraction 
columns, to provide information on the extraction 
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performance of columns and to check the flow-sheet 
so far as possible. Some of these studies were repeated, 
using uranyl nitrate solutions containing trace 
quantities of plutonium. 

The design of the radioactive pilot plant was 
largely governed by: (a) the limitations imposed by 
the radioactive and toxic nature of the materials 
handled; (b) the novelty of the process; (c) the 
need for versatility in the plant ; (d) the urgency of 
the situation; and (e) the limited staff and labor- 
atory facilities and restricted space. Mr. Nicholls 
discussed the effects of these conditions and outlined 
the form of the plant and flow-sheets. Typical 
extraction results were given, but it was stressed 
that the main object of the operations was not to 
obtain the best overall plant performance but to 
study the extraction at each stage of the process and 
to obtain results which could give information for 
the design of a production plant. The development 
of production-scale equipment was undertaken by a 
team from Imperial Chemical Industries, Lid. The 
value of the help and consideration given to the 
United Kingdom team by the Canadians at Chalk 
River was emphasized by Mr. Nicholls. 

In discussing this paper, Mr. Davey described the 
process development as a remarkable piece of work 
and emphasized the similarity of both plant and 
flow-sheets with the present Windscale plant. The 
salt-free highly radioactive effluent was & feature of 
great importance, since it enabled the volume of the 
highly radioactive stream to be reduced 40-50-fold by 
evaporation before storage. The use of simple types 
of column had contributed to trouble-free operation, 
and Mr. Davey said that he was not so enthusiastic 
about suggested departures to other types of equip- 
ment which may lead to more officient extraction 
but also to more trouble in operation. 

Dr. E. Lofthouse (Imperial Chemical Industries, 
Widnes), as a member of the Imperial Chemical 
Industries team which had assisted in the develop- 
ment of the Butex process, pointed out the import- 
ance of finding, at Chalk River, that the plutonium 
extraction was at least as efficient as that of uranium, 
and this greatly aided the scaling-up work. 

“Fission Product Disposal” was discussed by K. 
Saddington (Windscale). As an inevitable con- 
sequence of the operation of nuclear reactors, 
significant amounts of fission products are formed. 
The problem of the disposal of unwanted radioactive 
products will increase with increasing utilization of 
nuclear power. The problem is finally solved only 
by complete natural radioactive decay, but this 
process will take hundreds of years. Tho alternative 
methods of tackling the intermediate problem aro: 
(a) complete containment {safe storage); and (b) 
dispersion in such a way that, by natural or other 
causes, the waste is greatly diluted. At Windscale, 
the highly active waste is concentrated by evaporation 
` prior to storage. Evaporation raises issues of nitric 
acid removal, and destruction by the addition of 
formaldehyde may be used as well as steam or vacuum 
evaporation. The separation of specific fission 
products from this waste may provide useful radia- 
tion sources (c#sium-137 and strontium-90), but 
the residual solution must still be stored for 
lengthy periods, since it also contains long-lived 
alpha-emitting isotopes. Both American and 
British developments in dealing with highly active 
effluents were described. They included cation 
exchange on montmorillonite clays and fused salt 
calcination. 
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Medium active liquors may be treated by alumina 
floc adsorption (as at Windscale) or by alternative 
coprecipitation processes. After flocculation with 
alumina, 92-95 per cent of the total ~y activity and 
98 per cent of the trace plutonium are removed. The 
filtrate is monitored and discharged to sea. American 
practices include direct ground disposal using the 
ion-exchange properties of the latter. The small 
geographical area and dense population of Great 
Britain probably exclude such methods in this 
country. Low-active effluent may be discharged 
directly, or discharge may follow chemical pre- 
treatment. The problem is the same in all cases, to 
discharge the liquors at such a rate and to a pattern 
which is defined so as to safeguard the public health 
and convenience in the widest sense. 

Dr. E&E. Glueckauf (Harwell) discussed alternative 
methods of nitrie acid destruction or removal such as 
electro-deionization methods. He described work 
being done at Harwell to fix fission products in the 
form of insoluble glasses from which the activity 
could not be released. Mr. Grover (Harwell) men- 
tioned that pilot-plant work was being done in the 
Chemical Engineering Division at Harwell to convert 
fission products to glasses. 

Sir Hugh Beaver was chairman of the afternoon 
session. The first paper, on “Nuclear Criticality in 
Chemical Plants”, was preceded by a film entitled 
““Criticality’’. This described aspects of process plant 
criticality in terms which could be understood by 
plant personnel having little scientific trainmg. Dr. 
A. H. Gillieson (United Kingdom Atomic Energy 
Authority, Risley) then presented the paper by him- 
self and Mr. Nicholls. <A criticality accident with 
fissile materials could lead to hazards to plant 
operators and damage to the plant. Dr. Guillieson 
briefly reviewed the relevant neutron physics and 
discussed methods for the safe design of geometrically 
simple, isolated solution systems. This can be 
achieved by limitation of the mass, volume or con- 
centration of fissile material in solution. or, preferably, 
by selection of the shape of plant. Geometrically 
complex systems and the influence on safety of choice 
of process and plant operation were briefly discussed. 

A welcome speaker was Monsieur R. Galley (Com- 
missariat à l'Energie Atomique, Paris), who read his 
paper on the “Marcoule Plutonium Plant’. M. Galley 
gave a well-illustrated account of the plant, which is 
based on s tributyl phosphate extraction process. He 
included interesting details of plant construction, 
operation, analytical facilities and control, and allied 
problems of effluent disposal, ete. 

“Fuel Processing in Homogeneous Aqueous Re- 
actors”, by Mr. I. Wells (Harwell) and Dr. E. Loft- 
house, was presented by Mr. Wells. He summarized 
the relevant features of this type of reactor and 
discussed the special processing problems involved. 
It is necessary to keep to a minimum the wasteful 
absorption of neutrons in order that more fissile 
material is produced than is burnt (that is, for 
‘breeding’ to be possible). This, and the need for ` 
chemical and radiation stability, limits the number 
of chemical compounds suitable as fissile and fertile 
materials. Mr. Wells described gas-liquid. processing 
to remove volatile fission products, and solid—liquid 
separations by cyclones to remove precipitated fission 
product compounds. Alternative methods of chemical 
processing include solvent extraction and uranium 
peroxide precipitation. Mr. Wells concluded that it 
will be some time before such reactors are applied 
commercially, since many problems still have to be 
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overcome, for example, the containment of fluids, 
the handling of slurries and the maintenance of 
equipment in high-radiation fields. 

The final paper in the symposium, on the “‘Com- 
putation of the Performance of a Multicomponent 
Solvent Extraction System’ by Dr. J. T. Wood 
(Risley) and Mr. J. A. Williams (Windscale), was 
read by Mr. Williams. He showed how established 
methods of graphical calculation for immiscible 
phases may be applied to a complex multicomponent 
‘ solvent extraction system such as the first extractor 
of a tributyl phosphate process for irradiated 
uranium. Partition coefficients for the main com- 
ponents were presented and Mr. Williams demon- 
strated their use in the calculation of extractor 
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performance. Typical results were illustrated, and 
the choice of operating conditions, as determined | 
by the behaviour of individual components, was 
discussed. In conclusion, Mr. Williams pointed out 
that while the broad outlines of @ process can be 
calculated by the means described it must be 
emphasized that a reliable prediction of performance 
can only be made when all the partition data required 
are available. In some cases (for example, plutonium 
and ruthenium) it may be necessary to consider 
kinetic as well as partition effects, and it is more 
satisfactory to obtain detailed knowledge by experi- 
ment under conditions closely approximating, with 
respect to time of residence and flow ratios, to those 
of the plant. F. S. MARTIN 


RUDOLF DIESEL, 1858-1913 
By E. J. HOLMGREN 


A present the world is passing through a great 
phase of scientific discovery that commenced 
with the end of the Second World War. Mankind has 
seen such periodic surges of scientific achievement 
before, at which times remarkable discoveries and 
developments take place that have profound effects 
upon the subsequent achievements of man. Just 
such an upsurge occurred in the closing decades of 
the nineteenth century and the opening years of the 
twentieth—years which we associate with such names 
as Parsons, Nobel, Edison, Fleming and many others. 
It was an ago of great scientific pride and perhaps 
one of the most notable advances (and certainly one 
that has in recent years seen spectacular changes) 
was the advent of the compression-ignition engine as 
a prime mover with its notable promoter, Rudolf 
Diesel. 

Diesel was born in Paris on March 18, 1858, of 
Bavarian parents. He spent most of his early years 
in that city, but on the outbreak of the Franco- 
Prussian War his family’s fortunes were ruined and 
he was sent to England to school in 1870, Later that 
year he was sent to Augsburg, where he studied at 
the Technical School, and in 1880 he graduated from 
the Technical University with record marks. His one 
ambition was to become an engineer, and after 
graduating he worked for Prof. von Linde on the 
development of machinery for liquefying air. 

This was the era in which the reciprocating steam 
engine reached its greatest development ; the steam 
turbine had yet to appear. Diesel, however, as he 
worked both in the university and with von Linde, 
was not satisfied with the steam engine. Not only 
was it inefficient but also the cost per unit of power 
was much higher for the smaller than for the larger 
engines, so that it was an economical proposition 
only in the larger units. 

During his undergraduate years Diesel had first 
become interested in the Carnot cycle of the theoretic- 
ally perfect steam engine. He realized that this cycle 
must be applied in some way to provide a prime 
mover which did away with the faults of the steam 
engine. At first he designed an engine to run on 
ammonia gas in a manner similar to that of the steam 
engine, but while this was not satisfactory, mainly 
because of leakage of the gas, it demonstrated that 
a small economical engine was a possibility. 


As a result of his experiments with the ammonia 
engine, Diesel came to four conclusions: (1) the idea 
of an engine on the pattern of a steam engine had to 
be discarded ; (2) combustion of the fuel must be in 
the cylinder of the engine and not in a boiler; (3) air 
must be used as a working medium instead of steam ; 
(4) high compression. is necessary in order that the 
Carnot cycle be realized. It should be noted in 
passing that the concept of the compression-ignition 
engine was not new. In 1896 Charles Arkroyd Stuart 
had taken out his first patent, and had conceived the 
idea, of fuel injection with compressed air, using &æ 
hot bulb as the means of ignition. Diesel dispensed 
with the hot bulb altogether. Later, Arkroyd Stuart 
applied for a patent covering automatic injection. 

Prior to this time gas engines working on the 
four-stroke Otto cycle were the only internal com- 
bustion engines, and they all employed low com- 
pression ratios. With Diesel’s engine, high com- 
pression was to be a necessity: it was to produce 
heat so that when the fuel (at first powdered coal 
was envisaged) was introduced, combustion would 
take place; this could be controlled. No air-oil 
mixture could be introduced or a premature explosion 
would result. 

In 1893, with financial backing from Krupp’s and 
the Augsburg—Nuremburg Engine Works, Diesel 
constructed his first engine. This was a single- 
eylinder machine with an external crosshead, working 
on the four-stroke cycle. The cylinder was not water- 
jacketed. The engine was driven by external power 
and when the fuel oil was introduced there was an 
explosion and the indicator was shattered. The 
engine, though a failure, served to demonstrate that 
compression. could ignite fuel oil. In a second engine, 
Diesel introduced certain modifications such as a 
higher cam-shaft and a water-cooled cylinder jacket. 
This engine ran for only a minute. The third and 
fourth engines, built in 1897 and 1898, respectively, 
were more successful: the latter, although it 
was only a single-cylinder machine, developed 
20-25 h.p. 

The success of these experiments, which had been 
carried on at the Augsburg Engine Works since 1894, 
with the subsequent triumph of the engine as a 
workable machine, caused a world-wide sensation. 
Diesel engines began to be constructed in all parts of 
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the world under licence, for Diesel himself still 
possessed the patents. Unfortunately, at the turn 
of the century a number of minor mishaps on one or 
two machines caused Diesel considerable embarrass- 
ment and some financial reverse, during which he 
sold many of his patents; only later did he realize 
his mistake. 
_ After 1901 a number of refinements were intro- 
duced. Machines of several cylinders were built ; 
trunk pistons were introduced. The four-stroke cycle 
remained supreme and the oil was injected with the 
aid of compressed air, that is to say, a mixture of 
oil and air was introduced at the top of the com- 
pression. stroke, for which purpose the engine had to 
be equipped with an air pump. Diesel himself saw 
the advantages of airless injection, and also of the 
two-stroke cycle which was peculiarly suitable for 
his engine. Its advent was delayed for two decades 
following his initial success because no manufacturer 
_ could build a workable fuel-injection pump capable 
of withstanding the high pressures involved. It was 
airless injection that made possible the success of the 
Diesel engine as we know it to-day, particularly in 
respect to the smaller sizes. Ironically enough, the 
small-size Diesel engine was not realized as quickly 
as Diesel had hoped, partly because of the intro- 
duction and success of the electric motor. 

In 1912, Diesel visited the United States and 
addressed the American Society of Mechanical 
Engineers. At this time he was broken both in 
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health and financially, and his death a year later, 
although mysterious, is generally attributed to 
suicide. 

Diesel’s invention can be regarded as comparable 
in importance to that of the steam engine. It is 
interesting to note that Diesel foresaw that his 
engine would eventually change the railways. How- 
ever, at the time of its introduction the steam 
locomotive reigned supreme and another twenty-five 
years had to pass before the railways took any serious 
interest in Diesel locomotives. Diesel visualized his 
engine driving locomotives through a mechanical 
drive rather than through the intermediary of an 
electric generator and motor. Mechanical trans- 
mission was to come into its own, however, in rail 
cars and small switching engines. 

The story of the Diesel engine in construction 
equipment, marine applications and road transport is 
well known. The success of the Diesel engine in the 
First World War in submarines and in the marine 
world in general gave it an assured place as a prime 
mover. In road transport, it is interesting to note 
that Diesel himself designed a road truck but later 
withdrew it. The early success of the petrol engine 
in Canada and the United States overshadowed the 
smaller Diesel engine, which, however, achieved some 
popularity in Europe. In Germany and Britain 
Diesel aero-engines made their appearance before the 
Second World War and were very successful, but 
gave way to the gas turbine when it appeared. 


PROGRESS OF SPUTNIK 2 (1957°) 
By D. G. KING-HELE 


Royal Aircraft Establishment, Farnborough 


PUTNIK 2 has now been circling the Earth for 
more than four months, and sufficient observa- 
tions have been received and analysed to allow a 
preliminary report on its progress to be made. 
Fig. 1 shows how its period of revolution has 
altered during this time. A marked change in the 
slope of the curve is apparent between December 20 


PERIOD oF 
REVOLUTION 
(MINUTES) 


NOVEMBER DECEMBER 


and January 5, and there are several smaller fluctua- 
tions in slope, which are not visible on the scale of 
Fig. 1. Until mid-December the rate of decrease of 
period remained fairly constant at about 3-0 sec. a 
day. There followed a sharp rise to about 4-0 sec. a 
day in early January. During January the rate 
fluctuated between 4:4 and 3-9 sec. a day; then in 
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JANUARY MARCH 


Fig. 1. Variation of the (nodal) period of Sputnik 2 between November 1957 and March 1958 
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a A Table 1. 






Date Novembet 9, 1957 


Time, G.M.T. 


05.23 hr. 07.28 hr. 19.23 hr. 16.00 hr. 
Orbital period (min.) 103°49 + 0-05 102-289 + 0'001 99:206 + 0-001 96:33 + 0:01 
Seml-major axis (nautical miles) 3,940 -2 +1:3 3,909°'72 + 0:06 3,830°77 s+ 0:06 3,756°5 +03 
Eccentricity 0:0973 + 0:0004 0:0904 + 0-0003 0:0728 + 0-0005 0:055* 
Angle from apex to perigee — 33° + 1° — 41-9° + 0-2° — 63-19° + 0:06° — 83°* 





Inclination of orbital plane to equator: 65°29° + 003°. 


December 3, 1957 
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ORBITAL DATA FOR SPUTNIK 2 






January 22, 1958 March 2, 1958 



















The rate of rotation of the orbital plane about the Earth’s axis was 2°69 + 0-01 degrees/day at 00.00 hr. on December 1, 1957, and 2°88 + 


0:01 degrees/day at 00.00 hr. on January 20, 1958. 
* Accuracy uncertain. i 


February there was a further rise, from 3-9 to more 
than 5 sec. a day, followed by a fall to about 4-5 sec. 
a day. These fluctuations are believed to be genuine 
and not due to observational error. ‘They imply 
fluctuations in the effective drag on the satellite, and 
their interpretation should provide much scope for 
ingenuity. There have also been striking fluctuations 
in the apparent brightness of the satellite, often with 
a period of the order of one minute, and these have 
generally been attributed to its rotation. 

The fluctuations in drag have made it difficult to 
predict the movements of the satellite accurately, 
and any estimates of life-time are subject to con- 
siderable error. At present the most likely date for 
the final descent through the atmosphere appears to 
be April 15; but if the drag were to change abruptly 
by 20 per cent, as it has done in the past, this date 
could be in error by up to 10 days. 

When Sputnik 2 began its career the orbit had an 
eccentricity of about 0-1 and the height varied be- 


tween & minimum of 120 nautical miles and a maxi- 
mum of 900 nautical miles (1 nautical mile = 
6,080 ft.). The satellite was at perigee when going 
north at a latitude of about 51° N. By the beginning 
of March 1958, the eccentricity had fallen to about 
0-056 and the height varied between 110 and 530 
nautical miles. Meanwhile perigee shifted slowly 
backwards along the orbit, and by the beginning 
of March had nearly reached the equator. The 
inclination of the orbital plane to the equator has 
remained virtually constant, as was expected from 
theory. 

Fig. 1 and the orbital data given in Table 1 are 
derived partly from the many independent observa- 
tions on which the prediction service for Sputnik 2 
relies, and partly from observations made by kine- 
theodolite stations of the Royal Aircraft Establish- 
ment. I would like to thank all those concerned in 
the observations and analysis for the help they have 
given, often in the dark hours before dawn. 


NEWS and VIEWS 


Royal Society of Edinburgh : New Fellows 


AT the ordinary meeting of the Royal Society of 
Edinburgh, held on March 3, the following were 
elected Fellows of the Society: Prof. H. A. Brück, 
Astronomer Royal for Scotland and professor of 

astronomy in the University of Edinburgh; Dr. 
` W. K. Burton, lecturer in natural philosophy, 
University of Glasgow; Mr. W. McL. Dewar, head- 
master, George Heriot’s School, Edinburgh; Mr. 
W. E. J. Farvis, head of the Postgraduate School in 
Electronics and Radio and senior lecturer, Depart- 
ment of Engineering, University of Edinburgh; Dr. 
D. Finlayson, research superintendent, British Cel- 
anese, Ltd.; Dr. A. R. Hill, lecturer in agricultural 
zoology, University of Glasgow; Dr. D. K. MoE. 
Kevan, lecturer in agricultural zoology and head of the 
zoology section, School of Agriculture, University of 
Nottingham, recently appointed to the chair of 
entomology, McGill University; Dr. I. R. W. 
Lominski, senior lecturer in bacteriology, Univer- 
sity of Glasgow; Dr. A. McDiarmid, principal 
scientific officer (veterinary science), Agricultural 
Research Council Field Station; Dr. Sheila Mac- 
intyre, lecturer in mathematics, University of 
Aberdeen ; Prof. D. McKie, professor in the history 
and philosophy of science in the University of 
London; Mr. J. P. Maule, director, Commonwealth 
Bureau of Animal Breeding and Geneties; Dr. 
A. Meiklejohn, senior lecturer in industrial health 
in the University of Glasgow; Prof. R. Meredith, 
professor of textile technology, Royal College of 
Science and Technology, Glasgow; Dr. Mary J. 


McD. Noble, principal scientific officer (plant patho- 
logist), Department of Agriculture for Scotland ; 
Dr. D. V. Osborne, lecturer in natural philosophy, 
University of St. Andrews; Dr. R. Osborne, 
principal scientific officer, Poultry Research 
Centre, Agricultural Research Council; Dr. R. V. 
Rajam, director, Department of Venereal Diseases, 
Government General Hospital, Madras; Prof. R. A. 
Rapheel, regius professor of chemistry in the Univer- 
sity of Glasgow; Prof. I. N. Sneddon, Simson pro- 
fessor of mathematics in the University of Glasgow ; 
Prof. F. S. Spring, Freeland professor in the Royal 
College of Science and Technology, Glasgow; Mr. 
J. N. Toothill, general manager, Ferranti, Ltd., 
Edinburgh; Dr. C. D. Waterston, assistant keeper 
in charge of the Department of Geology, Royal 
Scottish Museum; Prof. A. Williams, professor of 
geology in The Queen’s University, Belfast; Prof. 
M. F. A. Woodruff, professor of surgical science, 
University of Edinburgh. 


NATO Science Committee 


THe following national representatives on the 
North Atlantic Treaty Organization Science Com- 
mittee have recently been nominated: Prof. C. 
Alexopoulos (Greece); Prof. F. Giordani, professor 
of general chemistry in the University of Naples 
(Italy); Prof. R. F. Mayer, vice-rector of Lisbon 
Technical University (Portugal); Prof. I. I. Rabi, 
professor of physics in Columbia University (United 
States); Prof. P. B. Rehberg, University of Copen- 
hagen (Denmark); Prof. 8. Rosseland, professor of 
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astrophysics in the University of Oslo (Norway) ; 
Prof. A. Rucker, rector of the Munich Technical 
High School (Germany); Prof. S. J. Sizoo, professor 
of chemistry in the University of Amsterdam 
(Holland); Sir Solly Zuckerman, Sands Cox pro- 
fessor of anatomy in the University of Birmingham 
(United Kingdom); Dr. E. W. R. Steacie, president 
of the National Research Council of Canada (Canada). 


Astronomy at Cambridge: - : 
Sir Harold Jeffreys, F.R.S. 


Sir HAROLD JEFFREYS, who is to retire from the 
Plumian professorship of astronomy and experi- 
mental philosophy in the University of Cambridge in 
October, is best known for his work on physics of the 
Earth and in particular for his discussion of seismo- 
logical observations and the deduction of the times of 
travel for earthquake waves. While this work on earth- 
quakes was for many years the centre of his interest, 
there is scarcely any branch of science connected with 
the physics of the Earth to which he has not con- 
tributed, his work on its thermal history, on stressos 
in the crust and on tidal friction being particularly 
well known. The three editions of his book, “The 
Earth”, have for thirty years been the best-known 
exposition of the application of physics and mathe- 
matics to our planet. In the course of his work on 
earthquake waves, Jeffreys met severe statistical 
difficulties arising from the failure of the observations 
to conform to the Gaussian law of errors. This led 
him to make an extensive study of the basis of the 
theory of probability and to write a stimulating and 
entertaining book on the subject. As was to be 
expected, this led to a vigorous controversy with the 
guardians of statistical orthodoxy. Jeffreys has also 
written several books on mathematical topics, in- 
cluding the widely known ‘Mathematical Methods”, 
which is a joint work with Lady Jeffreys. Since he 
was appointed to the Plumian professorship in 1946, 
Jeffreys has devoted his attention mainly to the 
relation between the Earth’s internal structure and 
astronomical quantities; in particular, he has 
studied the effect of the Earth’s fluid core on nutation. 


Prof. F. Hoyle, F.R.S. 


Mr. FRED Horie, who has been elected to succeed 
Sir Harold Jeffreys as Plumian professor of astronomy 
and experimental philosophy, is well known through 
his many substantial contributions to modern 
theoretical astrophysics. After an early start in 
quantum theory, Mr. Hoyle, in collaboration with 
Dr. R. A. Lyttleton, began to turn his attention to 
theoretical astrophysics shortly before the Second 
World War. His outstanding gift of physical in- 
tuition has enabled him to appreciate the vital 
factors in astrophysical situations that are far from 
terrestrial experience. In this way he has been able 
to make far-reaching contributions to the theories of 
stellar structure and evolution, of galactic evolution, 
of star formation, and of cosmology. Mr. Hoyle has 
kept in close contact with the outstanding observa- 
tional astronomers who are associated with the Mount 
Wilson and Palomer Observatories, and has spent a 
good deal of his time with them in Pasadena. In this 
way his theoretical work is backed by an up-to-the- 
minute knowledge of the latest observational results. 
The great depth of his understanding has made Mr. 
Hoyle an outstanding popular writer and broadcaster 
on astronomical and other topics. He has in the 
past added great distinction to astronomy in Cam- 
bridge as Fellow of St. John’s College and lecturer 
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U.S. National Astronomical Observatory : 
z Dr. A. B. Meinel 


Dr. ADEN B. MErnet has been appointed director 
of the proposed new U.S. National Astronomical 
Observatory by the National Science Foundation in 
conjunction with the Association of Universities for 
Research in Astronomy, Inc., which is under contract 
to the Foundation for the establishment and operation 
of the observatory at a site to be selected in Arizona 
(seo Nature of January 25, p. 236). Dr. Meinel 
received his Ph.D. in astronomy from the University 
of California in 1949. He joined the Department of 
Astrophysics of the University of Chicago in 1950, 
where he was appointed associate professor. In 1953 
he was made associate director of the Yerkes and 
McDonald Observatories. Dr. Meinel’s published 
work, in addition to optical design, spectroscopy of 
night airglow and aurora borealis, has included the 
identification of new band systems in the spectra of 
OH and Na, detection of extraterrestrial protons in 
the aurora, and reproduction of the auroral spectrum 
in the laboratory by the use of accelerated particles. 
He has received the Lomb Prize of the Optical 
Society of America and the Helen Warner award of 
the American Astronomical Society in 1954. 

Dr. Meinel has been associated with the project 
for the new observatory almost since its inception. 
He has served as full-time executive secretary to 
the ad hoc advisory panel of astronomers set up 
to make recommendations on a suitable site. 
Early in the spring of 1955 he began field work for 
the selection of possible sites in the south-western 
area. Assisted by H. A. Abt, Dr. Meinel made a 
comprehensive examination of the entire region 
bounded by the Rio Grande on the east, by lati- 
tude 36° on the north, and the geographical limits of 
the United States on the south and west. All avail- 
able high-altitude rocket photographs were carefully 
examined. The two scientists flew thousands of miles 
in a small plane and travelled great distances by car 
in the course of examining every possible site. Dr. 
Meinel will continue to direct work on the new 
observatory from his present field office in Phoenix, 
Arizona, until a site has been selected. 


Social Medicine at Aberdeen: Prof. E. M. Backett 


Dr. E. Maurice Bacxerr, who has recently been 
appointed professor of social medicine in the Univer- 
sity of Aberdeen, is forty-two. He graduated in 
medicine at the Westminster Hospital (University of 
London) and holds an honours degree in psychology, 
a diploma in public health, and is a member of the 
Royal College of Physicians. During the Second 
World War he served in the R.A.F. (Science Branch). 
After qualification, he became a Nuffield Fellow in 
Social Medicine and carried out some work for the 
Medical Research Council. He was appointed a 
lecturer in The Queen’s University, Belfast, and a 
senior lecturer at Guy’s Hospital Medical School and 
the London School of Hygiene and Tropical Medicine, 
jointly. In this post he has been able to develop his 
interests in undergraduate teaching and also to carry 
out various investigations, especially in the organ- 
ization of medical services; quality of medical 
care; morbidity studies in general practice ; 
social factors in the distribution of polio virus; 
medical care of deaf mutes; epidemiology of road 
accidents ; and coronary disease in doctors. 
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Graham: Kerr Memorial ° cs, 2s 

A COMMITTEE has been formed:to promote a fund 
for a memorial to the late Sir John Graham Kerr, 
who occupied the regius chair :of zoology in the 
University of Glasgow from 1902 until 1935, Lord 
Boyd Orr, chancellor of the University, has agreed to 
preside over the committee composed of the following 
friends and colleagues: Viscountess Davidson, Dr. 
Muriel Robertson, Sister Monica Taylor, Dr. G. 8. 
Carter, Dr. H. B. Cott, Sir James Gray, Dr. Edward 
Hindle, Dr. R. A. Staig and Prof. C. M. Yonge. The 
form of the memorial will depend on the amount 
collected ; but it is hoped that it will provide for the 
erection of a plaque and the endowment of an annual 
prize in zoology. Contributions should be sent as 
soon as possible to the Hon. Secretary and Treasurer, 
Miss A. E. Miller, Department of Zoology, The 
University, Glasgow, W.2. 


Sir William Siemens Exhibition 

A SMALL exhibition presenting the life and work of 
Sir William Siemens was opened at the Science 
Museum, South Kensington, on March 10. Prepared 
in collaboration with Siemens Edison Swan, Ltd., it is 
based upon exhibits collected together for display at 
the Central Hall, Westminster, on the occasion of the 
Siemens Bros. Centenary Lecture on March 5. Charles 
William Siemens was an outstanding figure in the 
industrial development of the nineteenth century, 
combining scientific insight and technical ability with 
an unusual degree of commercial acumen. He was 
an acknowledged pioneer of the electrical industry, 
both on the telegraph and supply sides; and his 
application of his regenerative furnace to metallurgy 
made bhim a leader also of the steol-manufacturing 
industry The exhibition traces his career and 
achievements in a chronological sequence. The early 
years, up to his election to the Royal Society, are 
represented by exhibits relating to his inventions 
during that period, and to the beginnings of his work 
with submarine cables. His later work is represented 
by exhibits dealing with the practice of steel manufac- 
ture and with the development of the olectrical 
industry, including his work on the self-excited 
gonerator. 


Directory of Societies for Natural History and 

Cognate Studies 

Tam Council of the British Association for the 
Advancement of Science has decided, at the invita- 
tion and with the financial assistance of the Carnegie 
United Kingdom Trust, to undertake the publication 
of a new edition of the “Directory of Natural History 
Societies”, which was first published in 1948 by the 
Amateur Entomologists’ Society. The “Directory” 
will cover archeological, astronomical, biological, 
botanical, geographical, geological, meteorological 
and zoological societies—both national and local 
amateur bodies—and any other cognate socicties 
which the Advisory Commitiee may feel should be 
included. More than three thousand questionnaires 
have so far been distributed, and it is hoped that any 
clubs or societies coming within the above terms of 
reference that have not yet received one will write 
to the editor, Dr. Averil Lysaght, c/o Bird Room, 
British Museum (Natural History), Cromwell Road, 
London, 5.W.7. 


Scientific and Technical Man-power In Britain 


Mr. H. Nicaoizs, Parliamentary Secretary to the 
Ministry of Works, replied on behalf of the Lord 
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President of the Council to questions in the House of 
Commons on February 25 on the sections on research 
and development in the annual report for 1956-57 of 
the Advisory Council for Scientific Policy. He said 
that the Government is playing its part by approving 
the expansion programme for universities and tech- 
nical colleges. Itis for industry to take full advantage 
of the skill made available for civil research by the 
limitation of the defence programme. The Advisory 
Council is now studying in greater detail the methods 
of financing research at universities, mcluding the 
provision of supporting staff. There is no sign at all 
of serious redundancy. Professional scientific and 
engineering institutions have offered to co-operate 
with the Committee on Scientific Man-power m 
carrying out an annual review of their membership, 
and in addition it has now been decided to undertake, 
towards the end of 1958, a further survey of the 
number of scientists and engineers in Great Britain, 
similar in scope to that made in 1955. He did not 
think there is anything to substantiate the suggestion 
that industry does not keep in close touch with ne 

research in Britain and elsewhere. ; 


Smoke Abatement 


Mer. H. Nrogorrs, Parliamentary Secretary to the 
Ministry of Works, replying on behalf of the Lord 
President of the Council to a question in the House 
of Commons on March 4 regarding research on the 
measurement and reduction of smoke from industrial 
chimneys, said that the Fuel Research Station of the 
Department of Scientific and Industrial Research 
had developed two types of instrument to simplify 
the measurement of smoke. One is intended to show 
a stoker in the boiler house, and the other a smoke 
inspector outside, when smoke darker than the legal 
limit is being produced. The Research Station has 
also developed smoke-eliminating devices for indus- 
trial hand-fired boilers, adoption of which would offer 
a saving of more than 1 million tons of coal a year. 


Emergency Supplies of Water 

In moving the second reading of the Water Bill 
in the House of Lords on February 27, the Minister 
without Portfolio, Lord Mancroft, said that the 
measure, which was designed to give permanent 
powers for maintaining public water supplies in 
serious droughts, would enable us to dispense with 
Defence Regulation 504, under which orders had been 
made allowing water undertakings to draw water 
from emergency sources, and Defence Regulation 56, 
which had been used to relax restrictions and obliga- 
tions resting on water undertakings. Jn the past few 
years a dozen or more water undertakings have been 
amalgamated and other discussions are proceeding. 
Although there are still nearly 1,000 such under- 
takings, he did not agree that nationalization is the best 
way to make them efficient ; nearly 700 are actively 
considering amalgamation or re-grouping, and more 
than £240 million had been spent since the War on 
water supplies in Britain. Lord Mancroft said that 
the Bill broadly followed the lines of the Water 
Supplies (Emergency Shortage Orders) Act of 1934, 
Clause 1 allowing the Minister of Housing and Local 
Government or the Secretary of State for Scotland, 
if either is satisfied that a shortage of water supplies 
exists or is threatened because of an exceptional 
drought, to make orders authorizing undertakings to 
draw water from a source not normally used and to 
vary restrictions or obligations resting on the under- 
takings as to the amount of water that may be 
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pumped from a river or the amount of compensating 
water to be discharged from their reservoirs. The 
Ministers are required. to consider the interests of all 
concerned with the conservation or use of the water 
for agriculture, fisheries, industry, navigation, otc. 
Comparatively little potable water is used by the 
Atomic Energy Authority. 


Committee for Biologica! Acoustics 


In 1956 an International Committee for Biological 
Acoustics was set up at a conference in the United 
States to act as a focus for research on human and 
animal acoustics. The growing interest in this field 
in Great Britain has created a demand for @ national 
committee, which has now come into being. Its con- 
stitution is as follows: Chairman, Prof. R. J. 
Pumphrey, Department of Zoology, University of 
Liverpool (who is also the British representative on 
the International Committee); Secretary, Dr. P. T. 
Haskell, Anti-Locust Research Centre, London ; 
Members, Dr. E. C. Cherry, Department of Electrical 
Engineering, and Mr. D. Leston, Department of 
Zoology, Imperial College of Science and Technology, 
London; Dr. F. C. Fraser, Department of Zoology 
and Dr. D. R. Ragge, Department of Entomology, 
British Museum (Natural History) ; Dr. L. Harrison- 
Matthews, Zoological Society of London; Dr. 
J. W. S. Pringle, and Dr. W. H. Thorpe, Department 
of Zoology, University of Cambridge. 

The committee hopes to arrange meetings on bio- 
logical acoustics in collaboration with established 
biological societies, will maintain close liaison with 
the International Committee, and is also investi- 
gating the possibility of setting up a British collection 
of recorded animal sounds. A necessary first step 
will be to ascertain the present extent of interest in 
and the range of research on biological acoustics in 
Britain, and it is proposed to compile a list of all 
those interested in the field. Anyone interested in 
any aspect of human or animal acoustics should send 
his name and address, with brief comments on 
his research and field of interest, to Dr. P. T. 
Haskell, Anti-Locust Research Centre, 1 Princes 
Gate, London, S.W.T. 


The Egyptian fournal of Geology 

In these days when the output of scientific literature 
challenges the ability of the worker in even the most 
specialized fields to keep himself informed about 
current research, news of the publication of yet 
another scientific journal must sometimes be received 
with mixed feelings. This will not, however, prevent 
geologists from wishing success to the Geological 
Society of Egypt, which in 1957 published the first 
number of the Egyptian Journal of Geology, which is 
to be produced in future twice-yearly. Egypt is a 
country of considerable mineral wealth and with 
many features of geological interest ; the new Journal 
will provide a useful forum for her geologists, and it 
is good that the results of their work should be made 
_ readily available to the scientific world at large. In 
the current issue, three of the four articles are con- 
cerned with specifically Egyptian problems of strati- 
graphy, micropalzontology, and mineral resources ; 
the fourth deals with the more genral subject of the 
serial character of igneous rocks. The articles are 
printed in English with Arabic summaries in this 
issue, but the editors invite contributions written in 
any language employing Latin or Arabic characters. 
An otherwise excellent format is marred by the 
adoption of è tall, narrow type-face which gives an 
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impression of elegance but is trying{to read. The 
Journal is published at Tager Building, Elhami 
Street, Kasr El Doubara, Cairo, and{costs 50 P.T. 
(10s.). 


Current Research on Orthoptera 


THe number of workers now engaged in research 
on Orthoptera is large and the field of work is very 
extensive, often resulting in unnecessary duplication 
of work and in restriction of exchange of ideas. A 
questionnaire was sent out by the Anti-Locust 
Research Centre, London, in 1956 to institutions and 


- scientists all over the world known to be engaged in 


research on Orthoptera, asking them to provide 
information on the subjects of their research. Of 
250 questionnaires sent out, 215 were returned by 
workers in thirty-seven different countries. As @ 
result, & list of workers and their addresses, indicating 
the nature of their current work, has been issued by 
the Anti-Locust Research Centre, under thef title 
“Current Research on Orthoptera’, for circulation 
among all those known to be engaged in research on 
Orthoptera. The fields of research covered have been 
divided into seven sections (the figures in brackets 
showing the number of projects listed in each case) 
as follows: taxonomy and faunistics (61); anatomy 
and morphology (26); physiology (biochemistry and 
metabolism) (87); physiology (nervous system and 
sense organs) (21); behaviour (46); ecology, bio- 
geography and general biology (76); and pest con- 
trol (35). When e scientist is engaged in research 
related to more than one section, separate cross- 
indexed entries have been made, so that any one 
section contains a complete list of all known workers 
in that field. The arrangement withm each section 
is alphabetical. All those listed will receive ‘‘Current 
Research on Orthoptera”, further numbers of which 
will be issued as new or revised entries accumulate. 
All inquiries and any information for inclusion in the 
list should be addressed to the Anti-Locust Research 
Centre, 1 Princes Gate, London, 8.W.7. 


Swedish Forest Research 

Scots pine (Pinus silvesivis) and Norway spruce 
(Picea abies) form the chief commercial species of 
the Swedish forests and source of annual revenue 
obtained from them ; it is to be expected, therefore, 
that these species should be considerably studied in 
the Forest Research Institute at Stockholm. In the 
report of the Forest Research Institute of Sweden 
(Vol. 46. Pp. 572. Stockholm: Statens Skogs- 
forskningsinstitut, 1957) two interesting papers are 
printed: “Germination Analyses by the X-ray 
Method of Picea abies’ and “Seed Development of 
Picea abies and Pinus silvestris’. The X-ray experi- 
ments on the spruce here described are a continuation 
of work previously carried out at the Institute. The 
method of predicting the germinative properties of a 
seed from its X-ray photograph is based on the close 
correlation between these properties and the morpho- 
logical characteristics of the seed’s embryo and 
endosperm. The seed was harvested with great care, 
mostly from northern localities where the less de- 
veloped seed types are found more frequently. The 
paper gives full details of the methods employed, 
with photographs. In the second paper, on the seed 
development of the two species, the aim of the 
investigation was to establish the time of fertilization 
and to follow embryo development during summer 
and early autumn. The material was collected from 
trees growing in the vicinity of Stockholm. The 
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report gives data on the time between pollination, 
fertilization and other interesting facts. It is illus- 
trated with good photographs. 
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Carlsberg—Wellcome Travelling Research Fellow- 
ships, 1958-59 


Tue directors of the Carlsberg Foundation, in 
Copenhagen, and the Wellcome Trustees, in London, 
instituted in 1957 a system of Carlsberg-Wellcome 
Travelling Research Fellowships, with the object of 
encouraging friendly co-operation, on an exchange 
basis, between Danish and British research workers 


in any branch of the natural scionces which has a` 


bearing upon human and animal medicine. One 
Fellowship annually is awarded to a candidate from 
the United Kingdom for a year’s work in Denmark 
and one annually to a Danish candidate for a year’s 
work in the United Kingdom. The stipend may 
range from £800 to £1,200 per annum (or the equi- 
valent sums in Danish kroner) for whole-time 
research. Travelling and some incidental expenses 
are provided in addition. It is intended to make 
the second two appointments in respect of the 
academic year beginning September 1958. Inquiries 
from candidates in the United Kingdom should be 
addressed to the Scientific Secretary of the Wellcome 
Trust, 52 Queen Anne Street, London, W.1, from 
whom further particulars can be obtained. There is 
no form of application, but candidates should submit 
a full curriculum vitae, together with details of their 
research proposals and a supporting letter from a 
senior scientist who is familiar with their work. 
Completed applications must be submitted before 
April 30. 


Physical Society Handbook of Scientific Instru- 
ments and Apparatus 


THE annual exhibition of scientific instruments and 
apparatus of the Physical Society, to be held in the 
Halls of the Royal Horticultural Society, London, 
during March 24-27 (see Nature of March 8, p. 673) 
is an established feature of the scientific year in 
London. The “Handbook of Scientific Instruments 
and Apparatus, 1958 Exhibition”, published in con- 
nexion with the exhibition (pp. xvl+284+pp. 84 
advertisements. London: The Physical Society, 
1958. 6s. net), is not only a detailed catalogue of, 
and guide to, the exhibits, but also a valuable work 
of reference on recent developments in the design of 
physical apparatus, providing, moreover, convenient 
lists of British manufacturers, and of recent scientific 
and technical books. The “Handbook” is arranged 
in numerical order of stands at the exhibition and 
includes a brief description of every item. There are 
comprehensive indexes both of exhibitors and of all 
subjects exhibited, and the large section devoted to 
advertising is in itself a valuable collection of useful 
information. 


Physics in Schools 


A soint Easter conference of the Education Group 
and the South Western Branch of the Institute of 
Physics on “Physics in Schools” is to be held in the 
H. H. Wills Physics Laboratory of the University of 
Bristol during April 9-11. The conference will be 
opened by Sir Philip Morris and addressed by: Mr. 
A. D. C. Peterson (director of education, City of 
Oxford) on general education and physics in the 
sixth form; Mr. D. W. Scott (University of Bristol) 
on teaching physics in middle and upper forms of 
grammar schools; Mrs. C. E. Arregger (Hilger and 
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Watts, Ltd.) on the problem of recruiting women as 
physicists ; Mr. W. Llowarch (Institute of Education, 
London) on the role of practical work in the education 
of a physicist ; Prof. C. H. Dobinson (Reading) on the 
General Certificate of Education examinations at 
Ordinary and Advanced levels for future physicists ; 
Prof. G. K. T. Conn (Exeter) on the transition from 
school to university ; and by Dr. J. Topping (prin- 
cipal of Brunel College of Technology, London) on 
the education of physicists m technical colleges. The 
conference is open to all who are interested, and 
accommodation will be available in Wils Hall. 
Further details and forms of application to attend 
can be obtained from the Institute of Physics, 
47 Belgrave Square, London, 8.W.I. 


Announcements 


THe annual Conference of Science for Peace will 
be held on March 22 at the Mahatma Gandhi Hall, 
Fitzroy Square, London, at 2 p.m. Speakers will 
include Prof. 8. C. Harland, Dr. R. L. M. Synge and 
Dr. E. H. 8. Burhop. 


Sıx Hans Kress, Whitley professor of biochemistry 
in the University of Oxford, has been awarded the 
Gold Medal of the Association for the Advancement 
of Natural, Medical and Surgical Sciences, Amsterdam, 
for outstanding scientific achievement. This Medal 
was instituted in 1840, and the first awards in 1865 
were to medical men; later recipients have included 
Lorentz, van. der Waals, Kamerlingh Onnes, Einstein 
and Sir Henry Dale. 


THe Mechanical Engineering Research Laboratory 
of the Department of Scientific and Industrial 
Research, East Kilbride, Glasgow, is to hold open 
days on June 4 and & Applications for invitations on 
cither day from representatives of any organization 
with engineering interests should be sent to the 
Director. 


Tue Cornell Summer Laboratory Course in Tech- 
niques and Applications of the Electron Microscope 
for senior workers in the biological and medical 
sciences is to be given during June 16—July 3 and is 
being supported by a grant from the National Science 
Foundation. The course, which is primarily for 
scientists using the electron microscope in their 
research, work, is under the direction of Prof. B. M. 
Siegel, to whom all inquiries should be addressed at 
Rockefeller Hall, Cornell University, Ithaca, New 
York. 


THE scope of the annual Conference on Conserva- 
tion of Nature in south-east England, which is to 
be held in the Zoological Society, Regent’s Park, 
London, N.W.1, on April 12, has been extended to 
include all societies in south-eastern England whether 
they are members of the South-Eastern Union of 
Scientific Societies or not. The chair will be taken 
by the Earl of Cranbrook, and the following addresses 
will be given: “The Invertebrate Fauna of Chalk 
Country and its Conservation”, by John Sankey ; 
“The Vertebrates of Frensham Ponds and Romney 
Marsh”, by Maxwell Knight; ‘Possible Nature 
Reserves in Kent, Sussex and Surrey from a Botanical 
Ecologist’s Viewpoint’, by Dr. Francis Rose; and 
“Conservation in Hertfordshire”, by Dr. J. T. Dony. 
A symposium on the contribution of naturalists’ 
trusts to Nature conservation will also be held. 
Further details can be obtained from the secretary 
of the South-Eastern Union of Scientific Societies, 
Mr. F. Edwards, 53 The Drive, Shoreham-by-Sea, 
Sussex. 
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AGEING AND EMPLOYMENT 


HERE are many general statements and assump- 

tions about the employment of older workers in 
industry, but few facts to support those assumptions. 
An inquiry* carried out by F. Le Gros Clark into the 
effects of ageing on 251 manual workers in the 
furniture industry provides information which will, 
therefore, not only be useful for employers in that 
industry, but also in other kinds of manufacturmg 
industry. 

Most domestic furniture is produced in large fac- 
tories, which are tending to increase in size and are 
achieving greater efficiency mainly through the 
detailed planning and simplification of a large 
number of successive hand-and-machine operations. 
Many of the men employed are no longer craftsmen 
in the traditional sense of that word; they have 
each been trained on the job to carry out a limited 
range of operations. ince comparatively few of the 
men in the mechanized furniture industry are all- 
round craftsmen, their chances in later life depend 
partly upon their own adaptability as operatives or 
labourers, and partly upon the degree of ingenuity 
and forbearance shown by shop supervisors and 
foremen in fitting the job to the man. 

In consultation with shop supervisors and others, 
Le Gros Clark examined the industriel and medical 
records of 251 men whose ages ranged from 55 to 
76; they all worked in large factories. They were 
still employed or had, in a few cases, recently retired. 
Men were not compulsorily retired at a certain age. 

Of the seventy-three-men aged from 60 to 64, 
sixteen had been transferred permanently to jobs of 
a light character; practically all of them were 
labourers. Ten other men were. only able to romain 
at or ‘near’ their normal jobs after some concessions 
and adjustments had been made. The remaming 
forty-seven men were still working in the ways to 
which they had been accustomed for some years past. 

An ailing or ageing labourer may be less easy to 
accommodate than an operative in the same physical 
condition. Hè has frequently to be found light 
labouring work; and that is usually a matter of 
searching for a job that he can be trusted to carry 
out at his own pace. The jobs that were found had 
to be free from the characteristics that had dis- 
qualified the labourer from his normal work. 

On the other hand, the ten men, for whom some 
allowances on the job had clearly been made, were 
mostly operatives. They had not been transferred 
from their normal departments and some pains had 
been taken to adjust the work to their physical 
capacities. The adjustments made often followed on 
a medical recommendation. <A cabinet-maker, for 
example, had, until the age of 59, been assembling 
heavy wardrobes; after a hernia operation he had 
been transferred to light drawer assembly, where he 
could still, at 63 years, maintain a good pace of output. 
There was clear evidence of the firm’s flexibility in 
handling older men once deterioration in their health 
had been checked and their physical condition fairly 
well stabilized. 

Of the forty-seven men still on their normal jobs, 
Le Gros Clark believed that about one in four were 


* Ageing onthe Factory Floor. By F. Le Gros Clark. (Studies of 
Ageing within the Conditions of Modern Industry.) Pp. 36. (London: 
The Nuffield Foundation, 1957.) 


not maintaining the level of output which they 
had once been capable ; these men, too, would have 
needed some tolerance on the part of their super- 
visors. At & liberal estimate it appeared that about 
three in ten of the men in their early sixties were 
permanently incapacitated for full normal duty ; in 
the case of several others some allowances had to be 
made. 

There was little evidence that men were retiring 
or even contemplating retirement at the age of 66. 
Forty-two of the men between the ages of 65 and 
69 were traceable from the records. Their patterns 
of employment were much the same as for those in 
their early sixties, except that larger numbers of 
them had to do some light or modified form of work. 
Sixteen out of these forty-two men (all but one were 
labourers) had been transferred to light jobs, or else 
had left their employer in so poor & physical condition 
that they could scarcely have undertaken any but 
the lightest work. No long-service employee among 
them had been discharged on an employer's initiative. 
Five of the sixteen men were bronchitic; the rest 
had records of arthritis, hypertension and cardiac 
debility. When an elderly man had no serious ailment 
of this nature, it was usually possible to maintain 
him on his customary work with minor concessions. 
Another twelve of the forty-two men, mostly oper- 
atives, had been provided with work of a distinctly 
modified kind. i 

Sixteen men in the records were aged 70 and over. 
Ten of these had little indication of sickness in their 
records. This is a common experience throughout 
industry ; such old workers are doubtless in many 
industries no more than the constitutionally sound 
survivors of a diminishing generation. Their age had 
been allowed for in the ordering of their work. In 
no case was & man in his seventies in full production 
on what once had been his accustomed job. Each 
was employed now on very modified or easy-going 
operations or on tasks of a distinctly light character. 
Probably not one of these elderly men would have 
been physically capable of much further work when 
he did at last retire. 

The inquiry clearly showed that some older men 
in the industry (though not necessarily in other 
industries) have often to grva up their full normal 
work at about 60. Thenceforth, they only remain 
employable in furniture production to the extent to 
which readjustments and transfers can be arranged 
for their benefit on the shop floor. 

In mechanized production of domestic furniture 
the overall tempo, though it does not necessarily 
force the pace of a man’s individual movements, has 
to be maintained at a high level. This could easily 
discriminate against an employee who is ailing or 
slowing down. By the time they reach their mid- 
sixties, between one and two out of every five of the 
men would probably have had to be moved to light 
operations or to light labouring jobs. By the time 
they were in the seventies the proportion would be 
much higher. Similar figures are common in other 
industries. 

In furniture production the continued employ- 
ability of ageing men depends on two factors. How 
far are shop supervisors able to break down and 
reorganize operations in the interests of ageing or 
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ailing men ? And what reserves of skill and adapt- 
ability have the ageing men themselves? . In an 
industry of this kind it becomes difficult to employ 
an elderly operative or labourer in the production 
line, unless he has reserves of adaptability to fall 
back on. This often depended upon whether these 
partly skilled men have acquired sufficient craft 
experience to make them still employable at their 
age. The craft background of many of the older men 
has given them assurance of employment. Though 
a good many of them may have been employed for 
most of their lives on repetitive and machine work, 
their early training with hand tools would have 
sufficed to fit them for transferring at some stage to 
the finishing shop, repairs or jig-making, according 
to their degree of skill. 

Against this, where operatives now in their middle 
lives have not been trained in craftsmanship but only 
for machine and assembly operations, in later years 
they may prove somewhat of a problem. Not only 


745 


will there probably be large numbers of them ;. they 
will lack the craft training that would have made 
them adaptable old employees. 

Of the furniture industry as a whole, Le Gros 
Clark suggests that it will still continue to experiment 
with new techniques and with new and more efficient 
factory organization. That, inevitably, means con- 
centration and division of labour; and in a factory 
where the timing of a large number of successive and 
converging operations is of paramount importance, it 
becomes difficult to allow too many operatives to fall 
too far below a standard level of output. A factory 
that has incurred heavy overhead charges in the 
employment of technical and other experts will have 
streamlined production processes to such an extent 
that it has to maintain a labour force that is physically 
capable of the effort and continuity needed. In other 
words, it has less flexibility than had an old-time 
workshop in employing its own ailing or ageing 
operatives. 


` 


FUEL CONSUMPTION AND RESOURCES 


o% of the four main purposes of the Clean Air 
Act is to prohibit in Britain the emission of dark 
smoke from chimneys, and on February 6 the Minister 
of Housing and Local Government, Mr. H. Brooke, 
announced: that from June 1 emission of such smoke 
will be liable to incur a fine of up to £100. This will 
apply to factories, shops, offices and the funnels of 
ships and railway engines as well as to domestic 
chimneys, and from that date all new furnaces 
installed for burning pulverized fuel, or more than 
one ton an hour of other solid fuels, must be equipped 
with grit- and dust-arresting plant approved by the 
local authority. 

These regulations will be applied through statutory 
instrument No. 167 (C2) of 1958, which was laid 
before Parliament on February 6 and appoints June 1 
as the day for the operation of all those provisions 
of the Clean Air Act which were not brought into 
force by statutory instrument No. 2022 (C19) of 
1956. It would seem, however, that much still 
remains to be done in the way of educating both the 
public and the local authorities on the importance 
and benefits of smoke control. In replying to a 
question in a broadcast discussion the following 
evening, a group of speakers, which included a 
member of Parliament, showed a regrettable lack of 
public responsibility and even ignorance of the fact 
that domestic fires rarely emit dark smoke as defined 
in the Act—‘‘as dark as, or darker than, shade two 
on the Ringelmann chart”. 

Some reference was made to the importance of 
smoke abatement in a debate in the House of Lords 
on February 5. Lord Macdonald of Gwaenysgor, who 
opened the debate, referred to the importance of the 
most efficient use of coal and the need for adequate 
independent scientific advice : he was concerned that 
this should be available to the Minister of Fuel 
and Power. Lord Stonehaven, who stressed the value 
of the National Industrial Fuel Efficiency Service, 
referred to the savings to be achieved by scrapping 
the obsolete and inefficient Lancashire boilers still in 
use, the importance of adequate instrumentation and 
of competent stokers. Lord de L’Isle insisted that 


adequate provision for storing fuel is essential if fuel 
is to be handled economically for central heating 
systems. Lord Teviot and Lord Hall both referred 
to the contribution of science to the efficient use of 
fuel and power resources, but the major interest of 
the debate centred in the review of these resources 
which Lord Mills, the Minister of Power, gave in his 
reply. 

Lord Mills suggested that we are approaching & 
turning-point in that field. Coal is still the foundation 
of British fuel economy, but while its consumption has 
increased by 10 per cent since 1948, that of oil has 
increased by 91 per cent. There is also a tendency 
for an increasing proportion of fuel to be consumed 
in refined forms: since 1948, coke consumption has 
increased by 15 per cent, gas by 27 per cent and 
electricity by 99 per cent, so that they now account 
for 40 per cent or more of inland consumption, com- 
pared with 25 per cent before the War. Taking all 
fuels together, 60 per cent is consumed by industry, 
13 per cent by transport and 27 per cent by the 
domestic consumer. Half our coal supplies go to 
making fuel or energy, 18 per cent to the domestic 
consumer, 6 per cent to transport and 26 per cent to 
industry and commerce, which consumed 60 per cent 
of electricity supply and more than half that of 


gas. 

Lord Mills said that planning must be based on the 
assumption that the inland demand for coal will 
continue to grow, but more slowly than that of other 
primary fuels. Its direct use by the railways and 
householders will decrease, but there may be large 
increases in the demand for coal by coke ovens. As 
regards small coal, stocks amount to 6 million tons, 
mainly from deep mines, although two-thirds of 
open-cast coal is in that form, compared with half of 
the deep-mined coal. Demand for oil is likely to 
continue, but the power station oil-conversion pro- 
gramme has been reduced by one-third, to the 
equivalent of 6 million tons of coal. The advent of 
nuclear power as a third fuel, however, has brought 
us to the turning point. Nevertheless, nuclear power 
at present represents very big demands on capital 
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resources and the Minister thought it is entirely right 
to retard the programme slightly, making up the 
difference by conventional power stations. 

In reply to questions about ZETA, Lord Mills said 
that while the production of a thermonuclear reaction 
under controlled conditions has been demonstrated 
as a practical possibility, the stage reached is com- 
parable with that attained in 1938 when it was first 
demonstrated that if the atom could be split energy 
would. thereby be released. It took eighteen years 
to produce the Calder Hail station, which was the 
prototype of the nuclear power programme, and the 
problems associated with the controlled release of 
thermonuclear power are certainly no less formidable. 
The Government will ensure that full account is 
taken of all the potentialities opened up by the 
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genius of our scientists and technologists but, even 
on the most optimistic assumption, it is scarcely 
conceivable that the present programme for nuclear 
power will need modification because of these further 
developments. Lord Mills also suggested that the 
availability of nuclear power and the removal of the 
pressure of demand for coal will enable the coal 
industry to be more selective in its output, both in 
terms of cost of production and of the kinds of coal 
produced. He agreed as to the importance of efficiency 
in consumption and professed himself satisfied with 
the arrangements for scientific advice. He is setting 
up & committee to consider improving co-operation 
between the Area Electricity and Gas Boards, and a 
pilot plant for underground gasification is under 
construction. 


LIBRARIES 


AST met West at the one-day conference of the 

Scottish Branch of Aslib in the Scottish Central 
Library, Edinburgh, on February 7. Five speakers 
representing overseas countries, but all working in 
Great Britain, gave papers on different aspects of 
library and information work in Britain and in their 
own countries. 

Miss Margaret Haferd, Librarian of the U.S. 
Information Service Library in London, spoke of the 
different useful services that her establishment could 
offer by way of information on work in America, and 
technical books. 

The principal speaker of the meeting was Dr. J. C. 
Malloch, of the Scientific Liaison Office of the National 
Research Council of Canada. His paper was on 
“Technical Information in the Modern World”. 
He pointed out how science and technology affect 
every aspect of daily life, food, clothing, and travel. 
Even the classicist often does not realize the absurdity 
of voicing his scorn of science on television and reads 
Thucydides more easily because a technologist has 
developed a better printer’s ink. 

Dr. Malloch suggested that to get the type of 
general education that is needed, schools and teachers 
must have available the basic technical Information in 
the right form. He criticized the old dull text teach- 
ing Boyle’s law, the valency of oxygen or the bones 
of a frog to students, many of whom will never need 
‘this information. He suggested it should be replaced 
by: material which would convey the fascination of 
scientific discovery and a realization that it really 
means something to every individual, whatever walk 
of life they might choose. This is a challenge that 
cannot be ignored if science is to have the intelligent 
public support necessary to its development and 
proper use. 

He next spoke. about abstracting services, and the 
tremendous expansion of scientific work in the past 
twenty years, much of which never appeared in 
standard journals, and how it had materially altered 
the situation. While chemists and physicists were 
served by abstract journals, biologists were badly 
off. By their own figures, the coverage of Biological 
‘Abstracts is only about 40 per cent and the publica- 
tions of the Commonwealth Agricultural Bureaux 
cover only special fields, generally selectively. The 
industrial fields of applied science and engineering 
are virtually without abstracting services. We are 


now realizing the vast amount of important scientific 
and technical information that is available in the 
U.S.S.R., its satellites and Chine which is scarcely 
touched by most of the abstracting services and only 
available with difficulty m any form. 

Scientists need help and this is a suitable task for 
information services, but one which must be carried 
out by methods agreeable to the working scientists. 
Many research organizations now make use of public 
relations or press officers whose duty it is to make 
known the activities of the laboratories and to present 
the results to the general public in an understandable 
form. Discoveries of science only become of 
immediate importance to mankind when they are 
available for the general benefit. As a result 
of nearly fifteen years of experience Dr. Malloch 
believes that the personal approach of field-officers 
throughout the country is the best method of 
disseminating information to factories and industry. 
Dr. Malloch suggested the motto of a public re- 
lations officer of the National Research Council in 
Canada might well be adopted: “No sooner done 
than said”. 

Dr. Malloch then went on to describe in detail the 
work of the National Research Council of Canada. Its 
library is the major scientific library of Canada and is 
operated as a national service. It maintains an index 
of all the translations made of scientific papers in 
Canada and co-operates with the Commonwealth 
Index of Translations. 

The afternoon session was devoted to papers on 
library work in their own countries by three ladies at 
present working in Edinburgh and Aberdeen libraries. 
Miss L. Somme, of Hammerfest, Norway, at present 
in Edinburgh, gave the picture of the growth of 
libraries in her country since the Second World War. 
Interest in reading had begun during the war when 
there was little else to do. Now each county had a 
main district library and attempts were being made to 
cover outlying districts by mobile libraries by road 
and sea. The purchasing and binding of books are 
carried out by the State. Librarians have a three-year 
course and, as there is a great lack of librarians, 
positions are easy to obtain. 

Miss T. Visser from Utrecht said that in Holland, 
owing to religious beliefs, it was quite common to 
find in any one town three public libraries, one 
neutral, one Roman Catholic and one Calvinistic, 
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each getting State grants. All, however, are members 
of the Central Association of Public Libraries, which 
is responsible for the training and placing of lib- 
rarians. Special libraries were late in commencing 
and are now organized by the Netherlands Institute 
for Documentation and Organization of Libraries. 
A very useful tool for Dutch librarians is the Union 
List of Periodicals held in the 166 libraries in the Neth- 
erlands maintained by the Royal'Library at the Hague. 
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Miss De Silva, at present in Aberdeen, spoke of 
the differences between. the libraries in Coylon, Kenya 
and the United Kingdom. She pointed out that 
the two eastern countries were backward and not well 
equipped. Both countries were similar in basing 
their libraries upon British methods and Ceylon was 
the more advanced. There are three libraries in 
Kenya, the Macmillan Library for Europeans, one for 
Africans only and one general. J. R. K. Pree 


EXOTIC FOREST TREES IN GREAT BRITAIN 


T is held that Great Britain contains a larger 
number of exotic trees than any other country, 
some of which have been well known for a long time, 
These have adapted themselves to soils and climate 
so well that they are regarded as indigenous species. 
This abundance conceals our poverty of native trees, 
especially conifers, among which the only natives are 
the Scots pine, the yew and the juniper, the latter 
little more than a straggling bush. Among broad- 
leaved trees the difference is not so great, but even 
in this group familiar trees such as the sycamore, the 
horse chestnut and the plane have been introduced 
in historic times. The sycamore is notable for its 
rapid growth in youth, for the lovely tree produced 
and its great fertility, young seedlings springing pro- 
fusely from the seed shed in most years. 

The Forestry Commission has recently published 
Bulletin No. 30 on “Exotic Trees in Great Britain”, 
prepared by Messrs. James Macdonald, R. F. Wood, 
M. V. Edwards and J. R. Aldhous for the British 
Commonwealth Conference held last July in Aus- 
tralia and New Zealand (H.M. Stationery Office, 1957). 
The Scots pine formed forests in the Highlands of 
Scotland, but the Norway spruce, now so common in 
Britain, was absent. The beech was native only in 
the south of England and absent from the deciduous 


forest dominated by oak in the rest of the country. 
This is in marked contrast with France, where the great 
oak and beech forests are the glory of that country. 
Part 1 deals with general considerations affecting 
exotic forest trees in Great Britain; Part 2 exotic 
coniferous trees; and Part 3 exotic broad-leaved trees 
in Great Britain. 

The poverty of the tree flora of the British Isles 
ig attributed partly to geographical situation and 
partly to recent geological history. ‘The intro- 
duction of exotic species was at first due to indi- 
viduals who brought them in for esthetic purposes 
on their estates. More recently, commercial motives 
have increased the rate of introduction of some 
species such as the sitka spruce and Douglas fir 
from North America and the Japanese larch. The 
European larch came in much earlier and was planted 
on private estates, but the Norway spruce and the 
silver fir were imported during the past two cen- 
turies. 

The sitka spruce has been largely used in the 
twentieth century by the Forestry Commission in 
planting the new forests of Britain, as have the 
Japanese larch and the Corsican pine. Thirty-eight 
genera of conifers and twenty-two genera of broad- 
leaved trees have been introduced into Britain. 


EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH 
REPORT FOR 1956 


HE second annual report of the European 

Organization for Nuclear Research (CERN), 
covering the period to the end of 1956*, is—as Prof. 
C. J. Bakker, the director-general of the Organization, 
remarks in his brief introduction—a straightforward 
account of development during the year, which 
indicates that rapid progress has been made in 
accordance with the plan outlined in the previous 
annual report (Nature, 178,.902; 1956). However, 
several years of intensive scientific and technical 
work still lie ahead before Kurope’s great joint 
laboratory for advanced nuclear research can begin 
to operate fully. Except for the high-frequency 
system the synchro-cyclotron was practically com- 
pleted; it was expected to come into operation 
during 1957. The buildings for the proton synchro- 
tron were also nearly finished and orders for most 
of the components of the accelerator have been 
placed. The many illustrations and photographs 


* Second Annual Report of the European Organization for Nuclear 
Research (CERN), 1956. Pp. vi+71 (19 plates). (Geneva: European 
Organization for Nuclear Research, 1957.) 


given in the annual report show clearly the remark- 
able progress made in the construction of these two 
large accelerators and their associated buildings, and 
much detail of the layout and characteristics of the 
machines is also given in the two sections of the 
report devoted specially to them. 

The purpose of the two-week symposium on high- 
energy accelerators and pion physics, organized by 
CERN and held in Geneva during June 1956, was to 
gather physicists from all over the world and thus 
enable the Organization to start playing the part 
for which it was intended as an international centre 
of advanced studies. 319 scientists from twenty-two 
countries, including some fifty American and an 
equal number of Russian scientists, attended. Most 
of the papers presented had been pre-printed either 
in English or French and were circulated before the 
conference. The discussions were recorded, and the 
proceedings were afterwards published in full in two 
volumes (see Nature, 179, 283; 1957). It is proposed 
to hold a similar symposium in 1958. During the first 
week the principles and methods used in the con- 
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struction of high-energy accelerators were discussed, 
and during the second week particle-detecting equip- 
ment and high-energy nuclear experimental research 
with special reference to pion physics. The section 
of the annual report describing the symposium 
includes a summary of the main contributions and 
of the new advances in research discussed, and a list 
of the titles of the papers which were presented by 
members of the staff of the Organization is given in 
an appendix. 

No major change in the internal structure of the 
Organization took place during 1956. Theoretical 
work was carried out both under the direct control 
of Prof. Bakker at Geneva on cosmic rays and in the 
Theoretical Study Division at Copenhagen ;. the other 
five Divisions consisted of the Proton Synchrotron, 
Synchro-Cyclotron, Scientific and Technical Services, 
Site and Buildings, and Administration. The number 
of the staff increased from 260 to 396, and in addition 
there were eight half-time workers, fourteen con- 
sultants and twenty-two Fellows. Thirty-one scientific 
articles were published and a very large number of 
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lectures and colloquia, all of which are listed in the 
annual report, were arranged. 

In the field of equipment the set of two’ cloud 
chambers was successfully completed by the Scientific 
and Technical Services Division and will be used for 
experiments on K-mesons. The Division has” been 
studying the techniques of production and handling 
of liquid hydrogen and liquid helium for low- 
temperature work, and a liquid-hydrogen plant with 
a capacity of 20-40 litres/hr. is being built. “An 
experimental liquid-hydrogen bubble chamber, 10cm. | 
in diameter, and later a larger chamber, 30 cm. in 
diameter, are to be constructed. Following Harwell 
and Saclay, and with a view of establishing inter- 
changeable methods and means of computation with 
these two establishments, the Organization has 
ordered a ‘Mercury’ electronic computer, and an 
experienced mathematician-physicist has’ been ‘re- 
cruited to direct the Computer Section of the 
Division. In addition, two engineers of the Division 
spent four months with the electronic groups at 
Harwell and Saclay. 
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EMBRYOLOGY OF POGONOPHORA AND CLASSIFICATIONS 
OF ANIMALS 


By Dr. S. M. MANTON, F.R.S. 
Department of Zoology, King’s College, London, W.C.2 


HE past twenty years have considerably widened 

zoological conceptions concerning the types of 
animals which are phylogenetically associated with 
the echinoderm-chordate stem. Kozlowski! (1938, 
1947) dissolved the matrix from certain graptolites 
and -cleared them, so demonstrating a similarity in 
budding and tube structure to Rhabdopleura, thus 
suggesting a protochordate rather than a coelenterate 
affinity for this great group of fossil animals (see also 
Bulman?). At that time much had been found out 
concerning evolution within the graptolites, but no 
clear evidence had been obtained as to the grade of 
organization of their soft parts, so that their system- 
atic position was obscure. The class Pogonophora 
was described in 1937 by Johansson’. But it was 
the anatomical work of Ivanov in the University of 
Leningrad‘, on two orders of Pogonophora, collected 
from deep water in the north-west Pacific, which 
provided a sufficiency of detail both to demonstrate 
their place in the animal kingdom near to the 
Enteropneusta, and to show the extraordinary 
occurrence of extracellular digestion and absence of a 
gut in a non-parasitic triploblastic animal. 

Recently, Ivanov’ has given embryological details 
of æ certain number of developmental stages of 
Pogonophora from the Okhotsk Sea, the preservation 
of which has been sufficiently good for sectioning. 
He stresses the incompleteness of the series and 
imperfections of fixation ; but his results are of such 
interest that a summary is given below, together with 
reproductions of some of the figures. Reference must 
be made to the original publication in Russian for 
further details. 

About 32 batches of eggs, mainly of Siboglinum 
caulleryi, have been studied. The eggs in each batch, 
up to 42 in number, lie in a row inside the parental 
tube distal to the head of the mother (Fig. 1), where 
they undergo most of their development. No free- 


swimming larve are formed. The bilaterally sym- 
metrical egg, much elongated in Siboglinum, is 
heavily yolked ; the nucleus (Fig. 2) lies nearest to the 
concave side of the egg. The darker distal pole-of 
the egg gives rise to the anterior end, and the more 
yolky proximal pole to the posterior end of the 
young adult. Fertilization is presumed to take place 
in the tube. The nucleus migrates to the distal end 
of the egg, and after fertilization returns to the 
middle region; the egg then becomes invested by a 
soft viteline membrane. Development within each 
clutch is synchronous. 

Cleavage is total, unequal and appears to be 
‘determinate’. There is no trace of either the spiral 
or typically radial type of cleavage, and the unique 
pattern appears to be anything but primitive. The 
egg shortens and divides diagonally, and unequal 
cleavages beyond the 4-celled stage are not syn- 
chronous (Figs. 3 and 4). Bilateral symmetry is 
marked at the 80-85 celled stage, large cells lie at the 
posterior end and on the convex side, and two very 
large cells are situated towards the anterior end on 
this side (Figs. 5 and 6, same embryo). 

By the 130- to 140-celled stage internal cells are 
established, presumably by delamination or by over- 
growth. Three large endodermal cells, one extending 
in front of the other two, fill most of the interior of 
the embryo, and contain the bulk of the yolk (ruled 
in three different directions in Figs. 9-11). Two 
surface cells rich in yolk lie in the middle of the 
convex side (dark in Fig. 8). In addition, two small 
groups of cells, presumed to be mesenchyme, are 
situated as shown in Fig. 10. The posterior outer 
cells are rich in yolk, and the large pair of anterior 
cells (Figs. 8 and 9, same embryo) remain unchanged 
for a while; their fate is unknown. This stage 
represents 2a gastrula, but a blastopore is not 
formed. 
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The next available stage (Fig. 13) shows the 
establishment of the coelom, by a method very similar 
to that seen in the enteropneust Dolichoglossus 
pusillus. An inner yolky endodermal mass of cells 
is continuous with a median anterior enterocoelic 
pouch -{coel. 1, Fig. 13), and from it paired tubular 
outgrowths form the common rudiments of the 
second and third pairs of coelomic pouches (coel. I- 
IL, Figs. 13, 14 and 15). Later, the second and 
third pouches separate as shown (Fig. 16). A trans- 
itory minute endodermal cavity is formed anteriorly 
(en., Fig. 17) but elsewhere the endodermal cells 
remain irregular in a solid mass. 

- Externally the embryo of Siboglinum develops two 
girdles of short dense cilia, the anterior one (c.a.) 
round the future protosoma, (I) arising from two rows 
of ectodermal cells (a), and the hinder one (c.p.) 
round the developing metasoma (II) arising from 
only one row (Figs. 13-16, 18-21). A furrow (s.p.) 
then separates the meta- from the mesosoma (Figs. 16 
and 19), followed by elongation of the mesosoma (II, 
Fig. 20), and another furrow (s.a.) appears between 
the proto- and meso-soma ; internal septa develop at 
these furrows. The rudiment of the single adult 
tentacle (¢.d.) protrudes on the ventral right side of 
the prosoma; a transitory small fellow one (i.s.) 
develops no further in Siboglinum (Figs. 17 and 20). 
In Oligobrachia pairs of tentacles develop progres- 
sively on either side of the initial ventral pair, on the 
postero-ventral arms of a U-shaped tentacle base, a 
process continuing throughout life. 
the median first coelomic sac pass into the tentacles 
(coel. 1, coel. t., Fig. 17). Part of the dorsal surface 
of the mesosoma becomes ciliated. Mesosoma, meta- 
soma and tentacle then elongate (Fig. 20), and perhaps 
the embryo leaves the parental tube shortly after 
this stage, moving by muscles of the body wall. The 
ciliated girdles are lost, and the ectoderm, rich in 
gland. cells (g.t., Fig. 21), may be ready to secrete a 
new tube for the young animal. No mouth or enus 
develops, and the endoderm disappears as its yolk 
content becomes used up. 

Muscles of the body-wall develop from the coelomic 
mesoderm below the ectoderm. Several groups of 
ectodermal cells secrete provisional chitinous setae 
{ch.) on the metasoma, one seta from each group 
of ceils (sac., Figs. 20, 21, 22). The distal ends of the 
sets finally project through the ectoderm, but no 
conspicuous muscles move these sete, although some 
fine ectodermal fibrils to their inner ends may be 
seen. 

Few details are available of the ontogeny of the 
nervous, vascular or genital systems, but the remark- 
able features just described amply confirm the 
existence of enteropneust resemblances. ‘The Pogo- 
nophora clearly share with Dolichoglossus kowalev- 


skyt and D. pusillus: (1) a suppression of pelagic | 


lervæ owing to an abundance of yolk sufficient to 
maintain a long embryonic development, the pro- 
visional girdles of cilia and dorsal mesosomatic tract 
of cilia of the pogonophoran embryo representing 
those of the tornaria larva; (2) the anterior median 
and paired second and third coelomic pouches arising 
in a similar manner; (3) an early division of the body 
into three regions, the metasoma being small when 
first differentiated, and elongating later to form the 
greater part of the adult body, as occurs also in 
Amphioxus. These features place the Pogonophora 
squarely among the echinoderm—pterobranchiate— 
protochordate—chordete group of animals, and no 
question remains of annelic affinity. Their status as 
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an independent phylum is dictated by: ({1) the 
absence of adult alimentary canal, mouth and anus ; 
(2) the presence of tentacles on the prosoma and not 
on the mesosoma as in Cephalodiscus; (3) the dis- 
tribution and type of coelomoducts ; (4) the positions 
of the brain and heart (see Ivanov, 19554). The 
provisional setæ on the metasoma of Pogonophora 
show no exact similarity in either development or 
associations with those of annelid parapodia. Sete 
are also found in Brachiopoda, and here as well as 
in Pogonophora have doubtless been convergently 
acquired. The bilateral symmetry of the egg of 
Siboglinum, the cleavage pattern, and the utilization 
of the endoderm to carry the embryonic food supply 
only, indicate the highly specialized nature of the 
Pogonophore, and the single adult tentacle of 
Siboglinum is clearly a secondary specialization within 
the group. 

Dr. A. VY. Ivanov is to be congratulated on achieving 
such important results from difficult material obtain- 
able only from abyssal waters, and it is to be hoped 
that future expeditions organized by the Institute of 
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‘Oceanography of the U.S.S.R. will yield further 


material which may fill the gaps in Ivanov’s series 
of developmental stages. 

Jagersten® has described one developmental stage 
(three specimens) from the tube of an undetermined 
species of Siboglinum collected from Norwegian waters. 
This stage possesses external ciliation and a yolky 
cavity-less endoderm as in S. caulleryi (Figs. 18-20) ; 
no tentacles are present but an anterior furrow is 
shown. Ivanov’s fuller account indicates that this 
stage is in fact an embryo, and not & larva about 
to leave the tube, or an asexually produced bud. 
Jagersten’s embryo possesses more provisional setæ 
than. S. caulleryi and he notes their differences from 
setze of annelids. 

Ivanov and his countrymen use the term ‘Deutero- 
stomia’ to designate that section of the animal 
kingdom frequently referred to in Great Britain as 
the echinoderm-chordate stem. We need some other 
terms to replace the outworn Protostomia and 
Deuterostomia. The anus may have an association 
with the blastopore in typical echinoderms, proto- 
chordates and vertebrates; but so has it in some 
quite unrelated invertebrates, and the spirally 
cleaving invertebrates and the arthropods are not 
all protostomial. The recognition of relationships 
within these two great assemblages of animals is 
universally accepted, although it does not rest on the 
fate of the blastopore. Closely related animals can 
be quite different in the fate of the blastopore and 
origin of mouth and anus’. H n’s® definitions of 
these assemblages, Protostomia, “the groups with 
determinate cleavage, and mesoderm originating from 
definite cells or bands”, and Deuterostomia, “the 
groups with indeterminate cleavage and mesoderm 
and coelom arising as entodermal sacs”, algo do not 
fit the facts ; the occurrence of ‘determinate’ cleavage 
alone can. be found in very different form in unrela 
groups, such as ascidians, annolids, Pogonophora and 
molluses, and mesoderm and coelom formation 
can scarcely be summarized adequately in these 
words. 

The life-history of Pogonophora shows a clear relict 
of a tornaria type of dipleura larva which has become 
embryonic. The-cilia are no longer locomotory, and 
must circulate water to some extent between closely 
packed embryos before they leave the parent. We 
cannot agree with Hyman in assigning an ancestral 
status to the dipleura larva for the whole echino- 
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derm-chordate group of animals. Garstang’, de 
Beer!’ and others have discussed the fallacy of 
regarding lerval forms as representing ancestral 
adults. The tornaria characters appearing in the 
pogonophoran embryo can only represent the larval 
features of the ancestors of this group. 

As more information on the little-known phyla 
becomes available it is perhaps remarkable to find so 
many groups related to echinoderms and vertebrates 
using the protection of either floating or fixed tubes 
or tests (Grapitolites, Pterobranchia, Pogonophora, 
Tunicata), or evading competition by burrowing into 
the substratum (Enteropneuta, Cephalochordata) or 
retiring to abyssal waters (Pterobranchia, Pogono- 
phora). It appears to have been the evolution of 
mobile personal armour and effective locomotory 
mechanisms which have enabled vertebrates and 
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echinoderms to succeed in ail manner of open and 


competitive environments. 
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FLUORESCENCE OF THE TOXIN OF CLOSTRIDIUM BOTULINUM 
AND ITS RELATION TO TOXICITY 


By Dr. DANIEL A. BOROFF and Dr. JOHN E.” FITZGERALD 
Divisions of Microbiology and Blophysics, New England Institute for Medical Research, Ridgefield, Connecticut 


HE toxins of Clostridium botulinum have been 

studied extensively in recent years, but no 
special chemical groups or unusual structural charac- 
teristics have beer demonstrated to account for their 
extraordinary biological potencyt.?. We have recently 
observed that botulinum toxin is fluorescent when 
activated by a specific wave-length in the ultra-violet, 
and the intensity of the fluorescence is related to the 
toxicity. Since chemical modification or preparative 
procedures which diminish the fluorescence also 
diminish the toxicity, this fluorescent property of the 
toxin makes possible a new chemical approach to the 
study of the toxic portion of the molecule. Further- 
more, the fluorescence of the toxin can serve as the 
basis for a physical, in vitro method for measuring 
the toxicity of a preparation. - 

Type C toxin was prepared and purified by methods 
previously described*:4. The final preparation con- 
tamed 2 x 10? minimum lethal dose mgm. nitrogen 
assayed by intraperitoneal injection in 20-gm. white 
mice. Measurements of survival time of 20-gm. 
white mice injected intravenously with 0-1 ml. of 
serial dilution of toxin were made. An unusually 
interesting correlation became evident when it was 
demonstrated that the logarithm of the minimum lethal 
dose administered showed a nearly linear relationship 
to the time of survival (Fig. 1). This was used as a 
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Fig. 1. The survival time of 20-gm, white mice after intravenous 
injection of dilutions of Clostridium botulinum toxin 


standard toxicity curve. Fluorescent measurements 
were made in the “‘Aminco-Bowman’ spectrophoto- 
fluorometer and calibrated for wave-length and 
intensity by a standard quinine solution’. For this 
instrument, maxima of activation and fluorescence 
for the toxin occurred at 287 mu and 350 mp, 
respectively. The fluorescent intensity measured in 
arbitrary units is linear for toxin concentration below 
45 ugm. of protein per ml. (1-4 x 105 minimum lethal 
dose}. Above this concentration, fluorescent quench- 
ing occurs. Except where otherwise indicated, the 
toxin was dissolved in phosphate buffer (pH 6:8, 
u 0-15). For this and the other solvents used, cor- 
rection for blank was negligible. Scattering, which 
occurs at incident wave-length, is sufficiently separated 
from the fluorescent maximum to be non-contributing. 
The fluorescent intensity values are reproducible 
within 5 per cent even for different preparations of 
the toxin. 

Botulinum toxin retains toxicity at acid or moder- 
ately alkaline pH values but is rapidly detoxified 
above pH 10. Fluorescent intensity is also retained 
below pH 10, but at higher pH-values there is a 
marked decrease in fluorescence corresponding to the 
loss in toxicity (Fig. 2). Neither the fluorescence nor 
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the toxicity is restored by prolonged dialysis against 
the original solvent in which the untreated toxin is 
fully potent. The significance of the smaller decrease 
in fluorescence near pH 5 is not yet clear, and in 
vivo measurements are not sufficiently sensitive to 
determine that a similar decrease occurs in the 
toxicity. 

Although normal rabbit serum and specific rabbit 
antiserum (antitoxin) exhibit their own fluorescence, 
it was shown that the latter decreases the fluorescence 
of toxin while the former does not. In Fig. 3, the 
fluorescent intensity of dilutions of normal rabbit 
serum and specific rabbit antiserum alone are identical 
(curve C); curve A shows fluorescent intensity of 
dilutions of normal rabbit serum plus a constant 
amount of toxin, while curve B shows fluorescent 
intensity of dilutions of specific rabbit antiserum plus 
_@ constant amount of toxin. All samples were 
incubated at 4° C. for 18 hr. Curve Č shows a simple 
increase of fuorescence as the concentration mecreases 
(in the non-quenching region). Curve A shows a 
simple additive effect of the fluorescence of the toxin 
plus the fluorescence of the normal rabbit serum. 
Curve B shows a progressive decrease in the toxin 
fluorescence as the concentration of specific rabbit 
serum is increased, suggesting that a combination of 
toxin and antitoxin has occurred. Ait the point of 
fluorescence extinction of the toxin, the toxicity was 
reduced from the initial value of 100,000 x mmimum 
lethal dose to less than 10 x minimum lethal dose. The 
slow rate of this reaction is indicated by the fact 
that an incubation period is required since there is 
no diminution of toxin fluorescence immediately 
after the addition of rabbit antiserum. 

Since metallic ions interact with active protein 
groups, a number of metal salts were tested for their 
effect on fluorescence. The toxin was mixed with 
dilute solutions (0-01-0:001 M) of copper sulphate, 
cadmium chloride, ferric and ferrous chlorides, 
chlorides of magnesium and mercury, and zinc 
sulphate. Of these, only ferric ion showed any effect 
on fluorescence or toxicity. This ion abolished the 
fluorescence at 10-2 M and produced significant 
depression of fluorescence at 10-7 M. The offect was 
immediate and showed no change with time. Ferric 
ion also depresses toxicity, but at higher concen- 
trations (more than 0-005 M) (Fig. 4). The possibility 
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Fig. 3. The effect of antitoxin on the fluorescence of Clostridium 
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Fig. 4. The effect of ferric ion on the toxicity of Clostridium 
botulinum toxin 
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that the reaction of the toxin with ferric ion in low 
concentrations is reversible and occurs in vivo has 
been considered. Preliminary experiments show that 
‘pro-loading’ mice by intravenous injection of 0-3 ml. 
of 0-01 M ferric ion reduces the effectiveness of the 
toxin by more than 90 per cent. 

The dependence of fluorescence on toxicity was 
also demonstrated by two other means. Cl. botulinum 
when grown under certain conditions of subculture 
results in a progressive decrease in toxicity of the 
culture supernates, which is nót due to a decrease in 
bacterial protein. The supernatants of these cultures 
subjected to our method of toxin purification yield 
material which appears similar to the substance 
obtained from fully toxigenic cultures, except that 
these preparations showed the above-mentioned 
decrease in toxicity with a corresponding decrease in 
fluorescence. The fluorescence in these supernatants 
was shown to decrease corresponding to the decrease 
in. toxicity. Also, toxoid prepared by treatment of 
the toxin with 0-5 per cent formaldehyde showed 
no fluorescence. 

Since the toxin is a protein and appears to contain 
no unusual chemical groups’, the fluorescence is 
presumably due to the content of amino-acids which 
fluoresce in the region of the maxima observed, 
namely, tryptophan, phenylalanine and tyrosine. 
Purified serum albumin and bovine fibrinogen were 
also found to fluoresce in this region. The fluorescence 
intensity of the proteins, however, is much greater 
than can be accounted for by the sum of the fluor- 
escence of these amino-acids measured alone under 
the same conditions and m the same concentrations 
in which they occur in the proteins. Hence, the 
spatial configuration of these amino-acids in the 
protein molecule, or of some other otherwise non- 
fluorescent amino-acids, is probably responsible for 
the fluorescence produced. 

In these experiments with botulinum toxin, pro- 
cedures which diminished the toxicity also diminished 
the fluorescence. This may indicate that alteration 
of the gross structure of the protein molecule destroys 
fluorescence and toxicity, and both these phenomena 
are properties of the intact molecule. It is more 
probable, however, that the relationship is moro 
intimate and that some specific region of the molecule 
responsible for the toxicity is also responsible for the 
tluorescence. 


1 Van Heyningen, W, E., “Bacterial Toxins” (Blackwell Scientific 


Publications, Oxford, 1950). 


3 Buehler, H. J., Schantz, E, J., and Lamanna, Carl, J. Biol. Chem., 
169, 295 (1947). 
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THE MESOPAUSE REGION OF THE IONOSPHERE 


By Dr. J. B. GREGORY 
Department of Physics, University of Canterbury, Christchurch, New Zealand 


PULSE sounding apparatus, specially designed 
for the study of the lower ionosphere and 
capable of detecting reflexions the voltage coefficient 
of which exceeds 5 x 10-8, has been maintained in 
operation near Christchurch, New Zealand (43° S.), 
since early 1955. Transmissions are made at a fixed 
frequency of 1-75 Mc./s. Initial results previously 
described! have now been largely confirmed. Ex- 
tended observations suggest that there are some 
features of the ionosphere below 100 km. that 
deserve closer study in different latitudes. The most 
important of these features is the continuous existence 
of ionization throughout a range of heights com- 
mencing at a little above 80 km. and extending to 
about 100 km. Fig. 1 shows a plot of the lower 
boundary heights of reflexions from this region for 
four undisturbed days in the various seasons. The 
strength of the reflexions from this region varies 
through a range of about 70 db. Between 85 and 
90 km., reflexions with a coefficient greater than 
10-2? have been noted during day and night on many 
occasions. I have shown that these partial reflexions 
detected at vertical incidence, together with those 
from lower heights, are the medium-frequency 
counterpart of the oblique scattering of very-high- 
frequency waves now utilized for communication 
purposes. i 
A characteristic of the reflexions near 85 km. is 
the formation of a sharp lower boundary, which may 
persist for several hours with little change in height. 
This discontinuity in ionization density usually con- 
tinues during daylight hours despite the presence of 
reflexions immediately below it. The 1-75 Mc./s. 
observations indicate that the major change in 
ionization density below the H-region is more often 
near 85 km. than elsewhere. At night, the lowest 
height at which reflexions are detected is often 
close to 85 km. Initial observations suggested 
that the night boundary did not descend below 
80 km., but later work has shown that ioniza- 
tion at night does remain to a much greater extent 
and at lower heights than has previously been 
reported. Fig. 2 shows a record taken at 0145 N.z.s.T. 
on May 22, 1956, in which a distinct region at 73 km. 
is visible in ‘addition to rapidly fading reflexions at 
85 km. and sporadic-E at 105 km. The lower 
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Fig. 1. Lower boundary heights of the mesopause layer at all 
seasons 


reflexions were present at heights between 73 km. 
and 75 km. at hourly intervals of observation 
throughout the night of May 21-22, with a reflexion 
coefficient which varied between 5 x 10-° and 
5 x 10-4. Numerous examples, mostly in winter, 
are available of reflexions from as low as 75 km. 
The lowest recorded height at night occurred on 
May 27, 1957, at 0530 n.z.s.7., that is to say, about 
eleven hours after sunset and two hours before sun- 
rise, when weak reflexions from a height of 67 km. | 
were noted during the 8 min. required for a routine 
observation of heights and strengths of reflexions. 
This particular event occurred during a 24-hr. period 
which was part of a group of winter days of high 
absorption, and during this period the lower boundary 
of the main reflecting region below the H-region did 
not rise above 78 km. 

Fig. 1 shows that the reflexion heights between 
80 and 90 km. are largely independent of solar control. 
It is thus necessary to show how ionization of low 
recombination-rate may always be found, though in 
varying quantities, within limited heights below the 
E-region. A possible origin of this ionization is dust 
or debris, composed of elements of low ionization 
potentials such as are found spectroscopically in 


Fig. 2. h’t Record : 1°75 Me./s., May 22, 1056, at 0145 N.z.8.T. Reflexions are visible with 


lower boundaries at 73 km., 85 km. and 105 


. (Height markers commence at 45 km., 


and follow at 10 km.intervals. Receiver gain is reduced in a series of 6 db. steps, the 
start of each reduction being marked by an arrow above. A short interval of increased 
gain precedes each reduction) 
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meteors. When photo-ionized, this material would 
recombine only by radiative processes. Observed 
electron densities appear to require concentrations of 
dust that are unlikely to be produced by ablation of 
meteors detected visually or by means of radar; and 
hence an extra-terresirial origin is supported. The 
existence of meteor atoms as a constituent of the 
H-region has been suggested by Nicolet’. 

The increase in concentration of this dust near 
85 km., and the formation of a sharp lower boundary 
at this height, may be explained as follows. In the 
temperature inversion above the mesopause, vertical 
diffusion of dust will be slow, and certainly much 
less than any movement in horizontal directions. 
The concentration of dust will increase with de- 
creasing height. In the mesodecline, vertical diffusion 
will occur at a much greater rate, so that any 
matorial which diffuses across the mesopause is likely 
to thin out rapidly. Hence maximum concentration 
will occur close to the mesopause (near 85 km.). 
Among my records are a number of features which 
are accounted for in qualitative fashion by the pro- 
cesses outlined. These include the formation of a 
sharp boundary, stratification of reflexions above 
85 km., and a variable concentration of ionization 
from day to day at heights below 70 km. The optical 
scattering experiments of Bigg* support the existence 
of dust at the mesopause. Little is known of the 
incidence of dust on the Earth’s atmosphere, and 
knowledge of horizontal transport within the atmo- 
sphere will be required before the radio method can 
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give information as to its rate of arrival. Sufficient 
evidence is available to confirm its existence, and to 
show that physical rather than photo-chemical factors 
are responsible for the formation of æ mesopause 
region of the ionosphere. 

The enhancement of ionization at heights above 
67 km. during winter days of high absorption has 
been demonstrated by me. The low recombination- 
rate at night of this ionization, revealed by later 
work, raises the possibility that the extra consti- 
tuent present during these periods may also be 
meteoric dust. If this proves to be the case, then the 
seasonal and latitude aspects of the high-absorption 
effect will require an explanation im terms of the 
upper-atmosphere circulation pattern. I believe that 
my records show some evidence that horizontal 
transport of the extra constituent may occur above 
the mesopause, but more work is required to confirm 
this view. At present, available information relating 
to atmospheric sodium, which shows a peak of 
radiation intensity near the mesopause, suggests that 
transport from the pole towards the equator is likely. 

The suggestions advanced in this communication 
are being pursued, and results of a detailed analysis 
of a year’s observations of the lower ionosphere will 
be présented at a later date. 


1 Gregory, J. B., Austral. J. Phys., 9, 324 (1956). 
23 Gregory, J. B., J. Geophys. Res., 62, 883 (1957). 
3 Nicolet, M., Mémoirs Inst. Roy. Méléor. Belg., 19, 124 (1945). 
* Bigg, E. K., Nature, 177, 77 (1056). 
Hunten, D. M., ‘‘Airglow ond Aurorae”’, 114 (Pergamon, 1965). 


USE OF ‘BROOD PATTERNS’ IN RESEARCH ON CHEMICAL 
MUTAGENS 


N a recent article in Nature, Drs. O. G. and M. J. 
Fahmy have used a few brood patterns of mutation 
frequencies after treatment with certain sulphonates 
for building up far-reaching speculations on the 
action of these compounds. Since I have had many 
years of experience with this kind of approach to the 
study of chemical mutagenesis’, may I be permitted 
to pronounce a warning against its incautious use. 
My points of criticism are too numerous and 
too technical to be discussed fully here; they 
will be published in extenso elsewhere’. Here I only 
want to enumerate briefly the most important 
ones. 

(a) There has been no proof that the methods used 
by Drs. Fahmy result in repeatable brood patterns in 
replicate experiments. On the contrary, the reference 
to these ‘standardized’ methods is to a paper* which 
illustrates strikingly the lack of uniformity in replicate 
experiments, and no modifications of the method 
have ever been reported. 

(6) The claim that with the methods used “sperm- 
atogonia differentiate into mature sperm within a 
period of 15 days” is wholly unsubstantiated. It 


leaves out of account the influence which different, 


kinds of chemical treatment may have on tho rate of 
sperm release. An example that even one and the 
same chemical in different doses may produce different 
brood patterns is shown in Fig. 1 of Drs. Fahmy’s 
article!: after treatment with the lower dose of 
methyl methanesulphonate, mutation-frequency 
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dropped from 5:2 per cent in the third brood to 
3-9 per cent in the fourth; after treatment with the 
higher dose these two broods had the same frequency 
of lethals. Drs. Fahmy base their interpretation of 
brood patterns on an investigation® in which the 
bro6d pattern for triethylene melamine was inter- 
preted by reference to the histological picture of the 
treated testis, a method which—unsupported by 
genetical tests’—leaves a wide margin of error. In 
any event, its results are applicable to triethylene 
melamine, and to that substance only; they have 
no validity for other substances. 

(c} There is no proof for the claim that after treat- 
mont with chloroethyl methane sulphonate (CB 1506) 
the fifth brood is drawn from the latest spermatogonia, 
“iust before they started metamorphosing into 
spermatocytes”. It is true that this brood had been 
drawn from treated spermatogonia, because it con- 
tained bunches of visible mutations. But there is no 


‘reason for believing that it was “‘the first brood” to 


do so; for since the previous brood did not contain 
any visible mutations at all’, it is hard to see how 
they could have formed bunches. In addition, the 
absence of bunches from limited sperm samples 
cannot be taken as proof that the treated cells had 
passed the spermatogonial stage ; for late spermato- 
gonia give bunches of two, which can be detected 
only in very large-scale testa. 

(d) The application of statistical methods to brood 
patterns has to be carried out with great care; 
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differences between two points may appear to be 
significant in one experiment and insignificant in a 
replication. Much of the hypothesis concerning the 
action of CB 1506 is based on a difference between 
eight lethals in the third brood and two in the fourth’, 
@ difference which by chance would occur once in 
about twenty experiments, and which on application 
of Yates’s correction for small numbers becomes 
insignificant. The same paper’ presents data from a 
second experiment with CB 1506, carried out on 
twice the scale with two-thirds the dose. Here the 
difference between mutation-rates in the third and 
fourth broods is wholly negligible (x? less than 1), 
It seoms risky indeed to erect a speculative building 
on such a shaky foundation. It is true that mean- 
while Purdom® has published two or more brood 
pattern curves for CB 1506 which resemble the one 
presented by Drs. Fahmy! in their main features, 
although not in detail. In particular, both these 
curves show a slight and statistically insignificant 
drop (x? = 1-4 and 0-5) from the third to the fourth 
brood. It is thus possible that such a drop, which 
rarely seems to reach the level of statistical sig- 
nificance, is indeed a feature of the brood pattern 
produced by CB 1506. 

Since Purdom’s data are not used by Drs. Fahmy’, 
they are, however, not relevant to my criticism, 
which is directed against the methods of Drs. Fahmy, 
not against the possibility that some of their 
very insecurely based conclusions may, on further 
experimentation, turn out to have been inspired 
guesses. While, in my opinion, the interpretation of 
the brood pattern for CB 1506 gives too much weight 
to a scarcely significant difference, the opposite error 
may have been committed in regard to ethyl methane 
sulphonate. Here the drop in mutation frequency 
from the first to the second brood (ref. 1, curve A, 
Fig. 1) is disregarded as statistically not significant ; 
but it might well be significant in repeated experi- 
ments. This would bring ethyl methane sulphonate 
into line with diepoxybutane for which, on the basis 
of one experiment, such a drop has been claimed as 
a distinguishing feature, and with triethylene 
melamine, for which a similar drop seems highly 
characteristic’, 

(e) The application of statistical methods to fre- 
quencies of visible mutations is even more misleading, 
because of the large personal factor involved in the 
scoring of these mutations. That even Drs. Fahmy 
are open to this criticism is illustrated strikingly by 
the fact that no visible mutations were reported 
among more than a hundred mutations in the first 
experiments with phenyl alanine mustard), » 
substance which afterwards has been stated to 
have “an extraordinary efficiency in the induction 
of visible point mutations”, yielding regularly a 
ratio of three visible to ten lethal sex-linked 
mutations?112, 

If one nevertheless insists on tho'use of statistical 
methods for experiments on visible mutations, 
account will have to be taken of heterogeneities 
within the samples to be compared. This has not 
been done for the noticeable—and statistically sig- 
nificant—drop in the ratio of visible to lethal 
mutations from the first to the fourth brood after 
the treatments listed in Table 1 (ref. 1). Moreover, 
the vast majority of mutations which have been 
produced by CB 1506 occur in germ cells which do 
not respond to the action of the other sulphonates ; 
comparisons involving CB 1506 and one of these 
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other substances are therefore comparisons not only 
of different mutagens, but also of different cell types. 
The importance of this distinction has recently been 
emphasized by Purdom®, whose results show the 
important part played by germinal selection in 
influencing the relative frequencies of sex-linked 
vistble and lethal mutations, when these are recovered 
from different stages of spermatogenesis. 

(J) Drs. Fahmy" attribute the alleged differences 
in the visible/lethal ratios after different chemical 
treatments to the fact that certain ‘morphogenesis 
loci’ react specifically to certain chemicals. From a 
biological point of view this is exceedingly difficult 
to believe. The classification of mutations into visible 
and lethal ones is convenient, but it is neither strict 
nor biologically very meaningful. Every mutation is 
& visible one, if it is studied at the right time and by 
the right method. The only distinction is that lethals 
affect and kill the animal before emergence from the 
pupa, whereas ‘visibles’ affect the adult flies and 
often kill a proportion of them after or even before 
emergence. 

(g) The speculations on the action of CB 1506 are 
open to the following objections: (1) The experi- 
mental basis is very slender (gee above). (2) To 
postulate two different mutagens acting in series on 
two selectively sensitive stages is an uncalled-for 
complication. (3) In view of the known mutagenic 
activity of chlorcethyl radicals, it seems unnecessary 
to postulate the formation of a chloroethyl amino- 
acid compound. In any event, the outcome of the 
proposed experiment with chloroethyl cysteine would 
be decisive only with very special assumptions which 
will be more fully discussed in Z.i.4.V.%. (4) Bio- 
logical factors, such as differential penetration, 
Selection, differences in rate and quality cf mota- 
bolism, are wholly neglected. Experiments by Miss 
E. M. Sonbati and myself indicate that some of them 
influence the mutagenic action of CB 1506. (3) For 
reasons of scientific economy, the chosen interpreta- 
tion of the brood pattern of CB 1506 should be 
adaptable also to an unrelated substance, 2-3-bis- 
ethylene amino-benzoquinone-1.4, which gives a 
similar brood pattern}, 
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in the study of chemical mutagenesis on Droso- 
phila, quantitative consistency of genetic response 
largely depends on the method of administration of 
the compound under test. The indirect methods of 
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administration, especially that of mixing the com- 
pound with the food of the larva, result in complete 
lack of mutagenic consistency both in relation to the 
dose effect and the brood-mutation patternt. This is 
perhaps. what led Auerbach? to contest the possible 
achievement of reasonable consistency of brood- 
mutation patterns with the direct method of ad- 
ministration of the mutagens as developed in our 
laboratory. 

(1) The injection technique and mutagenic consist- 
ency. With our method, accurately measured volumes 
of a solution of the compound are injected (by a 
micrometer-syringe) directly around the testes of 
males of the same age and average weight. In these 
circumstances, it has been shown® that for some 
compounds there is a fairly accurate and consistent 
relationship between the physical dose injected and 
the mutation-rate recovered. When the fractionation 
of the progeny of the treated males is undertaken at 
the same set periods, reasonable consistency of the 
brood-mutation pattern does occur, particularly 
within narrow dose-ranges. This has now been 
repeatedly ascertained for several alkylating com- 
pounds (unpublished) and is quite obvious from the 
published data, especially with the alkyl-methane- 
sulphonates. The two experiments with 2-chloro- 
ethyl methanesulphonate*, as well as a third under- 
taken by the same method and in our laboratory by 
Purdom’, are clearly very similar; also those for 
methyl methanesulphonate® are almost diagrammati- 
cally identical. More extensive and comparable data 
with the above and related compounds are available, 
but obviously could not be included in the brief 
notes so far published. 

The conclusion that with our standard brood tech- 
nique spermatogonia differentiate into mature sperm 
within roughly 15 days is based on more than one 
line of evidence. We have already referred to the 
histo-genetic results with 2 : 4 : 6-tri(ethyleneimino)- 
1:3: 5-triazine*, which showed that pre-meiotic 
germ cells (spermatocytes and spermatogonia) give 
sperm which is utilized starting from the fifth brood, 
13-15 days after treatment. That this timing applies 
equally well to 2-chloroethyl methanesulphonate is 
indicated by the appearance of ‘visible’ clusters in 
the fifth brood. Furthermore, the ‘N-mustard’ 
derivatives of amino-acids induce mutations at fairly 
high rates in all stages of spermatogenesis. In several 
of our recent experiments with these compounds, 
‘visible’ clusters first appeared in the fifth brood. 
We feel justified in concluding, therefore, that under 
our experimental conditions, sperm mainly derived 
from spermatogonia is utilized in the fifth brood 
(within 15 days), irrespective of the treatment. ‘This 
possibly means that under mild doses of the alkylating 
agents, the speed of germ-line differentiation is not 
drastically disturbed. 

(2) The brood-mutation curve and chemical re- 
activity. Auerbach? emphasizes the lack of statistical 
significance for the drop in mutation-rate from the 
third to the fourth brood under the effect of the lower 
dose of 2-chloroethyl methanesulphonate®. This, 
however, is not essential to the hypothesis? we were 
expounding, namely, whether the rise in mutation- 
rate as a function of time after treatment (due to the 
possible retention of a slow-reacting compound) does 
continue after the third brood. The regression 
coefficients of mutations on -broods (over the first 
_three broods) for the two experiments (Table 1, 
ref. 6) did not differ significantly from each other. 
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A conjoint coefficient was, therefore, calculated which 
indicated an increase in lethal percentage of 1:68 
each brood. On this basis, the expected mutation- 
rate at the fourth brood for the lower dose would be 
5-1 per cent, as compared to the observed 2-3 per 
cent (for the sample of chromosomes tested, x? = 
8-3, deg. freedom = 1, P = 0-006). This clearly 
indicates that the mutation-rate observed in the 
sperm .of the fourth brood is very significantly lower 
than expected on the hypothesis that the cells from 
which it is recovered have received a longer time of 
treatment than those utilized in the third brood. As 
postulated’, this is probably due to the destruction 
of the ‘residual’ chloroethyl ester by hydrolysis (and 
other physiological factors) within less than the 
period of four broods (less than 12 days). It follows, 
therefore, that the much higher mutation-rate in 
spermatogonia which are utilized later than the ~ 
fourth brood cannot be a function of time. Sup- ~ 
porting evidence comes from the results with the 
fluoroethyl ester’, which also possesses a slow- 
reacting methanesulphonoxy group and yet it does 
mot induce a high mutation-rate in spermato- 


gonia. 

(3) ‘Visible’ mutations. Auerbach? interpreted the 
lack of reference to ‘visibles’ in our preliminary 
reports on the ‘N-mustard’ derivatives of phenyl- 
alanine as evidence that none of these mutations was 
observed. Actually, the ratio of visibles to lethals in 
all our experiments with this mustard was of the 
order of 3:10. In the interim reports she referred to, 
only the lethal rates were given, and nothing what- 
ever was said about the ‘visibles’. 

The statement? as to the heterogeneity of the ratio 
of visibles to lethals in the separate broods with the ` 
treatments listed in Table 1 of ref. 8 is rather 
ambiguous, since these data belong to two different 
compounds. A contingency table test for the relative 
frequency of these mutations in broods 1—4 gave for 
the ethyl ester y? = 1-8, deg. freedom = 3, P = 0-6, 
and for the methyl ester y? = 7-05, deg. freedom = 3, 
P = 0-07, thus revealing no pronounced hetero- 
geneity. 

Auerbach? raises the question of the possible role 
of cell-stage and germinal selection on the ratio of 
visibles to lethals recovered from various germ cells. 
This point will be dealt with in detail in a future 
publication. Suffice to say, however, that for all the 
alkylating mutagens tested in our laboratory, the 
ratio of sex-linked visibles to lethals for the same 
compound does not differ significantly for the 
separate broods up to and including the sixth. This 
ratio, however, was sometimes disturbed in favour 
of the visibles (presumably by differential germinal 
selection against the lethals) for mutations induced 
in the very early spermatogonia, which are recovered 
in the seventh brood (19-21 days after treatment). 
These mutations, however, did not contribute 
sufficiently to the total mutation pool in any of our 
experiments to alter significantly the overall ratio 
characteristic of the various compounds. 

The exact biological mechanisms responsible for 
the variation in the ratio of visibles to lethals under 
the effect of different mutagens is at present entirely 
unknown and is one of the problems receiving 
attention in our laboratory. It may be a mani- 
festation of various degrees of damage to the same 
loci; but might well be due to selective action on 
different loci. The merits of each of these views will 
be dealt with elsewhere, but whichever view is pre- 
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ferred can scarcely affect our conclusion: that if 
mutagens induce different ratios of visibles to lethals 
in the same sample of treated chromosomes, 
their mode of mutagenic action is somehow 
different. 

(4) Mode of mutagenic action of 2-chloroethyl 
methanesulphonate. Our interpretation® of the mode 
of mutagenic action of 2-chloroethyl methanesul- 
phonate is based on the comparative study of the 
chemical reactivity and mutagenicity of the above 
compound and some closely related alkyl-methane- 
sulphonates. The mutagenic criteria considered were 
gross trends and points of detail were only mentioned 
as complementary evidence. Our argument rests on 
the complete reversal of the mutagenic cell-stage 
response under the effect of 2-chloroethyl methane- 
sulphonate as compared with that of other alkyl 
methanesulphonates including the ethyl ester (see 
Fig. 2, ref. 8). As clearly stated in our contribution’, 
and has been shown experimentally’, changes in the 
brood-mutation pattern do occur with some com- 
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pounds, due to cells being killed by the treatment,’ 


variation in the speed of differentiation of the germ- 
line, or on altering the experimental procedure, par- 
ticularly the brood period. These changes, however, 
are of a much lower order than the gross difference 
that differentiates the mutation pattern of the 
chloroethyl ester from that of other alkyl-methane- 
sulphonates. 

Auerbach? suggests that the differential muta- 
genicity of the chloroethyl ester may be a function 
of the chloroethyl group which, she maintains, is 
known to be mutagenic. However, the fact that the 
chloroethyl group in ‘mustards’ (S- and N-mustards) 
is mutagenic does not mean that it is always so, 
irrespective of the configuration of the rest of the 
molecule. The biological activity of the chloroethyl 
group in ‘N-mustards’ has been shown by Ross?® to 
be due to the tendency of these compounds to produce 
‘electrophilic’ carbonium ions which would be ex- 
pected to react with the ‘nucleophilic’ centres in the 
cell—particularly those of nucleic acids. Ross also 
demonstrated that the above tendency could be 
measured ¿n vitro by the rate of hydrolysis of the 
chlorine atom under mild conditions. Since with 
2-chloroethyl methanesulphonate, the chlorine atom 
does not hydrolyse in water at 37° C., whereas the 
methanesulphonoxy group does, there can scarcely 
be any doubt that the potential alkylating ability of 
the chloroethyl ester initially starts at the methane- 
sulphonoxy end, as is the case with the other alkyl- 
methanesulphonates. If, however, the product of the 
initial reaction could be such as to ‘activate’ the 
chlorine atom of the chloroethyl group, then another 
alkylating centre would have been secondarily pro- 
duced. Hence the search for the secondary agent 
that could account for the atypical mutagenic 
properties of the chloroethyl ester. 

As clearly admitted in our article®, the suggested 
formation of a secondary mutagen under the effect 
of 2-chloroethyl methanesulphonate was only infer- 
ential, and our idea, about its chemical nature was 
purely speculative, but experiments were designed 
for testing our hypotheses. The first series of experi- 
ments using §-chloroethyl cysteine (one of the 
possible metabolites) has now been undertaken. The 
brood-mutation pattern for this compound was found 
to be of essentially the same type as that for 2-chloro- 
ethyl methanesulphonate, though indicating far 
greater selectivity for the early germ cells (details to 
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be published elsewhere). An injected concentration 
of S-chloroethyl cysteine as low as 0-4 x 10-2? molar 
induces a sex-linked recessive lethal-rate of 30 
per cent in the most sensitive spermatogonia as 
compared to a maximum of only 1-6 per cent’ among 
the sperm and spermatid stages. Other amino-acid 
mustards that are likely to be produced in vivo 
through the effect of the chloroethy] ester (particularly 
in conjunction with cysteine metabolism) will be 
tested for mutagenicity. However, the results with 
S-chloroethyl cysteine suggest that our reasoning as 
to the mode of mutagenic action of 2-chloroethy] 
methanesulphonate was on the correct lines: that 
the high response of spermatogonia under its effect 
is probably due to the production in vivo of a secon- 
dary mutagen other than the sulphonate itself. 


O. G. Faumy 
MYETLE J. FAHMY 
Chester Beatty Research Institute, 
Institute of Cancer Research, 
Royal Cancer Hospital, 
London, S.W.3. 


* Auerbach, O., Z.4.4.V., 87, 627 (1956). 


* Auerbach, C., preceding communication; Z.i.4.V. (in the press, 
personal communication). 


* Fahmy, O. G., and Bird, M. J., Heredity, 6 (Supp.), 149 (1953). 
t Fahmy, O. G., and Fahmy, M. J., J. Genet., 52, 603 (1954), 

* Fahmy, O. G., and Fahmy, M. J., J. Genet., 53, 181 (1955). 

* Fahmy, O. G., and Fahmy, M. J., Nature, 177, 996 (1956). 

* Purdom, C. E., Nature, 180, 81 (1957). 

° Fahmy, O. G., and Fahmy, M. J., Nature, 180, 31 (1957). 

° Fahmy, O. G., and Fahmy, M. J., J. Genet., 58, 563 (1955). 

1 Ross, W. O. J., “Advances in Cancer Research”, 1, 397 (1953). 


THE editors of Nature have kindly given me leave 
to wind up this discussion with a few lines; they do 
not wish a continuation of technicalities, and I refer, 
therefore, for details of my criticism to my paper in 
Z.1.4.V. Here I only want to say this: although 
the reply by Drs. Fahmy seems to meet all my 
objections, it does in fact, on closer analysis, confirm 
that their methods and reasoning were, point for 
point, exactly as stated and criticized by me. Their 
reply contains no new references to published data. ; 
their insistence on the repeatability, in their experi- 
ments, of the relation between dose and effect is 
wholly irrelevant to the argument; the calculation 
in section 2 is based on too specious an argument to 
be taken seriously; finally, it is very difficult to 
understand why “an extraordinary efficiency in the 
production of visible mutations” by certain compounds 
should have been noted but not mentioned for a full 
year during which two lengthy interim reports came 
out, especially as this result was first made public in 
exactly the same kind of interim report. If the 
speculations on the action of CB 1506 have led to the 
discovery of a further interesting mutagen, they 
certainly have had heuristic value. It does not 
follow, however, that they were correct or even well 
founded. Two substances may well produce similar 
brood patterns without one being a metabolic 
descendant of the other (see the last section of my 
communication above). Moreover, it would not be 
the first time that an effective mutagen has been 
detected on the basis of a wrong or doubtful hypo- 
thesis. 


C. AUERBACH 


Institute of Animal Genetics, 
Edinburgh. 
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for opinions expressed by their correspondents. 
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X-Ray Study of Laboratory-made Diamonds 


..Last summer one of us was able, through the 
courtesy of the General Electric Co., of Schenectady, 
New York, to select a few of the diamonds made 
in the Company’s Research Laboratories and to bring 
them to University College, London, for detailed 
X-ray examinations. These diamonds are mostly 
very small (less than 4 mm. linear) and are coloured 
(yellow, green, black) and good shapes are rare. 
Although some colourless diamonds have been made, 
there were none among our collection, nor did we 
have any of those of pure cubic form. The habits, 
which are exceedingly interesting, will be discussed 
in the more extended account of this work to be 
published later. 





i fes f 
| $11 022 | Lil 
222 200 


Fig. 1. (a) Twinned natural diamond. . Rotation slightly mis-set 
from [011] for’one individual: showing 111, 022, 311, 222 (very 
weak) 400, 133 reflexions. Copper -K radiation, filtered. 
(b) Twinned laboratory-made diamond : same settin and radis- 
tion; showing, in addition to the ‘above the ‘forbidden’ 200 
(medium) and 420 (very weak) reflexions, wi h very weak satellites 
to all others. Only the 200 spots are clearly visible on the 
reproduction 
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Ten representative specimens have been studied so 
far. Laue photographs show thet only two crystals are . 
comparatively single and free from distortion ; but 
five have given, using chromium, nickel, copper and 
molybdenum radiations, good rotation and/or Weiss- 
enberg photographs (about [001] and [011] ) on which 
it is easy to distinguish spots due to the main specimen 
from those of its associated twin. In every case these 
laboratory-made diamonds show one outstanding 
diffraction feature, namely, the presence of a com- 
paratively strong 200 reflexion, which is never shown 
by any natural diamond, whether of terrestrial or 
meteoritic origin, that we have studied. . There are 
other ‘forbidden’ reflexions (h, k, l even and h + k + 
I = 4n + 2) present also, and nearly all the normal 


- diamond reflexions show a faint satellite on the short- 


spacing side (Fig. 1). 

All the low-order reflexions are sharp, but the 
‘forbidden’ and ‘satellite’ spots are sometimes a little 
extended along arcs with 6 constant, showing that 
they are given by a mosaic or conglomerate of slightly 
disorientated crystallites. 

The explanation of the diffraction phenomena 
appears to be as follows. Each diamond consists of a 
matrix of normal diamond, of lattice constant 
3-567 A., with carbon atoms at the usual positions: 


000, 044, 404, 440 + [000, 444 


in each unit cell. Within this matrix there are islands 
of a-different structure which is face-centred cubic 
with lattice constant 3:54 A. These islands lie closely 
parallel with the diamond matrix and must be at 
least 10,000 A. across to account for the sharpness 
of the reflexions, although some broadening of the 
331 and 420 indicates possible distortion or strain. 

A spectroscopic analysis of. the diamonds, carried 
out in Messrs. Johnson Matthey’s Research Labora- 
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tories, demonstrates the presence of some 0-2 per 
cent of nickel, with smaller quantities of other 
elements (Si, Al, Fe, Mn, Mg, Na, K, Ti, Ca, Cr, 
Cu, B). This points to @ probable explanation of 
the subsidiary structure. 6-Nickel has a face-centred 
cubic structure of lattice constant 3-52 A. ; nickel 
carbide, a solid solution Ni,C where x > 4, is face- 
centred cubic above 210°C. and has? the slightly 
higher parameter 3-54 A. A simple face-centred cubic 
structure would not account for the high intensity of 
200 relative to other lines in the satellite structure. 
The addition of some impurity or solvent atoms could 
do so. A calculation shows that for incident nickel, 
copper Ka or molybdenum radiation, even so small 
an amount of nickel as 0:2 per cent, concentrated 
in a few well-crystallized and parallel islands, 
would give reflexions of appreciable intensity, but 
that for chromium or copper KP radiation they would 
be much reduced in intensity if the extent of each 
island is more than some 4 x 10-4 cm. linear. This 
reduction in intensity is found to occur. 
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Nickel does not normally appear as an impurity . 


in natural diamonds. The closeness of its lattice 
constant to that of diamond would point to it, how- 
ever, as & possible inducer of crystallization of carbon 
in the diamond form (much as 6 silver iodide can 
induce the precipitation of ice in clouds). The process 
of cooling from high temperatures and simultaneously 
expanding from high pressures could well leave 
islands of face-centred cubic nickel or Ni,C or some 
other nickel compound in a state of strain; and the 
existence of orientation relationships (not necessarily 
complete parallelism) in a precipitated phase is 
typical, for example, of Widmanstiatten patterns in 
iron-rich nickel-iron alloys in diamond-bearing 
meteorites. The presence of nickel in these laboratory- 
made diamonds recalls the Press release (February 15, 
1955) by the Research Laboratory of the General 
Electric Co., in which it was stated that its scientists 
had “gained valuable help from nature, particularly 
from studies of diamonds found in Arizona meteor- 
ites”. This will be discussed in our later paper. 

The question still remains as to the actual mech- 
anism of transformation from graphitic carbon 
(assuming this to be the initial substance) to diamond. 
This could in fact occur via an intermediate carbon 
structure, as shown in Fig. 2. This structure, if it 
has carbon atoms in the positions (x ~ +) 


000, O44, 403, 440 + | z273; +a, + 4,442] 


m a unit cell which is geometrically cubic, of side 
3°54 A., but of rhombohedral symmetry only, would 
give reflexions in precisely the positions of the 
satellite spots. Apart from the variation of absorp- 
tion factor with incident radiation, the occurrence of 
such an intermediate structure, in islands, each with 
its trigonal axis orientated parallel to one of the four 
diamond octahedral directions, could scarcely be 
distinguished from that of the nickel-rich islands we 
have postulated as the main cause of the satellite 
reflexions. 

Nath? suggested in 1935 that the reverse trans- 
formation, diamond — graphite, might take place via 
rhombohedral graphite, but no experimental evidence 
of this has yet been found, even in heavily irradiated 
or heat-treated diamonds*. We should also emphasize 
that even -the blackest of the ldboratory-made 
diamonds examined showed no trace whatever of the 
strong 0002 reflexion typical of both hexagonal and 
rhombohedral graphites, or any other purely graphitic 
reflexion. 
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We would like to express our thanks to members 
of the research staff of the General Electric Company, 
Schenectady, who, within the limitations of United 
States security regulations, have given us every 
assistance in this investigation. 

H. JUDITH GRENVILLE-WELLS 
KATHLEEN LONSDALE 
University College, 
London, W.C.1. 


1 Bernier, R., Ann. Chim., 6, 104 (1951); distances given here as in 
A. are really in KX., and must be multiplied by 1-00202. 

1 Nath, N. 5. N., Proc. Ind. Acad. Sci., A, 1, 841 (1935). 

3 Grenville-Wells, H. J., Thesis, London (1951). 


Nuclear Quadrupole Resonance of 
Neutron-irradiated Sodium Chlorate 


RECENTLY a method based on intensity measure- 
ments in pure quadrupole resonance has been 
developed and has proved itself useful for the study 
of solid solutions! and for the investigation of the 
damage induced in pure solid compounds by high- 
energy radiations such as gamma-rays®. 

The present work was undertaken in order to try 
to extend this method to the case of neutrons. With 
this in view, fused samples of sodium chlorate, which 
presents a favourable signal-to-noise ratio, were 
irradiated at 95° C. in the Belgian BR-1 reactor in 
which a high ratio of neutron to gamma energy is 
provided. A frequency-modulated super-regenerative 
detector was used and the spectra were automatically 
recorded after phase-sensitive detection of the 
signals. 

The observations performed at 23° C. showed that 
the height of the line (located at 29-932 Mc./sec.) 
corresponding to chlorine-35 was decreased by about 
25, 36 and 52 per cent for irradiations with doses of 
2 x 1044, 10% and 2 x 1015 fast neutrons cm.~’, 
respectively. We were unable to detect any signifi- 
cant shift in the line frequency and, as was found to 
occur with the gamma-rays’, a plot of log I (irradiated 
sample) —log J, (unirradiated sample) versus the dose 
gave a straight line. This shows that, despite a 
different type of effect, an exponential law still 
describes the intensity behaviour. It should be 
noticed that, within the range of doses used, no 
significant broadening of the line (measured by the 
separation between the peaks of the first derivative 
curve) was observed. For this reason, the intensity 
of the line was regarded as being satisfactorily 
represented by its height. 

It may now be stated that the method here reported 
is also valuable for the study of damage induced by 
neutrons. Further research, including radio-resistance 
in terms of structure and recovery effects, is now in 
progress. 

We are indebted to the Centre d’ Etudes pour les 
applications de l'Energie Nucléaire for irradiation 
facilities. 

JOSEPH DEPIREUX 
JULES DUCHESNE 
Institut d’Astrophysique, 
University of Liège. Jan. 10. 


1 Duchesne, J. and Monfils, A., C.R. Acad. Sci., Paris, 238, 1801 
(1954). Dean, C., J. Chem. Phys., 28, 1734 (1955). Segel, 5. L., 
and Lutz, B. C., Phys. Rev., 98. 1183 (1955). Monfils, À., and 
Grosjean, 'D., Physica, 22, 541 (1956). Michel, R. E., and Spence, 
R. D., J. Chem. Phys., 286, 954 (1956). Dreyfus, B., and Dautreppe, 
D., C.R. Acad. Sci., Paris, 243, 1517 (1956). Woessner, D. E., and 
Gutowsky, H. S. J. Chem. Phys., 27, 1072 (1957). 

* Duchesne, J., Monfils, A., and Garsou, J. . J. Chem. Phys., 23, 1969 
(1955). Monfils, å., and Duchesne, Bigot 22, Bis (1956). 
Duchesne, J., Monfils, A., and Depivéus Sei 
Paris, 243, 269 (1956). Duchesne, J Arch. EA Genève, 10, 257 


760 


Flame ‘Sonization Detector for Gas 
Chromatography 


Iv has been found that the electrical conductivity 
of a flame burning a mixture of hydrogen and nitro- 
gen (in air) is very sensitively affected by thé vapours 
of organic substances, and this effect can be used for 
detection purposes in gas chromatography. 

In a simple form of the detector the carrier gas 
used was a mixture of approximately equal parts 
by volume of hydrogen and nitrogen and the issuing 
gas was burnt at a jet made from a 23-gauge hypo- 
dermic needle (cut square) which itself served as the 
positive pole for the conductance measurement. The 
negative pole consisted of a piece of 30-mesh brass 
gauze, about I cm. above the needle, and the current, 
driven by a battery of about 300 volts, passed 
through a 100,000-chm resistor, across which a Leeds 
and Northrup 10-mV. potentiometric recorder was 
connected. The sensitivity of this arrangement to 
organic vapours was at least as good as reported 
for the best katharometers. 

For the highest sensitivity yet obtained, a double 
triode ‘long-tailed pair’ impedance conversion cir- 
cuit was used (voltage gain about x 2), with a 
reference jet (burning the same gas mixture) feeding 
one grid and the detection jet feeding the other. 
Circuit details are shown in Fig. 1. 

The valve is an £80CC (Philips), heaters in series 
with a 12-volt accumulator. The output is filtered 
with an RC circuit with a time constant of about 
5 sec. The combustion chamber and collector leads 
are completely shielded. The combustion chamber 
is supplied with filtered air since dust particles cause 
large disturbances. 

With the jets connected to short partition columns, 
injection of 0-01 ml. of a solution of one part of 
diethyl ether in 10,000,000 of ethyl acetate (by liquid 
volume) gave an output of about 1 mV. for the ether 
peak, which was eluted during the passage of 100 ml. 
of carrier gas. This deflexion was about five times 
the background fluctuations, and the sensitivity (for 
twice background) was estimated at not less than 
5 x 10-1! mole of diethyl ether, or 4 x 10-8 pm. The 
sensitivity at the pomt of detection was about one 
part in 400 million (by gas volume). From the daily 
variations in background, it is thought probable that 
the sensitivity is at present limited by the quality of 
the insulation and the stability of the grid resistors 
rather than by the stability of the fame outputs. 
(Much higher output could be obtained with higher 
grid resistances, provided background was not 
proportional.) 





Fig.1. Circuit of dual-jet detector 
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With the double-jet system fed with the same gas 
mixture to both columns, the base line is remarkably 
insensitive to nitrogen—hydrogen ratio, total flow-rate, 
vibration, ambient temperature or minor variations 
in the supply of filtered air. The air supply is passed 
straight into the bottom of the jet chamber without 
any device to suppress turbulence. 

Other organic vapours so far tried give sensitive 
responses, including benzene, toluene, xylene, carbon 
tetrachloride and methylene chloride. Very little 
if any response is obtained with carbon dioxide. 

Preliminary measurements and calculations based 
on Faraday’s law, appear to indicate an ion yield 
of between. one and ten ions per 10,000 molecules 
of ether, but further investigations, using electrometer 
valves with very low grid currents, are planned. It is 
hoped to publish the results at a later date. 

A remarkable demonstration of the sensitivity of 
the apparatus (and of the difficulty of producing 
known concentrations of vapour by serial dilution) 
is given by charging an ordinary 2 ml. glass hypo- 
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. dermic syringe with ether vapour, pumping out com- 


pletely about 100 times, and then injecting a syringe- 
ful of air. A peak of several millivolts is obtained, 
from ether desorbed from the glass. 

The above detector was described at a discussion 
on gas chromatography held at Cambridge on 
October 4, 1957. 

We thank Imperial Chemical Industries of 
Australia and New Zealand for permission to publish 
this communication, L. E. Polak, S. Lattimore and 
F. A. Walter for invaluable advice on the electronics, 
and V. E. Maier and W. J. Bryant for able assistance. 

I. G. MeWOLUAM 
R. A. Dewar 
Imperial Chemical Industries of Australia 
and New Zealand, Ltd., 
Central Research Laboratory, 
Ascot Vale, Victoria, Australia. 


Polarization of the Integrated Light of 
Comet Arend-Roland, 1956h 


From a pair of photographs of the comet taken on 
the night of April 29-30, 1957, through a ‘Polaroid’ 
filter with the 50-cm. Zeiss triplet of the Mond Astro- 
graph, percentage polarization in integrated light 
(spectral range, 4000-5900 A.) has been measured in 
the brightest part of the coma, and also at two 
locations in the tail 4 and 5 min. of are respectively 
from the former position. The small scale of the 
photographs (6:85 min. of arc/mm.) prevented any 
attempt at a more detailed survey. 

The correct position angle of the polarizing filter 
was determined visually by a preliminary observation 
of the comet, and the filter was rotated through 90° 
between the successive exposures, which were given 
separately on Kodak'O 800 plates. It had been in- 
tended to give an exposure time of 2 hr. in each 
instance; but the presence of clouds limited the 
exposure through the ‘crossed’ filter to 1 hr. 20 min. 
The mean altitude of the comet was approximately 
20°. 

Both plates were microphotometered; and the 
photographie density measures at each of the three 
selected locations were reduced by the aid of mag- 
nitude—density curves, based on measurements of 
the trailed images of five field stars, namely, H D, 
21291, 21389, 21447, 25291 and 25642. No corrections 
were applied to the observed magnitudes for differ- 
ential atmospheric extinction. 
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The following values of percentage polarization 
were obtained: in the brightest part of the coma, 
4] + 5 percent; in the inner tail, at a point 4 min. of 
arc from the coma, 51 + 5 per cent, and at a point 
5 min. of are distant, 35 per cent, with the plane of 
polarization along the radius vector to the Sun. 

Because of under-exposure, the total density in the 
image of the tail recorded through the ‘crossed’ 
analyser equalled the threshold (sky background) 
value at an angular distance of only 7 min. of arc from 
the bright, central region of the coma. ‘Thus the 
probable error of the third measurement given above 
is uncertain and, in consequence, this result should 
have less weight than the other two. 

The amount of polarization found in the head of 
the comet agrees well with the value of 45 per cent 
obtained on an unspecified date by Richter!, who 
also used a polarizing filter. However, it is nearly 
20 per cent higher than the maximum polarization. 
found by Blackwell and Willstrop’ in the continuous 
spectrum of the comet. 

Richter (loc cit.) has reported that the comet’s tail 
was also 45 per cent polarized out to a distance of 
4° from the head. The present results suggest that 
this value may even be exceeded at the base of the 
tail near its junction with the coma. 

7 D. R. BARBER 
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Norman Lockyer Observatory, 
University of Exeter, 
Sidmouth, Devon. 

Jan 29. 


1 Phe Observatory, 77, 131 (1957). 
t Mon. Not. Roy. Astro. Soc., 117, 590 (1957). 


The a- Transformation in Keratin 


THE possibility of obtaining from X-ray diffraction 
results a quantitative estimate of the course of the 
o«-8 transformation as a keratin specimen is stretched 
is so important that attempts such as that of Bendit! 
are to be welcomed. I feel, however, that it is 
impossible to say the same about the proposal 
recently put forward by V. D. Gupta?, who measures 
for specimens at various extensions the value of an 
index 


Q = e—/n x 100 
e t Lm 


which he wishes to take as a measure of what he calls 
the ‘“‘degree of order”. So far as can be gathered from 
his somewhat ambiguous phraseology, the quantities 
Im and I, are the intensities of the meridional and 
equatorial diffraction spots, the former the group of 
reflexions with spacings near 5:1 A., and the latter 
the reflexions with spacings near 10 A. (common to 
the a- and 8-photographs) and near 4-65 A. (charac- 
teristic of the 8-photograph). If this interpretation 
of Gupta’s intentions is correct, then changes in Q 
are indications not so much of changes in the degree 
of order (whatever this might mean) as of changes in 
the 8: æ ratio. His conclusion that during stretching 
there is an initial rapid rise in the degree of order, 
with little further change at extensions greater than 
40 per cent, should therefore be replaced by the 
almost trivial result (it was not so trivial 30 years 
ago) that the X-ray photograph at 40 per cent 
extension is more like that at 70 per cent extension 
than it is like that of unstretched fibres. 

To talk about “degree of order”? in a material like 
keratin, with its potentialities for changes of crystal 
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structure, state of crystallite orientation, and crystal- 
linity ratio, without making it quite clear whether 
some or all of these or some other unspecified charac- 
teristic of the material is involved, is, we consider, 
dangerous and misleading. If, for example, we agree 
to measure lack of order by the entropy, experiments 
on the -elastic properties? indicate that in the initial 
stages of extension there is a decrease in the degree 
of order; I think that this is confirmed when the 
results of X-ray diffraction experiments are properly 
interpreted. , 
H. J. Woops 
Textile Physics Laboratory, 
Dept. of Textile Industries, 
University of Leeds. 

1 Bendit, E. G., Nature, 179, 535 (1957). 


23 Gupta, V. D., Nature, 181, 113 (1958). 
8 Woods, H. J., J. Colloid Sei., 1, 407 (1946). 


Structure of Kainic Acid and its Isomer, 
Allokainic Acid 


In 1953, Murakami, Takemoto and their collab- 
orators! isolated the most active component of 
Digenea simplex Agardh which has been well known 
as an anthelmintic (vermifuge) for more than a 
thousand years. ‘They named it kainic acid after 
‘Kaininso’, the Japanese name of the mother alga. 
Kainic acid, C,>H,,0,N, has an intense anthelmintic 
effect, about ten times that of santonin, without 
side-effects. In conjunction with chemical studies? 
to determine the structure of this interesting com- 


_ pound, we have carried out a structural determination 


by means of X-ray crystal analysis. 

Following orthodox X-ray procedure the research 
was commenced with a salt containing zinc as a 
heavy atom. Zinc kainate crystallizes with two 
molecules of water in colourless prisms, which are 
orthorhombic. The space group was found to be 
P2,2,2,, and the dimensions of the unit cell, con- 
taining four units of C,»H,,;0,N Zn.2H.O, were as 
follows: a = 25-50, b = 6-93, c = 7-60 A. By the 
trial-and-error method based on the presence of the 
heavy atom, electron-density projections along the 
b- and c-axes were derived, and the structure of 
kainic acid was found to be 2-carboxyl-3-carboxy- 
methyl-4-isopropenylpyrrolidine, with the stereo- 
configuration shown in the structural formula 
(asymmetric centres are marked by asterisks) : 


- 


OH, 
Y 
C--CH—CH—-CH,.COOH 
CH, H, "CH—COOH 


The structure of the molecule in the zine galt is 
illustrated schematically in Fig. 1, where it is viewed 
along the b-axis. 

In addition, we examined kainic acid itself. From 
water, kainic acid crystallizes with one water mole- 
cule, in colourless needles which are monoclinic. The 
dimensions of the unit cell were as follows: a = 
12-07, b = 5-86, c = 8-19 A., B = 94-7°. Tho space 
group was P2,, and the unit cell contained two units 
of C,,»H,,0,N.H.,0. By trial-and-error methods the 
electron-density projections along the three principal 
crystal axes were obtained, and the result was in 
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Fig. 2. Theľelectron density of kainic acid monohydrate, pro- 
jected on (010) 


agreement with that for the zinc salt. The b-axis 
electron-density projection is shown in Fig. 2. 
Furthermore, we analysed an isomer of kainic acid, 
allokainic acid, which is found also in Digenea simplex 
Agardh. It is weakly anthelmintic, if at all. Crystal- 
line allokainic acid forms colourless prisms with no 
water of crystallization ; the space group is P2,2,2,, 
and the four units of C,»H,,0,N are contained in a 
cell of dimensions: u = 26-08, b = 5:83, c = 6-95 A. 
The electron-density projections along the 6- and 





C 


Fig. 3. The structure of allokainic acid 
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c-axes were derived by the trial-and-error method. 
The stereochemical structure of the molecule is 
represented in Fig. 3, viewed along the b-axis. The 
structural relationship between the two isomers can 
be seen by comparison with Fig. 1. Accordingly, 
allokainic acid can be said to be a stereoisomer of 
kainic acid, differing merely in the configuration of 
one of its side-chains, namely, by reversal of the 
configuration at C, of the pyrrolidine ring. It is of 
interest that the anthelmintic effects of the two 
isomers are remarkably different from each other, due, 
apparently, to the dissimilar configurations of the 
¢sopropenyl side-chain. 

These X-ray results completely coincided with the 
conclusions? deduced from the chemical behaviour. 
This work will shortly be published in detail in the 
Bulletin of the Chemical Society of Japan. 

I. Nrvra 
H. WATASE 
Y. TOMIE 
Department of Chemistry, 
Faculty of Science, 
University of Osaka. 
Osaka. Oct. 22. 


1 Murakami, S5., Takemoto, T., and Shimizu, Z., J. Pharm. Soc. Japan, 
73, 1026 (1953). 

2 Miyasaki, M., J. Pharm. Soc. Japan, 75, 695 (1955). Ueno, Y., 
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and Nakamori, R., ibid., 76, 294 (1956); Proc. Japan. Acad., 
32, 41 (1958). 


Colour Filters for the 4358-A. Line of the 


: Mercury Discharge Spectrum 


In connexion with other work}, experiments have 
been carried out with the aim of obtaining an 
improved filter for the 4358-A. line of the mercury 
discharge spectrum which is of interest for photo- 
chemical and spectroscopic investigations. 

We have found that a solution filter consisting of 
9: 10-dibromoanthracene (or 9: 10-dichloroanthra- 
cene) and of crystal violet perchlorate in suitable 
concentrations and solvents will separate the 4358-A. 
line with a transmission of 80 per cent almost com- 
pletely from all other lines of the mercury discharge 
lamp, including that of the intense neighbouring 
4047-A. line. 

Table 1 shows transmission data for various 
concentrations and thicknesses in ethanol—-toluene 
solution (measured against air, if not otherwise 
stated). 

Probably the most, suitable filter containing 
0:0125 per cent crystal violet perchlorate and 
0-02 per cent 9: 10-dibromoanthracene has a trans- 
mission in a l-cm. cell measured against air at the 
mercury lines of 5790 (<10-'°), 5461 (<10-?%), 
4358 (81 per cent), and 4047 A. (<10-*). Reflexion 
losses at 4358 A, represent an appreciable part of the 
transmission losses and are slightly greater if the 
solutions of the perchlorate and of dibromoanthracene 
are kept in separate cells. No precautions have been 
taken for their reduction. The pass-band (width of 
band at twice the intensity observed at 4358 A.) is 
325 A. (against air) and 260 A. (against cell and 
solvent). This may be compared with the 42 and 
1 per cent transmissions at 4358 and 4047 A., respec- 
tively, and with the pass-band of approximately 
500 A. for the best copper salt/sodium nitrite filter 
suggested elsewhere? and the <5 per cent trans- 
mission at 4358 A. of the commercial filters available. 
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Table 1. TRANSMISSION DATA FOR FILTER CONTAINING CRYSTAL OUNT PERCHLORATE AND 9: 10-DIBROMOANTHRACENE IN ETHANOL AND 
OLUENE 

















Crystal violet perchlorate | 9 : 10-Dibromoanthracene Solvent Cell Per cent transmission at 2, A. 
er cent) (per cent) 5790 5641 4358 4047 
0:02 Ethanol/toluene (1 : 1) 2 cm, 0 0 58 0 
cm. 0 0 72 0 
5 mm. 0 0 83 ~0'l 
2 mm. <0-01 <0-01 85 4 
0-02 Ethanol/toluene (1 : 1) 2 cm. 0 0 72 0 
cm. 0 0 81 0 
5 mm, 0 0 83 ~0-1 
2 mm. <0-01 <0-1 85 6 
lem. | 0 0 88 0* 
0 00625 0-02 Ethanol/toluene (1 : 1) 2 cm. 0 0 76 0 
em. 0 0 83 0 
5 mm, 0 0 84 ~0-1 
2mm, 1-3 4 89 6 
0:0125 — Ethanol lem. 0 0 78 0 
— 0:02 Toluene 1 cm, 
0-0125 — Ethanol 1 cm 0 0 82 0* 
— 0°02 Toluene 1 cem 













* Measured against cell and solvent, 


The light fastness of these filters has been investi- 
gated by exposure to the G.E.C., 400-W. Osram? and 
the very intense B.T.H., 240-W. Mazda lamp‘. The 
cells containing the filters were sealed to prevent 
evaporation and to keep atmospheric oxidation to 
the minimum. 

Table 2 shows the transmission changes of the 
filter in ethanol-toluene solution on irradiation in 
various conditions. The light fastness is particularly 
satisfactory when a sealed cell contaming dibromo- 
anthracene in toluene is placed in front of one 
containing crystal violet in ethanol. 


Table 2. CHANGE IN TRANSMISSION ON IRRADIATION 


Per cent transmission 
after exposure 

Osram Mazda 

(0) (20hr.) (6 hr.) 


Filter 


0-0125 per cent crystal 
violet and 0:02 per 
cent 9:10-dibromo- 
anthracene in ethanol 


toluene (1 : 1) 


0:0125 per cent crystal 
violet in ethanol 


0:02 per cent 9: 10-di- 
bromoanthracene in 
toluene 


1 cm. 


1 cm. 





The investigation has been carried out with the 
help of a research grant from the Paul Fund of the 
Royal Society, which is gratefully acknowledged. 

A. Borawoy 
A. G. RoacH 
College of Science and Technology, 
Manchester, 1. Jan. 7. 
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Agar as Specimen Carrier in Double-Beam 
Infra-Red Spectroscopy 


Merops for preparing specimens for infra-red 
spectroscopy are limited. A workable addition to the 
few techniques available should extend the usefulness 
« of infra-red spectroscopy. 

Pollen polysaccharides prepared by the Bencard 
Allergy Research Unit gave films too brittle to be 


transferred from the base on which they were dried 
when prepared by the method of Orr}.?. To prepare 
them for infra-red spectroscopy one of us (J. G. F.) 
adapted a method previously reported for preparing 
films of antigen-antibody precipitation patterns in 
agar”. The polysaccharides were incorporated in an 
agar gel which was afterwards dried to a film. 
Films for spectroscopy have been made by others 
from gelatine’, polystyrene’ and polyethylene’®. 

An approximately 0-8 per cent stock agar is made 
from ‘Oxoid 0.10’, thoroughly clarified by a pre- 
viously published method’ and the gel dialysed by 
soaking in several changes of distilled water. This 
appears to remove a band of unreproducible intensity 
in the 4:92 region. Material for infra-red examination 
is dissolved or suspended in distilled water in suitable 
concentration and mixed with an equal volume of 
melted stock agar cooled to about 56°C. 2 ml. of 
the agar-specimen mixture is pipetted on to a sili- 
coned glass plate, for example, a lantern slide cover 
glass, and spread out to cover the area within a 
13-in. internal diameter metal or plastic ring. 
Simultaneously, a control film is prepared in the 
same way with distilled water. 

The agar is allowed to gel, the gels are cut free 
of the rings with a sharp-pointed blade, the rings 
removed and the plates with the gel disks air-dried 
overnight at 37°C. The dried films are coherent 
and can be lifted from the siliconed glass surface for 
mounting in cell holders. A film may be cut to a 
desired size by placing a lead spacer or suitably sized 
disk on it and ringing with a pointed blade. Alter- 
natively, they can be mounted on annular linen 
gummed reinforcements of suitable size, care being 
taken to avoid contaminating or straining the film. 

When made with non-crystallizing substances, for 
example, polysaccharides, the films are clear and 
transparent. When crystallization occurs, for ex- 
ample, with glycine and urea, it does not hinder 
spectroscopic examination. Films have also been 
prepared from substances in suspension, such as 
micro-organisms. 

Agar films (Fig. 1) were examined in the Grubb 
Parsons double-beam spectrometer. Adequate can- 
cellation of the agar spectrum and uniformity of 
optical density, as checked by film rotation, can be 
obtained if the films are dried under the same con- 
ditions. 

Differences in spectra associated with methods of 
preparation and presentation of samples are recog- 
nized occurrences. The spectra for substances in agar 
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Fig. 1. Infra-red spectra of agar films. 
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single film ; 
films are characteristic of the method and repro- 
ducible, though differing in some details from those 
in potassium bromide disks (Fig. 2). Thus, in agar 
gel films the glucose spectrum loses some of its fine 
structure (also observed by Kuhn! in his vacuum- 
dried sugar preparations), and there is a reversal of 
l a S intensities of the 10-9» and 11-2u glycine 

an 
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10 11 12 13 14 
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Fig. 2. Infra-red spectra of timoth 


MR pollen polysaccharide. 
+, agar Alms; ——, po 


ium bromide disk 


As the agar gel film technique is directly applicable 
to dissolved or suspended substances it may be 
particularly useful for process analysis and control. 

No attempt has been made to control the water 
content of the films beyond the initial drying, but 
recent®.1° observations on the effect of water content 
on infra-red spectra should be considered. 

We wish to thank Mr. D. F. Lawson for photo- 
graphing the spectra. 

J. G. FEINBERG 
H. D. C. Rapson 
Mary P. TAYLOR 
Beecham Research Laboratories, 
Brockham Park, 
Betehworth, Surrey. 
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e Sands, J. D., and Turner, G. S., Anal. Chem., 24, 791 (1952). 
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*Biout, E. R., and Lenormant, H., Nature, 179, 960 (1967). 
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A Rotating Hanging Mercury-Drop 
Electrode 


THe work of Gerischer! and Delahay et al.? 
suggested to us the use of the hanging mercury-drop 
electrode as a rotating electrode. This electrode, used 
as a stationary electrode (as proposed by Ross et al.*), 
offers several distinct advantages over the conven- 
tional dropping-mercury electrode. The charging 
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current is largely reduced, the current-voltage curve 
can be scanned in a shorter time and the curve- 
distorting oscillations are eliminated. However, used 
as & rotating electrode its advantages are even greater. 
The electrode owes its greater sensitivity to the 
accelerated diffusion of reducible species (thinner 
diffusion layer). Peak-formation in the current- 
voltage curve is prevented, because depletion of the 
reducible species in the diffusion layer of the electrode 
cannot occur. If desired, the curve can be plotted 
manually: it resembles the polarogram in its ideal 
form. Analysis of multicomponent systems offers 
none of the extra difficulties encountered with the 
stationary type’, and compensation of the diffusion 
current of a more noble metal ion, preceding the 
diffusion current of the metal ion to be determined, 
is therefore possible. The reproducibility of repeated 
determinations on the same solution is comparable 
to or better than that of conventional polarography. 
It is possible to determine concentrations of reducible . 
ions as low as 107 M. 

Fig. 1 shows the cell and the rotating electrode. 
The saturated calomel electrode is connected to the 
cell by means of a salt bridge containing a 3 per cent 
agar gel, saturated with potassium chloride; the end 
of the bridge also functions as stopper. 

The cell is thermostated at 25-0 + 0:1°C. Nitrogen 
may be either bubbled through or passed over the 
solution (when recording) through ‘stopcock K. 
Details of the electrode are also shown in Fig. 1: the 
platinum wire (diameter, 0-5 mm. ; length, 0-5 mm.) 
projecting from the end of a soft-glass tube is thinly 
plated with gold. Two drops of the conventional 
dropping-mercury electrode type can readily be 
attached to the plated platinum electrode and adhere 
even when. the electrode is rotated at a speed of 
750 r.p.m., provided the tip of the electrode is on the 
axis of rotation. A constant speed of rotation is 
necessary to obtain a constant diffusion current. 
The hanging mercury-drop electrode can be repro- 
duced easily if necessary. 

An example of a current-voltage curve of a two- 
component system (10-4 M Pbt++ and 10-4 M Cdtt 
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ccs Nig. 2. Current-voltage curve of a two-component system 
ee: (14 M Pb++ and 10-4 M go in 0-1 M potassium chloride at 
| č. 500 r.p nr 


coom 0-1 M potassium chloride) is shown in Fig. 2. 
-o The voltage-scanning rate was equal to that commonly 
used in conventional polarography. 

Further details of this electrode, which appears 


> to‘ be a useful analytical tool, will be published also- 


< where. Since this communication was written, our 
attention has been directed to recent work by Dolahay 
et al* in which he used a rotating electrode in 
= = voltameter studies of anodic stripping. 


E. BARENDRECHT 
Central Laboratory, 
Duteh State Mines, 
Geleen. 
Dec. 19. 
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Detection of Triterpenoid Acids on- 
Paper Chromatograms 


In the course of an investigation of triterpene 
acids from natural sources it was necessary to devise 


tests for the detection of these compounds on alumina- 


a ‘impregnated filter paper. 


A very convenient method is to spray the filter 


: ` -paper with a solution of phosphotungstie acid. Noller’s 
-> reaction! has been used for the detection of triter- 


-oo penoid compounds on filter paper; the Neher and — 
-= Wettstein test? is also suitable for this. After spray- 
ing the paper chromatogram of triterpene acids 
with a solution of goat's blood’, hemolysis: was 


“o observed, TONE 
i> The procedure is as follows. The paper chromato- 
o gram after development with the solvent is thoroughly 
< dried by a current of hot air. It is next sprayed with 
oo & 25 per cent solution of alcoholic phosphotungstic 
~~ - acid and dried carefully for 2 min. in an oven kept 
= ab about 115-118°C. The paper then showed well- 
<o defined coloured spots against a white background; 
- 3-6 pgm. of each component acid could be detected 
on the chromatogram. i 
X The demonstration of triterpene acids on a paper 
=- chromatogram is also possible after treatment by 
~ the modified Noller reaction. Quantities of triterpene 
= acids of about 6 ugm. on paper can be detected 
 suecessfully after drawing the strip through a solution 
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chromatographic separation of ‘steroids. -involve 
impregnation of the paper with a relatively p 
non-volatile liquid, such as propylene glycol, 


used as the mobile phase. Some ‘revers 
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of l per cent anhydrous stannic chloride in pure _ 
thionyl chloride and heating it for 60-80 sec. eb 
85-90° C. Spots of different colours are obtained with 
the triterpene acids. enero R 
For the hemolysis test, a solution of defibrined 
goat's blood in normal saline (1:8) is used. After 
spraying, the triterpene acids appeared as lighter 
spots on a tan background. In some cases, the spots 
become more distinct after the paper bas dried and. 


occasionally they were more readily discernible in 


transmitted light. ; | 
For the detection of triterpene acids on alumina. —_ 
impregnated filter paper Gross’s‘ and Belie’s® reagents __ 
can be used. However, these reactions are not so o 
useful in practice. Full details of this work will be — 


published in Chemia Analitycena (Poland), — 


B: Pasicn 
Department of Pharmacognosy, abe 
Pharmaceutical Faculty, 
Medical Academy, 
Poznan. 
Oct. 14. cee 
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Qualitative, Quantitative and Preparativ e 


Chromatography of Steroids on Fully 
Acetylated Paper ee 
Tre majority of methods developed for the pape os 















or 





mide or ‘Phenylcellosolve’, a less polar liquid 
techniques have also been applied, in which tho pape 
is rendered hydrophobic by impregnation with 
‘Quilon’, paraffin oil, kerosene or silicone and. th 
mobile phase is a relatively polar liquid. Impregna 
tion of the paper is usually difficult to carry out in a 
reproducible way and therefore Rp values may depend 
on slight experimental variations. Moreover, impreg: 
nation with a non-volatile liquid may interfere in 
quantitative determinations. ee 
Chromatography on acetylated paper has the 
advantage of requiring no such impregnation. The 
separation of various substances on partially acetyl. 
ated paper has been described by several authors'. — 
It is, however, difficult to obtain a homogeneous — 
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i 2 38 4 5 m 2 3 5 m 


Fig. 1. Method B Fig, 2. Method C 


Key: 1, A‘-Cholesten-3-one; 2, progesterone, 3, 17a-hydroxy- 

progesterone; 4, Reichstein’s compound S; 4, hydrocortisone ; 

nt, mixture. Detection: sodium hydroxide fluorescence in ultra- 
violet (ref, 4) 


partially acetylated paper and therefore irrepro- 
ducible results are obtained. Recently, Zijp* described 
the identification and quantitative determination of 
rubber-antioxidants on fully acetylated paper, which 
is much more homogeneous. 

We have obtained good separations of various 
groups of steroids on fully acetylated Whatman 1 
“paper, prepared by Zijp’s method*. At first a one- 
phase mixture of benzene, methanol and water 
(1: 10:3) was used as the mobile phase. Accom- 
modation is not required in this case. The method is 
simple and quick, and reproducible Hy values are 
obtained, but some ‘tailing’ is usually observed 
(method A). 

-. To prevent this, a two-phase mixture of benzene, 
methanol and water (4:4:1) was used, the lower 
layer (mainly benzene) being used for accommodation 
and the upper layer (mainly methanol) as the mobile 
phase (method B). A wide range of steroids from 




















Table 1, Ry VALUES OF STEROIDS AFTER CHROMATOGRAPHY ON 
FULLY ACETYLATED PAPER 
* 
A B (2 

Testosterone acetate | | 0-27 
A*-Androstene-3,17-dione | | O41 
Testosterone | OST 
Progesterane | | 0-35 0-92 
Deoxycorticosterane | | 0:45 O-SO | 
‘17a-Hydroxyprogesterone 0°47 0°73 
Reichstein’s compound 8 | | 0-57 O-61 
Cortisone | 0-60 | 0-46 
Hydrocortisone | 0-48 0°39 

| A5-Pregnen-38-ol-20-one | 0-40 

| Deoxycorticosterone acetate | 9-30 | 

| Cartisone acetate 0-43 | 

| Hydrocortisone acetate | 1 OSL | 
Peoxycholie acid 0-64 

| Cholic Acid | 0-74 | 
Cholesterol 033 | O10 | 
A*-Cholesten-3-one O28 | OOF | 
7a-Hydroxycholestero! 0-59 0-38 | 
A *-Norcholesten-38-0l-25-0n6 0-42 0-31 

| | 





relatively weakly polar to strongly polar may be > 
-chromatographed in this way (Fig. 1). oe 
Tt is also possible to use the upper (most polar) =.= 
layer for accommodation and the lower layer as the =ċ 








mobile phase, so as to obtain ‘conventional’ chroma- 
tograms, in which the weakly polar steroids have 
larger Rp values than the stronger polar ones (method 
C). This method is especially convenient for the 
separation of strongly polar steroids such as tho 
corticosteroids, but steroids less polar than progos- 
torone move with the front (compare Figs. 1 and 2). 

The Rp values (Table 1) seldom diverge by more 
than 0-02 from the average. The method has been 
applied to male sex hormones, progesterone, corti- 
eosteroids and their acetates, bile acids, cholesterol 
and oxidation products of cholesterol. The ascending 
technique was used in all cases. 

The same phase system may also be used for 
preparative purposes. Good separations have been 
obtained with thick paper (fully acetylated Whatman 
3 MM) and with columns of paper disks or “chromato- 
piles’ (Schleicher and Schiill 2043 a, vollazetyliert). 
Experiments with columns of cellulose triacetate 
powder were somewhat less successful. 

The quantitative determination after elution from 
the chromatogram and spectrophotometric evaluation 
at 242 mu with respect to 240 mu, showed that 
80-120) of cholestenone and progesterone may be 
determined with a relative error of less than 5 per cent. 

A detailed report of this work will be published 
elsewhere. 


F. J. RITTER 
J. HARTEL 
Centraal Laboratorium T.N.O., 
Delft. 
Oct. Il. 
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A Modified Technique in Chro matography 


Tur methods usually adopted for the chromato- 
graphic separation of inorganie radicals on filter 
paper or an adsorbent column lead to the formation 
of coloured zones with diffusion fronts which are- 
distorted and irregular. We have now developed 
a method for obtaining sharp, straight and evenly 
coloured bands for each one of the radicals separated. 


Strips of Whatman filter paper (No. 1), are dipped 
-in a hot agar sol (2-4 per cent) containing reagents 


which react with the radicals to be tested. The 
strips are then removed from the agar sol and the 


excess sol drained off, leaving a thin layer of the sol 


on the surface of the paper, which solidifies to a gel 


on cooling. The paper strip thus prepared is then => 
immersed to a height of 5 mm. in an aqueous solution = 02. 
containing the radicals to be tested (the concentra. 0 
tion of the solution being 0-1 N with respect to each 
As the electrolytes diffuse into the agar-gel 
impregnated filter paper containing the appropriate — 


ion). 


reagents, sharp, straight zones of the characteristic | 
coloured precipitates are produced. When the layer _ 
of the gel coating on the paper is thick, these coloured 
bands show a fine structure due to Liesegang ring 
formation. In a run of four hours, bands of sufficient 
width for accurate measurement with a travelling 
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microscope are produced in aceordance with the 
solubility-product principle discussed previously!. 
Apart from the fact that a beautiful coloured. band 
“spectrum’ is produced, the quantitative study of 
these bands has revealed a simple and striking rela- 
tionship between d, the distance of the diffusion 


front of each band after a certain time from the 


starting point of diffusion, that is, the surface-level 
of the solution in which the gel-coated paper is 
< dipped, and S, the solubility of the corresponding 
“precipitate, namely : 


d om fd mj b logi S 


where a and b are constants. The validity of this 
relationship is brought out by the results represented 
graphically in Fig. 1. 


Similar results have been obtained by allowing 


the electrolytes in the solution to diffuse for about six 
. to eight hours into an agar gel layer containing the 
- reagents spread on a glass slide. We have further 


“observed that, when the gel layer is sufficiently thick. 
“(say 3-4 mm.), the individual coloured bands corre- 


Cur, 


AgCr0, 


PbCro, 





Fig. 2 
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ae gicading, for ae to iad. ake ad copper or. 
chromates show a fine structure owing to their ~ 
resolution into closely spaced lines Sores mat finn S, 


7 „solvent mixtures described for the paper. chro 
graphy of sugars, none appeared to be particularl 
effective for the separation of these two subst; 





the Liesegang rings (see Fig. 2). The pict 
spectrum viewed at high resolution. ed 
We have thus worked out a new technique % of J 
chromatographic separation of inorganic ions, which 
also gives a new and simple method for the determina- 
tion of the solubilities or solubility-products of various 
sparingly soluble substances. By this method. we. 
can separate the various hydrated ions in solution by 
their sizes ; for ions which on hydration have smalle 
sizes diffuse farther than those which, owing to their 
larger size, diffuse more slowly in accordance with n 
the well-known diffusion equstion. o 
In a previous communication? we have described — Bo 
a new method of determining the solubility products 
of sparingly soluble substances by means of the 
relation Av, =c¢ — blogu S, where Av, is theo 
limiting increase of volume observed on mixing — 
dilute aqueous solutions of two electrolytes leading 
to the formation of the precipitate, and Sis the 
solubility product ; c and b are constants. The change 
of volume, Av,., indicates the water of ionic hydra- - 
tion released during the combination of ions, andis 
greatest for precipitates having the lowest solubility. 
Comparison of these results with those given earlier - 
in this communication shows that the most insoluble _ j 
inorganic precipitates are formed from hydrated jons — 
having the largest size (including water of hydration), 














which consequently diffuse most slowly and produce | 7 


the band in the ‘chromatogram’ nearest the surface Ee 
of the electrolyte solution. we 
B. V. Ra 
Chemical Laboratories, 
College of Science, 
Nagpur, India. 
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A Solvent for the Paper Chromatographic 
Separation of Glucose and Sorbitol- 


Giucose and sorbitol can be separated by paper ae 
chromatography in 7 hr. by means of a solvent =- 
mixture which is composed of nine parts (by vol.) = 
of ethyl methyl ketone, one part glacial acetic: acid E 

and one part of water saturated with borie acid. | 

This solvent was elaborated because, of the many PEERS 













We use the descending technique in chromato 
graphy jars held at a constant temperature of 22° C 
Whatman No. 54 paper gives rather better result 
than Whatman No. 1; separations with this latte 
paper are also somewhat slower. The. solvent. hea 
given good results in this laboratory for some | ty 
years. 3 

The rates of movement of sorbitol and somè 5 othe 
sugars on No. 54 paper, as compared with glucose 
(Rg = 1:0), are shown in Table 1. 


Table 1 . z 
Sugar Re Sugar Re 
Sorbitol 3-0 D-Xylose 2-9 
Mannitol 2°65 D-Ribose 70 
D- Fructose 140 Maltose 0-2 
p-~Arabinose 20 
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Chromatographic Separation of Cstriol, . 


Cstrone and Œstradiol-178 


Non-ionic adsorption of aromatic substances: on 
ion exchange resins discussed by D. E. Weiss! has been 
successfully utilized by me for the chromatographie 

` separation of aromatic compounds, for example; 
alkylated phenols? and N-2: 4-dinitrophenylamines?, 
on the column of carboxylic acid type cation exchange 


resins, ‘“Amberlite JRC-50’ and ‘Duolite CS~101 
The technique has now been extended. to 
the chromatographic separation of cestrogens using - 


. (H form). 


partially esterified carboxylic acid type cation 
exchanger as adsorbent. 
IRC-50 (H form: 200-300 mesh, screened wet in 
sodium ion form‘) was boiled with 400 ml. of the 
mixture of ethanol and N hydrochloric acid (2:1 by 
vol.) for 40 hr. This partially esterified resin was: 
washed with the mixture of ethanol and water 


(3:2 by vol.) and suspended in two volumes of the 


same mixture. The suspension was poured into a 
_ chromatographic tube and allowed to settle under 
gravity. A column 0-8 cm. in diameter and 62 cm. 
in height was used. Cistrogens were dissolved in the 
same solvent as that used for the packing of the 
column. 
column and allowed to drain under gravity. Elution 
‘was performed with the same solvent and the effluent 


was collected in fractions of 40 drops. The ultra- 


. Violet absorption was measured at 280 my using 
a Beckman DU quartz spectrophotometer and plotted 
against fraction number (Fig. 1). The elution 
sequence was similar to that of reversed phase parti- 
tion chromatography’, 

- being eluted first. Recovery from the column was 
_ Satisfactory and the elution pattern was reproducible. 
Since the condition of the column is 
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. Big. 1. Ehition“curve of wstrogens. 1, (Estriol; 2, watradiol-176 + - 
re ae 3, œstrone. .Flow-rate, 2 drops per min. ; room temperature, 20°. 0. 








nn i j ! eats E 
Cjo Œ@strogens Added | Recovered Recovery f 

3 | | (em) | (zgm.) (Per cent) | 
-| @Œstriol | M | 418 100 
o i @Œstradiol-178 i 855 ; 840 98 

Œstrone 606 | 553 92 


About 30 ml. of ‘Amberlite | 


1 ml. of the solution was placed on the 


the most polar component. -phrine, 


unchanged | 
after chromatography, the column can be used many: 


“nature of the fluorescent pigments, but does inerea 
the amounts formed. - Presumably by rapid oxidatio. 
of the catechol, one can prevent other side reactions 
|. This was the reasoning used in making this reage 


|” aqueous ethylenediamine) or iodine (0-01 N in 5 pe 
- |. cont aqueous ethylenediamine) are most useful a 
|- oxidizing agents. , 
/ stablo (room. temperature) for only a few da 
_ . whereas the ferricyanide solution is considerably more 
-` stable (weeks). After spraying with either of these 
solutions, the chromatograms are placed in an oven 
at 50°C, for 5 min. We have used the light produced 






























- Tho application of this method for the quantitative 

- „analysis of urinary cestrogens is in progress and will 
l ‘sity, Pe reported elsewhere. 

PN on E EE S Me _d wish to thank Mr. K. Matsumoto for the generous 

gift of cestriol. 
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Determination of Epinephrine and Related 
Compounds on Paper Chromatograms 


Tue most sensitive chemical method for determ: 
ining epinephrine in solution is the reaction wiih 
ethylenediamine. Tho reaction yields a number of 
products, several of which are fluorescent. These 
substances can be used for quantitative measurement. 


- Nor-epinephrine produces a fluorescence of different : 


colour so that mixtures of the two compounds can 
be determined by the selection of appropriate filters 
in measuring the fluorescent light, . 
The number of products formed in this reaction 
was determined by chromatographing the products 
produced by the interaction of the diamine and : 
various catechols. This was done on paper by using- 
as solvent 5 per cent ammonium hydroxide and — 
%-propanol (9:1). There are three to five fluorescent — 
pigments (depending on the conditions of the reac. 3 
tion) and several coloured but not fluorescent ones — 
We have observed that epinephrine yields some | 
products different from those given by nor-epine- — 
but under these conditions of chromato. : 
graphy the products from catechol, nor-epinephrine, 


_hydroxytyramine and epinine migrate similarly. Also, > 
-adrenochrome produces the same products as adren. ae 
< aline, supporting the contention! that the catechol- = 
ethylenediamine reaction involves oxidation. a 














The addition of ferricyanide or iodine to the 
thylenediamine does not change the qualitativ 





ich decrease the yield of fluorescent compounds 


: Potassium ferricyanide (0-1 per cent in 5 per ce 


The alkaline iodine solution: 
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-examining the chromatograms. By this method, 


a one can readily detect 0-05 ugm. of a catecholamine. 


. For the quantitative evaluation of the fluorescence 
:gonaiderably more elaborate methods have been 
. evolved. Instead of spraying the chromatograms, 
<- the dipping technique has been used. The strip is 
. dipped first into a 1 per cent solution of iodine in 
< carbon tetrachloride, blotted, and before it is com- 
= pletely dried, dipped into a 1 per cent solution of ethyl- 
< enedismine in isopropyl alcohol, and again blotted. 
= The strip is then hung to dry at room temperature. 
-. The fluorescence of epinephrine appears within 30 
< min. whereas that due to nor-epinephrine and other 
-¢atecholamines is much slower. The maximal 
‘difference between background and epinephrine 
“fluorescence occurs in about 24 hr. At that time, the 
strips were scanned by means of a mechanical device 
which pulls the strip past the beam of a Beckman 
DU photometer equipped with. a photomultiplier 
tube. The output of the photocell is recorded on a 
strip chart recorder. The 417-my. light produces the 
< maximal fluorescence. The exciting light is removed 
from the beam by a Corning colour filter 4015. The 
= areas under the peaks are related to amounts. of 
_eatecholamines by the use of a standard curve’. 
_. For example, | pgm. quantities of epinephrine 
= were placed on four one-inch strips of Whatman 1 
- paper and chromatographed using ¢-butanol/formic 
< peid/water (40: 1:10) as the solvent. After 40 hr. 
(strips were cut so that the solvent dripped from the 
< end) the strips were dried and treated. as described 
above. Under these conditions, areas of 132, 130, 
126 and 138 em.? were measured on the strip chart 
record of the fluorescence on these chromatograms. 
(It should be noted that the absolute areas have no 
- significance as they are determined by the sensitivity 
of the photocell, the slit width, the brightness of the 
< exciting beam, etc., as well as the amount of material 
zon the chromatogram. Thus, it is necessary to 
-compare the areas from the scans on unknown 
. ehromatograms with those on known amounts, using 
the identical conditions of scanning.) Using the most 
sensitive techniques (brightest exciting light, most 
sensitive position of the photocell) one can estimate 
0-03 ugm. ; for example, four chromatograms, prepared 
in the above way with 0:3 vgm., gave areas of 33, 41, 
83l and 27 cm.?. 
a GEORGE L. ELLMAN 
‘Biochemical Research Laboratory, 
- The Dow Chemical Company, 
Midland, Michigan. 
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Coding Problem in Proteins 


In a previous publication! a hypothesis was pro- — 


posed to the effect that if a nucleic acid serves as a 
_ template for the linear array of amino-acids in a 
protein, it prescribes only the positions to be occupied 
=- py the aromatic amino-acids in that protein. It was 
= postulated that the planar rings of the aromatic 
< amino-acids would be differentially bound in cavities 
= formed by two adjacent bases in such a way that the 
aromatic amino-acids with only six-membered rings 
(group 1) would occupy the space between two 
“pyrimidines and those with five-membered rings 
(group 2) would occupy that between two purines. 
e This STARE imposes 
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by a ‘Sylvania Blacklite Blue’ fluorescent eae for 


Sortan restrictions on a ; 





arrangement of these ainoaa in 1 proteins. lt 7 k 


requires that, sandwiched between a pair of aromatic. _ 
amino-acids belonging to the same group, there will. 


be either none or an even number of non-aromatic | 


amino-acids, and that an odd number will separate - ao 


aromatic amino-acids of different groups. 


Much progress has been made in recent years. in lye 


the elucidation of amino-acid sequences in proteins, | 


affording further test for the restrictions imposed by 
Phenylalanine does not conform to = — 
this scheme, and its position must therefore be 
However, with = 
regard to the other aromatic amino-acids, tyrosine > 
(group 1) and histidine and tryptophan (group 2), 
the spacing between the aromatic pairs is of the = < — 
order required by the hypothesis in each of the twelve =~ 


the hypothesis. 


specified in some other manner. 


eases reported where such a test is possible. These _ | 
sequences are listed in Table 1. If any arrangement 
of aromatic amino-acids were permissible, the 


probability of obtaining this result attributable to _ ; 


chance alone would be very small. 


Table 1. AMINO-ACID SEQUENCES INVOLVING A PAIR OF THE Anomanre 
AMINO-ACIDS 


Insulin (refs. 2, 8) 
-TY R-ghi-leu- u-asp-TYR- 
-HIS-leu-cys-gly-ser-HIS- 
-~H18-leu-val-glu-ala-leu-TYR- 
Corticotropin (ref. 4) 
-TY R-ser-met-glu-HIS8- 
-ER Y-gly-lys-pro-vai-gly-lys-lys-arg-arg- 
pro-val-lya-val-TYR- 
Belen op ore see hormone (ref, 5) 
-TY R-lys-met-glu-HI 
Glucagon (ref. 6) 
-TY R-ser-lys-TY R- 
Hypertensin (ref, 7) 
-TY R-val-HIS- 
Ribonnelease (refs..8-10} 
TYR- Too he B- 
«TY R-iys-thr-iiir-aap-glu-ala-lys-H IS- 
TY R-ghu-sern TY R- 


Silk fibroin (ref, 11) 
“TY R-pro-ser-TYR- 


The non-randomness in the arrangement of the: _ 


aromatic amino-acids offers support for the proposed > 
coding system, although the lack of conformation of = 
phenylalanine is a serious obstacle that must be 
overcome. It should be mentioned that phenylalanine a 
stood apart from the other aromatic amino-acids 
even in the three protein sequences examined inthe 
The observed restrictions suggest that 
the conclusion of Brenner", that “all amino sequences. _ 
are likely to be found and that it will not be possible oe 
to effect a ‘decoding’ by discovering restrictions, in ee 


earlier paper. 


sequences’, may not be valid. 
Drew Boawaiii 
Biology Division, Doo 
Oak Ridge National Laboratory*, 
Oak Ridge, Tennessee. 
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Specificity of Crystalline Saccharogenic 
Amylase of Moulds 

AMONG the saccharogenic amylases of moulds 
hitherto reported, y-amylase of Aspergillus awamort 
Kitahara', gluc-amylase of Rhizopus delemar* and 
taka amylase B of Aspergillus oryzae! seem to be 
the most characteristic in their mode of hydrolysing 
starch. Al these amylases, belonging to the group 
of amylo-(1.4)-glucosidases suggested by Schubert’, 
have already been purified to a certain degree and 
reported as being able to split glucose directly from 
starch. y-Amylase, however, has been known to 
leave a limit dextrin when it acts on amylopectin 
and to show no maltase activity. Gluc-amylase has 
been reported to hydrolyse soluble starch in such way 


that with the iodine colour test of the reaction mix- 


ture the blue colour still remains even after the 
starch, calculated as glucose, is more than 90 per cent 
hydrolysed. The enzyme has also been found to 
hydrolyse amylopectin almost completely to glucose 
and to exhibit maltase activity. Taka amylase B, 
on the other hand, has been reported as being similar 
to y-amylase in the hydrolysis of amylopectin, but 
exhibiting maltase activity. 

Recently, we have obtained in a crystalline state 
the two saccharogenic amylases of R. delemar® and 
of A. niger, of which the specificity of the latter is 
very similar to that of taka amylase B (Figs. 1 and 2), 
starting from the enzyme preparation that was 
isolated as almost the pure enzyme solution by the 
Svensson and Brattsten paper electrophoresis appara- 
tus with the flow system". The two saccharogenic 
amylases were completely free from a-amylase and 
both showed a single boundary in an electrophoresis 
experiment. ‘The two crystalline amylases formed 
glucose directly from starch and hydrolysed maltose. 
They exhibited neither transglucosylation activity 
on a substrate of maltose nor were they able to 
hydrolyse tsomaltose and dextran. However, as 
shown in Fig. 3, these amylases were found to 
hydrolyse panose(4-iso-maltopyranosyl-p-glucose), in 
which glucose and maltose were formed, the latter 
being hydrolysed successively to glucose and no 
isomaltose was produced. As for the panose-hydrolys- 
ing activity, however, the saccharogenic amylase of 
E. delemar was much stronger than that of A. niger, 
at an equal level of their starch-hydrolysing activity. 
Another difference between the two saccharogenic 
amylases was found in the limit of hydrolysis of 
soluble starch and amylopectin. The saccharogenic 
amylase from R. delemar easily hydrolysed these 
substrates, converting them almost completely to 
glucose; on the other hand, that from <A. niger 


ee 





Fig. 1, Crystalline saccharogenic amylase of R., delemar 
Fig. 2. Crystalline saccharogenic amylase of A. niger 
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Standard sugars Reaction time (hr.) 

Fig. 3. Multiple ascending paper chromatogram of panose 

digesta by crystalline saccharogenic amylase of #. delemar. Sol- 

vent, Pir ine pu ano Ta or (2:8:1), standard sugars: 
G, glucose; M, maltose: F, isomaltose; P, panose 
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Fig. 4. Hydrolysis of soluble starch (©) and amylopectin (4) 
by saccharogenic amylases of R. delemer (solid line) and by 
A. niger (broken line). Red and achr. indicate the colour change of 
the reaction mixture from blue to red and to colourless re» 
apectively, by the iodine test. The long arrow indicates the 
addition of one thousand times the original amount of enzyme 


converted about 75 per cent of soluble starch and 
about 70 per cent of amylopectin, and an extremely 
large amount of the enzyme was required to increase 
these degrees of hydrolysis (Fig. 4). The crystalline 
amylase from E. delemar hydrolysed several kinds of 
substrates with the initial velocities in the following = 
decreasing order: glycogen, amylopectin, soluble = 
starch, «-dextrin, amylose, panose and maltose. ee 

Earlier, Underkofler? published an account of limit 


dextrinase, which appears to be consistent with that 
of taka amylase B of A. oryzae. Also, Yamasaki’ and 
Ueda’ have reported that the saccharogenic amylase = = 


system of A, awamori Kawachii completely hydroly- _ 
ses soveral kinds of starches, and that the enzyme 


system consists both of saccharogenic amylases of _ = 


R. delemar type and taka amylase B type. The 
limit dextrinase action or the ability to hydrolyse 


starch completely of such saccharogenic amylase as — oe 


that of R. delemar might be explained by its powerful 
activity in hydrolysing panose, since amylopectin | 
and its fission products by «-amylase appear to be ee 
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hydrolysed, at first to «-1.6-linked oligosaccharides 
of panose type on their non-reducing ends by the 
amylo-(1.4)-glucosidase action of the amylase, and 
the oligosaccharides formed therein to be further 
hydrolysed by this panose-hydrolysing action. 

We are indebted to Dr. K. Shibasaki, of Tohoku 
University, for supplying the zsomaltose and panose 
used in this work. 
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Degradation of Steroidal Sapogenins to 
[6-Dehydropregnan-20-ones 


THE need for improving the reactions whereby 
steroidal sapogenins, now in abundant supply, are 
transformed into pregnane derivatives has recently 
been re-emphasized!. Earlier publications have dealt 
definitively with the entire sequence, so that the 
original Marker procedure has now been improved 
at each stage’. 

A modification offered here converts the sapogenin 
to its corresponding 16-dehydropregnan-20-one ace- 
tate, generally in 50-75 per cent yield of isolable 
product, without the necessity of separating any 
intermediates or changing the character of the reac- 
tion medium along the way. For example, 88 gm. of 
tigogenin was heated 25 min. with 450 cm.? of acetic 
anhydride; 30 gm. of pyridine hydrochloride was 
added and heating continued for 3 hr. The mixture 
was cooled to 15° C., diluted with 50 em.* of acetic 
aoid and 79 cm.? of water and stirred while adding 
54 gm. of chromic anhydride in 500 cm.? of 90 per 
cent acetic acid. The temperature was maintained 
at 16-20° C. After standing at 25° ©. for 3 hr. the 
solution was treated first with 31-5 gm. of 36 per cent 
formaldehyde and then with 80 gm. of sodium acetate. 
The stirred suspension was heated on the steam-bath 
for 1 hr., cooled in ice and diluted gradually with 
3,000 cm.? of cold water. A white, granular precipi- 
tate was collected, washed and dried; it melted at 
120-150° C., weighed 82:1 gm. and by ultra-violet 
absorption contained 73 per cent of the 16-dehydro- 
pregnane. It was adsorbed from benzene on to fifteen 
parts of silica gel and the product eluted directly 
with 5 per cent ethyl acetate in benzene to give 
51-6 gm. or 68 per cent of 3f-acetoxy-16-dehydro- 
5a-pregnan-20-one (melting point 162-167° C., 
Emax. (240 mz) 9,300 in methanol). When recrystallized 
twice from methanol, material of analytical quality 
(melting point 168-0-169:2° C., [a]p 37-5° (chloro- 
form)), max. (240 mu) 9,460 (see ref. 3), was obtained 
in'an overall yield of 45 per cent (value extrapolated 
from smaller sample). 
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In other instances the initial heating with acetic 
anhydride has been omitted; also with smaller 
quantities the usual ether extraction of the final 
mixture has been used. Thus, 20 gm. of a mixture 
of ruscogenin and its Ca epimer gave 20-6 gm. of 
extractable material of which 11-2 gm. (59 per cent 
yield) of the desired 16-dehydropregnane, a glass“ 
(Emax. (240 mu) 9,460) was obtained by direct elution 
with 5 per cent ethyl acetate. Hecogenin treated in 
the same manner yielded 59 per cent of crystalline 
38 - acetoxy - 16 - dehydro - 5« - prognane - 12,20 - dione, 
(melting point 179-185° C.) from the eluates. 

This method offers the advantages of speed and ` 
simplicity. It has been applied as a matter of routine 
to sapogenins and derivatives with uniform success. 


G. P. MUELLER 


Division of Chemical Research, 
G. D. Searlo and Company, 
Skokie, Illinois. 
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A Rapid and Specific Method for the 
Isolation of Pneumococcal Polysaccharide 


THe report by Gessler eż al.1 on the use of a com- 
pletely substituted ethane, (trichlorotrifluoro ethane, 
‘Genetron 113’; obtained from the Division of Allied 
Dye and Chemical Corp., General Chemicals, Inc., 
New York) as a ‘deproteinizing’ agent in the puri- 
fication of influenza virus, suggested to us that this 
solvent might have many uses. In particular, we 
were concerned with ‘deproteinizing’ bacterial cells 
with the consequent release of polysaccharides. In 
view of the observation that this solvent is not 
miscible with water and that pneumococcal poly- 
saccharide is soluble in water, the following experi- 
ment was performed. 

D. pneumoniae, type I, smooth-phase cells were 
grown on beef heart infusion agar, harvested in 
18 hr., washed several times and the concentration 
optically adjusted to 10° cells per millilitre of buffered 
saline, pH 7-2. 

One part of cells to three parts of solvent were 
agitated for ten minutes in the high-speed homo- 
genizer at maximum speed, removed and then 
centrifuged at 1,500 r.p.m. for 10 min. Three layers 
resulted : (1) an upper aqueous layer, (2) a middle 
gel-like layer, and (3) a bottom layer of solvent. 
The upper water layer was removed and treated as 
above for three more successive solvent extractions. 
During such treatment further gel-like material was 
removed. 

The final water layer was tested for immunological 
activity by use of the interfacial-precipitin test using 
antiserum prepared against whole smooth cells. A 
positive reaction resulted immediately upon contact. 

After concentration by evaporation in a dialysis 
casing with a fan, it was determined that the material 
extracted was strongly Molisch-positive, ninhydrin- 
negative and upon paper electrophoresis showed no 
indications of containing protein. Moreover, ultra- 
violet absorption tests did not indicate any absorption 
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at 2600 A., thus ruling out the possibility that water- 
soluble nucleoproteins might be present. 

That the extract was not the C somatic polysac- 
charide was ruled out in two ways. With alcohol 
precipitation we recovered all the material in the 
water layer by the addition of 1:5 volumes of 95 per 
cent ethanol, and secondly, we did not obtain a posi- 
tive precipitin reaction when rabbit anti-C anti-serum 
was employed. 

Few data are available on the chemical and 
physical properties of this particular polysaccharide, 
and we examined only those properties which had 
been reported. The [«]p of our material was +260’ 
as compared to a reported? range of +253 to +278°. 
Acid hydrolysis followed by chromatography indi- 
cated galacturonic acid and an unidentified amino- 
containing material. Nitrogen values of 4°82 per 
cent were also obtained. 

In view of the correlative findings obtained it is 
felt that a rapid and apparently specific method for 
the isolation of the pneumococcal polysaccharide 
has been obtained. With the present interest in bac- 
terial polysaccharides (lipo-polysaccharide endotoxm 
studies) such a procedure might very well serve to 
obtain large amounts of microbial polysaccharides 
more rapidly and possibly more specifically than 
existing methods. One of us (A. 5. M.) has also 
utilized this method for tissue polysaccharides and 
finds it just as specific. Experiments under way are 
designed to test the applicability of this method to a 
wide variety of microbial polysaccharides. 


A. 5. MARKOWITZ 
JACK R. HENDERSON 


Department of Bacteriology, 
University of Illinois 
College of Medicine, 
Chicago 12, Illinois. 


1Gessler, A. E., Bender, C. E., and Parkinson, M. C., Trans. N. Y. 


Acad. Se., 18, 701 (1956). 


? Kabat, E., and Mayer, M., “Experimental Immunochemistry” 
(C. O. Thomas, Springfield, 1948). 


A New Synthesis of Histidyl Peptides 


ALTHOUGH many peptide groups containing L-his- 
` tidine have been found in the biologically active 
substances, for example, insulin, ribonuclease, 
adrenocorticotropic hormones, etc., no satisfactory 
method for the synthesis of the histidyl peptide has 
been so far reported. As a starting material, N(«)- 
earbobenzoxy-L-histidine is not suitable except for 
the azide route’, because it is scarcely soluble in the 
usual organic solvents. We have devised a simple 
synthetic method for the preparation of the histidyl 
peptide from dicarbobenzoxy histidine. 
N(Im),N(«)-dicarbobenzoxy-L-histidine was pre- 
pared in 81 per cent yield from L-histidine mono- 
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hydrochloride monohydrate and carbobenzoxychlor- 
ide by the usual Schotten—Baumann method. In this 
procedure sodium carbonate was used as the con- 
densation reagent instead of sodium hydroxide. The 
dicarbobenzoxyhistidine produced, which was readily 
soluble in organic solvents, was available for the 
synthesis of the histidyl peptide. 

5 gm. of u-histidine monohydrochloride mono- 
hydrate was dissolved in 48 ml. of 1 N sodium hydrox- 
ide solution and, after addition of 5:3 gm. of sodium . 
carbonate, 8-1 gm. of carbobenzoxychloride was 
added gradually to the solution with vigorous stirring 
at 0° C. for 1-14 hr. As the reaction proceeded, the 
product was precipitated. The reaction mixture was 
allowed to stand at room temperature for 4-1 hr. 
with stirring. Then it was brought to pH 3:0 with 
6 N hydrochloric acid. The gelatinous mass produced 
was separated from the supernatant by decantation 
and was triturated with 15-30 ml. of 99 per cent 
ethanol. The white crystals were collected and 
washed with 99 per cent ethanol. The yield was 
about 8-6 gm. (81 per cent). Recrystallization from 
acetone—-water gave white needles of N(Im),N(a)- 
dicarbobenzoxy-L-histidine (melting point 103- 
105° ©. (deo.); [a]}t = +84-01 (c, 28-99 mgm./ml. 
ethyl acetate); cale. for C,.H.,0,N;.H,O, C, 59°86, 
H, 5-25, N, 9-52 per cent ; found, C, 59-64, H, 5-11, 
N, 9-46 per cent; water of crystallization: cale., 
4-08 per cent, found, 4-19 per cent). 

The product is easily soluble in ethyl acetate, 
acetone, benzene, dioxane, tetrahydrofurane and 
chloroform, moderately soluble in ether, warm methyl 
alcohol and warm ethyl alcohol, and insoluble in 
water and petroleum ether. It is unstable in both 
alkaline and hot acidic solutions. 

The carbobenzoxy groups were removed with 
hydrogen-bromide glacial acetic acid or with con- 
centrated hydrochloric acid at 37° C., and the resultant 
product was found to be identical with the authentic 
u-histidine. 

Some dicarbobenzoxypeptide derivatives were syn- 
thesized by Sheehan’s method*. Derivatives of | 
L-histidyl-O-benzyl-L-serine methyl ester, L-histidyl- 
L-leucine methyl ester, L-histidyl-t-threonine methyl 
ester, L-histidyl-L-glutamie acid diethyl ester and 
u-histidyl-L-methionine methyl ester were prepared 
from dicarbobenzoxy-L-histidine monohydrate and 
the corresponding amino-acid esters using dioxane or 
chloroform as a solvent in 81, 68, 79, 70 and 85 per 
cent yield, respectively. Melting points, specific 
rotatory power and analytical data of some dicarbo- 
benzoxyhistidyl peptide esters are shown in Table 1. 

It was shown in the preliminary experiment that 
dicarbobenzoxy -L -histidyl-L-leucine methyl ester 
underwent both saponification of ester and removal 
of the carbobenzoxy groups simultaneously by the 
treatment with concentrated hydrochloric acid at 
37° C. for 50 min. and was converted to L-histidyl-L- 


VoL. 181 





Table 1. DICARBOBENZOXY-L-HISTIDYL-L-AMINO-AOCID ESTERS 
Analysis 
Yield Melting Optical Caiculated 
Peptide derivatives (per cent)¢ pot rotation 
' Di-cbzo*-L-His-L-Leu0Me 101-3 + 21-445 
Di-cbz0-L-His-O-Bzt-L-ScrOMe 113-5 + 19:80¢ 
Di-cbzo-L-His-L-Glu(OEt); 78-80 + 0-212 
Di-cbzo-L-His-L-ThrOMe 148-50 + 12-74¢ 
Di-cbzo-L-His-L-MetOMe 110-18 + 9-07 
(a) Referred to the orya ais p rimary obtained ; (b} c. 29-0 mgm./ml. ethyl acetate; (c) c. 29:6 mgm./ml. ethyl acetate ; (d) c. 28: iiia jmi. 
ethyl acetate ; (e) ce. 30-5 mgm. ml. glacial acetic acid ; (f) c. 28-0 mgm./ml, glacial acetic acid, exceptionally at 22° C. 


* cbzo, carbobenzoxy. Bz, benzyl. 
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leucine (melting point 212—-14° C. (dec.). Cale. for 
C,.H29O0;N,, N, 20-88 per cent; found N, 20-54 per 
cent). 
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Electrophoretic Behaviour of i-Urobilin 
and Stercobilin 


As the urobilinoid pigments 7@-urobilin and 
stercobilin are known to contain both basic and 
acidic groups, we have investigated their electro- 
phoretic behaviour—yet unstudied—at various pH 
values. Paper electrophoresis was performed at 
120 V., in acetate buffer (a mixture of M/5 acetic 
acid-sodium acetate buffer and 0-9 per cent sodium 
chloride solution) in the pH range less than 6-0, and 
barbital buffer (Michaelis sodium barbital—-sodium 
` acetate—-hydrochloric acid buffer) at pH greater than 
6-0; the positions of the coloured spots were observed 
directly during the procedure, but even minute quan- 
tities of urobilinoid pigments could be seen at the end 
of the run after spraying the papers with Schlesinger 
reagent (saturated zinc acetate solution in ethanol), 
and observing the green fluorescence in ultra-violet 
light. With the exception of the sharply defined pH. 
value of 4:41 at which both urobilinoid pigments 
became immobile in the electric field, they moved 
towards the cathode at pH less than 4:41 and toward 
the anode at pH greater than this value, the direction 
of movement, which was the same for both pigments, 
being dependent only on the pH. However, the rate 
of movement of these materials differed at various 
pH levels: thus in buffers around pH 5:0 and at pH 
less than 4-41 stercobilin migrated faster toward the 
anode or cathode, respectively, whereas at higher pH. 
values (8-6) urobilin was found to move faster than 
stercobilin in the anode direction. 

As these substances are known to be ionized even 
at their isoelectric point’, the basic and acid groups 
were found to be in equilibrium in the electric field 
around pH 4-41, but below this isoelectric point the 
direction of migration is determined by the ionized 
basic groups, and above this pH value by the ionized 
acid groups. 


-H ; | + 
Shes Hi + 
i 
Shart | ee Gl? ET s rausat aoa 
St, i ZnSt Zav 
a b c d 


C fluorescence after spraying with ‘Schlesinger reagent. 
az fluorescence before spraying with Schlesinger ‘reagent. 


Fig. 1. Diagrams of electrophoresis paper strips. St, stercobilin ; 

U, i-urobilin; arrow indicates migration in anodic or cathodic 

direction. Environment: (a) barbital buffer solution, pH 8-6; 

7-hr. run; (b) acetate buffer, pH 5-5; 8-hr. run; (c) acetate 

buffer, pH 3:8; 4-hr. run; (d) electrophoretic behaviour of zinc 

complexes of urobilinoid pigments in barbital buffer, pH 8'6; 
l-hr. run. Part of urobilin left the starting line 
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As the pK of stercobilin is known from spectro- 
photometric determinations? to be 8-0, at pH 8:0 
only half the molecules of this substance are dis- 
sociated, whereas at the same pH 7-urobilin charac- 
terized by pK 7:0 is far more completely dissociated, 
hence the greater mobility of the latter at pH 8-0, 
above its pK. This more acid character of 
4-urobilin and more basic property of stercobilin may 
be explained on the basis of the lactam structure of 
urobilinoid pigments proposed by Birch? and verified 
by Gray and Nicholson’. The NH-groups of the 
end rings attached to a conjugated system of double 
bonds in urobilin impart a greater acidity than the 
NH-groups in stercobilin behaving as ordinary amides. 
The nitrogen atom of an ordinary amide may more 
readily be protonated than the nitrogen atom of the 
end rings of urobilin ; hence the faster migration of 
urobilin at high pH and of stercobilin at low pH. 

However, the electrophoretic separation of ster- 
cobilin and 7-urobilin is not yet sufficient for the 
practical isolation of either material from the other, 
but they may be isolated, with the aid of their 
electrophoretic behaviour, from mixtures containing 
the bile pigments. 

The zinc complexes of the urobilinoid pigments 
were immobile during the electrophoretic procedure 
and could be detected at the ‘start’ position without 
spraying. However, their stability was limited, part 
of the pigments successively leaving the starting 
point and behaving as urobilinoids containing no 
zinc. The stability of zinc stercobilin proved more 
resistant to the action of the electric field than zinc 
i-urobilin. 

I wish to thank Prof. C. J. Watson for sending 
samples of pure materials, as well as Dr. J. Toth for 
his valuable advice. 

I. L. KAHAN 
Department of Medicine, 
University Medical School, 
Szeged, Hungary. 
Nov. 4. 


1 Lemberg and Legge, “Hematin Compounds and Bile Pigments”, 188 
(Interscience Pub., New York, 1949), 
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3 Birch, Chem. and Indust., 652 (1955). 
“Gray and Nicholson, Nature, 179, 264 (1957). 


A Possible Basis for the Anti-inflammatory 
Activity of Salicylates and other Non- 
Hormonal Anti-Rheumatic Drugs 


F RECENT studies have shown that sodium salicylate 
and acetyl-salicylic acid increase oxygen consumption 
in rats, rabbits and man}-*. Sproull has shown that 
both sodium salicylate and 2: 4-dinitrophenol stim- 
ulate metabolism in mouse-liver slices’, but has 
recently found a difference between the slopes of the 
concentration-—response curves for the two com- 
pounds’. Reid has also directed attention to these 
similarities, and has shown that both compounds 
inhibit the growth of wheat coleoptiles®. Cochran? 
suggested that the stimulation of respiration by 
salicylate may be of fundamental importance in the 
therapeutic action of the drug. 

2 : 4-Dinitrophenol is known to uncouple oxidative 
phosphorylation in mitochondrial preparations’, and 
Brody! and Penniall et al.° demonstrated that sodium 
salicylate and acetylsalicylic acid also uncouple in 
very low concentrations. Smith and Jeffrey?" pointed 
out that most of the previously observed effects of 
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salicylates ou carbohydrate metabolism could be 
explained satisfactorily in terms of the uncoupling 
of oxidative phosphorylation. 

The possibility occurred to us that the anti- 
inflammatory activity of non-hormona] anti-rheumatic 
drugs might be related to their capacity to uncouple 
oxidative phosphorylation. These ideas have recently 
been strengthened by the preliminary findings of 
M. J. H. Smith (private communication) that 
phenylbutazone in a concentration of 7-5 mgm./ 
100 mL. completely inhibits the uptake of inorganic 
phosphate accompanying the oxidation of 6-hydroxy- 
butyrate by mitochondria prepared from rat-liver. 
At a concentration of 4mgm./100 ml., phenylbutazone 
uncoupled oxidative phosphorylation to the extent 
of about 80 per cent. 

The anti-infammatory effects of a number of 
compounds have therefore been examined and 
compared with their reported ability to increase 
oxygen-consumption in vivo, or to uncouple oxidative 
phosphorylation in vitro. 

For the measurement of anti-inflammatory activity 
we used a modification of the ultra-violet erythema 
test first described by Wilhelmi!!. In this, a small 
area of the depilated back of a guinea pig was exposed 
for 20 sec. to the ultra-violet radiation from a Hanovia 
“Kromayer’ lamp. Animals received test-substances 
or saline by mouth 30 min. before irradiation, and 
120 min. later the degree of erythems was estimated 
visually, and given a score 0-4. By using graded 
doses it was possible to obtain an approximate H.D50 
for those compounds which inhibited the erythema. 
Sodium salicylate, aspirin and phenylbutazone were 
ali active in doses which were approximately related 
to their clinical anti-rheumatic doses. 

The results obtained in this test, together with 
‘such data as are available on the effects of the 
compounds on oxidative phosphorylation in vitro and 
on. oxygen consumption in vivo, are given in Table 1. 
The results for the effects of the compounds on oxygen 
consumption were obtained by Meade in rats}, except 
for the information on 2 : 4-dinitrophenol, which was 
obtained by Reid? in rabbits. The data relating to 
the uncoupling of oxidative phosphorylation were 
obtained from Brody’, except that for phenylbuta- 
zone" and 2: 4-dinitrophenol5. 

Table 1. A COMPARISON OF THE EFFECTS OF A NUMBER OF COMPOUNDS 
ON THE INHIBITION OF ULTRA-VIOLET ERYTHEMA IN GUINEA Plas, 


WITH OXYGEN CONSUMPTION IN Rats OR RABBITS, AND WITH THE 
UNCOUPLING OF OXIDATIVE PHOSPHORYLATION in viiro 





| 
Increased | Uncoup- 


Erythema 
inhibition. oxygen ling of 
Compound Approximate | consump- | oxidative 
oral ED5D tion phos- 
(INgm./kgm.) | in vivo phoryla- 
tion 
Benzoic acid — — — 
Salicylic acid 120 +. + 
Acetylsallcylic acid 80 + 
Methyl alicylate 320 + 
m-Hydroxybenzoic acid — — 
p-Hydroxybenzote acid — — 
2 : 3-Dihydroxybenzoic 
acid — — + 
2:3-Diacetoxybenzoic 
acid — 
2: 5-Dihydroxybenzoic 
acid (gentisic acid) — — — 
2 : 6-Dihydroxybenzoic 
acid TE rA acid) — — — 
Salieylamide — — 
4-Aminosalicylic acid — — 
Phenylbutazone 12:5 + 
Phenazone (antipyrine) 320 — 
2 : 4-Dinitrophenol — + + 





+, Aetive; —, inactive; blank, not known. 
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It will be seen that there is a general parallelism 
between erythema inhibition, the increase in oxygen- 
consumption and uncoupling activity. - The fact that 
the three most active non-hormonal anti-inflammatory 
compounds, experimentally and clinically, have been 
shown to uncouple, points to the possibility of a 
es between therapeutic activity and uncoup- 
ing. 

Exact parallelism of the various properties is not 
to be expected since considerations of tissue distri- 
bution are likely to play a greater part in the in vivo 
tests than in the in vitro methods. N evertheloess, 
there are several inconsistencies. 2: 3-Dihydroxyben- 
zoic acid is inactive in our test and does not increase 
oxygen-consumption, though its capacity to uncouple 
was demonstrated by Brody who, however, found it 
to be less active than sodium salicylate. On the 
other hand, phenazone, which was slightly active in 
the erythema test, did not uncouple. The outstand- 
ing discrepancy, however, is tho failure of 2: 4- 
dinitrophenol to affect the erythema test. The 
explanation of this may lie in a differance between 
2; 4-dinitrophenol and salicylates in the site of 
uncoupling. 

It is interesting, in view of the stress now being 
placed on the similarity of action of salicylates and 
2: 4-dinitrophenol, to note this different behaviour 
in a test which apparently bears some relationship to 
therapeutic efficiency. 
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Direct Registration of an Instantaneous 
X-Ray Effect in Rats and Man 


In order to study chemoprotection against radia- 
tion damage we tried to find radiobiological reactions 
as near as possible to the primary radiochemical 
process. In this we were guided by the assumptions 
that we must look for this in macromolecular systems 
and that we might find most radiosensitivity outside 
the domain of natural chemoprotection against 
oxidative or reductive radicals, that is, the respiring 
cytoplasm, 

As radiobiological investigation of nuclear macro- 
molecules does not easily lead to an instantaneously 
observable reaction, we restricted our research to s 
well-known system of extracellular macromolecules : 
the mucopolysaccharide matrix of the dermis 
connective tissue fibrils. The simplest way to study 
X-ray influence on the properties of the native 
matrix mucopolysaccharides is by collecting synovia 
and measuring its viscosity}. 

It was found that a moderate X-ray dose (500 r.) 
will at once decrease synovial viscosity by about 
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Fig. 1. Effect of X-irradiation on theintradermalinjection pressure 

in the rat. I, IL, pressure recordings of double injection app ratus, 

Injection with 0:9 per cent sodium chloride; III, irradiation 

signal; A, calibration (~ 100 mm. mercury); B, irradiation of 
; C, irradiation of 1I. © Dose-rate, 100 r./sec., 20 kV. 
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Fig. 2. Chemical ppeotecuen by cystamine against the X-ray- 
induced pressure drop. I, JI, pressure recordings of double 
injection apparatus. I, injection of 0-9 per cent sodium chloride 
with 0-01 per cent cystamine; II, injection of 0'9 per cent 


sodium chloride; A, calibratlon (~ 100 mm. mercury); B, 
irradiation of II; C, irradiation of I. Dose-rate, 100 r./sec.,20 kV. 


207 per cent. It was also possible, by using an 
Epprecht Viscoprintmeter, to register a considerable 
drop in viscosity in 10 min. during irradiation with 
200 r. per min. The radiation depolymerizing process 
is not complete, as addition of hyaluronidase to the 
irradiated product will cause a much greater 
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Woe then applied similar or smaller X-ray doses to 
the mucopolysaccharide matrix in the rat’s abdominal 
muscle fascia, the cock’s comb and finally to rat and 
human dermis. We measured the effects by Day's 
permeability method? for the fascia, and registration 
of slow injection pressure for the others. The details 
will be described elsewhere’. 

Some results are given in Figs. 1 and 2. 1 ml. of 
saline was injected slowly, intradermally, at constant 
velocity, and the pressure set up by the matrix 
resistance to fluid motion was measured electronically. 
This pressure reached a constant level of about 
100 mm. of mercury in 5-10 sec., and fell rapidly on 
irradiation at 100 r. per sec. 

Fig. 1 is a photokymograph pressure record from a, 
double injection apparatus, the needle tips being 
irradiated at B and C, in the nembutalized rat. 
Fig. 2 is a similar record, needle I injecting saline 
with 0-01 per cent cystamine and needle II serving 
as a control. Fig. 3 is a micrograph record of the 
slow injection of saline into the human volar forearm 
dermis. <A distinct decrease of matrix resistance is 
seen. with 200 r. 

With a fine needle (No. 20) inserted well into the 
dermis connective tissue these phenomena are easily 
reproducible and well suited for the investigation of 
local chemoprotection. The results may be valuable 
for a more general chemoprotection. ; 


R. BRINKMAN 
H. B. LAMBERTS 
Physiological Institute, 
University of Groningen. 
Dec. 20. 
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Changes in the Topographical Distribution 
of Glycogen in the Brain during Animal 
Hypnosis 


ANIMAL hypnosis is @ general biological reaction of 
an inhibitory type, which is analogous to several 
syndromes of human psychopathological behaviour’. 
Its phenomenology is widely known, but its mechan- 
ism and metabolic basis remain unsolved?. 

A study of some of the problems of the mechanism 
of animal hypnosis has shown that at the onset an 
important part is played by certain functional units 
of the brain stem®*, It is therefore possible to 
assume that the characteristic electrical manifesta- 
tions of the brain-stem function are also related, in 


depolymerization. the course of this reaction, with metabolic processes 
which differ from the meta- 
time in seconds bolism of other parts of the 
ee brain. As an indicator of 
er RIIN mmHg changes in metabolic pro- 
6O ie cesses of different parts of 
140 140 the brain glycogen was 
ae 120 chosen, because it is known 
a that different functional 
00 states of the brain and 
80 ee different symptoms of beha- 
viour are accompanied by 
40 changes in its concentra- 
a tion5:8, 
: Animal hypnosis was evo- 
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Fig. 3. Effect of X-irradiation on the intradermal injection pressure in the human forearm 
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Table 1. CONOENTRATION OF GLYCOGEN IN THE COURSE OF ANIMAL HYPNOSIS 
Duration of Glycogen (mgm./100 gm.)* 
animal : 
hypnosis (min.) Medulla 
f Cerebral cortex n Diencephalon n Mesencephalon n Cerebellum | n oblongata 
0°01 126'8 + 6°38 2 12 94:1 + 9'1 10 144:3 + 88 
0-06 1513+ 6:1 8 8 
0-10 161°7 + 7:5 8 7 
1-00 184-2 + 11-3 9 8 86'8 + 11°8 8 159°9 + 9°7 
1-10 1734 4+ 87 6 6 162:2 + 6'4 
1:20 176-1 + 6'4 7 7 1868-1 + 8-8 
1-30 182°0 + 82 8 8 1796 + 7-5 
3:00 1902 + 79 8 7 89-4 + 907 8 191:9 + 11:3 
8-00 183:8 + 7-8 8 8 90+ 8:3 8 188-3 + 10:2 








Control animals (awake): cerebral cortex, 89:6 + 7'8 (n = 19); diencephalon, 128-1 + 8-3 (n = 21); mesencephalon, 133:9 + 7:4 
(n = 21); cerebellum, 88:7 + 7°8(m = 22); meduila oblongata, 142°7 + 7'6 (n = 22). n = Number of animals and of glycogen determinations. 
* Mean -+ standard error, 


Table 2. CONCENTRATION OF GLYCOGEN AFTER AROUSAL FROM ANIMAL HYPNOSIS 





Glycogen (mgim./100 gm.) 





Time after — C ——— 
arousal (min.) | Cerebral cortex n Diencephalon n Mesencephalon n Cerebellum n Medulla n 
oblongata 
‘01 90-1 + 51 8 165:3 + 7°9 7 1720 + 97 8 878 + 7°4 8 8 
0°10 162°2 + 9:2 10 160-8 + 89 10 
0-20 133 °4 + 7°6 7 151-2 + 10°8 6 7 
1-00 134-7 + 9°8 6 130:9 + 6°6 





Key asin Table 1. 


makes possible a standard method of rotation. It is 
possible to attain in this way in the rat a state of 
sleep in @ supine position which lasts for several 
minutes. The criterion of sleep evoked in this way 
is the absence of Magnus’s righting reflexes which 
make the correct geotropic orientation of the animal 
possible. Animals were killed by decapitation into 
liquid air at various time intervals during hypnosis, 
as well as after arousal, and the concentration of 
glycogen was determined in the brain cortex, tho 
diencephalon, mesencephalon, cerebellum and medulla 
oblongata by Kerr’s method’ except that the reduc- 
tion compounds were determined after Nelson’. 

It can be seen from Table 1 that soon after the 
onset of animal hypnosis there is a significant increase 
in the concentration of glycogen in the diencephalon 
(after 0-05 min. P < 0-05, after 0-10 min. and later 
P < 0-01). Almost simultaneously glycogen begins 
to rise in the mesencephalon (after 0-10 min. P < 0-05, 
after 1:00 min. and later P < 0:01), while in the 
medulla oblongata significant changes appear later 
(after 1-20 min. P < 0-02, after 1-30 min. P < 0-01). 
There were no significant changes in the concentration 
of glycogen found in the cerebral cortex and in 
the cerebellum during the whole course of animal 
hypnosis. 

As is shown in Table 2, there is a sudden decrease 
of glycogen in the medulla oblongata during arousal 
from animal hypnosis (the value after 0-01 min. is 
statistically not significant compared to the control). 
After 0:10 min. a decrease to values not significant 
when compared with the controls also occurs in the 
diencephalon. The same appears in the mesen- 
cephalon. 0:20 min. after arousal. In general, the 
sequence in which the glycogen concentration returns 
to normal in topographically different parts of the 
brain after arousal is exactly opposite to the sequence 
of its increase during animal hypnosis. 

The topographical distribution of changes in the 
glycogen concentration of the brain indicates that 
during animal hypnosis there are changes of the 
polysaccharide metabolism in the diencephalon, 
mesencephalon and the medulla oblongata, that is, in 
the brain stem structures, which according to electro- 


physiological findings also participate in this reaction. 
Similar changes take place in the course of natural 
sleep+*. This finding, together with quite different 
changes in the topographical distribution of glycogen 
in the brain during pharmacological depression”, 
indicates that animal hypnosis and natural sleep are 
probably similar forms of cerebral inhibition. 
D. SVORAD 
Institute of Physiology, 

Czechoslovak Academy of Sciences, 

Prague. 

Dec. 2. 
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Occurrence of Ornithine in Sulphur- 
deficient Flax and the Possible Place of 
Ornithine and Citrulline in the Arginine 
Metabolism of Some Higher Plants 


ALTHOUGH arginine has been recognized as a 
constituent of higher plants for many years, both 
as a structural unit in the protein and as the free 
amino-acid, two other components of the ‘ornithine 
cycle’ of animals, citrulline and ornithine, were not 
considered to be normal constituents of these plants. 
Wada, in 1930, isolated citrulline from Citrullus 
vulgaris Schrad.; but it was not again reported m 
higher plants until 1952, when Virtanen and Miettinen’ 
detected it in Alnus incana L. and Alnus glutinosa L. 
Citrulline is now known to occur as a free amino-acid 
in plants of a number of families. 

Evidence of ornithine in higher plants remains 
fragmentary. It has been detected chromatographic- 
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ally in Hevea brasiliensis, Müll.-Arg.?, Atropa bella- 
donna L.®, A. glutinosa! and Asplenium nidus L.*. 

I have proved the presence of free ornithine in 
sulphur-deficient flax (Linum usitatissimum) plants 
where it is associated with citrulline and a large 
accumulation of arginine. The plants were grown 
and the amino-acid content examined as previously 
described’. Free ornithine was first detected in the 
plant extracts by the position of the ninhydrin- 
positive spot on two-dimensional chromatograms and 
by its reaction with vanillin’. Isolation of a larger 
quantity of ornithine was then attempted. A pre- 
liminary separation of the basic amino-acids in the 
plant extract was effected by using displacement 
chromatography on ‘Amberlite IR 120’ and ‘IR 410’. 
This procedure also allowed a separation of arginine, 
which was a major constituent, from the other basic 
substances. One-dimensional paper chromatography 
was used to follow the progress of the isolation. The 
basic mixture at this stage contained citrulline, 
ornithine, traces of lysine and two unidentified nin- 
hydrin-positive substances. Dinitrophenylation of 
these substances was effected by shaking an alkaline 
aqueous solution with a slight excess of 1,2,4-fluoro- 
dinitrobenzene for 2 hr. at 40°C. Excess fluoro- 
dinitrobenzene was extracted with ether and the 
solution acidified to pH 2. 2,4-Dinitrophenyl ornithine 
was separated from the mixture by extraction with 
5 per cent butanol in benzene (v/v). The 2,4-di- 
nitrophenyl ornithine was finally purified by repeated 
crystallization from methanol. Comparison of the 
X-ray powder photographs of this and the 2,4-di- 
nitrophenyl derivative of pure ornithine confirmed 
chromatographic evidence that orni- 
thine was a constituent of the 
plant material. (Thanks are due 
to the Mining and Metallurgy 
Department of the University of 
Queensland for taking these photo- 
graphs.) 

The presence of ornithine in 
association with citrulline and argi- 
nine in sulphur-starved flax and the 
roots of A. glutinosa suggests that 
the classical ornithine cycle, which 
is known to operate in the mould, 
Neurospora crassa’, may be a factor 
in the nitrogen metabolism of 
higher plants. However, with few 
exceptions, it has not been possible 
to demonstrate the presence of the 
enzyme arginase in higher plants, 
and it would appear that the pro- 
duction. of urea from arginine is not 
an important metabolic process in 
such plants. Nevertheless the asso- 
ciation of ornithine with citrulline 
and arginine in flax and A. glutinosa 
18 Of interest, particularly when it 
is coupled with the observations of 
Coleman. and Hegarty*®, who have 
shown that DL-ornithine-2-“C is 
readily metabolized by white clover 
and barley, citrulline and arginine 
being formed in appreciable quan- 
tity. They concluded from their 
experiments that enzymes effecting 
the conversion were operative in 
white clover and barley, though 
their presence was not confirmed 
by isolation. 
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It is suggested that in sulphur-starved flax the 
accumulation of ornithine and citrulline occurs as a 
result of a disruption in arginine metabolism. In a 
number of micro-organisms, some of which lack 
arginase, arginine is synthesized from ornithine via 
citrulline’. The reaction sequence ornithine, citrulline, 
arginine in these organisms is then not restricted to 
urea formation, but represents a general pathway for 
providing the arginine of cellular protein. 


R. G. COLEMAN 

Plant and Soils Laboratory, 

Division of Plant Industry, 

Commonwealth Scientific and 
Industrial Research Organization, 

Brisbane. Dec. 11. 
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Influence of DDT and Lindane on 
Chordotonal Organs in the Cockroach 
THERE has been much interest recently in stretch 
and strain receptors in Arthropods. Wiersma et al.! 
studied the responses of paired ‘muscle receptor 
organs’ in decapod Crustacea; these consist of 
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Fig. 1. Normal response of chordotonal organs in the coxa. Stepwise increase of mech- 
anical tension produces an increasing frequency of small-amplitude impulses; the 


movement itself produces a burst of large spikes 


Impulses/sec. 





Time (min.) 
Adaptaslon of a tonic receptor to constant tension. 


Fig. 2. 


Tension applied at the arrow. Spontaneous activity 40 sec.—* 


muscle fibres with intercalated tendinous regions and 
are located dorsally in the abdomen and thorax. 
They found a slowly adapting unit response (tonic) 
and a comparatively fast adapting unit (phasic). 
According to Finlayson and Lowenstein?, proprio- 
ceptors in the dorsal longitudinal muscles of the 
abdomen of some saturniid moths consist of modified 
muscle fibres, and show tonic but not phasic dis- 
charges. In Limulus, Pringle? recorded tonic dis- 
charges from proprioceptive nerve endings in the 
cuticle of the femoro—tibial joint, and obtained phasic 
responses from more internally situated chordotonal- 
like organs.. Much histological information is avail- 
able about internal stretch receptors in insects‘, but 
apart from Hughes’s® work on abdominal chordotonal 
organs, -their physiological properties are unknown. 
t, The following observations on & stretch receptor 
inthe coxo-trochanteral joint of the leg of the cock- 
roach Periplaneta americana L. may be of interest. 
The anatomical situation and innervation of the 
chordotonal organs in the’ second thoracic leg have 
been studied’ in our laboratory by Nijenhuis and 
Dresden*. The coxal organs are surrounded by a 
group of flexor muscles and contain only a few 
scolopidia’;; they are stretched by extension of the 
joint. The largest of the three coxel organs is 
innervated by six moderate-sized fibres, and the two 
smaller organs by six small fibres. 

Proximal hair plates which might complicate the 
results were removed, and the activity of the chordo- 
tonal organs was then recorded from the nerve (3B) 
with platinum electrodes, a pre-amplifier and oscillo- 
scope. The organs at rest show a fairly constant 
spontaneous discharge of small amplitude and of 
frequencies up to about 50 sec.-!. Extending the leg 
in steps produces a low-amplitude discharge, the 
frequency of which increases with increasing mech- 
anical tension up to a maximum of 100-250 sec.-! 
(Fig. 1). In the first 15 sec. adaptation is rapid (to 
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Fig. 3. A high-frequency train of impulses 1 hr. after the admin- 
istration of 40 “gm. DDT. Movement indicated by the arrow 


30-50 per cent of the initial discharge frequency), 
and then becomes slower (Fig. 2); after 10 min. the 
frequency is still about 1-5 times that of the spon- 
taneous activity in the normal resting position of 
the leg. The movement itself is accompanied by a 
considerable discharge, the frequency of these impulses 
depending on the speed of movement and reaching 
a maximum. of about 250 sec.-1. During flexion this 
activity is completely absent. The amplitude of the 
slowly-adapting (tonic) discharges seldom exceeds 
250 uV.; that of the phasic impulses is generally 
greater than 500 uV. This difference may be corre- 
lated with the presence of smaller and larger chor- 
dotonal organs and their corresponding axons. We 
have been unable to discover the reflex function of 
these discharges, possibly because of the difficulty of 
realizing adequate experimental conditions for the 
functioning of the central nervous system. 
Toxicological observations have been made with 
some insecticides, the insects being poisoned by the 
injection of an emulsion. A high dosage of 30 ugm. 
lindane (LD50 = about 5 ugm.) produces a period of 
convulsions, followed within one hour by & stage in 
which the insect becomes almost completely paralysed 
and seemingly inexcitable. The sense organs, how- 
ever, appeared to be unaffected, even after three 
hours. An entirely different result is obtained with 
DDT. Ahigh dosage of 40 ugm. DDT (LD50 = about 
25 ugm.) produced marked convulsions which were 
maintained throughout the experiment. In the first 
hour high-frequency ‘trains’ of action potentials 
(350 sec.-t), as described by many authors (for 
example, Roeder”), could be observed both spon- 
taneously and after mechanical stimulation (Fig. 3) ; 
the wide range of amplitudes (not illustrated) sug- 
gests that all types of fibre are excited. Later there 
was another remarkable feature of DDT poisoning ; 





Fig. 4. The same preparation asin Fig. 3, but after 2-5 hr. Movement indicated by the arrow 
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the continuity and regularity of the tonic discharges 
was lost and only short trains at low frequency 
(5-10 sec.-') remained. At this stage the phasic 
response is reduced to a fow impulses (Fig. 4), and 
the range of amplitudes becomes reduced, showing 
that there are fewer active fibres. 

The preparations usually survived for many hours. 
The simplicity of the experimental procedure and 
the regularity of the responses make this preparation 
& very convenient one for physiological and toxicol- 
ogical investigations. 
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Direct Determination of the Active Phase 
of End-Plate Potential 


Ir is well known that the duration of transmitter 
action in neuromuscular transmission is very brief, 
of the order of 4 msec., and prolonged decline of the 
end-plate potential is due to the slow dissipation of 
charge along and across the resting membrane!-‘. 
The time course of the active phase of the neuro- 
muscular transmission has been calculated by some 
authors!,?, but it has not yet been obtained experi- 
mentally. In the present investigation the time course 
of the active phase of the transmitter producing the 
end-plate potential was recorded by a refined voltage 
clamp method (the original method was described 
by Hodgkin et al.*). 

Two microelectrodes filled with 3M potassium 
chloride were inserted into the end-plate focus of 
the curarized frog sartorius muscle. One of these 
electrodes recorded the membrane potential, and the 
feed-back amplifier regulated the current entering the 
other electrode in such a way as to hold the mem- 
brane potential at the resting value during the neuro- 
muscular transmission. The membrane potential and 
the current which flowed through the current elec- 
trode were recorded with a double-channel oscillo- 
scope. The focus of the end-plate was carefully located 
with multiple re-insertion of the electrode, and the 
current electrode was inserted within 50u of the 
recording electrode. In order to increase the feed- 
back factor and also to reduce the capacitative 
escape of the feed-back current, a low-resistance 
electrode of about 5-10 MQ was used especially for 
the current electrode. Fig. la shows the end-plate 
potential without feed-back and Fig. 1b the membrane 
potential clamped at the resting potential with nega- 
tive feed-back and the feed-back current entering the 
current electrode during the neuromuscular trans- 
mission. The time course of the feed-back current 
represents the time course of the active phase, with- 
out electrotonic dissipation of charge, which produces 
- the end-plate potential. 

The general time course of the current was very 
‘similar to that of the active phase obtained by cal- 
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Fig. 1. a, End-plate potential recorded intracellularly from a 
curarized frog muscle; 6, upper record—feed-back current 
flowing through the current electrode, so as to clamp the mem- 
brane potential at the resting value; lower record—the mem- 
brane potential held at the resting level with a voltage clamp 
method during the neuromuscular transmission. AIl records were 
recorded from the same end-plate using the double-channelled 
oscilloscope 


culation}. The duration of rising phase was about 
0-5 msec., and the peak to half-decay time was 
0-6-0:9 msec., the total duration being 3-4 msec., at 
18°C. The time course was prolonged by lowering 
the temperature or eserinizing the preparation, as will 
be reported in a later communication. 
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Abrasion of the Insect Cuticle by Aqueous 
Suspensions of Small Particles 


I HAVE recently had occasion to require a standard 
or repeatable degree of abrasion of the cuticle of an 
insect, the larva of Rhodnius!. It was observed that 
in regions where excreta containing crystals of uric 
acid had dried on the surface, the cuticle appeared to 
be more permeable, suggesting that the drying of 
suspensions containing solid particles might produce 
abrasion. This was tested by applying suitable 
suspensions in distilled water, allowing them to dry 
in air, removing the particles in a stream of water 
and then testing for abrasion by exposure to ammon- 
iacal silver hydroxide?. 

Process white (barium sulphate), ‘Almicide’ (fine 
crystalline aluminium hydroxide), ‘Carborundum’ 500, 
and activated charcoal were used as test materials. 
In all cases there was extensive abrasion of the sur- 
face as revealed by silver staining (Fig. 1). This 
abrasion was most evident over the crests of the 
folds in the cuticle, although the particles were de- 
posited”also in the depressions. Abrasion was usually 


780 





Fig. 1. Cuticle of fifth-stage larva of Rhodnius; intact insect 

immersed for 2 hr. in 5 per cent ammoniacal silver hydroxide. 

Upper half: normal, unstained. Lower half: area treated with 

alumina suspension; abrasion of crests of cuticular folds revealed 

by silver staining 
most evident at the periphery of the dried deposit. 
The number of abraded points was naturally smallest 
with ‘Carborundum’ 500, where the particles are the 
largest. Abrasion does not occur if the powders are 
carefully applied to the surface in the dry state. 

During the drying of these deposits the particles 
will be subjected to large surface tension forces. As 
the air replaces the water the particles or aggregates 
will be forcibly displaced first in one direction and 
then in another. The resulting abrasion would be 
expected to affect chiefly the crests of the cuticular 
folds and the margins of the deposit. 

These observations have an obvious bearing on 
the entry of insecticides when crystals of poisons 
suspended in water are allowed to dry on the cuticle? ; 
for abrasion of the surface facilitates the entry of 
insecticides?. They may also explain the increased 
loss of water from insects on which suspensions of 
activated charcoal’ have dried‘. Indeed, it was 
suggested by Holdgate® that the increased transpira- 
tion observed by Glynn Jones* when suspended 
powders were allowed to dry on the cuticle might 
be due to. abrasion brought about by surface forces. 
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Determination of Glucose and Lzvulose 
in Body-Fluids 


THE current methods for the determination of 
monosaccharides in blood and other body-fluids are 
comparatively complicated and time-consuming. 
Moreover, they are more or less non-specific. 

We have devised methods which are specially 
aimed at specific determination of bland glucose but 
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which can also be used for a separate determination 
of lævulose. These methods employ condensation 
reactions between monosaccharides and certain 
aromatic amines to give coloured products in nearly 
water-free acid solutions!. The colours are char- 
acteristic and very suitable for colorimetry. Two new 
methods are described here: method A, using 
p-aminobenzoic acid as coupling reagent for the 
condensation ; and method B, using m-aminophenol. 
These methods probably give principally different 
condensation products. p-Aminobenzoic acid reacts 
with aldosugars, such as glucose and galactose, and 
only to a small extent with ketosugars such as 
levulose. m-Aminophenol reacts with both aldo- 
sugars and ketosugars. 

(a) Blood. 0-1 ml. blood is pipetted -into 1 ml. 
of a 5 per cent solution (method A) or 3 per cent 
solution (method B) of trichloracetic acid in water in 
a small centrifuge tube. The mixture is centrifuged. 

Method A. 0-2 ml. of the clear supernatant is 
mixed in a ‘Pyrex’ test-tube with 4 ml. of a 5 per 
cent solution of p-aminobenzoic acid in glacial 
acetic acid. After heating for 15 min. in boiling water 
the tube is cooled and the absorbance measured 
against a reagent blank at 4700 A. 

Method B. 0-1 ml. of the supernatant is mixed 
with 3 ml. of a 2 per cent solution of m-aminophenol 
in glacial acetic acid. After heating for 30 min. in 
boiling water the tube is cooled and the absorbance 
measured against a reagent blank at 5250 A. 

(b) Serum. Precipitation of the proteins is not 
necessary for method B. 

Method B. 0-01 ml. serum + 3 ml. m-aminophenol 
solution are treated as in B above. 

(c) Urine. Method A. 0:002 ml. urine (or 0-1 ml. 
urine diluted 1/50) + 4 ml. p-aminobenzoic acid 
solution are treated as in A above. 

Method B. 0-001 ml. urine (or 0:1 ml. urine diluted 
1/100) + 3 ml. m-aminophenol solution are treated 
as in B above. 

Ultramicropipettes, according to Sanz?, can be used 
for the small quantities of urme. Each series of tubes 
should contain at least two standards of different 
concentration and one reagent blank. l 

Method A gives absorbances which are directly 
proportional to the sugar concentration between 
50 and 1,200 mgm. glucose (or galactose) per 100 ml. 
blood or serum and between 0-1 and 6 per cent in 
urine. The colour is stable for at least three hours. 
The absorbance of levulose is about 22 per cent that 
of glucose. 

Method B gives absorbances which are proportional 
to the sugar concentration between 50 and 600 mgm. 
glucose (or galactose) per 100 ml. blood or serum 
and between 0-5 and 6 per cent in urine. The colour 
is stable for at least three hours. The absorbance 
with levuloge is about 138 per cent that of glucose. 

The quality of some of the reagents is of utmost 
importance to the purity of the colour. The acetic 
acid must be free of both water and aldehydes, 
otherwise a false coloration of blank and samples is 
obtained. The blank must be practically colourless 
after boiling. The following brands of acetic acid have 
proved acceptable: ‘Analar’ p.a., ‘Riedel de Haen’ 
p-&., ‘Skogen purum’ (Skogens Kemiska AB, Kilafors, 
Sweden), but better results are obtained if the acid 
is redistilled. Acetic acid from some other manu- 
facturers could not be used even after redistillation. 
The w-aminobenzoic acid causes no trouble: ours 
is from AB Ferrosan, Malmö, Sweden. It can be 
used directly, giving linear readings. The m-amino- 
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phenol at present available commercially is usually 
impure and has to be re-erystallized from toluene. 
m-Aminophenol, sufficiently pure for direct use, can 
be ordered from Ferrosan Co., Malmö, Sweden. The 
reagents must be made fresh every day. 

The methods give different reactions with aldo- 
sugars and ketosugars, and consequently they can be 
used for quantitative differentiation between these 
two groups. 

Added in proof. The wave-length at which p-amino- 
benzoic acid gives a linear standard curve and 
similar readings for the same concentration of glucose 
in blood and water varies with different brands of 
glacial acetic acid. As a routine method we definitely 
: prefer method B. 

Eric HULTMAN 

Clinical Laboratory, 

St. Erik’s Hospital, 

Stockholm. 
Nov. 27. 
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Deposition of Glycogen and Changes in some 
Enzymes in Brain Wounds 


Ir is well established that areas of fresh brain 
injuries are surrounded by a concentric zone showing 
a marked deposition of glycogen’*. In the healthy 
adult mammalian brain, however, glycogen is scarcely 
demonstrable by routine histological fixation and 
staining methods, except for the paraventricular 
structures‘.5. In addition to possessing a large amount 
of rather stable glycogen, the paraventricular struc- 
tures reveal an evident action of phosphatases*.’ and 
relatively slight activity of respiratory enzymes*.’. 

Stab wounds were made in the cerebral cortices of 
adult rats and the cerebri examined 
from 6 hr. to 21 days after the opera- 
tions. For staining glycogen, animals 
were subjected to rapid intravascular 
perfusion fixation and the sections were 
stained with the lead tetraacetate- 
Schiff method’. (This method brought 
out not only glycogen in the paraventrt- 
cular structures and in the brain wounds 
but also labile glycogen present in other 
portions of the brain.) Fresh frozen 
sections were used for histochemical 
demonstration of acid and alkaline 
phosphatases, 5-nucleotidase, phos- 
phorylase, succinic dehydrogenase and 
cytochrome oxidase”. 

The lead tetraacetate—Schiff method, 
applied to paraffin sections of the brain, 
stains the mucopolysaccharide of the 
ground substance as well as glycogen 
similarly to the periodic acid--Schiff 
method. The stab wounds were sur- 
rounded by two distinct zones in 6 hr.— 
3 days, the inner Schiff-negative or 
slightly positive zone, deprived of 
ground substance, and the outer Schiff- 


Fig. 1. 


Fig. 2. 
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The lead tetraacetate-Schiff method. 
observed in the outer layer, which occurs in the neuroglial ce 


Enzyme activity is shown in the outer zone. x 150. 
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cellular ground substance, glial cells and capillary 
walls in 6 hr. The zone revealed the maximal glycogen 
accumulation at 3 days and was followed by a gradual 
decrease, reaching normal conditions in 14 days. 
In accordance with the result for glycogen, the outer 
glycogen-containing zone exhibited a gradual increase 
in activity of both phosphorylase (Fig. 2) and alkaline 
phosphatase (Fig. 3) for a period of three days 
in the intercellular ground substance and capillary 
walls. Afterwards it was followed by a diminution 
of both enzyme reactions. The same area showed, 
however, a slight decrease of succinic dehydrogenase 
activity (Fig. 4) from 1 to 3 days and subsequent 

gradual recovery. The reduced reaction could be 
estimated from the decrease in diformazan granules 
of smaller size compared with those in the adjoining `: 
healthy brain tissues (Fig. 4). The inner layer, 
deprived of mucopolysaccharide, showed a general 
decrease in activity of most enzymes tested, excepting 
a slight increment of 5-nucleotidase and acid phos- 
phatase. With recovery of the wounds, the activity 
of all enzymes tested in the inner layer was restored 
to normal conditions. From about 7 days onwards 
edges of the wounds began to adhere to each other. 
The adhered linear portion revealed marked amounts 
of mucopolysaccharide and small amounts of glycogen 
granules. There were also increases in activity 
of alkaline and acid phosphatases, 5-nucleotidase 
and phosphorylase and a reduction of respiratory 
enzymes. 

From these results it is clear that the glycogen 
deposition in the walls of the brain wounds is accom- 
panied by the concomitant increase in activity of 
phosphorylase and alkaline phosphatase, and by a 
slight decrease in succinic dehydrogenase activity. 
It is suggested by several investigators’? that 
glycogen deposition may be correlated with a poor 
oxygen supply or a high anaerobic metabolism. 
Friede'? expressed a similar opinion that an imere- 
ment of glycogen in the brain may be an indication - 





Marked ol a of glycogen is 
t ls, intercellular ground 
substance and capillary walls. The inner zone shows a decreased staining. x 125. 


Takeuchi-Kuriaki’s method for phosphorylase using iodine reaction. 


Fig, 3. Gomori-Takamateu’s 


positive glycogen-containing zone?’ (Fig. 
1). After 3 days the inner zone began to 
diminish in extent and disappeared in 
10 days. The outer zone showed moder- 
ate glycogen deposition in the inter- 


phosphatase method. Marked activity of alkaline phosphatase is demonstrated in 

the capillary walls and intercellular substance especially of the outer layer. x 150. 

Fig. 4. Seligman-Rutenburg’s method for succinic dehydrogenase as modified by 

Rosa-Velardo. The inner layer reveals little, if any, activity, the outer layer some- 
. what weaker activity than the normal healthy brain tissue. x 150 

All the sections were taken from brains three days after the stab. wounds, 
W, wound; J, inner layer; O, outer layer N, normal healthy tissue 
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observations lead us to suppose that glycoge 


accumulation, at least in brain wounds, may be 
correlated with the decreased oxidative metabolism. 
and possibly with prevailing anaerobic glycolysis m- 
Apart from somewhat stable 
glyeogen, either in the paraventricular structures or | 





the same localities. 


jn brain wounds, adult mammalian brains contain 


enzymes*.*, The probable presence of at least two 


= system reported by Schiebler?®. 
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YORIAKI Hamvro 


Department of Anatomy, 
© Osaka University Medical School, 
i Osaka-shi, Japan. 
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Clearing Action of Lysolecithin 


‘Recent communications!.? indicate the growing 
interest in the properties of lysolecithin. Its clearing 
~ action on lecithin sols is remarkable, and mixed sols 
of lecithin and lysolecithin show an interesting 
viscosity maximum’. The lyso-compound has a 
considerable effect on the stability of lecithin sols 
in the presence of salts’. Neumann and Habermann 
point out? that the formation of lysolecithin in vivo 
could provide a mechanism for changes in cell 
membrane permeability. 

In these laboratories, we are at present studying 
he physical properties of lysolecithin sols. “Diffusion 
“measurements indicate that the aqueous sols contain 
- large micelles consisting of about 273 molecules of 
the monomer’. These large micelles can incorporate 
lecithin, and our diffusion measurements with mixed 
sols of the two phosphatides indicate that the mixed 
micelles are very much larger than those of pure 
lysolecithin. 

The surface activity of lysolecithin is very high ; 
10-* per cent wt./vol. in water gives a surface tension 
(Saunders, L., and Robinson, N., unpublished) 
of 66 dyne cm.~! at 20°C. It is this combination of 
high surface activity and large micelle size which 
makes lysolecithin so effective as a clearing agent for 
lipid sols. 

By Hanahan’s method’, we have made batches of 
up to 15 gm. of lysolecithin, using Russell viper 
venom, for the gift of which we are indebted to Dr. 
A. C. White of the Wellcome Research Laboratories, 
Beckenham:” However, we have found that the pro- 
duct does not give a clear solution in warm ethanol. 
Prolonge. 








recrystallized — 
clarifying the warm solution each time’. : 
not done, the product will contain traces of venom | 
«which will confuse the results of experiments in whict 
the lysolecithin is brought into contact with lecithir 
- variable amounts of labile glycogen, which are . sols. 
demonstrable only after intra-vital perfusion fixation. 
‘This labile glycogen co-exists with some respiratory >- 






appearance, which shows a parallel extinction under — 
: the  polanigpag microse ope. wey 
kinds of glycogen i in the brain seems to be comparable 

with the results on the heart muscle and conducit 


= School of Pharmacy, fo 
> University of London, 


apmaig of this warm solution in a high- l 





fugo- gave a residue of weight simila 
ght. of venom used in the preparation. Ws 
rerefore | recommend that lysolecithin should Di 
several times from warm ethanol 
If this i: 












The final product P a white solid, of drain 
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| Relative Distribution of the Mitochondria 


in the Two Types of Fibres in the 
Pectoralis Major Muscle of the Pigeon 


Ir has been noted that the pectoralis major 
muscle of the pigeon consists of two types of fibres, 
one of them a white, broad and glycogen-loaded: 
variety, and the other red, narrow and fat-loaded?, 
and that the lipase activity is much greater in the 
latter than in the former?. Recent studies conducted 
in our laboratories*.* suggest the presence of a well- 
organized fatty acid oxidation system in the breast 
musclo of flying birds. Since the mitochondria are 
known to be the seat of oxidative processes, it was- 
thought desirable to study the relative distribution 
of the mitochondria in the two types of fibres in the. 
pectoralis major muscle of the pigeon. . 

For the demonstration of mitochondria, Altmann’ s- 
method, as described by Gray®, was adopted. On: 
observing the sections under oil immersion, mito- 
chondria were found to be mainly located in the- 
narrow fibres and extremely sparse in the broad ones. 
Chappell and Perry’ reported that mitochondria in 
the breast muscle of pigeon constitute about 20 per 
cent of the total nitrogen of the muscle. Our work | 


shows that the broad fibres, which make up not less — 


than one-fifth the volume of the muscle, are poor in - 
mitochondria. Evidently the main bulk of mito- 
chondria obtained by Chappell and Perry must have: 
come from the narrow fibres. ae 

Studies on the cyclophorase preparation of skeletal ea 
muscle by Paul and Sterling? show that there exists. 
a correlation between granule count and oxidative» 
activity. Chappell and Perry* correlated the low: 
oxidative activity of the rabbit muscle suspension 






_ with the low granule content, and suggested that this ` 


tissue (rabbit muscle) must be largely anaerobic | ine 
function. oe 

From all these observations it is evident that the- 
pigeon breast muscle is made up of two distinct 
components the morphological characteristics of which 
seem to be correlated with function. With the poor | 
mitochondrial content associated with the high ` 


pea lack of myoglobin and smaller surface ce 
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‘area, the white broad fibres seem to 
be well equipped largely for func- 
tioning anaerobically. On the other 
“hand, the high mitochondrial con- 
tent, together with the large store 
of fat, greater lipase activity, the 
presence of myoglobin and greater 
surface area afforded in the narrow 
fibres, suggests that they have 
x well-organized oxidative system. 
Further work towards a clearer 
mderstanding of the potentialities 
f these two distinct types of fibre 
nd their mitochondria is in pro- 
“One of us (R. M. N.) is indebted 
< to the Government of India for the 
award of a Senior Research Scholar- 
~ ship, which made this work possible. 
ee J. ©. GEORGE 
R. M. NAIK 
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Histochemical Demonstration of Lipase 
Activity in the Pectoralis Major Muscle 
of the Pigeon 


Our earlier observation that the pigeon breast 
“muscle contains a lipase? has led to the present 
attempt to demonstrate its presence in this muscle 
using histochemical methods. The “Iween’ method 
of Gomori? was chosen for the purpose. The sub- 
| strato used was “Tween 80 (Atlas). The incubation 
: medium contained 2 ml. 10 per cent calcium chloride, 
= 2 ml, 5 per cent “Tween 80’, 5 ml. bicarbonate buffer? 
of pH 8-4, 40 ml. distilled water and a crystal of 
< thymol as preservative. The mixture was kept 
overnight in an oven at 40° C. and the precipitate 
formed was filtered off before use. Sections were 
incubated for 10-12 hr. at 40° C., which is the 
> temperature for this lipase’. Parallel 


were run with sections of pancreas of 


© the same animal for comparison and confirmation of 


Tt was noted that acetone destroyed the 
lipase, 
tissue fixed in acetone yielded negative results. 

A very simple method of preparing sections was 
adopted and was 
The tissue was cut out immediately after decapitating 
the animal and placed over ice in the deep freeze of 


ferred to an albuminated slide by means of a cold 
needle. Very thin sections without any appreciable 
loss of the enzyme in them could thus be obtained. 
After drying at room temperature to ensure adhesion, 


Photomicrographs of (1) a ralis 
major muscle of the pigeon showing the disposition of pase. B, broad fibres; N, narrow... 






transverse and (2) an oblique section of the pector alis 


fibres 


the sections were fixed for 16 hr. in cold (4° C.) 6 per i 


cont formalin neutralized with phosphate*, me 
were then washed in running water for about an hour, - 


washed with distilled water and incubated in the 


above incubation medium. The rest of the procedure 
was the same as described by Pearse’. : 
wero stained brown after treatment with ammonium. ie 
sulphide, the sections were differentiated by treat= 
ment with a few drops of hydrogen peroxide in. & 
Coplin jar of 70 per cent alcohol for a few seconds. 
The sections were not counterstained. Sections which. 
were boiled for 10 min. were used as controls. 

Fig. 1 shows the cross-section of a part of the 
pectoralis major muscle of the pigeon (Columba livia) 
in which the two types of fibres, a narrow and &- 
broad variety, as described by George and Naik®§, 
are clearly discernible. The dark spots in the photo- 
graph represent the brown ish black precipitate of 
lead sulphide. It can be seon that the precipitate is 
abundant in the fat-loaded narrow fibres, whereas 
the glycogen-loaded broad fibres contain very little. 
Control sections do not show any precipitate. It is 
therefore inferred that in the pigeon breast musele- 
the lipase occurs mostly in the narrow fibres. How- 
ever, the occurrence of a few grains of the precipitate 
in the broad fibres is not convincing evidence that 
they are formed in the same fibres ; study of a large 
number of sections indicates that these granules in- 
the broad fibres are the result of diffusion of products 
of hydrolysis from the narrow fibres. Fig. 2, showing. 
an oblique section of the muscle giving the longi- 
tudinal aspect of the two types of fibres, shows large 
areas of the broad fibres devoid of these precipitates. 
This supports the view that lipase is confined, by and. 
large, to the narrow fibres, 
occurs in the broad fibres. By contrast, 
pancreas, where lipase is known to be a 
large amounts, the precipitate was found to be thickly 
dispersed throughout the section. l ai 
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Separation of Bull Sper 
X- and Y-Chromosomes by Counter- 
Streaming Centrifugation 


Experiments! in which a small fraction (1/20-1/15) — 


of the most easily sedimenting spermatozoa, sep- 
arated by counter-streaming centrifugation, were used 
for inseminations gave the unexpected result that 
the 11 calves obtained from 23 first inseminations 


were all males. Recent experiments on a larger scale — 
with the same technique have now been performed . 
Whereas in the `> 
earlier experiments 1,100 r.p.m. was used, the separa~ : 
-tion in seven of the present experiments was performed. 


on semen from 10 different bulls. 


at the same velocity and in eight at 1,000 r.p.m. 


fhe total number of first inseminations with 
3 Lindahl, P. E., Nature, 178, 501 (1956). 
s Johansson, L, Z. Rhethe B. Tierz, Zuchtungsdiol., 24, 13 (1982). 


separated spermatozoa was 142, resulting in 63 calves 


{fertility 44-4 per cent). Compared with the fertility — 


(60-5 per cent) of the corresponding control group 
. (104 pregnancies from 172 first inseminations) this 
figure is rather low (y? = 8-26, P < 0-01). Of the 
63 calves, 36 were females and 27 males (sex ratio 
42-9). The sex ratio of this total group does not 
deviate significantly from the normal one for cattle 
(106 : 100)?. However, a review of- the different 
experiments reveals a considerable variation 
in fertility, a high proportion of females being 
apparently associated with high fertility. Therefore 
the experiments were pooled in two groups, one with 
fertilities equal to or more than 50 per cent, and 
the other with fertilities less than 50 per cent. The 
fertilities for these two groups, 63-8 and 31-0 per 
cent, respectively, differ significantly (y* = 14-99, 
P < 0-001). 

Of tho calves belonging to the first group 28 were 
females and 9 males (sex ratio 24-3). The corre- 
sponding figures of the second group are 8 and 18 
(sex ratio 69-2). Also the sex ratios of these two 
groups differ significantly (y? = 12-57, P < 0-001). 
-This means that the spermatozoa of certain samples 
are damaged by the counter-streaming centrifugation, 
and that thereby the female-determining spermatozoa 
are more sensitive than the male-determining ones. 
Most probably the factor causing this damage is 
mechanical stress. This idea is supported by the fact 
that two groups of experiments which have been 
pooled according to the r.p.m, used differ significantly 
as to fertility (pooled samples separated at 1,000 


|. rpam.: 53-6 per cent; pooled samples separated 
cat 1,100 r.p.m.: 35-6 per cent ; y? = 4°66, P = 0-05), 


the high velocity having decreased the fertility more 
than the low one. 

In the light of the present results, the male pre- 
dominance in the earlier experiments is more easily 
understood; the spermatozoa were submitted to 
1,100 r.p.m. in these experiments. 

The group of pooled experiments, having a fertility 
equal to or higher than 50 per cent, shows @ sex 
ratio which deviates significantly from the normal 
one of cattle (y? = 9-31, P < 0-01). It thus seems 
possible to select viable-determining spermatozoa by 


running the counter-streaming centrifuge at a moder- _ 
| - inner and an outer region ; the electron density of 
‘the former was great and that of the latter was slight 


ate speed. 


In another series of experiments the spermatozoa — 
most difficult to sediment were isolated at 1,100- — 


1,200 r.p.m., and used for inseminations. Here also 
the female-determining spermatozoa have been 
eliminated more frequently than the male-deter- 
mining ones in connexion with decreased fertility. 
No aceymulation of male-determining spermatozoa 
_ could ‘be detected in this fraction. 





permatozoa carrying _ 


2 Financial assistance from th 
: Research Council is gratefully acknowledged. I am 


“The counter-streaming centrifuge was run by Mr. 


collected by Miss G. Thelin. 


of the virus*. Secondly, and more important, the 


corresponding perhaps to the very eleetron-dense ae 
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Structural Differentiation in the Nucleoid 
of Mature Vaccinia Virus 


Ir has been known for some time that mature _ 
virus. particles of the pox group contain & brick. 
shaped central body, or nucleoid, surrounded by an 
outer layer of protein’. The fact that in pepsin- _ 
treated particles this nucleoid cannot be hydrolysed 
by deoxyribonuclease alone, but only by deoxyribo- _ 
nuclease followed by a further pepsin digestion, has 
been taken as an indication that the nucleoid itself 
contains protein as well as nucleic acid’. However, __ 
when mature vaccinia virus particles are examined —__ 
with the electron microscope in thin sections after — 
either osmium or ethanol-acetic acid fixation, the 
nucleoid presents @ more or less homogeneous 
appearance’. 

In order to investigate further the nucleoidal 
structure of this type of virus, samples from pellets. _ 
of purified vaccinia virus particles were dehydrated = 
and embedded in methacrylate for thin sectioning, 
after fixation with buffered osmium-sucrose‘* at- 
pH. 7-6 or potassium permanganate’ at pH 7-6, for 
about 1 hr. ; aS 

Examination of the osmium-fixed particles served 
to give a point of departure for the work and con- 
firmed the observations of Peters? on the general _ 
structure of the mature virus and the homogeneity 
of its nucleoid. oe 

On the other hand, permanganate-fixed particles, _ 
although showing an overall internal arrangement _ 
similar to the foregoing, exhibited in addition two = 
new features of interest. First, the outer zone of the 
virus, lying between the outer double-limiting mem- 
brane and the double membrane surrounding the _ 


nucleoid, appeared both much narrower and consider- _ 















ably less electron dense than in material fixed with 
osmium (Fig. 1); it is this zone which is usually 
considered to consist of the peripheral protein layer 


brick-shaped nucleoid within its double membrane 
was found to be strikingly differentiated into an 


(Fig. 1), being very similar in this respect to the 
peripheral protein layer of the virus. In view of 
this similarity, it is possible that the less electron- >. 
dense region lying within the double membrane —_ 
surrounding the nucleoid might represent the protein. 
constituent of this part of the virus, the nucleic acid _ 














Fig. 1. Thin sections of mature vaccinia virusT particles cut in 
various planes. A, Longitudinal section across the shortest 
dimension of the particle. B, Longitudinal section across the 
longest dimension of the particle ; this is at right angles to plane 
of section A, along the line UV. C, Transverse oblique section 
along the line X-F shown in A., Permanganate fixation for about 
ihr. x 120,000. Notein particular the nucleoid within its double 
membrane showing a central electron-dense disk with a less 
dense region round about 


-disk in the centre. However, whatever the answer to 
this question may ultimately prove to be, the differ- 
ence in response to permanganate fixation shown by 
different regions of the nucleoid of mature vaccinia 
virus particles reflects a definite underlying structural 
differentiation. 
a M. A. EPSTEIN 
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Effect of Glycerol and Low Temperature 
on Survival of Unfertilized Mouse Eggs 
-- Som unfertilized eggs of the rabbit are still 
fertilizable subsequent to cooling to temperatures as 
low as 0° C.4. In our attempts to preserve unfertilized 
“mouse eggs at temperatures above and below freezing 
we have discovered that some of these germ cells 
‘survive exposure to --10°C. 

The technique of transplanting unfertilized eggs 
from one female to another was employed in evalu- 
ating survival of these cells. Eggs obtained by in- 
duced ovulation of immature brown C57 females were 
















fied Locke’s solu- 
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` Table 1. SURVIVAL OP UNFERTILIZED MOUSE EGGS EXPOSED TO —10° C. 






Xo. of transplanted egga in 
pregnant recipients 


Total | Developed | Survival 






No. of recipients 


Pregnant 


Exposure 
E time 
Total 


(hr.) 

















(per cent) | 
48 8 oOo 
42 3 5 
24 do | 0 | 


3-38 gm.; calcium chloride, 0-09 gm.; potassium : : 


chloride, 0-16 gm. ; sodium bicarbonate, 0-05 gm. ; 9 
dextrose, 0:36 gm.) containing 5 per cent glycerol by 
volume. Eggs were placed in 0-3 ml. of the mediumin © 
each of the 1-5-ml. glass ampoules used as containers. = + 





The ampoules, sealed by flame, were then clipped to- 
fibre-glass canes which were immersed in an alcohol ~ 
bath cooled to —10° C. by pieces of solid carbon — 


dioxide. Glycerol facilitated supercooling and under — fe 
these conditions the medium was free from ice at. 


-— 10° C. during the storage periods. The experiment 


involved the transplantation of 180 eggs into 30 ae 


recipients. Results are summarized in Table 1. a 
In the light of current knowledge, the presence of - 
glycerol in a medium designed to favour low-tem- | 


perature preservation of germ cells seems desirable, 


perhaps essential. This substance has been found 


to favour survival of certain mammalian spermatozoa — 


during cooling to and rewarming from sub-freezing 
temperatures*. : 
substance against temperature shock in cooling above: 

the freezing temperature is still not evaluated‘, its 

presence is compatible with survival of unfertilized 
mouse eggs? cooled to 56°C. There is some evidence 
that exposure of bull spermatozoa to glycerol at 
5° C. enhances fertilization following insemination by 
them’. On the contrary, glycerol is said to be respon- 


sible for inhibition of fertilization in the fowl during 


the customary intravaginal insemination of glycerol- 
ated semen®’, 


per cent glycerol prior to transplantation, without 


deleterious effect®. According to permeability studies : 


with other cells’, this would indicate non-penetration 
by glycerol. We suggested that eggs might re-ex 


It was decided to ascertain whether or not the presence — 
of glycerol within unfertilized mouse eggs is com- 
patible with their survival as tested by production — 
of normal progeny in the technique of egg trans- 
plantation. ae Se 

Preliminary experiments showed that when egga 
are placed in media containing 5 per cent glycere 
by volume at 37° C. they shrink initially but quickl 
re-expand within 8-10 min. Therefore, eggs were 
exposed to 5 per cent glycerol in modified Locke’s 
solution for 15 min., to ensure penetration, prior to 
transplantation. Samples of a harvest of eggs from 
which experimental eggs were obtained were. in- 
spected microscopically to check re-expansion phe- 
nomenon in each experiment. This phase included 
10 recipients and 60 eggs, numbers sufficient for 
qualitative but not quantitative evaluation as to effect. 
on fertility. Six out of the ten animals became 
pregnant. Autopsy of these six animals near term — 


revealed that 14 per cent of these glycerol-containing — a 3 


eggs produced apparently normal progeny. 

- These results establish that: (1) some unf 
mouse eggs can be c 
for at least 2 hr. in. 













Although its role as a protective 


We recently reported that unfer- 
tilized mouse eggs shrank irreversibly at 5° C. in 50°. 


do 
with the penetration of glycerol at the higher tem. 
perature in the recipients but this was not investigated, | _ 
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E that bore the ¢ allele. 
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of functional activity ; (2) the presence of glycer 
within unfertilized mouse eggs does not prevent their 
“fertilization and mM 
development. | 

Further details of this 








hypothermia in unfertilized mouse eggs which will 


appear elsewhere. : 
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Influence of Time of Mating on the 
Segregation Ratio of Alleles at the 
T Locus in the House Mouse 


Tue series of recessive alleles (¢ series) that have 
been shown to occur at the T locus in the house- 
-mouse have aroused considerable interest because of 
their widespread distribution’, their effects on 
embryonic differentiation’, and their effect on the 
segregation ratio in males*.*, Males that are heterozy- 
gous for one ¢ allele (that is, +/¢ or T/t) have been 
found to sire litters in which the proportion of 
offspring carrying the ¢ allele differs markedly from 
that expected on the basis of normal Mendelian 
In most instances the number of offspring 
< inheriting the ¢ allele is greatly in excess of expecta- 


tion, but with certain ¢ alleles the number may þe- 


-< Jower than normal. The segregation ratio in females 
of these genotypes is normal. 

-Bryson could find no evidence in favour of the 

> suggestion? that the segregation ratio abnormality 
owas the result of extra divisions in those spermatids 


arities or gene conversion; but there is as yet no 


“was of a physiological rather than a cytologica 
nature and that it came into action only after the 
sperm had been introduced into the female genita 
tract, a study was made of the effect of varying the 
time of coitus in relation to the time of ovulation on 
the segregation ratio of the alleles T and t._ a 


rannarme a iii 






| Normal mating 


a eee 


Seis oath No, of offspring 
| No. of litters +4- wa 
Tje 11 | š | 16 
pjt 12 54 -ÄR 
rie 9 40 ces 
ie A fe 6 55 bP. 66 
T 38 


687 j 5 
w o TE 






-males of the genotypes Tit, Tit, T/ and T] 
- Some of the females were caged continuously with: 
~ male (three females/male) so that coitus would occu 
at the normal time (which is about 5 hr. before 
ovulation’) ; other females were only permitted coitus: 
_ during a 3-hr. period commencing several hours afte: 
This investigation was supported in part by a the approximate time of ovulation-—these are 
research grant (RG-4932) from the National Institutes room in which the times of light and dark were 
- automatically controlled so that the time of ovulation 
= could be estimated®.*. In mice mated at the normal | 
- bimo, sperm penetration of the eggs begins about- 
 § hr. after coitus; but in mice mated several hours 





subsequent normal embryonic 


! work will be included in. 
our subsequent report on temperature shock and 


a Other hypotheses that have. 
been put forward®®? have involved meiotic irregul- 


< evidence to support them. Working on the assump- 
< tion that the mechanism involved in this abnormality 
: - -glleles’*. Further work is in progress. The preset 
results provide evidence in support of the suggestic 
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TABLE 1. THE MALE SEGREGATION RATIO OF THE ALLELES £ AND T AFTER NORMAL or LATE MATING 







Outbred Swiss albino female mice were mated 3 


designated ‘late-mated’, The mice were kept in a 


after ovulation this interval is only about L hr.*. 


The normal and late matings were carried on con- =: 


currently, that is, males were taken from the ‘normal — 
mating’ pens for a 3-hr. period each day and placed _ 
in the ‘late mating’ pens. The segregation ratio of 
t and T was determined by examining the tails of 
the new-born offspring: in +T offspring the tail is 
shortened, but it is normal in +t mice. Many of the _ 


females had several litters so, in order to minimize 


any differences due to the females, they were used in. 
different groups in successive pregnancies. Hog 
With each of the eight males tested the proportion: 
of +t offspring was lower after late mating than after 
mating at the normal time (Table 1), and with one _ 
exception the results from each male were highly _. 
significant. The mean litter size in the two groups _ 
was very similar (about 8-0). 
insignificance of the difference between normal and _ 
late mating with male C is not clear. It is possibly 
related to the low fertility of this male--less than — 
half of the females with which he copulated had. 
litters. Two other features of the results should be _ 
noted. First, males of the same genotype tended to 
have very similar segregation ratios and, secondly, _ 
the segregation ratio of the Tj male was normal _ 
(approximately 1:1) in normally mated females, but 
after late mating the proportion of +t offspring was. _ 
much reduced (31 + ¢:69 + T). ; ; 
These results suggest that the mechanism of the | 
male segregation ratio abnormality in mice carrying _ 
a t allele has a physiological rather than a cytological _ 
basis, and that its time of action is between ejaculation _ 
and fertilization. It is not possible at this juncture | 


to be more specific as to the nature of the mechanism. _ 
There are many possible hypotheses; but some of | 
them have become unlikely as a result of concurrent > 





















studies on the infertility of males carrying two 


by earlier workers that the function of a sperm.: 
the female genital tract may be affected by a sing 
genetic locus in such a way that its chances of fe 
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a bearing on quantitative genetical theory, for one 
of the premises of this theory is that there is random 
union of gametes. 

This investigation was supported by a grant from 
the Committee for Research in Problems of Sex, 
National Academy of Sciences—National Research 
Council, and in part by a research grant (B931) from 
the National Institutes of Health, Public Health 
Service, to Dr. S. Gluecksohn-Waelsch. I wish to 
thank Prof. E. Scharrer for the hospitality of his 
Department, and Dr. S. Gluecksohn-Waelsch for 
much valuable advice and help. 

A. W. H. BRADEN” 
Department of Anatomy, 
Albert Einstein College of Medicine, 
New York 61. 


* Fulbright Research Scholar. ENUEN address, Commonwealth 
Scientific and Industrial Research Organization, Sheep Biology 
Laboratory, Prospect, New South Wales. 
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Survival Curves for Male and Female 
House-Flies (Musca domestica L.) 


DurRine the course of a study on the biochemical 
changes accompanying ageing in the adult house-fly, 
the attention of the senior author was directed to 
the differential longevities of the male and female 
members of the common house-fly, M. domestica L. 
Paradoxically enough, a search of the literature 
revealed only scattered and inconclusive information 
on the longevity of this species under controlled 
laboratory conditions. Several authors have been 
cited by Roubaud! to the effect that the longevity 
of the house-fly can be extended to as much as 90 
days by exposure to temperatures of 15° C. (59° F.) ; 
West, on the other hand?, states in no convincing 
terms that the longevity of the house-fly varies from 
two to three weeks, at most, during the summer and 
up to three months during the winter months. A 
side study was therefore undertaken to obtain reliable 
vital statistics for the male and female members of 
this species, bred, reared and maintained under 
standardized laboratory conditions. ‘This report will 
summarize briefly one phase of this study to be 
published, in extenso, at a later date. 

The flies studied represent offspring from many 
generations of inbreeding of (standard laboratory 
strain) NAIDM flies from the Technical Develop- 
ment Laboratories of the United States Public 
Health Service (through the kind co-operation of 
Dr. Albert S. Perry). Results summarized in this 
communication cover more than 4,000 members of 
each sex (more than 8,500 flies in all), through nine 
successive generations; all were maintained, bred 
and reared (and permitted to age) at 80° F'. and 45 per 
cent relative humidity in our laboratory as described 
earlier’. Eggs were collected from a standard medium 
when the parents were 44-5 days old. Offspring 
were reared on this medium? and, under these con- 
ditions, emerged as adults exactly 14 days after the 
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first appearance of the parent flies. Parents, as well 
as ageing flies, were maintained on a powdered 
whole-milk, sucrose and water diet. (ad libitum) in 
bronze screen cages 74in. X 74in. X 16in., under tem- 
perature and humidity conditions indicated above, 
in numbers of 150-200 of each sex per cage. 

Fig. 1 shows the survival curves for each sex. 
These clearly suggest a typical, rectangular form of 
survival curve representative of animal populations 
showing senescence (that is, slow rate of death of 
youthful members of the population followed by an 
acceleration of mortality during a specific period of 
the life-history). However, during the final days of 
adult life this species exhibits a logarithmic-like 
survival curve with a markedly retarded rate of 
dying off (40-60 days for the male and 55-70 days 
for the female). The marked difference in average 
and maximum longevities of the two sexes is apparent 
from an examination of the two curves. Thus, about 
90 per cent of the males die between ten and thirty 
days of age, whereas the females die off to the same 
extent between the tenth and fiftieth day of adult 
life. What had been observed earlier for only 600 
pairs of flies? has held true for more than 4,000 flies 
of each sex through nine successive generations ; 
namely, that at thirty days of age 50 per cent of the 
females have survived; by the end of this same 
period of time only about 5 per cent of the males are 
still alive (indeed, 50 per cent mortality for males 
occurs at about 16 days of age). In actual longevity 
figures, males had a mean longevity of 17-4 and a 
maximum of 54 days; females had a mean longevity 
of 29-4 days and a maximum of 63 days. Such data 
clearly confirm the rather widespread occurrence of 
higher female longevity in animal species discussed 
elsewhere by Hamiltont and Rockstein®. 
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This investigation was supported in part by a 
research grant (USPHS No. H-8206) from the 
National Institutes of Health of the United States 


Public Health Service. 
Morris ROCKSTEIN 


Harry M. LIEBERMAN 
Department of Physiology, 
New York University College of Medicine, 
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Pattern of Humus Decomposition in 
East African Soils . 

Humus decomposition under bare fallow has now 
been measured during five successive wet and dry 
seasons. Soil samples were taken periodically (about 
once a week during the wet season) and put in the 
macro-respirometer1. The average daily rate of 
decomposition for the following two days was taken 
as & comparative measure of the rate at the time of 
sampling. Using this technique it was found that a 
relatively high and similar rate of decomposition 
occurred at the start of each wet period but fell rapid- 
ly as uniform moist conditions continued (for example, 
from 12 mgm. carbon per day at the start of the rains 
to 4 mgm. three to four weeks later with a soil contain- 
ing about 6 per cent carbon). Decomposition during 
the intermediate dry periods was almost negligible. 

This simple pattern of composition is of funda- 
mental importance. Since decomposition involves 
nitrate production it puts soil nitrogen availability 
on & more predictable basis and emphasizes the 
importance of timing in planting. This should be 
done before the start of the rains, or as soon after 
as possible, when nitrate production is at a maximum, 
rather than later, when production is much slower 
and losses of nitrate produced earlier may have 
occurred through leaching. The pattern also shows 
that humus decomposition proceeds spasmodically 
according to the drying and wetting cycle and 
involves, on each occasion, the rapid decomposition 
of discrete amounts of humus rather than the slow 
decomposition of the humus fraction as a whole (see 
below). An appreciation of this behaviour, and the 
slow rate of decomposition which may be reached 
under steady moist conditions, should be of value in 
work involving humus depletion and build-up. The 
persistence of this behaviour has been demonstrated 
in laboratory experiments with the same soil. After 
forty successive oven-drying and rewettings, with 
decomposition after each rewetting, the flush of 
decomposition still occurs, but is declining in mag- 
nitude as the reserve of decomposable organic material 
gets less. So far about 35 per cent of the total soil 
carbon has been decomposed in this way. 

Recent work has shown that while an air-dry soil 
saturated with different bases gave very different 
amounts of soluble organic material (10 gm. soil 
extracted with 40 ml. water), the magnitudes of 
decomposition (100 gm. soil at field capacity) were 
almost identical. Similar results, but of greater 
magnitude, were obtained with the oven-dry soils. 


Air-dry Oven-dry 
ENA j Na K Mg Na K 
mgm. organic nitrogen 
10 mi. eeeraet 0°44 0:26 0-12 0-43 0:40 0-20 
mgm. carbon decom- 
posed in 16 days 77:7 777 76:4 113-9 120-6 128-3 
pH 63 66 71 8-3 6°38 6'9 
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Evidently decomposition involves the humus itself, 
is little affected by the base present and is not 
dependent on the preliminary solution of organic 
material. It appears from this, and further evidence 
to be published elsewhere, that the drying effect is 
due almost entirely to its influence on the microbial 
population. In this respect the uniform pattern of 
decomposition following each successive drying and 
rewetting is noteworthy. Since there is ample avail- 
able substrate, as shown by the frequency with 
which the drying effect occurs, the rapid fall-off in 
the rate of decomposition after each rewetting may 
be due to the development of unfavourable conditions. 
Alternatively, the same, bacterial culture cycle may 
follow each re-wetting, with high metabolic and 
enzyme activity during the early phase (characterized 
by high uptake of oxygen, evolution of carbon dioxide 
and production of ammonia) falling off during the 
stationary phase and period of decline. Heat activa- 
tion of spores may also be involved, and these 
possibilities are being investigated. 

This repetitive behaviour of humus decomposition 
emphasizes the importance of the wetting and drying 
cycle in soil fertility. This is particularly marked with 
nitrate production but other elements such as bases 
and phosphorus are similarly affected?. The be- 
haviour of the soil as regards nutrient supply is 
clearly very different at the start of the rains from 
what it is later on, and in soil fertility studies this 
dynamic aspect of nutrient supply must be considered 
in conjunction with soil data obtained by conven- 
tional methods of analysis. 

H. F. Brow 


East African Agriculture 
and Forestry Research Organization, 
P.O. Box 21, Kikuyu, Konya. 


* Birch, H. F., and Friend, M. T., Nature, 178, 500 (1950). 
* Burd, J. S., and Martin, J. C., Soil Sci., 18, 151 (1924). 
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Effect of Carbon Dioxide on 
Multiplication of Fusarium in Soil 


NUMEROUS studies have been made on the effects 
of carbon dioxide on fungal growth in pure culture, 
and on substrates other than soil. Since soil is the 
natural habitat of many fungi, and frequently has 
carbon dioxide-levels exceeding that present in 
normal air, it is important that effects of carbon 
dioxide-enriched air on fungal behaviour in soil be 
investigated. With the exception of work by 
Lundegardh? using sterile soil and Fusarium species, 
there is little information available on the effects 
of carbon dioxide on fungal behaviour in soil. Re- 
cently, techniques have been developed? for studying 


Fusarium multiplication in natural soil, as indicated 


by sporulation and increase in number of colonies 
on soil dilution plates. It was found that carbon 
dioxide at levels of 2—25 per cent in air for 16-42 hr. 
frequently stimulated multiplication of Fusarium 
oxysporum f. cubense®. Studies were initiated with 
other Fusarium species and with carbon-14 dioxide 
to determine the action of carbon dioxide in stimu- 
lating Fusarium multiplication. The soil-plate 
technique? was used for studying the effect of carbon 
dioxide tension on Fusarium population as determined 
by soil dilution plating. 

Certain Fusarium species in artificially infested 
loam and sandy loam (pH 5-6 and 7 -4) were exposed 
for 42 hr. to normal air and air enriched with 4 per 
cent carbon dioxide, after moistening the soil with a 
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Table 1. STIMULATION OF MULTIPLICATION OF Fusarium oxysporum 
IN SOIL PLACED IN AIR ENRICHED WITH 4 PER CENT CARBON DIOXIDE 


(Average Fusarium colonies per ml. of 1 : 1,000 soil dilution) 


No. 4611 


Soilincubated in* 
Culture ir Air + 4% CO, 
F. oxysporum f. lycopersici 0-8 5-0 
F. oxysporum f. nicotianae 3°68 18-2 
F. oxysporum f. cucumerinum 1-6 14.4 


*1 gm. of infested soil moistened with 1 per cent glutamic acid 
and dilution plates made 42 hr. later. 


l per cent solution of glutamic acid. The species 
used were: F'. oxysporum f. lycopersici, F'. oxysporum 
f. nicotianae, F. oxysporum f. cucumerinum, F'. solani 
and F. roseum. The forms of F. oxysporum were 
isolated from their respective hosts and F. solani and 
F. roseum were isolated from the soil. Results of 
a representative experiment are shown in Table 1. 
In about two-thirds of the experiments performed 
over a one-year period obvious stimulation of 
Fusarium oxysporum forms occurred in air enriched with 
4 per cent carbon dioxide in contrast to normal air. 
The behaviour of F. roseum and F. solani in air 
enriched with 4 per cent carbon dioxide was more 
erratic than F'. oxysporum. In a few instances stimula- 
tion was evident but usually there was no stimulation. 
Apparently these species are less sensitive to the effect 
of carbon dioxide and/or other soil factors influencing 
multiplication than F. oxysporum. At concentrations 
up to 25 per cent carbon dioxide in air for 48 hr. 
there was no evidence of inhibition of survival or 
multiplication in soil of the Fusarvum species studied. 
To determine if carbon dioxide was being fixed 
by the fungus, studies were initiated with carbon-14 
dioxide and F. oxysporum f. cubense freshly isolated 
from diseased bananas. A spore suspension of F. 
oxysporum f. cubense was added to 5 ml. of medium in 
50 ml. beakers placed in stoppered 920-ml. Mason 
jars. The medium contained 10 gm. NH,NO,, 
5 gm. KH,PO,, 2:5 gm. MgSO,.7H.0, 0:02 gm. 
FeCl,.6H,O and 50 gm. sucrose per litre of distilled 
water, and after autoclaving was at pH 4:0. 10- 
100 pe. of carbon-14 labelled sodium carbonate was 
then introduced to the bottom of the jars around the 
beakers and 25 per cent perchloric acid added to release 
carbon dioxide. The capped jars were sealed with 
modelling clay. The cultures, thus exposed to radio- 
active carbon dioxide, formed a large pellicle of 
fungus in about four days. The resulting pellicles 
were removed and thoroughly washed with distilled 
water on filter paper. The washed pellicles were dried 
at 70° C. in a forced-draft oven, weighed and then 
ground in a mortar. Each ground pellicle was then 
thoroughly mixed with sufficient dried banana leaf 
tissue to make 1 gm., placed in a steel cup 
plenchettand its radioactivity measured. Counts per 
min. of known quantities of carbon-14 in 1 gm. of 
banana leaf tissue had previously been determined‘ 
so that it was possible to estimate the quantity of 
carbon-14 incorporated by the fungus in the above 
samples. Two identical experiments were conducted 
and the results are shown in Table 2. i 
The total quantity of carbon-14 fixed by the fungus 
increased. with increasing concentration of carbon 


Table 2. CARBON DIOXIDE FIXATION BY Fusarium oxysporum f. cubense 


Volume 
dg cent 
O, in jar 


Radioactivity in fungus 
in counts per min. 
Exp.1 Exp. 2 


Total supplied 
radioactivity 
in fungus 
(per cent) 


CO, 


(uC.) Average 


8 


2,3815°8 | 2,783°7 | 2,549: 
1, : 1.714- à 


14-9 | 1,5588 
751:4 
40-8 
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dioxide, although the dry weight of the fungus 
(approximately 31 mgm.) differed little in the various 
concentrations of carbon dioxide studied. The per- 
centage of the total carbon-l4 fixed by the fungus, 
however, decreased slightly with increasing con- 
centration of carbon dioxide in the atmosphere. 

The foregoing results show that carbon dioxide, 
at concentrations commonly found in the soil atmo- 
sphere, can be fixed by mycelium of F. oxysporum f. 
cubense. Thus carbon dioxide stimulation of multi- 
plication of the Fusarium species studied may be due 
to participation of carbon dioxide from the soil 
atmosphere in metabolic processes of the fungus. 

R. H. STOVER 
S. R. FREIBERG 
Division of Tropical Research, 
United. Fruit Company, 

La Lima, Honduras. Dec. 12. 
1 Lundegårdh, H., Bot. Notiser, 1, 25 (1923). 
® Stover, R. H., Canad. J. Bot., 34, 927 (1956). 
3 Stover, R. H., Canad. J. Bot., 35 (in the press). 
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Extracellular Products in Pure Cultures 
of a Brown Alga 


Usa antibiotics in a way similar to those de- 
scribed by Fish? and Spencer? for other algae, we 
have obtained Ectocarpus confervoides in bacteria- . 
free uni-algal culture. Bacteria-free cultures of 
Phaeophyceae (Waerniella lucifuga and Ectocarpus 
parasitica) have been grown by Provasoli, MeLaughlin 
and Droop?, but these do not appear to be particu- 
larly suitable for physiological study. It is clearly 
desirable that studies with pure cultures should be 
made if exact information about the metabolism of 
this group of algae is to be obtained. 

In natural sea water enriched with nitrate, phos- 
phate, iron and manganese, E. confervoides has a 
mean doubling time, in the early stages of growth, 
of about one week at 20°C. and a light intensity of 
6,000 lux. Growth continues slowly for up to 30 
weeks, according to the volume of the cultures, giving 
final yields of about 0-9 gm. dry weight per litre. In 
such cultures the medium becomes coloured dis- 
tinctly yellow-brown after three weeks. Following 
up this indication, an investigation has been made of 
the extracellular products liberated by E. confervoides 
in pure culture. 

The absorption spectrum, as determined with a 
“‘Unicam SP 500’ spectrophotometer, of the yelow- 
brown medium from an ll-week culture, after filtre- 
tion through a sintered glass funnel of porosity 
15—40p, is shown in Fig. 1, curve A. After extraction 
with ether, material having an absorption maximum 
at 260 my. remained in the aqueous phase (Fig. 1, 
curve B). The ether extract was yellow in colour 
with an absorption maximum in the region of 400 mp 
(Fig. 1, curve C ; vertical scale x 8 that for curves 4 
and B). 

Filtrate from a 6-week-old culture, containing 
about 7 mgm. cell nitrogen per litre, after concen- 
tration and desalting by a method of electrodialysis, 
gave & positive reaction with ninhydrin, indicating 
the presence of about 0-15 mgm. «-amino-nitrogen 
per litre of the original medium. After hydrolysis 
with an equal volume of 50/50 concentrated hydro- 
chloric acid and glacial acetic acid for 24 hr. at 
105° C., 0-2 mgm. «-amino-nitrogen were found. This 
suggests that the view of Fogg and Westlake’, that 
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extracellular nitrogenous compounds are liberated to 
an appreciable extent by most algae, applies to marine 
as well as freshwater species. It seems likely that 
this nitrogenous material is responsible for the 
absorption at 260 mu observed in E. confervoides media 
after extraction with ether, but its further char- 
acterization has been hampered by the difficulty of 
desalting the large volumes of sea water required. 

Paper partition chromatography, using mixtures 
of methyl alcohol and toluene, showed the ether- 
soluble fraction to contain four pigments. In their 
absorption spectra and ether solubility these resemble 
carotenoids. It is possible to reconcile this with their 
solubility in water by supposing that they are protein- 
carotenoid complexes such as those obtained from 
the chloroplasts of higher plants by Nishimur and 
Takamatsu’. 

Separation on & powdered cellulose column gave 
three well-defined fractions, the first of which appeared 
to have two components. When attempts were made 
to transfer these from ether to distilled water it was 
found that they were readily photo-oxidized when. 
in contact with water and air. However, the ‘pig- 
ments appear to be stable in the cultures and in the 
filtered medium prior to ether extraction, and are 
also stable when dissolved in ether. This further 
indicates the presence of a complex in the medium 
which is broken down on ether extraction. 

Spectrophotometric examination of the filtrates 
from cultures of different ages has shown that the 
amount of the water-soluble ether-insoluble material 
absorbing 260 my is proportional to the growth of 
the alga as measured by dry weight. The totel amount 
of yellow ether-soluble material also increases with 
the age of the culture, but it seems from the less 
regular relationship that the proportions of the 
individual pigments liberated vary during the course 
of growth. Jt seems likely from this that both types of 
extracellular product are liberated from healthy cells. 
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Work. directed to the further characterization of 
these extracellular products of Ectocarpus is in pro- 
gress. Meanwhile, it seems worth recording these 
results in view of the current interest in dissolved 
organic substances in natural waters, as discussed 
by Lucast, Saunders’? and Vallentyne’. It is possible 
that extracellular nitrogenous compounds such as 
those of Ectocarpus contribute to the dissolved 
organic nitrogenous material present in sea waters, 
the ecological importance of which as a chelating 
agent may be considerable. No yellow pigments 
exactly corresponding with those liberated by 
Ectocarpus appear to have been recorded in sea water, 
although the absorption spectrum® of the ‘yellow 
substance’ found in neritic waters by Kalle has some 
resemblance to that of one of the.components of the 
ether-soluble fraction. 

We are grateful to the Development Commission 
for a grant made to one of us (G. T. B.), which has 
enabled this research to be carried out. 


G. E. Foce 
G. T. BOALO 
Botany Department, 
University College, 
Gower Street, 
London, W.C.1. 
Dec. 17. 
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A Freshwater Mutant of Balanus 
amphitrite 

A. FEW species of animals which were known to be 
marine have become freshwater dwellers. An ex- 
ample of these freshwater mutants is the gastropod 
Hydrobia jenkense which, according to Ellist, was 
known to have been confined to brackish waters 
until the early part of the last century and is now 
abundant in freshwater in many parts of Great 
Britain and seems to be spreading widely in con- 
tinental Europe. 

The limiting ecological factors of the freshwater 
environment are only survived by mutant types of 
marine animals which were endowed with proper 
thermo- and osmo-regulation systems and a totally 
embryonic development. The absence of such adap- 
tive mutations, or their inaccessibility to freshwater, 
from whole phyla such as Echinodermata, or whole 
classes of phyla such as Cephalopoda and Cirripedia, 
have made their representatives still exclusively 
marine. 

In the north-east of the Nile Delta, some 40 miles 
south of the mouth of the river, freshwater from the 
Damietta branch of the Nile is constantly pumped 
by powerful machines during the floodless season 
(November—July) through a deep cement-built tank 
for the irrigation of a large area of land. The machines 
stop during the flood season (August—October) and 
the water in the tank falls to the level of the 
Nile. When the tank was studied for its fauna in 
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Fig. 1. 


Balanus amphitrite var. denticulata. 


(x 25) 


July 1954, the walls and rocky floor were found 
densely populated with colonies of barnacles. Fixed 
specimens were identified by Dr. J. P. Harding of 
the British Museum (Natural History) as Balanus 
amphitrite var. denticulata Broch?. Broch’s specimens, 
described in 1927, came from the Suez Canal, where 
the salt beds make the salinity higher than that of 
tho sea. Since then the variety has been found in a 
number of localities, including the coast of Great 
Britain. Balanus amphitrite is often carried on ships’ 
bottoms. 

When the tank was investigated in December of 
the same year, only dead shells the inner walls of 
which were stuffed with embryo-like structures were 
found (Fig. 1). The tank has since been visited at 
irregular intervals, but so far no live specimens have 
been recovered. l 

It is believed that the mutant barnacle is of a 
seasonal occurrence. It exists only in the presence of 
favourable environmental conditions and dies when 
unfavourable conditions prevail, leaving resting 
embryos which remain dormant until the favourable 
conditions return. The reason why live specimens 
ceased to be found is now being investigated. 


H. H. SHatoury 
Zoology Department, 
Faculty of Science, 
University of Alexandria. 


1 Ellis, T. G., “British Snails” (Oxford Univ. Press, 1926). 
* Broch, H., Trans. Zool. Soc. Lond., 22, 133 (1927). 


Microbenthos of the Shore at Whitstable, 
Kent 


Wuite the results of a study conducted in the 
period September 1953-November 1955 have now 
been analysed, the inevitable delay in publication 
makes a summary of the results obtained both of 
interest and use. The term microbenthos is taken to 
include all those forms which will pass through a 
l-mm. sieve. 

The sandy flats studied lie at a gradient of 1/600 
and consist of fine sand of average depth 7 cm., 
overlying London Clay of indeterminate depth. 
Drainage is such that the shore is covered to a greater 
or lesser degree by surface water in every exposure 
period. The microfauna but not the microflora 
showed marked differences in distribution dependent 
on differences in the soil grade. The microbenthos 
exhibited a patchy horizontal distribution, while 
vertically diatoms, copepods and ostracods were 
confined or tended to be confined to the surface 
4 mm. of soil, nematodes lived in large numbers 
below this level in the sand, but not in the London 
Clay, which acted as an effective barrier to further 
penetration. All groups had a maximum population 
in the surface 2 mm. of soil. 
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The fauna here is the richest so far recorded in an 
unpolluted area, being, in 1955, 5-22 x 10° nematodes 
per sq. m., 7-422 x 105 ostracods per sq. m. and 
4-863 x 105 copepods per sq. m., at the time of their 
respective seasonal maxima, and the constitution of 
the microfauna at Whitstable seemed to be markedly 
different from other recorded microfaunas. 

Seasonal changes were investigated at a position 
on the shore with a 3-hr. exposure period. It was 
found that the nematodes always dominated the 
fauna, while the ostracods and copepods only reached 
a maximum when the nematodes had started to 
decline. Ostracods dominated the copepods in the 
autumn, winter and spring months but in summer 
the copepods were dominant over the ostracods. 
Leptocythere pellucida was the most abundant form 
of ostracod, while Asellopsis intermedia was the most 
abundant harpacticoid copepod at all times of the 
year. 

The microfauna as a whole showed one seasonal 
maximum in numbers, the population changes show- 
ing a correlation coefficient of + 0-75 with the mean 
sea temperature at the 0:1 per cent level of signific- 
ance. Not only is the breeding cycle dependent on 
temperature, but it was found that between 0° and 
20° C. activity of the harpacticoid copepods increased, 
while, in the shore itself, if temperatures fell below 
a value about 4° C., the microfauna showed a marked 
downward migration. A positive reaction to light was 
exhibited by many members of the three major 
groups; in particular the harpacticoid copepods 
reacted positively at all light intensities investigated 
between less than 2- and 2,000-ft. candles. 

With the methods used, only the nematodes were 
found to exhibit a tidal rhythm. All three groups, 
nematodes, ostracods and copepods, moved actively 
on the surface during exposure and in the main body 
of sea water when covered. Some species, both of 
microflora and microfauna, occurred in considerable 
numbers in the inshore plankton while other forms 
occurred exclusively in the shore. Zonation was of 
the extended nature expected of the microfauna of a 
shore with such a low gradient as the sandy flats at 
Whitstable. 

E. J. PERKINS 

Scottish Home Department, 

Marine Laboratory, 
Victoria Road, 
Torry, Aberdeen. 


Absence of the Diego Blood Group and 
Abnormal Hzmoglobins in 92 Maoris 


RECENT investigations of Mongoloid populations 
have shown in some of them a high incidence of 
hemoglobin Æ and of the Diego blood group. The 
highest frequencies of hemoglobin Æ have been 
found in Siamese, Burmese and north-east Malaysians, 
and the highest frequencies of the Diego blood group 
in South American Indians, followed by J apanese, 
North American Indians and Chinese. Hemoglobin H, 
although seen in some Greeks and in a Jordanian 
Arab, has in the majority of the still relatively few 
observations been found in people of Asiatic Mongo- 
loid origin, notably Chinese and Siamese, and occa- 
sionally in Philippinos and Malaysians. Lastly, 
thalassemia or Mediterranean, anæmia is now known 
not to be restricted to persons of Mediterranean origin, 
for the observation of a high incidence in Siamese! 
has been followed by similar reports from other 
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Asiatic populations, both non-Mongoloid and Mongo- 
loid. 

In the Australasian region so far no abnormal 
‘hemoglobins have been found in 166 Australian 
aboriginals? and 56 Melanesians (Horsfall, W. R., and 
Lehmann, H., unpublished). No example of the 
Diego blood group has been found in 62 Australian 
aboriginals, 23 eastern Papuans, 74 natives of New 
Britain and 80 eastern Polynesians*. 

We have examined 92 Maoris, of whom 65 were 
not first-degree relations. There is considerable 
intermarrying and as the people investigated live in 
@ small area it is likely that some of these 65 are also 
related. The aim has been to obtain a gene pool which 
represents Maoris without White admixture. 85 
belonged to the Tuhoe and 7 to the Arawa tribe. All 
were examined for the Diego blood group and for 
hemoglobins # and H as well as for other abnormal 
hemoglobins which can be detected by the sickling 
` test or by electrophoresis. Hemoglobin H is unstable, 
and control experiments were made to exclude the 
possibility that it escaped detection under the con- 
ditions of our experiments. Jn 84 samples a search 
was made for evidence of thalassemia by examining 
the cells morphologically, by determining the alkali- 
resistant fraction of the hæmoglobin and by searching 
for an increased proportion of hemoglobin A>». 

No hemoglobin E, H or any other abnormal 
hæmoglobin, no Diego blood group and no evidence 
of thalassemia were found. Our findings distinguish 
these Maoris from the North and South American 
Indians so far examined, and from the Siamese, 
Burmese and Malaysians. It cannot be taken to 
distinguish them clearly from Indonesians, Dyaks 
and other South Asian Mongoloids. Hemoglobin E 
and the Diego blood group have been found at low 
frequency in some of these populations, but it is 
more likely that this is due to their mixing with 
neighbours in whom these characters are common 
than to represent in them essential racial features. 
We hope to extend these investigations and to exam- 
ine in the first instance a tribe in the Ruatoki area 
in the coming year. 

It is noteworthy that the Diego factor has not been 
found so far, in view of Heyerdahl’s theory of the 
American origin of the Polynesians. 


H. LEHMANN 
St. Bartholomew’s Hospital, 
London, E.C.1. 
l A. NORTH g 
Te Whaiti, 
New Zealand. 
J. M. STAVELEY 
Central Laboratory, 
Auckland Hospital, 
Auckland, New Zealand. 


1 Minnich, V., Na-Nakorn, S., Chongchareonsuk, S., and Kochaseni, 


S., Blood, 9, 1 (1954). 
E morose W. R., and Lehmann, H., Nature, 172, 638 (1953); 177 41 


3 Simmons, T. R., Nature, 179, 970 (1957). 


Carbon-!4 Dated Palæoliths from Borneo 


1957 excavations by the Sarawak Museum atb 
Niah Great Cave, West Borneo, produced a succession 
of human phases from subsurface Bronze Age 
through ‘Neolithic’ polished axes and adzes (to 24 in.), 
then edge-ground and ‘pebble’ tools, and below these 
unworked flakes and blades; deeper again (below 
72 in.) crude ‘choppers’, in the sense lately re-defined 
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by Prof. H. J. Movius*. A preliminary report? lacked 
carbon-14 information from the lower levels. Now 
Prof. Hl. de Vries, of the Physical Laboratory, 
University of Groningen, Holland, who has kindly 
carried out all our tests, reports on a charcoal sample 

from about 100 in. : 4 


GRO. 1339 39,600 + 1,000 years (1957) 


It is not yet possible exactly to co-ordinate crude 
depths with artefact stratification, owing to uneven- 
ness in Niah’s enormous human (not geological) 
deposit. It is clear, however, that we are down into 
the Paleolithic on an orderly sequence, for the first 
time in south-east Asia. Other early stone-age finds 
in this area have been at geological or casually 
exposed sites, without clearly interrelated animal 
remains, bone, shell, fire and extraneous stone 
associations. 
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Vig.1. Stone chopper from below 72 in, Niah Great Cave, Sarawak 


The stone tools occurring between GRO. 1339 and 
æ previous carbon-14 date (GRO. 1158) of 32,630 + 
7002, are often uniface choppers, with hammer 
marks on the butts (Fig. 1). These closely parallel 
some from the ‘Soan Culture’ of north-west India, 
as figured by Dr. Kenneth Oakley? ; five tools found 
on a gravel terrace in south-east Borneo’; and part 
of a recent collection from west Thailand®, which I 
have examined in the National Museum, Bangkok. 
We should eventually be able to get a clearer idea 
of the Later Paleolithic in south-east Asia, using 
Niah stratified material as provisional yardstick, 
with further excavation in 1958 (thanks to a grant 
from the Calouste Gulbenkian Foundation of Lisbon‘). 
It already seems that more caution should be exer- 
cised before attributing crude tools in any general 
way to the Lower Paleolithic in Asia—as has lately 
been done for the south-east Borneo pieces* and the 
Malayan ‘Tampan’’—unless there is supporting 
evidence beyond the superficial look of the artefacts 
themselves. 
Tom HARRISSON 
Sarawak Museum, 
Kuching, 
Sarawak. 
Jan. I. 

1 Movius, Hallam J., Man in India, 87, 2, 150 (1957). 
3 Harrisson, Tom, Man, 57, 211 (1957). 
3 Oakley, Kenneth P., “Man the Tool-Maker”, 2nd. edit., Fig. 20 

(London, 1950); and one examined with Dr. Oakley, Brit. Mus. 

No. G.D.E. 1178; cf. Lal, B. B., Ancient India, 12, 59, and 

Plates xxiii-xl (1957). 
í yon Heekeren, H. R., “The Stone Age of Indonesia”, 35 and Fig. 9 

(The Hague, 1957). 
s Helder, Karl G., J. Siam. Soc., 46, 1, 61 (1957). 
* See Nature, 180, 1028 (1957). 
7 Sieveking, G. de G., J. Malayan Branch, Roy. Asiatic .Soc., 28, 1, 

198 (1955). 2 
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~ FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


No. 4611 


s Monday, March 17 
‘UTE OF METAL FINISHING (at the Northampton Polytechnic, 


. John Street, London, £.0.1), at 6.15 p.m.—Mr. H. Cann: 
“Anodes”, : 





Monday, March 17—-Tuesday, March 18 


7 Soorery OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave, 
- Square, London, 8.W.1), from 6.30 p.m. to 9 p.m. each day—Con- 
> Wersazione-—“New Techniques in Pesticide Research”. 










Tuesday, March 18 


. PARLIAMENTARY AND SCIHNTIFIC COMMITTEE, GENERAL COMMITTER 
in Committee Room 12, House of Commons, Westminster, London, 
$.W.1), at 5,15 p.m.—Discussion on “Space Satellites and Relevant 
Matters”. Opening Speakers: Prof. A. ©. B. Lovell, O.B.E., E.R.S., 
Prof. H. S. W. Massey, F.R.S., and Dr. D. H. Sadler, O.B.E. 


ROYAL SOCIETY OF Ants, COMMONWEALTH SECTION (at John Adam 
Street, Adelphi, London, W.C.2), at 5.15 p.m.—The Hon. F. W. 
<- Buleock: “The Pastoral Industry of Australia’. 


o INSTITUTE ov PHYSICS, ELECTRONICS GROUP (at 47 Belgrave Square, 
_ London, 8.W.1), at 5.30 p.m.—-Annual General Meeting, followed by 
Mr. L. A. Thomas: “Microwave Ferrites”. 


_ © ENSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
Wi), at 5.30 pom.——Sir John Cockeroft, F.R.S.: James Forrest 
Lecture. 
_ ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
6.30. p.m.—Prof. W., E. Curtis, F.R.S.: ‘Magnetism’. (Further 
Jectures on March 19, 25 and 26. Lectures for Sixth Form Boys and 
Girls from Schools in London and the Home Counties.) 


BRITISH INSTITUTION OF RADIO ENGINEERS (af the London Sehool 
t Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
ndon, W.C.1),at 6.30 p.m.-— Discussion on the Technical Committee’s 
port “Recommended Method of Expressing Electronic Measuring 
strument Characteristics. 1: A.M. or F.M, Signal Generators”. 









Wednesday, March 19 


=O ROYAL SOCIETY or ARTS (at John Adam Street, Adelphi, London, 
_ W.C.2) at 2.30 p.m.——Sir Christopher Hinton, K.B.E., F.R.S.: “In- 
dustrial Power of the Future” (Trueman Wood Lecture). 


ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the LONDON 
BRANCH of the INSTITUTE OF BioLoGyY and the LONDON AND HOMN 
COUNTIES BRANCH of the Insrrrurs or Puysios, in the Sir William 
Beveridge Hall, Senate House, University of London, W.C.1), at 

30 p.1m.——Symposium on “Science and Society’. Speakers: Prof. 
P. M. 5, Blackett, F.R.8., Prof. L. T. Hogben, F.R.S., Prof. A. Haddow, 
Prof. Dame K. Lonsdale, F.R.S, and Mr. Anthony Smith. 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 
-W.7), at 5 p.m.—Scientific Papers. 


ROYAL STATISTICAL Society (at the London School of Hygiene 
nd Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), 
t 5.15 p.m.—Sir Robert Shone and My. H. R. Fisher: “Industrial 
Production and Steel Consumption”. 


HvGENics Society (at the Royal Society, Burlington House, 
iccadilly, London, W.1), at 5.30 p.m.-—Symposium on “New Human 
Demands in Industry’. Speakers: Mr. Alec Rodger, The Hon. 
fichacl Layton, Mr. R. Peddie and Dr. K. Hutton*, 


 Soocrery FOR ANALYTICAL CHEMISTRY, MICROCHEMISTRY GROUP 
Gin the restaurant room of “The Feathers”, Tudor Street, London, 
n RC 4) at 6.30-p.m.-—-Diseussion Meeting on “The Microdetermination 
oof C, Hand N in the Presence of Interfering Elements (Metals and 

Von-metals)", 



























_ Thursday, March 20 


- ROYAL Society (at Burlington House, Piccadilly, London, W.1), 
Cgi 4.15 p.m.-—Meeting for Election of Fellows. 4.30 p.m.—Mr. L, 
Rotherham: “Atomie Energy Authority Industrial Group Research 
Organization (Dounreay Reactor)”. 


¿O INSTITUTION oF MINING AND METALLURGY (at the Geological 


Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
General Meeting. e 

= LONDON MATHEMATICAL Socrery (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at 5 D.Me=— 
Prof. N. Jacobson: “Representation Theory for Jordan Algebras”. 


< INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION GROUP 
{at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m-— 
iscussion on “How to Bridge the Gap between Theory and Practice 
a Lubrication’. 

SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
mRovP (at 14 Belgrave Square, London, 8.W.1), at 6 p.m.—Mr. G. M. 
_Dormon and Mr. A. W. Jarman: “Some Factors Influencing the 
Behaviour of Bitumen Road Surfacings”’. 
 Screntivrico FILM Association, Scrences Commirrer (in the 
-Meazanine Cinema, Shell-Mex House, Strand, London, W.C.2), at 
6.30 p.imn.—Meeting on “Recent Development in- Research Film”, 








‘Chairman: Dr. R. H. Brown, M.A. 
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ROYAL PHOTOGRAPHIC Socrery (at 16 Princes Gate, London, 8. 
at 7 p.m.—Dr. B. H. Crawford and Dr. J. M. Burch: “The Use. of 
Colloidal Photographic Emulsions in the preparation of In rference 
Filters and Diffraction Gratings”, eee 
ROYAL SOCIETY OF TROPICAL MEDICINE AND Hyarmene (at the 
Royal Army Medical College, Millbank, London, 8.W.1), at 7.380 p.m, 
r aomi Meeting. Chairman: Brigadier J. 5. K. Boyd, O.B. E., 


» 





















BRITISH INSTITUTE OF RADIOLOGY, incorporated with the Röntgen 
Society (at 32 Welbeek Street, London, W.1), at 8 p.m.—Dr. L 
Lamerton: “An Examination of the Clinical and Experimental D 
relating to Possible Hazard to the Individual of Small Doses of Radi 
tion” (Presidential Address). a 


Friday, March 21 


FAoULtty OF RaptoLouists (at the Royal College of Surgeon 
Lincoln's Inn Fields, London, W.C.2), at 4.45 0.m.—Meeting on 
“Medical Problems associated with Applied Atomic Energy”, Speakers: 
Dr. J. F. Loutit, Dr. A. 8. MeLean and Dr. J. D. Abbatt. 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8.W.7), at 5.15 p.m.—-Mr, E. J, Dickie, 
M.B.E.: “The Effective Utilization of Airspace”. on 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, = 
Westminster, London, S.W.1), at 6 pom-—Dr. Bkhart Schmidt: - aeons 
“High-Speed High-Performance Diesel Engines—Their Development =- 
and Application” (James Clayton Lecture). 


ROYAL PHOTOGRAPHIO SOCIETY (joint meeting with the ASSOCIATION aft 
OF PRINTING TECHNOLOGISTS, in the Lecture Theatre of the Science o ooo 
Museum, Exhibition Road, London, 8.W.7), at 7.15 p.ms—-Mr. Myce 
Hepher: ‘Three Colour Lithography for Short Runs”, 


ROYAL INSTITUTION (at 21 Albemarle Street, London, WIL at 2 
9 p.m.—Prof. Cyril Dean Darlington, FER.S.;: “The Control of 
Evolution in Man”, . 


Saturday, March 22 


BRITISH SOCIAL BIOLOGY Covnem, (at Victoria Hall (North), Blooms« 
bury Square, London, W.C.1), at 10 a,m.—Conference on “The 
Education of Scientists’’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned ‘ 

ASSISTANT LECTURER (qualified in either pure or appia mathe. °. 
matics) IN MATHEMATICS-—The Registrar, University College of North 
Staffordshire, Keele, Staffs (March 21). 

LECTURER or SENIOR Lecturer (male, British, with an honours 
degree in electrical engineering) IN THE PHYSICS AND ELRCTRICAY 5; 
ENGINEERING DEPARTMENT-——The Director of Studies, Royal Naval - 
College, Greenwich, London, 8.8.10 (March 21), 

PATENT OFFICERS (with an honours degree in science or engineering. ==> 
or equivalent qualifications, and preferably some patent experionee) at ooo: 
the U.K.A.E.A. London Office and the Research Establishment at 
Harwell—The Establishment Officer, United Kingdom Atomie Energy 
Authority, 11 Charles TI Street, London, 8,W.1 (March 21). = a 

LECTURER or ASSISTANT LECTURER IN PLANT Paysiocoay (with o <o 
special reference to metabolism and pant biochemistry)-~The Seere. 00000 6 
tary and Registrar, The University, Southampton (March 24), fa na 

RESEARCH OFFICER (veterinary surgeon, preferably with post- 
graduate laboratory experience) AT THE FARM LIVESTOCK RESRAROH oooi 
CENTRE, Animal Health Trust, Stock, Essex, to specialize in diseases 
of pigs--The Scientific Director, Animal Health Trust, 14 shiey o i 
Place, London, S.W.1 (March 24). ee ER 

GUIDE LECTURER (with a university degree or equivalent qualifica< 
tion in geology, and_ preferably lecturing or teaching experience) 
AT THE GEOLOGICAL MUSEUM, London—Civil Service Commission, 
X Old Paen Street, London, W.1, quoting Ref. No. 87481758 

March 27). pees 

CHEMIST or BIOCHEMIST (with a good honours degree in chemistry. 
or biochemistry) IN THE DEPARTMENT OF PLANT CELL BIoLoey , te 
use and develop ultramicrochemical techniqnues-—The Secretary, Joh 
Innes Horticultural Institution, Bayfordbury, Hertford, . Hert 
(March 29). on ce 

PHYSICAL CHEMIST or BIOCHEMIST, for research work on spécia 
derivatives of viruses and on the preparation of virus crystals in ¢on 
junction with a team studying the structure of viruses by physical 
methods--The Secretary, Birkbeck College (University of London 
Malet Street, London, W.C.1 (March 29). GED 

SENIOR SCIENTIFIC OFFICER (with a first- or second-class honouts 
degree in civil engincering or equivalent) at the Building Researe’ 
Station (D.S.LR.), Garston, Herts, for research on engineering design. 
and construction of nuclear power plants, particularly in econeret 
and reinforced concrete--The Ministry of Labour and National Service 
Technical and Scientific Register (K), 26 King Street, London, 8,W.1 
quoting R.609/7A (March 29), l mace 

ASSISTANT ALGOLOGIST (with a degree in botany) at the Windermer 
Laboratory, for research in freshwater algology—The Director 
Freshwater Biological Association, The Ferry Jouse, Ambleside 
Westmorland (March 31). l o a 

IMPERIAL CHEMICAL INDUSTRIES FELLOWS (preferably with the 
degree of Ph.D. or equivalent research experience), to carry ou 
original research in Chemistry or Physics for a period nat exceeding: 
three years—The Registrar, University College of North Staffordshire, l 
Keele, Staffs (March 31). are Pon 

UNIVERSITY DEMONSTRATOR IN ORGANIC CHEMISTRY—Dr. E: B.o - 
Kipping University Chemical Laboratory, Lensfield Road, Cambridge.. 

pril 2). HE cae 
ZOOLOGIST (man, with a good honours degree and preferably A a eS 

y to. 





























graduate experience in marine ecology), to join, and eventua 























Jollege 
gricultural ya peated IN Curmistry—~The Registrar, Wye College 
University of London 
ELECTRONICS TECHNICIAN (with a wide general knowledge of 
lectronics, an interest in instrumentation, an inventive mind and the 
“ability to accept responsibility) IN THE DEPARTMENT OF CHEMISTRY 
-for duties which will include the development and maintenance of 
speciai vena dato for teaching and research-—-The Registrar, The 
fanchester College of Science and Technology, Manchester 1 (April12). 

RESEARCH FELLOW and a RESEARCH DEMONSTRATOR IN THE DE- 
ARTMENT OF CHEMISTRY -—The Registrar, University College, Singleton 
Park, Swansea (April 12). 

RESEARCH STUDENT (graduate, preferably with qualifications in 
_ physical geography) IN THE COASTAL GEOGRAPHY OF ROMAN BRITAIN, 

centred initially on the Thames Estuary——-The Director and Secretary, 
ite T laa ea Society, 1 Kensington Gore, London, S.W.7 

r ; 
Pxcrunsr IN MATHEMATICS, and a LECTURER IN PHILOSOPHY at 
Acadia University, Wolfville, Nova Scotia, Canada--The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 

Square, London, W.C.1 (April 15). 

ASSISTANT IN THE ZOOLOGY DEPARTMENT AND GATTY MARINE 
LABORATORY of St. Salvator’s College---The Joint Clerk to the 
University Court, College Gate, St. Andrews (April 16). 

_ ASSISTANT LECTURER IN SOCIAL ANTHROPOLOGY—The Secretary, 
London School of Economics and Political Science, Houghton Street, 
London, W.C.2 (April 16). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEM- 
ISTRY, ENGINEERING, PHARMACOLOGY or Paysics-—Joint Clerk to 
the University Court, College Gate, St. Andrews (April 19). 

TRCHNICIAN IN THB DEPARTMENT OF PHystoLoGy, University of 
Khartoum-~—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1 (April 20). 

HAIR OF EDUCATION, with special reference to education in tropical 
areas tenable at the Institute of Education—The Academic Registrar, 
University of London, Senate House, London, W.C.1 (April 23). 

WALTER MYER AND EVERETT DUTTON CHAIR OF PARASITOLOGY 
AND ENTOMOLOGY—The Registrar, The University, Liverpool (April 


26). 

CHAIR OF GEOGRAPHY---The Registrar, The University, Hull 
(April 30). 
RESEARCH FELLOW IN THE DEPARTMENT OF NUCLEAR PHYSICS, 
Research School of Physical Sciences, Australian National University 
The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, April 30), 

Pyciisn Eveorric Reskarca FELLOW for postgraduate research 
into the he of vibration or stability and control of aircraft-— 





rire Atay en, The College of Aeronautics, Cranfield, Bletchley, Bucks 
ay 1). 
MATHEMATICIANS (2) (preferably with a Ph.D. degree in mathe- 


matics)—G. R. Magee, Department of Mathematics, University of 
Western Ontario, London, Ontario, Canada (May 1). 

Prorassor (with high academic qualifications in science and ex- 
perience in teaching or research) OF SOIL SCIENCE at Canterbury 
Agricultural College (University of New Zealand)—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (New Zealand, June 30), 

ENTOMOLOGIST (under 35 years of age, a university degree (pre- 
ferably: honours) in entomology or zoology and postgraduate experience 
in appliéd entomology) IN THE TSETSH CONTROL DEPARTMENT, Uganda, 
to conduct investigations into tsetse distribution and ecology in the 
field; plan and supervise tsetse surveys and control; and train 
junior staff—The Director of Recruitment, Colonial Office, London, 
S.W.1, quoting BCD.77/9/02. “ 

INSTRUCTORS AND ASSISTANT PROFESSORS (with the Ph.D. degree, 
or equivalent, in inorganic or physical chemistry) IN THE DEPARTMENT 
or CHEMISTRY -—Prof. C. A. MeDowell, Department of Chemistry, 
University of British Columbia, Vancouver, B.C., Canada, 

LECTURER (preferably qualified in some branch of ap vied physics) 
__ IN Parysics in the Department of N atural Philosophy-—The Secretary, 
- Royal College of Science and Technology, Glasgow. 
LeoTURER/SENIOR LECTURER (with a degree in pharmacy or & 





— => related subject) IN PHARMACY at the University of Sydney, Australia 


The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, April 12). 
Paysicists (with a first- or second-class honours degree in physics 
and preferably a working knowledge of electronics and experience 
in one or more of the following fields: gas discharges, detonation 
processes or solid state physics), to undertake work in the fleld of 
novel items and proving their feasibility 


SCIENTISTS (degree standard), for research into the application of 
existing sources of energy and the exploitation of new ones in the 
iron and steel industry-—The Personnel Officer, British Lron and Steel 
Research Association, 11 Park Lane, London, W.1, quoting CP Tb". 
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By H. E. Hall. Pp. 35 
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Polish Cultural Institute, Selective Quarterly Guide to- 
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Fifth Annual Report of the West African Institute for Oil Palm 
West African Institu 


for Oil Palm Research; London: Crown Agents for Oversea gos 


Parc National Albert (Mission J. de Heinzelin de Braucourt 
Edouar 


Verschuren). Fascicule 8: Nematodes—Parasites d’Oiseaux, l 
Claire Vuylsteke. Pp. 20. (Bruxelles: Institut des Parcs Nationaux 
du Congo Belge, 1957.) 


Report of the South African Museum for the year ende 
1957. Pp. 21. vere Town: South African Museum, 1957.) 
Berichte des Deutachen Wetterdienstes, Nr..29 (Band 5): Tafeln z 
HaAufigkeitszerlegung mit Anwendungsbelapisien. Von Oskar Essen 
wanger. Pp. 13 mit 2 Abbild n und 6 | 
Tafcin. (Bad Kissinger: Deutechen Wetterdienstes, 1957.) 
Abridged Scientific Publications from the Kodak Research La 
tories, Vol. 33, 1951. Pp. 591+xxix. (Rochester, N.Y.: Eas 
Kodak Company, 1957.) 3 dollars, {161% 
‘An Annotated Checklist of the Birds of Borneo. By B. E. Smythies 
(The Sarawak Museum Journal, Vol. 7, No. 9, June, 1957.) Pp. xv 
493-818, (Kuching, Sarawak : Sarawak Museum, 1957.) (1612) 
Wissenschaftliche Ergebnisse der Deutschen Atlantischen Exped’ 
tion auf dem Forschungs-und Vermessungschiff “Meteor,” 1925-1927, 
Band 9: Die vertei tuag des Sauerstoffs und des Phosphats im Atlantis 
chen Ozean. Zweite lieferung: Die Verteilung des Phosphats in 
Atlantischen Ozean. Von Hermann Wattenberg. Pp. 133-180 +9 
Tafel 1-26. (Berlin: Walter de Gruyter und Co., 1957.) [L612 
Bulletin of the Astronomical Institutes of the Netherlands. No. 47 
(1957 September 9): Photo-Electric Observations of the Polarizatio 
and Surface Brightness of the Crab Nebula made at the Observatoir 
de Haute Provence. By Th. Walraven. ; Pp: 2938 A . 47 
(1957 October 11): U Trianguli Australis, 
Secondary Period. By P. Th. Oosterhoff. « 
(1957 November 9): Rotation and Densi 
Andromeda Nebula Derived from Obserya 
By H. C. van de Hulst, E. Raimond and 
No. 491 (1957 November 11): The Hë 
sphere, By C. de Jager and B. H. 4 Groot, 
van de Sterrewacht te Leiden. Deel 20; Zevents 
Investigation of the Region Around CPD-3 
Fifteen Short-Period Variable Stars. Discussion of N 
Period Variable Stars. By J. Ponsen. Pp. i+421-466, 
Astronomical Institutes of the Netherlands, 1957.) 
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l THE PRESENTATION OF SCIENCE 


HE new policy recently announced by the 
Counċil of the British Association and discussed 
in Nature of January 4 represents in essence an 
attempt to improve the communications of science, 
particularly the understanding of science by the 


layman, and also the intercommunications of science ' 


itself. One aspect of this task is considered by Sir 
Lawrence Bragg elsewhere in this issue (p. 807). Sir 
Lawrence is Fullerian professor of chemistry in the 
Royal Institution, which was founded specifically for 
interpreting science to the public, although its early 
history shows that the word ‘public’ had to be 
interpreted in & narrower sense than is usual now- 
adays. However that may be, the Royal Institution 
has a worthy record in this field, won by the dig- 
tinction of the professors who have been associated 
with it; and their distinction has been based on 
scientific achievement and also on the power to 
convey their knowledge to others. Both young and 
older people have been served in this way by the 
Royal Institution and, as Sir Lawrence comments, 
‘ special efforts are now being made on behalf of the 
schools in the London area. 

The distinctive feature of the Royal Institution 
lectures has always been the practical demonstrations, 
and indeed Sir Lawrence believes that this feature 
has been, and is of even greater significance than, 
the substance of the lectures. “The primary way to 
interest the general public in science is to show 
experiments and demonstrations and so let them 
share in the thrill of understanding how things work, 
which is, after all, a good popular definition of 
science.” The Royal Institution has, of course, 
special facilities and the necessary technical staff to 
make such lectures possible, and Sir Lawrence 
estimates their cost at £5,000 a year. This is not a 
large sum in these days, and there is much to be said 
for establishing half a dozen or so such centres, 
properly equipped for lecture demonstrations, and 
distributed over Great Britain in accordance with 
density of population; no doubt some existing 
buildings could be adapted for the purpose. While 
this is a long-term scheme, the British Association 
has already shown how a move in that direction 
can be made without delay. Working in collaboration 
with some local education authorities in East Anglia 
and the Atomic Energy Authority, it arranged a talk 
on the peaceful uses of atomic energy accompanied 
by an exhibition of equipment in a school in Ipswich, 
and school children from the neighbourhood were 
enabled to attend. This is not the lecture demon- 
stration that Sir Lawrence clearly has in mind, but 
it is & step forward. It suggests that other national 
bodies, nationalized industries and some of the larger 
. industrial concerns should consider whether they 
cannot associate themselves with such a development. 
They have the technical staff and the equipment, and 
it should not be difficult, with the collaboration of 


education authorities and other local bodies, to 
arrange suitable public lectures. 

Having said this much of Great Britain, it is of 
interest to learn what is thought in the United 
States about scientific communication—between 
scientists themselves, and between scientists and the 
general public. ; 

The sixth annual -report of the National Science 
Foundation had a section entitled ““The Communica- 
tion Report”, describing the efforts of the Foundation 
to improve scientific information services in the 
United States, including both the information of the 
public and making federal research results more 
accessible. A Committee on the Social Aspects of 
Science, established by the Council of the American 
Association for the Advancement of Science in 1955, 
reported in December 1956 on the impact of science 
on American society likewise, and discussed diffi- 
culties in scientific communication and the public 
interest in science. The latest report of Dr. Caryl P. 
Haskins, president of the Carnegie Institution of . 
Washington, discusses at some length the funda- 
mental challenge to communication presented by the 
formidable diversities which characterize the scientific 
effort to-day. 

Dr. Haskins points out that the interlocked char- 
acter of the present world, the growing similarity 
of its cultures and the universality of its com- 
munication render meaningless any such designation 
as an Athenian or Elizabethan age; and he suggests - 
instead that it can be characterized in terms of 
subject-matter, of the loci of ideas, and especially in 
the natural sciences, where, however, the present age 
confronts us with communications of almost new 
dimensions. Diversity of approach, he emphasizes, 
is the very life-blood of the scientific effort, and under 
the common rubric of scientists, not only do the 
observers differ widely in their characteristics, but 
also their subject-matter diverges even more. 
Scientific disciplines vary enormously among them- 
selves in their degree of sophistication and in their 
intricacy ; and although the new disciplines must 
always be in some measure rooted in the older, and 
the tested approaches of older fields generally have 
some relevance for the newer ones, the transfer is far 
from literal. It demands talent and sophistication in 
the investigator as well as the wisdom and sense of 
proportion, derived from broad experience and a 
flexible point of view. 

These profound diversities among investigators and 
within the structure of science, while characteristic 
and immeasurably precious, harbour also all the 
dangers of fragmentation, and pose the most serious 
challenges to communication within the core of the 
scientific effort. Many factors promote the compart- 
menting of subject-matter which constantly threatens 
the unity of science. The mere growth of vocabulary 
and. specialization of terminology in a given field may 
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render its jargon unintelligible even to an investigator 
working in an adjacent area. Even more formidable 
barriers to understanding may be presented by words, 
which are basically the coin of ideas and to some 
degree their generators, so that some „basic concepts, 
as well as words, which govern scientists in one 
field of knowledge may be almost, if not quite, 
unintelligible to those in another. 

Differences of language and concept, Dr. Haskins 
points out, tend to be reinforced by many of the social 
factors involved in scientific work. ‘The scientist’s 
desire to live and talk with those who will understand 
his meaning, and the pragmatic influences which lead 
him to seek identification with others in his im- 
mediate field, affect both the investigator and his 
work. While it means the exposure of each man’s 
work to intimate and continuing criticism by his peers 
in the same general ‘subject, it can harden an incipient 
conventionalism and raise the most serious barriers 
to communication within the body of science itself. 

These challenges to communication within the 
framework of science, which have been taken up by 
the British Association with its new proposals for its 
annual meeting and for inter-meeting activities, are 
the background against which we should consider the 
further and, to some extent, intractable threat of 
fragmentation inherent in the very magnitude of the 
scientific effort itself and the consequent tremendous 
volume of scientific publication. This threat, as Dr. 
Haskins notes, has rapidly increased since the 
Carnegie Institution was established and, while some 
progress has been made in dealing with the sheer 
volume of paper, of titles and content, through the 
use of modern aids for storing and sorting information, 
intensive research could probably make them much 
more effective. The Nuffield Foundation is already 
doing something to encourage this, and a paper by 
Dr. H. Coblans in the Unesco Bulletin for Libraries 
last July elaborated proposals for new methods and 
techniques of communication. But the major need 
is, as was emphasized by Dr. R. E. Fairbairn in a 
paper read before. the Society of Chemical Industry 
in March 1957, for new thinking about methods of 
providing information. 

Such creative thinking, rather than the improve- 
ment and intensive application of mechanical aids, is 
the only way of meeting the basic challenge of com- 
munication inherent in the diversity of the natural 
sciences. Mechanical aids themselves will not stim- 
ulate the fruitful synthesis of ideas even in one field 
of work, or the transfer of systems of ideas from one 
field to another from which major innovations of 
point of view often arise, though their successful 
application can assist this process by removing 
obstacles. As Dr. Haskins wisely remarks, the 
vital factor, apart from the creative thinking already 
stressed, is a very particular type of environment 
such as is notably provided by the great universities 
and the great research institutes. From such environ- 
ments, comprising communities of investigators, 
working together in a common mode but in divergent 
fields, in continuous converse, in sympathy and in 
rivalry, without predetermined goal, without over- 
. commitment as a body to any given sector or to any 
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one approach to the natural world, have come a 
goodly proportion of the real conceptual advances 
which have proved to be landmarks in the history 
of science. l 

The real value of the Science Centre in London, to 
which Sir Robert Robinson gave so much time and 
thought, during his tenure of the presidency of the 
Royal Society, lies largely in the contribution which it 
could render to that end, and it is from this point of 
view that the folly of successive Governments in re- 
jecting the scheme should be judged. Dr. Haskins’s 
arguments as to the importance of this kind of com- 
munication within the sciences at a time when the 
forces of fragmentation and diversity in science are 
more powerful and the barriers to interchange higher 
and more formidable might well stimulate a fresh 
attack on Government apathy and neglect. It is 
unlikely indeed that the scheme will be revived until 
we have in Britain not simply advisers with personal 
understanding of science, but men of science in 
posts comparable in standing with the appointment 
which President Eisenhower has recently made of 
Scientific Assistant, and also Ministers of State 
capable themselves of such appreciation. 

Dr. Haskins points out that the creation of such 
an atmosphere is a task to which the Carnegie 
Institution of Washington is dedicated and for which 
it is unusually well equipped. As a scientific com- 
munity, its membership represents almost the full 
range of gifts and attitudes already described, and 
its various departments address themselves to 
scientific fields ranging from the descriptive to the 
analytical, from the pioneer to the more sophisticated, 
while the mobility of its organization and its com- 
munity of spirit preclude isolation either of workers 
or of fields. Moreover, since its whole work is directed 
to so-called uncommitted research, it is peculiarly 
fitted to assist this major task of scientific synthesis. 
Indeed, Dr. Haskins argues that in the future the 
Institution’s task will be increasingly to lead the way 
to the breakdown of barriers between the numerous 
separate fields of knowledge and to the creation of 
new fields. 

The methods used by the Institution, outside its 
internal substantive work, such as carefully planned 
and orgenized symposia and its relation to the 
universities, are, of course, widely used in Britain by 
the learned societies and professional institutions, and 
there are fellowship programmes comparable with 
the Vannevar Bush Fellowships of the Massachusetts 
Institute of Technology. As yet, at a time when the 
isolation of university departments is a matter of 
common criticism, Britain can, however, offer no such 
place as the Carnegie Institution in which such 
senior fellowships could be tenable. In the absence 
of such an institution, it should be a cardinal object 
of any strategy of research to provide the conditions 
which most favour scientific communication and the 
intermingling of disciplines, either by improvement 
in the mechanical means of communication or by the 
establishment of such opportunities as a Science 
Centre, for example, would provide. 

Dr. Haskins, however, suggests that this is not the 
only challenge to communication to be met, and in 
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the concluding part of his report he discusses the 
deeper unities that underlie the diversities of the 
scientific mode—the unities of value, of standard, of 
goal and of motivation. The kinds of communication 
which have had the most profound significance in 
human affairs have often been, he suggests, neither 
wholly conscious nor entirely verbal. They have 
come instead from the sharing of a common. experience 
or a common, view, simply and grandly symbolized, 
and can thus be largely divorced from material 
stimuli. Few bonds of communication can have been 
stronger, for example, or have had a deeper influence 
on the cohesiveness and the world view of a whole 
people, for good and for ill, than that Augustinian 
concept of knowledge and research which so 
dominated early Puritan America. Its exact 
opposite, however, the approach to Nature typi- 
fied by the scientific revolution of the sixteenth 
and seventeenth centuries, has long since proved 
itself a mode of communication at least equal in its 
sweep, more flexible and perhaps more viable and, 
above all, conducive to positive action, and to the 
growth of ideas and to human joy. ‘This effective 
entwining of philosophy with practical experiment 18 
now some three centuries old, and Dr. Haskins argues 
that the very practical success of scientific research 
and the pragmatic genius of the American people 
make it imperative to see that these two strands do 
not become unwound. The inherently more basic 
element—science as a way of life—requires constant 
affirmation if it is to retain the vitality, allegiance 
and comprehension on which its vigour depends, and 
this is the prime task to which the Carnegie Institu- 
tion is dedicated. Its most essential duty is to 
communicate, in virtue of its own mode of being, 
the essential verities of the scientific way that are 
too easily forgotten. On one side lie the joy and the 
underlying human values of the road of the investi- 
gator, the compelling life-challenge that is offered to 
the secker after ideas about the natural world. On 
the other lie the great unities of approach and of 
preparation that bind those dedicated to the scientific 


path: the requirements of verification ; the dis- 
cipline of parsimony ; the emphasis on individual 
effort. 


As Dr. Haskins rightly comments, the scientific 
mode offers one means by which these priceless 
elements in human culture can be assured their 
proper and permanent place. Although it 1s in 
relation to the problem of communication that he 
has emphasized our need to defend and affirm these 
cultural elements, it might be as well to reflect that 
to do so may have other important consequences, 
especially for Britain. Exposition of the cultural 
values of science might well play a part in drawing 
into a scientific career a proportion larger than 
hitherto of the ablest and the most imaginative end 
constructive minds of the rising generation, upon. 
whom the expansion of scientific and technological 
education depends; and this, in turn, must be the 
basis, not only of the material prosperity of Britain, 
but also of her position in the vanguard of scientific 
progress. 
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HUMAN ARTIFICIAL 
INSEMINATION 
Artificial Insemination in the Human 
By Dr. A. M. C. M. Schellen. Pp. xii+420. (Amster- 
dam: Elsevier Publishing Company ; London : 


Cleaver-Hume Press, Ltd., 1957.) 728. 


HE practice of artificial insemination has, in 

recent years, become a commonplace. In cattle- 
breeding, it 1s now & well-established procedure, offer- 
ing many advantages to the farmer. For him, fortun- 
ately, it appears to be devoid of controversy. When 
applied to human beings, 8S it appears to have been 
in some form or another gince John Hunter, in the 
eighteenth century, is credited with having advised 
its successful use by a man with hypospadias, it has 
aroused strong emotions. Within the past twenty 
years, human artificial insemination has been used 
with increasing frequency, and public interest has 
steadily beon growing. In general, insemination with 
the husband’s semen (A.1.H.) has encountered little 
opposition except by the Roman Catholic Church, 
which, taking its stand on the fact that it is “contrary 
to Nature”, prohibits it ; and by those who will not 
countenance masturbation, the process by which 
alone semen can. ordinarily be obtained in a form 
suitable for artificial insemination. Insemination 
with semen provided by a donor, be he anonymous or 
otherwise (A.I.D.), is obviously in a different category, 
since, in addition to any moral or religious problems 
it may raise, it is also fraught with a wide range of 
potential legal difficulties, about which the lawyers 
themselves find no unanimity of opinion. The 
subject, therefore, is one of far-reaching interest, and 
it is against such & background that Dr. Schellen’s 
book must be judged. 

Several things strike one on reading this book : 
it is a serious and scholarly attempt to survey the 
subject in all its minutia ; it is exhaustive and very 
fully documented ; it deals with many matters which 
are at most only barely relevant to the subject itself ; 
it is unnecessarily repetitive—a source of irritation 
to the reader; it contains a great deal of sophistry, 
much the product of earlier writers to which reference 
is made, but much the author’s own—another source 
of irritation to the reviewer; but perhaps most 
irritating of all is the bias which continually intrudes 
itgelf, especially against the practice of A.I.D. This 
would seem to have been introduced without the 
author’s having actually been consciously aware of 
it, since the final chapter of the book is intended to 
represent the author's personal views, arrived at as & 
result of consideration of “all the facets of A.I.” 
and its problems presented “as objectively as we 
could”. The author is a Roman Catholic, and the 
attitude of his Church has very clearly coloured his 
emphasis on the numerous objections to A.I.D. 
and of the less-numerous ones to A.LH., as well as 
his interpolations throughout the book. Whereas 
the literature records numerous highly successful 
instances of the use of human artificial insemination 
not merely from the point of view of overcoming 
infertility but also from that of the happiness it has 
caused—Dr. Schellen dwells disproportionately on 
instances, almost entirely anecdotal, where the out- 
come has been psychologically or sociologically 
disastrous. 

In spite of these criticisms, and because Dr. Schellen 
has made such a careful and extensive study of the 
subject, its literature and, by personal interview with 
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some of its leading practitioners, its practice, his 
book is undoubtedly a very important contribution, 
providing an enormous amount of information on its 
logal, theological and sociological, as well as purely 
medical aspects. As such, it commands the attention 
of everyone whose interest in artificial insemination 
extends beyond the merely prurient or sensational. 
G. I. M. SWYER 


SCIENTIFIC PHOTOGRAPHY 


Manuel de Photographie Scientifique 

(Sciences Physiques et Biologiques.) Par Gérard de 
Vaucouleurs, Jean Dragesco et Pierre Selme, avec la 
collaboration de Henriette Faraggi et H. Tellez- 
Plasencia. Pp. 391. (Paris: Editions de la Revue 
d'Optique, 1956.) 3,000 francs. 


HOTOGRAPHY has been usefully applied in 

almost every ramification of scientific work. 
It is probable that modern photographic tech- 
niques could with advantage replace many of the 
more laborious or less comprehensive methods, in 
use both in the laboratory and in the field, of obtaining 
and recording information. This manual makes 
available a large body of well-classified information 
(in the old-fashioned sense of the phrase) and is 
concise and lucid in its presentation. It should be of 
considerable value to those whose work. involves 
photographic methods. 

The earlier chapters are concerned with the 
properties of emulsions and descriptions of types of 
apparatus of use in various applications. A photo- 
graphic darkroom is described and processing and 
after-treatment of the emulsion are discussed. Then 
follow sections dealing with special techniques for 
recording the various spectral bands, electron beams 
and charged particles. Geometric and photometric 
measurements are considered in some detail and the 
remainder of the text is devoted to discussion of 
several of the more important applications of the 
photographic method: photomicrography, ciné- 
micrography, photomacrography, document copying, 
the photography of plants and animals and, finally, 
of landscapes in the broadest sense. A most useful 
appendix consists of forty-nine tables of quantitative 
information and there is a subject index to the whole. 

There are some features which might perhaps 
receive the editors’ consideration in another edition. 
The thirty-eight half-tone plates are not integrated 
with the text and are often far removed from the 
appropriate chapters. There is no general biblio- 
graphy, each chapter having its own, and sometimes 
(for example, in Chapter 12) authors referred to in 
the text do not appear in the bibliography. The 
subject index could well be expanded considerably. 
Omissions include astrophotography (apart from 
two plates, of Mars and Finsler’s comet respectively), 
aerial photography and photogrammetry and, more 
seriously because more generally applicable, stereo- 
scopic photography. 

One or two minor improvements suggest them- 
selves: it is possible that estimation of exposures in 
colour photomicrography simply by measurement of 
the background (field) brightness might lead to 
under-exposure with less translucent specimens, and 
_ it is doubtful whether such treatment would justify 
the care in development of the film recommended on 

p. 202 (+ 0-25 deg. C. and + 10 sec. for first develop- 
ey Reference might have been made to the 
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ease with which most modern monochrome negative 
emulsions can be processed for reversal simply and 
satisfactorily. Perhaps a little more space could have 
been. devoted to the question of depth of field in 
photomacrography and some mention made of the 
concept of ‘circles of confusion’ as an aid to calcula- 
tion. Typographical errors are few. ‘The page 
heading on p. 315 is obviously displaced from the 
following chapter. 

This manual will be so useful in laboratories using 
photographic techniques that early consideration 
will have to be given to replacing the paper covers 
by & more substantial binding. 

J. WALTON SIDDORN 
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YEASTS IN INDUSTRY 


Yeasts 
By K. Arima, W. J. Nickerson, M. Pyke, H. Schanderl, 
A. 8. Schultz, A. C. Thaysen, and R. 8. W. Thorne. 
Edited by W. Roman. (Biologia et Industria, 1.) 
Pp. 246. (The Hague: Dr. W. Junk, 1957.) 25 
guilders. 

HIS book is the first of a series of monographs to 

be called “Biologia et Industria” designed “to 
tell the industries using biological raw materials what 
the biological scientists and also the chemists and 
physicists can give them, and on the other hand to 
tell the scientists what industry expects of them”. 
The main sections deal with baker’s yeast, brewer’s 
yeast, wine and fruit yeasts, sake yeasts, food and 
fodder yeast, and yeast preparations. 

The articles are very uneven in content. They 
vary in style from Thorne’s comprehensive and 
concise review of the literature on brewer’s yeast 
with an average of 19 references to the page, to 
Thaysen’s personal account of food yeast production 
with about one reference to the page. They vary 
in quality from the lucid and reasonably critical 
article on the cytology of yeast by Nickerson, in 
which only three minor errors were noted, to the 
article on wine and fruit yeasts by Schanderl in which 
some extraordinary statements are made without 
proof or reference, and in which errors are frequent. 
Overlapping occurs between sections as, for example, 
in the biochemistry of baker’s yeast, brewer’s yeast, 
sake yeast and food yeast, each of which is treated 
separately by a different author. At the same time 
there are gaps in the coverage so that some aspects 
of the subject, such as, on the scientific side, the 
taxonomy and ecology of yeasts and, on the technical 
side, the behaviour of yeast during distillery, cider 
and panary fermentations, are almost untouched by 
any of the authors. For the non-scientific reader the 
treatment is in general too detailed to appeal, and 
there are too many errors for the book to be recom- 
mended without reserve to the non-critical. For 
scientific readers the book is neither explicit nor 
stimulating in its treatment of what industry expects 
of them; for example, there is little discussion of 
where new knowledge might be of most value to 
industry or of where advances in technique are 
probable or desired. This book, therefore, cannot be 
said to succeed in the objects quoted at the commence- - 
ment of this review, objects which are admittedly 
very difficult to attain. 

Although scientific workers may find that in their 
own. particular field the information given is insuffi- 
cient to satisfy them, yet they should find that in 
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other less familiar fields some of the articles are of 
interest and value to them. For example, the articles 
of Nickerson, Nickerson and Schultz, and Thorne 
are good and useful summaries of the literature up 
to about 1952 and in one short section to 1955; 
Pyke’s articles summarize the literature up to 
about 1950 and give a fair idea of industrial practice ; 
the article by Thaysen gives a very detailed descrip- 
tion of the evolution and working of a plant for the 
production of Torula utilis; and Arima’s short 
description of the preparation and composition of 
sake is probably the only one available in English. 
The book is adequately bound and printed, it contains 
eighteen figures and four plates, and carries on its 
dust-cover the reproduction of a very pleasant 
painting of sake barrels and bowl. 
R. B. GILLinanD 


MAGNESIUM IN PLANTS 
AND SOILS 


Magnesium 

The Fifth Major Plant Nutrient. By Dr. A. Jacob. 
Translated from the German by Dr. Norman Walker. 
Pp. xii +159+8 plates. (London: Staples Press, 
Ltd., 1958.) 40s. net. 


HE importance of magnesium in crop nutrition 

has probably been under-estimated in many 
areas both by growers and to some extent by agronom- 
ists also. Dr. Jacob has undertaken through his book 
to rectify this failing by emphasizing the widespread 
significance of magnesium deficiency and correctly 
classifying magnesium as a major element in relation 
to the effects of nitrogen, phosphorus, potassium and 
calcium. 

The first of twelve chapters deals with the chemistry 
of magnesium with reference to geochemistry, co- 
ordination and complex salt formation. The second 
and longest describes symptoms of magnesium 
deficiency in more than forty crops. Many descrip- 
tions are detailed and effective ; some, however, for 
example, legumes and tomato, seem unduly brief and 
lacking in detail. Colour plates and black-and-white 
prints illustrate symptoms in several crops, but a 
number are either indistinctly reproduced or are not 
sufficiently close up to reveal diagnostic details. The 
association of ‘sickle-leaf’ in cocoa, (p. 36) with mag- 
nesium rather than zine deficiency without reference 
to other evidence may be questioned. 

The discussion on ion antagonisms of magnesium 
is & useful contribution and it is gratifying to find an 
account of effects of nitrogen supply on magnesium 
requirements. Four chapters deal with magnesium 
content of plants and soils, selected methods of 
determining soil magnesium status, and the balance 
between plant uptake, soil content and fertilizer 
practice. In general these subjects are discussed in 
detail, informatively and widely. A chapter deals 
with results of fertilizer experiments with general 
crops including some tropical ones. The account of 
work on fruit trees and tomatoes is, however, brief 
and inadequate, though some further details are 
provided elsewhere in the final chapter on types of 
magnesium fertilizers. 

Animal and human nutritionists will also find useful 
data in the chapter allocated to this field. 

The functions of magnesium in plants are reviewed 
in Chapter 5, which provides much information on the 
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effects of magnesium on their organic composition. 
In other respects, however, this important chapter is 
superficial in its treatment of biochemical aspects of 
magnesium function. References to specific phospho- 
kinase and transferase enzymes are omitted. The 
glycolysis cycle and other major pathways of carbo- 
hydrate metabolism, many steps of which in plants 
depend upon magnesium-activated enzymes, are 
dismissed in some seven lines including but one 
reference of twenty years ago to ‘saccharolytic cozy- 
mase’, and a few references of doubtful relevance to 
unspecified phosphatase activity. 

It is probably fair to suggest that Dr. Jacob 
intended his book to be read mainly by agronomists 
and soil chemists to whom these simplified ideas were 
addressed. It would be desirable, however, in a future 
edition to expand this treatment with a more detailed 
account of the biochemical role of magnesium in 
plants and in general, for the benefit of readers who 
do not normally study closely the literature in this 
field. The inclusion of an index would be helpful. 

Soil advisory chemists, agronomists and all 
interested in mineral nutrition will nevertheless 
find this book useful and informativé and will 
benefit from an appreciation of the widespread 
practical importance of providing the optimum 
magnesium status for soils and crops. i 

E. J. Hewrrtr 


CALCIUM IN THE ANIMAL 
ECONOMY 


Calcium Metabolism 

By Prof. J. T. Irving. (Methuen’s Monographs on 
Biochemical Subjects.) Pp. xi+177. (London: 
Methuen and Co., Lid.; New York: John Wiley 
and Sons, Inc., 1957.) Ils. 6d. net. 


CCORDING to the final sentence of this book, 
“there is hardly any physiological action which 
does not involve the intervention of calcium”. A 
reader unaware of this fact beforehand would cer- 
tainly agree after reading Prof. Irving’s monograph, 
where are to be found discussions on many different 
aspects of calcium metabolism. Confronted with so 
vast a field, the selection of topics for the space 
allowed must have been difficult. In the event, the 
choice will please many readers; especially those 
working on bones and teeth, for whom, in several 
ways, the author seems to have catered best. Cyto- 
logists, protozoologists and physiologists, on the 
other hand, and others interested in extra-skeletal 
calcium, may be a little disappointed. 

The actual plan of the book seems logical. Dealing 
first with the calcium value of foods, the question of 
intestinal absorption is next considered; separate 
chapters discuss the role taken by phytic acid and 
vitamin D. There follows an account of the calcium 
content of the body and its various tissues. This 
might be made more complete by brief mention of 
the actual localization of the calcium in the tissues 
as revealed by methods such as microincineration. 
Subsequent chapters are concerned with the utiliza- 
tion and retention of calcium, and dietary require- 
ments. There is an account of the calcium of the 
blood. Next follow three chapters on bone. The 
first of these deals with the histological features, the 
formation of bone, and the factors known to influence 


ossification. The usefulness of this chapter to the 
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non-specialist reader would be much increased by the 
incorporation of a few simple diagrams. Next comes 
a description of the physics and chemistry of bone, 
followed by a discussion of the role of enzymes in 
ossification. At this point, the medical reader at 
least would have been interested to hear modern 
views on the causation and biochemistry of ectopic 
calcifications. Finally, there follow chapters on the 
calcium metabolism of teeth, the excretion and extra- 
skeletal functions of calcium. In future editions it 
might be possible to include a brief discussion of the 
part played by chelate compounds in its mobilization 
and transport. If, as has been suggested, certain of 
the cells of bone secrete chelating agents, our ideas 
about the part played by them will need revision. 
This is @ most useful review of the subject. The 
scope is wide, the style is clear and vigorous, and the 
work as a whole is illuminated by Prof. Irving’s wide 
experience in the field. N. M. Hancox 


EPIDEMIOLOGY 


Principles of Epidemiology 
By Ian Taylor and John Knowelden. Pp. vii +300. 
(London : J. and A. Churchill, Ltd., 1957.) 30s. net. 


Uses of Epidemiology 

By J. N. Morris. Pp. viii+135. (Edinburgh and 
London: E. and S. Livingstone, Ltd., 1957.) 17s. 6d. 
net. 


To is the first English text-book of epidemiology, 
and many first text-books tend to look rather 
solid and conservative soon after their production. 
They bring together the important investigations of 
the immediate past and attempt to confine them with- 
in general rules. This book is no exception. Epidemi- 
ology, being more a method of investigation than & 
separate discipline, appears to stand rather shakily 
on its own feet within these boundaries, and although 
one can understand its past successes, this book gives 
no clue as to its future development. 

These criticisms, which could be directed at most 
text-books about an expanding but undefined subject, 
are not directed at the way this volume has been 
produced. It is a well-written account of the 
epidemiology of infectious disease with a large 
-number of examples, and it includes a clear descrip- 
tion of the statistical basis of the calculations leading 
up to the solutions. The assumptions made are 
those accepted by a graduate in medicine, and to a 
postgraduate student or to a teaching department 
this book could be the framework of an adequate and 
interesting course in epidemiology. 

It is a fortunate coincidence that ‘Uses of Epidemi- 
ology’? was published at about the same time as 
“Principles of Epidemiology”. Although written for 
different reasons the two books are ideally comple- 
mentary. Dr. Morris has felt free to speculate upon 
the wider applications of the epidemiological methods 
worked out by the classical school of investigators 
into infectious disease. The fields considered range 
from the evaluation of services to specific clinical 
problems. ‘The flexibility demonstrated appears to 
be a function both of the possibilities which are 
present in the use of epidemiological techniques and 
the author’s original outlook towards disease and 
treatment. 

“Uses of Epidemiology” is a short book which can 
be read pleasantly in an evening. Many of the 
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problems considered are under intensive study at the 
moment and it is probable that for this reason the 
book is easy to read now but will very quickly become 
dated. Some parts appear to be unnecessarily con- 
densed and there is some difficulty in discovering 
the tables or figures referred to in the text. These 
disadvantages are minor ones and this series of ideas 
could be exciting reading to the epidemiologist or 
any medical graduate, and a gold mine to the post- 
graduate research worker looking for a subject or 
& cause. KENNETH NEWELL 


VOLUMETRIC ANALYSIS 


Volumetric Analysis 

By Prof. I. M. Kolthoff and R. Belcher, with the 
co-operation of V. A. Stenger and G. Matsuyama. 
Vol. 3: Titration Methods: Oxidation-Reduction 
Reactions. Pp. ix+714. (New York: Interscience 
Publishers, Inc.; London: Interscience Publishers, 
Ltd., 1957.) 15 dollars. 


S Prof. Kolthoff says in his preface this third and 

last volume of “Volumetric Analysis” is long 
overdue. Volumes 1 and 2 of this series were pub- 
lished in 1942 and 1947, and are by Kolthoff and 
Stenger alone. Volume 3 is a much larger book than 
either of the preceding volumes and Prof. Kolthoff’s 
account of the necessary changes of authorship 
reveals the magnitude of the effort needed for its 
completion. 

It treats with commendable thoroughness and 
detail the practical aspect of one of the largest and 
most important sections of analytical chemistry. 
The reputation of the authors will be for most analysts 
a gufficient assurance of the worth of this book. 
Its detail is supplemented by a wealth of references, 
some of them as late as 1956. There are chapters 
on reactions, indicators and general techniques, 
permanganate, ceric salts, dichromate, iodometry, 
Karl Fischer reagent, iodate, periodate, hypohalites, 
ferrous and titanium salts and miscellaneous titrants. 
Electrical methods are not generally discussed, but 
an exception to this is made in dealing with the Karl 
Fischer method. 

The treatment of each reagent includes sections on. 
its preparation, stability end uses. Tests for 
purity of the reagents and of substances used in 
their standardization are given. It is interesting to 
notice that equivalent weights are given in the 
rational system of Schoorl as well as the international 
system. Methods of standardization are critically 
discussed. The collection of carefully selected 
methods for the determination of various inorganic 
and organic substances makes the bulk of the book. 
The scope of the work is evidently confined as in 
Volume 2 to these useful and reliable procedures, and 
as in that volume no attempt has been made to cover 
exhaustively all applications of the methods to special- 
ized subjects in technical analysis. Many such 
applications are, however, given. Thus Lea’s proce- 
dure for organic peroxides is included, but details of 
the bromometric titration of magnesium oxinate as 
applied to metallurgical analysis are said not to be 
within the province of the book. A detailed account is 
given of many applications of the Malaprade reaction. 

This book is likely to remain for a considerable time 
the best and most complete account in the English 
language of this branch of analytical chemistry. 

E. I. JOHNSON 
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Birds of Eastern and North-Eastern Africa 

By C. W. Mackworth-Praed and Captain C. H. B. 
Grant. Second edition. (African Handbook of 
Birds, Series 1, Vol. 1.) Pp. xxv +806-+53 plates. 
(London and New York: Longmans, Green. and Co., 
Ltd., 1957.) 45s. net. 


OR those who do not know the first edition of this 

excellent book the following information may be 
given: the area covered comprises Sudan, Eritrea, 
Abyssinia, Somalilands, Kenya Colony, Uganda, 
Ruanda-Urundi, Tanganyika Territory, part of 
Nyasaland and part of Portuguese East Africa. 
618 species, from ostriches to pittas, are described, 
species or subspecies being discussed under the 
following headings : distinguishing characters, general 
distribution, range in East Africa, habits, nests and 
eggs, recorded breeding, food, call, and distribution 
of other races of the species (if any). In the second 
edition six species and three subspecies have been 
added as well as a considerable number of notes on 
distribution, habits, breeding, etc. The small mar- 
ginal maps showing the geographical distribution of 
each species described deserve special mention, being 
not only an excellent idea but also a great and 
important visual help for the reader. ‘There are 
fifty-three tables in colour depicting 1,027 species, 
painted by Roland Green, H. Gronvold, D. M. Reid- 
Henry, Miss C. E. Talbot Kelly, and N. C. Lighton, 
and six tables of excelent photographs by Van 
Someren. l 

It is a pity that a bibliography has not been 
included in the book. A work of this kind (even in 
spite of the authors’ intention) is considered by most 
readers as @ reference book, and for this reason its 
value would be enhanced if it were to contain refer- 
ences to the most important sources of information. 
A full bibliography of the Hast African birds is badly 
needed and the authors are certainly the ornitholo- 
gists most competent to compile such a work, which 
might usefully form æ third, supplementary volume 
to this book. 
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Elsevier’s ‘Dictionary of Electronics and Wave- 
guides in Six Languages 

English/American, French, Spanish, Italian, Dutch 

and German. Compiled and.arranged on an English 

Alphabetical base by W. E. Clason. Pp. viii-+628. 

(Amsterdam: Elsevier Publishing Company ; 

London: Cleaver-Hume Press, Ltd., 1957.) 90s. 


Te volume is one of an excellent series in which 
technical terms are defined -in English, and then 
the corresponding words or phrases are given in five 
other languages. An ingenious arrangement of 
numbering the terms, which are in alphabetical 
order, makes it very easy by & simple eross-index to 
translate a term from any of the other languages. 
An earlier volume dealt with the terms used in the 
fields of television, radar and their associated antenns 
(see Nature, 177, 1099; 1956); the present book 
covers the corresponding subjects of electronics and 
waveguides. More than 2,000 terms are defined and 
they include most of, if not all, the accepted words and 
phrases used in semiconductor and transistor work, 
as well ag in the general field of electronics. Terms 
relating to physical electronics are not, however, 
included since it is intended to deal with the subjects 
of nuclear science and technology and radiation in @ 
subsequent volume. It is noteworthy that the 
present dictionary includes definitions already estab- 
lished by the British Standards Institution, the 
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International Electrotechnical Commission and the 
publishers of the “International Dictionary of Physics 
and Electronics”. As with the former volume 
referred to above, the book is very well produced in @ 
handy size, with a flexible binding avid a convenient 
thumb-index to the different languages. These 
qualities combined with the high technical standard 


‘throughout make this dictionary a reference work of 


permanent value to scientists and engineers engaged 
in the use of electronic devices and microwave 
equipment. R. L. Surra-RoseE 


Lecture Notes on the Use of the Microscope 
By R. Barer. Second edition. Pp. vii+76. (Oxford : 
Blackwell Scientific Publications, 1956.) 7s. 6d. nét. 


URING the three years since its first appearance, 
Dr. R. Barer’s little book has become known. to & 

wide circle of scientists ; it is evident from the demand 
for a second edition that this book meets & definite 

need, by introducing biologists to the correct use of 
one of their most important tools. As & result of the’ 
increasing use of the electron microscope in biology, 

it might be thought that the usefulness of the light 

microscope would diminish, but it is evident that the 

two methods should be used in conjunction, and that 

the proper use of the light microscope will continue 
to be of extreme importance. Dr. Barer has deliber- , 
ately omitted any mention of the specialized forms of’ 
modern microscopy, because, as he points out in his 

preface, these methods are still in a state of flux but 

the fundamentals of direct microscopy do not change. 

There have been only minor alterations in this 

edition, which resembles the earlier one in retaining 
its valuable chapters.on the theory of the microscope 

and practical instructions for its use. The appendixes 

are of particular interest, giving simple’ experiments 

to illustrate such points as the effect of numerical | 
aperture of both the condenser and the objective on 

resolution; the use of Köhler illumination is also 

described in detail. The book is very well written, 

and provides a clear explanation of the basic theory 

of the microscope; . although it is intended for 

biology and medical students, all users of the micro- 

scope would be well advised to study it. If they did 
so, there would perhaps no longer be, grounds for the 

author’s opening comment that, “Probably no 

instrument is more often misused than the micro- 

scope”. _§. BRADBURY 


Old Stone Age i 

By Stevan Celebonovic, with a Commentary by 
Geoffrey Grigson. (Nature and Art: @ Series.) Pp. 
96. (London: Phoenix House, Ltd., 1957.) 30s. net. 


AS a picture book this volume is delightful and 
bes a real value for the prehistorian. While 
many of the plates illustrate well-known palæolithic 
works of art, a number represent sculptures and 
drawings that are less known and not often repro- 
duced. Frankly, the text is not very helpful, though 
some readers will find the chronological table at the 
end useful. Specialists will find little they did not 
know already, and non-specialists will not learn very 
much about the art or the cultures that produced it. 
But, of course, the illustrations are what really 
matter and at the price they are truly magnificent. 
No prehistorian. should fail to have a copy by him, 
and the ordinary reader interested in art photo- 
graphy will revel in the beauty of some of the cave 
and home art subjects as here presented. 
= M. C. BURKITT: 
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POSSIBLE CORRELATIONS BETWEEN EARTHQUAKES 
AND MICROSEISMS 


By C. A. NANNEY 


Department of Physics, University of Chicago 


I August 1954 I observed that a rapid decrease of 
microseism frequency (inverse period) occurred in 
coincidence with the Samoa Islands earthquake 
(M = 7-7}) which occurred at 4h. 42m. G.M.T. on 
August 18, 1954. The observation was made at the 
Naval Research Laboratory’s Microseism Station at 
Chesapeake Beach, Maryland. Afterwards, an in- 
vestigation was undertaken to determine whether 
the observed change of the microseism frequency 
might have been correlated with the earthquake, or 
might have arisen as a chance coincidence, since the 
microseism frequency is known to vary in time. 

To the best of my knowledge, no studies have 
been carried ‘out to determine whether any cor- 
relations exist between earthquakes and microseisms. 
The following discussion is a summary of some 
interesting and apparently significant results of such 
a study. 

Microseismic data covering a span of three years 
were analysed. Most of them (about 90 per cent) 
were from previously published papers, and the rest 
were taken by me. The three-year total is the sum 
of various intervals of data from some eight stations 
the distribution of which virtually encircles the globe. 

Since earthquakes occur fairly frequently, an un- 
biased sampling: method must be used in their 
selection for a study of this kind. The sampling 
criteria for earthquakes (such as, all earthquakes 
occurring during the interval covered by data with 
magnitude greater than 64, or all earthquakes with 
depths reported greater than 30 km.) were estab- 
lished prior to the study of a given set of data. In 
the subsequent analysis, all earthquakes which fell in 
the specified category were used, and none was 
omitted. Similarly, the whole interval of data which 
were available was always used, and no sets of data 
analysed were omitted from the statistical tests. 
The earthquake occurrence times and other relevant 
information were taken from well-documented 
sources, such as the ‘International Seismological 
Summary”. Altogether, some three hundred earth- 
quakes were considered in the analysis. 

It should be pointed out that the problem was 
considered almost entirely on the basis of earthquake 
information, and no attempt was made to interpret 
existing meteorological and oceanographical con- 
ditions. Those conditions are not as well defined as 
earthquake data (for example, time of occurrence, 
location, etc.). Furthermore, it is entirely possible 
that several of the numerous postulated mechan- 
isms for the generation of microseisms may exist at 
any one time. 

Nevertheless, in a statistical study of this type, it 
is possible to consider the earthquakes independently 
of any other phenomena which might alter the 
microseisms. First, if there is no correlation between 
microseisms and earthquakes, the number of cases 
contradicting, and the number of cases supporting, 
the correlation will tend to average out in a statistic- 
ally large sample of data, and the correlation will 


not be supported at any statistically significant level. 
Secondly, any changes of microseisms due to other 
phenomena will only reduce any correlation that 
might exist between microseisms and earthquakes, 
thus requiring a large quantity of data to establish 
a correlation between the latter, if one should exist. 

The findings to be discussed are all based on 
results which were found to be significant at the 
0-01 significance-level. Most of them were sig- 
nificant at a considerably higher level. 

The study disclosed that the microseism frequency 
begins to increase approximately 24 hr. before the 
occurrence of many large earthquakes. The increase 
of frequency continued to approximately the occur- 
rence time of the earthquake, and the frequency 
decreased following the occurrence of the earthquake. 
The amplitude of the microseisms was found to 
increase before earthquakes and to decrease after- 
wards in a similar manner. The average changes, for 
earthquakes with magnitude 64 (Gutenberg—Richter 
scale) or greater, appear to be approximately a 10 per 
cent increase of the frequency and a 20 per cent 
increase of the amplitude. The maximum changes 
that have been observed, which were believed to be 
associated with seismic phenomena, were an 80 per 
cent increase of the frequency, and a number of cases 
of several hundred per cent for the amplitude 
increase. However, there were some large earth- 


‘quakes for which no increases of frequency or 


amplitude were evident. 

Microseism data from the following stations were 
studied : Japan, Guam, Hawaii, California, Missouri, 
Maryland, New York and Finland. The results 
indicated that a correlation between earthquakes 
and microseisms existed at all these stations. The 
frequency and amplitude effects have been observed 
for earthquakes which occur at very great distances, 
even @ semi-circumference, from the microseism 
station. A simultaneous change of these parameters 
has also been observed to occur for widely separated 
stations in coincidence with a particular earthquake. 

In general, the frequency and amplitude increases 
occurred only for the larger earthquakes (M = 64) ; 
however, two exceptions were found. First, smaller 
earthquakes, if closer to the microseism station, were 
often found to be associated with significant increases 
in the amplitude and frequency of the microseisms, 
Secondly, deep earthquakes, though not necessarily 
large, were found to be correlated with increases of 
the microseism amplitudes. 

The data analysed showed, that there is reason for 
believing that many of the so-called ‘microseism 
storms’ may be correlated with earthquekes. This 
conclusion is based upon a study of a number of 
papers on microseism storms. From these, the fol- 
lowing example is given for illustrative purposes. 

Rameriz! graphs the microseism amplitudes at St. 
Louis for about six months of 1938. A study of the 
microseism storms and earthquakes occurring during 
this interval disclosed that the time of the maximum 
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intensity of a majority of these storms coincided 
closely with deep or large earthquakes. The poss- 
ibility that the correlation observed might be due to 
chance was shown to be less than one in ten thousand. 

Infrequently occurring, long-period (greater than 
ten seconds) microseisms are known to exist. A study 
of microseisms of this type was conducted by Oliver 
and Ewing? during the Atlantic Ocean hurricane 
seasons of 1954-55. The amplitude of these micro- 
seisms often reached a maximum, and rapidly 
decreased during a time when any existing hurricane, 
its path and its distance from the microseism 
station exhibited no unusual change. An examination 
of earthquake records revealed that a majority of 
the long-period, microseism-amplitude maxima 
occurred in close coincidence with either a deep 
earthquake or a relatively local quake occurring in 
the Atlantic Ocean. The correlation between a 
maximum of the amplitudes of the long-period 
microseisms and the occurrence of one of these two 
types of earthquakes was very strong and far greater 
than would be expected by chance. Since the authors? 
point out that a hurricane is not a necessary condition 
for the occurrence of this type of microseism, there 
is reason to believe that some of these long-period 
microseisms may be related to earthquakes, par- 
ticularly deep ones. Indeed, this is not an entirely 
new suggestion, as I discovered later. Donn’, 
in noting similarities between these and certain types 
of earthquake waves, has suggested that there might 
be a relationship between the two. 

Numerous attempts have been made to locate 
meteorological storm centres by means of microseism 
propagation directions. In many cases these were 
not completely successful, and were largely abandoned 
as a consistent means of locating storms. I studied 
several papers)? where microseism directions were 
given for times during which no hurricanes were 
present. This study revealed that the directions 
found for the propagation of the microseisms some- 
times showed rather remarkable agreement with the 
azimuth directions of the great circle path from the 
microseisms station to the location of impending 
earthquakes of significance. 

For example, Rameriz! determined the azimuth of 
propagation of microseisms at St. Louis at frequent 
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intervals during the month of November 1938. The 
majority of these fell in the octant between N. and 
N.N.E. However, of the six exceptions to this octant, 
four were found to correspond in time to the intervals 
during which four significant earthquakes occurred. 
Two of the earthquakes were probably the largest 
during the interval for which data were given, the 
third was relatively close to the station, and the 
fourth was of deep focus. 

However, even more remarkable than this co- 
incidence in time were the results of a comparison 
made between the four observed microseism directions 
and the azimuths to the respective earthquakes. The 
first three cases agreed within three degrees end the 
fourth case differed by fifteen degrees. 

While the directional correlation was greater than 
expected by chance, I do not believe that the data 
examined to date are sufficient to constitute a con- 
clusive case for a directional correlation with earth- 
quakes. It is merely pointed out here as being a 
possibility which has some substantiation, and should 
be further considered. 

The preceding observations offer some hope that 
they might lend themselves to the prediction of 
earthquakes. Whether any predictions can be made 
by utilizing the preceding effects awaits detailed 
investigations of the earthqualke-microseism problem 
and its ramifications. I hope this article will cause 
sufficient interest to result perhaps in the genesis of 
some such investigations. 

Even if such an endeavour does not prove success- 
ful, the studies should give new insights into the 
Earth’s crust and interior, as well as a better under- 
standing of the little-understood microseisms. 

I would like to thank Profs. Harold C. Urey, John 
C. Jamieson and A. W. Lawson, of the University 
of Chicago, for the opportunity to discuss this 
problem with them. I am particularly grateful to 
Dr. J. E. Dinger, at the United States Naval 
Research Laboratory, for his continued support and 
advice. 

A detailed report of the study is to be published 
in the near future. 

2 Rameriz, J. E., Bull. Seism. Soc. Amer., 30, 35, 135 (1940). 


3 Oliver, J., and Ewing, M., Bull. Seism. Soc. Amer., 47, 111 (1957). 
3 Donn, W. L., Trans. Amer. Geophys, Union, 35, 821 (1954). 


CONTROLLED THERMONUCLEAR REACTIONS 


DISCUSSION on thermonuclear reactions was 

held by the Royal Society on February 5. The 
chair was taken by Sir Cyril Hinshelwood, and 
the discussion was opened by Sir John Cockcroft, 
director of the Atomic Energy Research Establish- 
ment. 

Sir John briefly outlined the earlier work which 
has led to the present successes in the thermonuclear 
field. He spoke of the discovery of the D-D reaction 
by Oliphant, Harteck and Rutherford in 1934, of the 
pinch effect by Northrup in 1907, and of its experi- 
mental consequences by Tonks in 1939. Of the more 
recent work, Sir John emphasized that of Ware in 
1948 on toroidal discharges, of Kurchatov on straight 
pinches, and of Bickerton and Tayler in England, 
Rosenbluth in the United States and Shafranov in 


the U.S.S.R. on the use of an axial stabilizing field. 
Bickerton and Tayler had established that metal 
walls and axial fields could together definitely 
stabilize a discharge. After mentioning the work of 
the laboratories of Associated Electrical Industries, 
Ltd., and of the Los Alamos group, Sir John briefly 
described the papers to be presented. He concluded 
by pointing out that much useful work could be done 
in the universities in the now unfashionable field of 
atomic physics on such processes as excitation and 
ionization in stripped atoms. 

Dr. P. C. Thonemann, who read a paper entitled 
“The Plasma Physics of ZETA”, said that ZETA is 
essentially a large transformer with which high 
currents are passed through a low-pressure gas. The 
ring current in the gas forms the secondary of the 
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transformer. A ring current of this type is self- 
constricting, but highly unstable : to achieve stability 
an axial magnetic field is used in conjunction with a 
metal-wall vacuum vessel. The most significant aspect 
of the results obtained with ZETA is that stability 
can be achieved in a toroidal tube. 

An isolated plasma is a diamagnetic body, which 
can remain in an equilibrium. position indefinitely in 
a static magnetic field. As a result of collisions, how- 
ever, the currents giving rise to plasma diamagnetism 
decay with time, until finally the gas is no longer 
confined. The time for which isolation of the gas 
from the walls can be maintained increases with the 
electrical conductivity of the gas, which in turn 
increases rapidly with temperature. On the other 
hand, high temperatures cannot be produced until 
isolation from the walls is achieved. Thus the 
required conditions of isolation and high temperatures 
cannot be approached stage by stage. 

As a result of experiments by R. Carruthers and 
R. J. Bickerton, ZETA was designed to achieve 
stability by using metal walls to remove long wave- 
length instabilities, and axial magnetic fields to remove 
short wave-length instabilities. 

The best indications that the discharge is, in fact, 
stable are obtained from measurements’ of the 
internal magnetic field. Provided the gas can be 
prevented from breaking up into small pieces, the 
possible containment-time increases as the square of 
the linear dimensions of the system. The large size 
of ZETA. has been justified by the conéainment-times 
achieved ; at present these are only limited by the 
energy available from the external circuit. 

The stable configuration is set up in the following 
way. Deuterium at a pressure of about 10-* mm. of 
mercury is weakly ionized by a radio-frequency 
oscillator. An initial electric field of about one volt 
per centimetre is applied to the surface of the gas, 
the ratio of electric field to pressure being chosen to 
give the maximum rate of ionization without causing 
the electrons to behave as though they were in an 
accelerator. As the electron-density increases, current 
flows predominantly at the discharge surface. When 
the field due to this current exceeds the axial field 
initially present, the discharge contracts, and pro- 
vided the contraction is fast enough the axial flux 
inside the discharge is conserved. If the metal wall 
is sufficiently thick no further flux can penetrate it, 
and the field between the discharge and the walls is 
Just that due to the axial current. Such a system, 
with sharply separated fields, is known to be stable 
for short wave-length instabilities. In ZETA, con- 
ditions le between the extremes of completely 
separated fields and uniformly mixed fields. The 
time for which such a system remains stable is not 
yet known. 

The metal walls, in addition to excluding the axial 
magnetic field after the collapse of the discharge, 
serve to stabilize the discharge against long wave- 
length instabilities. This is achieved by the image 
current induced in the wall by any movement of the 
ring current. The required stability cannot be 
obtained unless the conductivity of the gas is 
sufficiently high. This implies almost complete ion- 
ization and electron temperatures in excess of 
10° °K. in the early stage of the discharge, before 
collapse. 

Dr. Thonemann said that the discharge is cooled 
largely by radiation from impurities, end not by 
particle bombardment of the walls. Thus, when a 
_probe of area 1/3000th of the wall area is immersed 
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in the discharge, the neutron flux is reduced to an 
almost undetectable level and the resistance of the 
discharge is greatly increased. The high temperatures, 
thermonuclear reactions, and all the other interesting 
observations follow as a natural consequence once 
stability has been achieved for relatively long times. 
If the gas column remains stable as the magnetic 
fields confining it are increased, then there are no 
fundamental reasons why temperatures exceeding 
10° degrees should not be produced. 

A paper on “Experiments with ZETA” was read by 
Mr. R. 5. Pease, who said that ZETA is essentially 
an apparatus for producing high temperatures. The 
first task, when ZETA began to work on August 12, 
1957, was to find the best operating conditions. The 
guiding principle was that the highest temperatures 
were likely to be obtained with the largest currents, 
the lowest starting pressures, and the lowest axial 
magnetic fields compatible with a discharge which 
did not damage the apparatus. After considerable 
experimenting it was found that the best values for 
the axial field and initial pressure are 160 gauss and 
$u of mercury (in deuterium). During this experi- 
mental period it was noted that alarming voltage 
transients of up to J] kilovolt appeared between 
adjacent liners ; this led to concern about the glass- 
tape insulation between the liners. Another pho- 
nomenon encountered at this stage was the sudden 
fall in current at the end of the pulse, associated 
with a formidable voltage transient. It is now known 
that the transient appears when the torus is clean, 
but a satisfactory explanation of it is not yet avail- 
able, 

Neutrons were first observed on August 30 when 
the current reached 120 k.amp. at an axial field of 
160 gauss and & pressure of 4p of mercury. The 
results of other investigations carried out on ZETA 
at that time have already been reported in Nature 
(January 25, p. 217). 

Mr. Pease described some of the work undertaken 
since October. The machine has been improved in 
a number of ways: the insulation between the liners 
has been changed to polytetrafluoroethylene; irregu- 
larities have been removed from the axial magnetic 
field ; the current pulse has been prolonged and 
condenser overswing prevented by short-circuiting 
the discharge when the condenser voltage drops to 
zero. Further modifications to obtein high currents 
are possible, but these involve removing protecting 
devices from the circuit and have not yet been 
attempted. It is hoped soon to replace the liner 
system by an improved one. 

Mr. Pease concluded by describing the magnetic 
probe measurements ; they confirm the densities and 
temperature obtained by other methods, and show 
that the gas is confined. They also show, however, 
that there is considerable mixing of the magnetic 
fields, and that the volts per turn at maximum 
current is not that associated with the resistance of 
the maim channel. 

When the discussion was resumed, with Sir John 
Cockeroft in the chair, Sir George Thomson com- 
plimented Sir John and the Harwell team on their 
achievement. He said the evidence that the observed 
neutrons have a true thermonuclear origin is strong. 
The temperature measurements themselves are 
sufficient to indicate that neutrons should be pro- 
duced. If the neutrons are not thermonuclear, then 
the temperature measurements are in error and 
there must be a non-thermal neutron source which, 
by chance, gives the neutron yield predicted for the 
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incorrect temperatures ; Sir George ponte did not 
believe this. 

Sir George went on to indicate the Bapore of 
electric fields in contained plasmas. The ions in 
ZETA have a large Larmor radius and would reach 
the walls in a very short time by scattering. The 
electrons, however, have a small Larmor radius and 
are firmly contained. The strong electrostatic cor- 
relation between the electrons and ions prevents the 
ions reaching the walls. The particle paths, being 
influenced by these strong electric fields, are tro- 
choidal. These electric fields will get stronger and 
stronger as temperatures get higher. 

Dr. A. A. Ware, of the Associated Electrical Indus- 
tries- Research Laboratory, gave an account of the 
work done there with a torus, Sceptre III, the 
dimensions of which are scaled down by about one- 
third compared to ZETA. The design, of Sceptre IIT 
was originally based on theoretical proposals made 
by Liley at the beginning of 1957, but in view of the 
results obtained with ZETA a larger torus than that 
proposed by Liley was used. The maim constructional 
difference between ZETA and Sceptre III is that 
the latter has the primary turns near to the torus. 
This construction reduces the leakage inductance and 
increases the gas current. 

Much information has been obtained from induct- 
ance and resistance measurements made on the 
current and voltage wave-forms. In particular, the 
skin depth before the discharge leaves the wall is 
about 1/20th of the tube radius at high magnetic 
fields, and somewhat larger at lower magnetic fields. 
Measurements of inductance at peak current indicate 
that 90-100 per cent of the applied axial field is 
trapped by the contracting discharge. 

Temperatures obtained from the neutron yield 
agree well with those from spectroscopic measure- 
ments. The variation of neutron yield with axial 
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magnetic field shows: a peak at that magnetic field . 


which corresponds to the discharge being compressed 
to one-third of the tube diameter at maximum 
current. This is to be expected, since the heating of 
the gas increases with compression, but the discharge 
becomes unstable if it is compressed too far. Unlike 
the results obtained with ZETA and Perhapsatron, 
& maximum with respect to pressure has been found 
in the neutron yield. Neutrons appear shortly after 
the discharge has left the wall and the yield rises to 
a maximum around peak current. Neutrons continue 
to be emitted into the second half-cycle of the 
discharge. 

Dr. Ware then referred to the comparison of the 
results with the theoretical predictions of Liley. 
Results obtained recently have tended to spoil the 
good agreement reported earlier’. ‘The main dis- 
crepancies are: the skin-depth is small, a higher 
temperature is predicted than is observed, there are 
indications that the electron temperature is less than 
the ion temperature, and the temperature, as cal- 
culated from the neutron yield, does not vary in the 
right way through the pulse. 

Dr. K. W.. Allen (Atomic Weapons Research Estab- 
lishment, Aldermaston) gave an account of work at 
Aldermaston on straight-tube discharges of short 
duration, the object of which is to heat the ions 
directly rather than by way of the electrons. A 
collapsing current sheath is set up which accelerates 
radially, the electrons by the pinch effect, and the 
ions by the electrostatic action between them and the 
electrons. In this way ions and electrons acquire 
equal velocities so that the ions get virtually all the 
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energy. Rapid heating requires large sheath velocities 
and hence minimum circuit inductance.. This has 
been achieved by using an arrangement of parallel 
spark gaps to discharge the condenser bank so that 
the inductance is that of a single unit divided 
by the number of units. A circuit has been 
devised such that all the gaps can be fired in less 
than 10-® sec. 

Neutrons were first observed at the rate of 10*-10° 
per pulse on Christmas Eve, 1956. Typical conditions 
are: bank voltage 9 kV. and pressure 30u of mer- 
cury in a silica discharge tube 28 em. long and 
15 cm. in diameter. The initial rate of rise of current 
is 5 x 10 amp./sec., which is three times faster than 
that reported by Artsimovich and half that obtained 
at Los Alamos. Other workers in the field have 
reported that the neutron yields are very sensitive 
to impurities and magnetic fields, but this has not 
been confirmed at Aldermaston, where the yield has 
been found to be reduced only by an order of mag- 
nitude by 5 per cent of nitrogen or by 1,000 gauss 
axial magnetic field. Artsimovich reported ‘that a few 
hundredths of a per cent of oxygen, argon or xenon 
quenched his yield, and Colgate reported that dan 
axial field of 100 gauss reduced his neutron yield by 
four orders of magnitude. These results suggest that 
the mechanism. responsible for the neutron production 
in the Atomic Weapons Research Establishment 
apparatus is different from that proposed by Colgate. 

Dr. Allen concluded by saying that a larger con- 
denser bank is under construction. It is hoped that 
this bank will give rise to a larger neutron yield 
which will permit a more detailed investigation of 
the mechanism of neutron emission. 

Dr. J. D. Jukes, of Harwell, presented some com- 
ments of Dr. R. J. Bickerton and Dr. H. London 
(Atomic Energy Research Establishment, Harwell) 
on the scaling laws for stabilized discharges. Dr. 
Jukes said that, since various groups are seeking to 
produce thermonuclear temperatures in stabilized 
pinched discharges, it is desirable to compare similar 
experiments and to attempt to forecast the require- 
ments of an economical reactor working on this 
principle by the use of scaling laws. 

It can be shown that if I, the total current, and 
N, the line density, are kept constant, then the 
characteristic times of the various physical processes 
which determine the growth and life-time of the 
pinch, such as ohmic heating, relaxation, field dif- 
fusion and radiation cooling’, are all proportional to 
R?, where R is the tube radius. Furthermore, the 
temperatures are the same at corresponding phases 
of the life-time of the discharge. 

The stable life-time is proportional to R?, while the 
neutron yield Y during this time is proportional only 
to the axial length, and the fraction of nuclear 
burn-up is independent of size. The radiation flux to 
the walls per pulse is proportional to R-1 and the 
rate of rise of current required to trap the magnetic 
field is proportional to R-?. This indicates that there 
is some engineering advantage in using a large 
apparatus. 

Table 1 compares results of three experiments in 
the light of these scaling laws. The quantity nt, 
where n is the density and ¢t the containment-time, is 
a measure of the efficiency of a reactor, as pointed 
out by Lawson’. This quantity must be increased to 
10 at least, and T to 4 x 10? °K. to make a device 
operating on the deuterium-tritium mixture produce 
net power. Extrapolating from ZETA this would 
require a current equal to or greater than 10° amp. 
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Dr. W. B. Thompson (Atomic Energy Research 
Establishment, Harwell) gave a theoretical analysis of 
the operation of ZETA on the assumption that it pro- 
duces a stable configuration very like that described 
by Dr. R. J. Tayler* later in the discussion, and that 
most of the heating is Joule heating. The process can 
be described as occurring in three phases. In phase l 
(0 to 100 usec.) the gas is ionized, heated and a 
current skin formed, separating the axial and azi- 
muthal fields; in phase 2 (100 usec. to 1:5 msec.) 
the gas is compressed ; and in phase 3 (1:5 msec. to 
end of pulse) the current skin slowly widens, the 
axial and azimuthal fields interpenetrate and eventu- 
ally the plasma loses its stability. 

Dr. Thompson showed that at the end of phase 1 
the current sheath is 5 cm. thick, the temperature is 
1-5-2-0 x 10° °K., and there is approximate thermal 
equilibrium. In phase 2 three processes are impor- 
tant: adiabatic compression takes the temperature to 
about 10° °K., Joule heating adds about another 
2 x 10° °K., and finally shock heating may add a 
further 5 x 10° °K. Thus, at the end of phase 2 the 
temperature is. 3-3-5 x 10° °K. During: phase 3 
there is little further heating and the discharge loses 
stability. On the basis of Dr. Tayler’s calculations 
(described later in the discussion) the discharge life 
is 1-2 msec. 

Dr. Thompson concluded by saying that tho 
picture he described is not in disagreement with the 
observations made on ZETA, with the exception of 
the magnetic-probe measurements. Magnetic probes, 
however, considerably disturb the discharge and 
thus may not give a good picture of what happens 
in their absence. 

If the probe results are meaningful and applicable, 
then some other theoretical model will be needed. 
An example would be a turbulent but confined plasma, 
which would make well-mixed fields and high tem- 
peratures quite intelligible, but there is little experi- 
mental evidence for such a system. 

Dr. R. J. Tayler (Atomic Energy Research Estab- 
lishment, Harwell) spoke of the stability of mixed- 
field systems. He said that earlier work has shown 
that there should exist stable configurations of a 
pinched gas discharge if the currents flow entirely on 
the plasma surface. Dissipative processes will result 
in an interpenetration of magnetic fields. An estimate 
has now been made of the amount of penetration that 
can. occur before stability is lost. A variational 
method developed at Princeton has been used, and 
with simplified profiles for the mixed fields, cal- 
culations have been made with a succession of trial 
functions. Results obtained for trial functions with 
between one and four arbitrary parameters show @ 
change of only 5 per cent in the amount of pene- 
tration that can occur. For one initial configuration 
for which results have been obtained, the field can 
penetrate through about 15 per cent of the discharge 
radius. As there is no initial axial magnetic field 
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outside the discharge in this configuration, the 
estimated duration of stability obtained from it is 
likely to be optimistic. 

These results suggest that a stabilized pinch in 
ZETA. can have a life-time measured in milliseconds. 
However, it is not clear from the measured magnetic 
field profiles that a stabilized pinch of this type 
actually occurs in ZETA. 

Dr. Tayler concluded by giving an account of the 
article on ‘‘Co-operative Phenomena in Hot Plasmas” 
by Prof. L. Spitzer that appeared in Nature of 
January 25, p. 221. 

Dr. D. Gabor (Imperial College of Science and 
Technology) thought that the discrepancy pointed 
out by Prof. Spitzer is real, and that co-operative 
processes may well be responsible for the high ion 
temperatures observed in ZETA and in Sceptre II. 
It seems necessary to postulate two collective 
mechanisms: one for transferring energy in a 
locally ordered form from the electrons to the ions, 
and one for creating molecular disorder in the ion 
gas. It is easier to make a guess at the second 
mechanism, because this may well be essentially 
similar to that responsible for “Langmuir’s paradox’ 
in low-pressure arcs®. In these arcs electrons exchange 
energy with one another very rapidly, not through 
collisions but through the intermediary of an oscillating 
boundary leyer. This has a potential distribution and 
an oscillation frequency such that electrons diving into 
it and returning to the plasma emerge with a resultant 
gain, at the expense of those electrons’ which have 
dived into the sheath an odd number of half-cycles 
earlier and have delivered energy to the oscillations. 
There exists a similar boundary sheath in the pinched 
discharge, with the difference that—due to the mag- 
netic field—the ions are outside. It is very likely 
that this sheath is the seat of oscillations with a 
frequency of about twice the gyromagnetic frequency 
of the ions, thus creating intense interchange of 
energy between the ions and an energy distribution 
which is very nearly Maxwellian. 

It is more difficult to guess at co-operative phen- 
omena which may transfer energy from the electron 
gas to the ions. In the ordinary arc there is no such 
exchange, as the plasma-frequencies of ions and 
electrons are widely separated, by a factor of about 
60 in the case of deuterons. On the other hand, the 
Larmor frequency of the electrons in ZETA is of the 
same order (10° cycles/sec.) as the ion-plasma fre- 
quency, so that a necessary (but by no means 
sufficient) condition of co-operative interaction by 
oscillations appears to be met. Dr. Gabor con- 
jectured that even under conditions when the plasma 
boundary as a whole is stable, there may be growing 
helical waves in the electron gas, essentially at right 
angles to the magnetic field, and weakly coupled to 
the ion-plasma waves, which are approximately 
parallel to it. Weak coupling makes the energy 
pendulate between the two types of waves, but 
during the periods when the energy is in the ion gas 
this is converted into disordered, thermal motion 
by the first-mentioned mechanism, thus preventing 
its return to the electron gas. To check these 
hypotheses it may be of interest to look out for 
strong oscillations in the 1,000-megacyele range. 

A. GIBSON 
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INTERPRETATION OF SCIENCE TO THE PUBLIC 
By S LAWRENCE BRAGG, O.B.E., F.R.S. 


Royal Institution, London 


IR ALEXANDER FLECK’S recent address to 

the general assembly of the British Association, 
and the editorial in Nature of January 4, will be 
warmly welcomed by all who are interested in the 
popularization ofscience. The new plans for enlarging 
its activities which the British Association has 
announced focus attention on the need for presenting 
science in the most effective way to the general public. 
I am writing about this subject because the experience 
and traditions of the Royal Institution may afford 
some useful pointers in our endeavour to interest the 
public in science. It was founded 160 years ago for 
the special purpose of interpreting science to the 
public, and apart from the prosecution of research 
in its laboratories this has continued to be its primary 
function. The art of popular lecturing might indeed 
be said to be its main subject of research. 

One of the oldest and most honoured traditions is 
that a ‘Discourse’ should be profusely illustrated by 
experiments and demonstrations. A popular talk to 
laymen differs in many ways from @ lecture to 
students or an address to a learned society. To a 
professional scientist the description, of an experiment 
is often quite sufficient because his own experiences 
in the laboratory enable him to visualize it. But a 
lay audience has not this advantage. To the layman 
the difference between the description of an experi- 
ment and the actual witnessing of it is as great as 
the difference between looking at a foreign country 
on the map and visiting it; we grasp its geography 
in @ far more vivid way when we have been to the 
place. One is struck again and again by the immense 
superiority, as judged by the effect on the audience, 
of a series of experiments and demonstrations 
explained by a talk over a lecture illustrated by 
slides. The Christmas Lectures to young people at 
the Royal Institution afford a good instance. It is 
surprising how often people in all walks of life own 
that their interest in science was first aroused by 
attending one of these courses when they were young, 
end in recalling their impressions they almost invari- 
ably say, not “we were told” but “we were shown” 
this or that. This impact of the witnessed experiment 
is all the more important because the popular talk 
is so dependent on emotional reactions. Students 
take notes, when attending a course, and colleagues 
listening to an account of research are alive to its 
bearing on their own work and see the printed account 
afterwards, so the context is more important to 
them than the manner of delivery. The final result 
of the popular talk is measured, however, by the 
extent to which the audience recalls it afterwards, 
and this fixation of the image is effected by arousing 
an, emotional response of interest and thrill. 

It is perennially surprising to find that it is the 
simpler experiments which have the warmest recep- 
tion, especially if they can be done on a spectacular 
scale. The audience likes to see ‘the works’. It is of 
little help to do something mysterious in a box which 
makes a pointer move over a scale. The simple 
experiment is effective because it can be grasped 
completely, and the members of the audience have the 
pleasurable feeling that it has become a part of their 


own experience. Again, there is an art m arranging 
an experiment so that it shall be zsthetically attrac- 
tive. We instinctively recognize this when we say 
after a lecture, “That was a pretty experiment he 
showed’. These may seem small points; but they 
are important. They may make the difference 
between a pleased and responsive audience, and one 
which is bored. If the listeners go away feeling that 
they have really understood what the lecturer was 
trying to explain, then they will come again for more. 
Non-scientists must not be left to feel that all science 
is too difficult to understand, otherwise they will shut 
their minds and think that science is for scientists only. 

The other guiding principle of the popular lecture 
is that of starting with something with which the 
audience is thoroughly familiar in every-day life, and 
leading them further with that as a basis. The 
survey of the new country must be tied on to fixed 
points which are already in their minds. This is 
one of the most difficult tasks facing the popular 
lecturer. He may be honestly trying to avoid techni- 
cal language ; but it goes further than that. He has 
to put himself in the place of the intelligent layman 
and realize that ideas and experiences so familiar to 
him are unexplored country to his listener. This may 
seem to be a stressing of the obvious; but I venture 
to stress it because I have rather special opportunities 
to assess the effect of popular scientific talks, and 
they often pass completely over the heads of the 
audience because an otherwise excellent talk does not 
establish an initial rapport with the listeners’ know- 
ledge and experience. 

There is nothing novel in these views, they are 
merely a recapitulation of the principles which have 
been preached and practised by all the great expon- 
ents of popular lesturing from Faraday onwards. 
It seems to me, however, that they have an important 
bearing in planning our strategy for a wider interpre- 
tation of science to the public. Merely talking and 
writing about the wonders of science can be very 
ineffective because the public is nowadays so bom- 
barded with talks and articles on subjects of all kinds 
through so many chennels. If our message is to be 
heard above the general noise-level, we must use the 
most powerful aid we have. The primary way to 
interest the public in art or music is to show pictures ` 
or arrange concerts, and lectures on art or music 
can only be appreciated when they are related to 
such first-hand impressions. The primary way to 
interest the general public in science is to show experi- 
ments and demonstrations, and so let them share in 
the thrill of understanding how things work, which 
is after all a good popular definition of science. 

The staging of a demonstration lecture requires 
much organization. A simple experiment which 
takes a few minutes to show in the theatre may 
demand as many weeks of preparation. There must 
be a supporting background of technical staff, work- 
shop, and demonstration apparatus of all kinds as 
well as a suitably fitted theatre, and if a worth-while 
proportion of the public is to be covered, it means a 
whole-time use of these facilities which is costly. The 
Royal Institution is now running @ series of demon- 
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stration talks for boys and girls throughout the 
school year, in collaboration with the science teachers, 
at which large-scale experiments ‘are shown which 
cannot easily be staged with school resources. An 
approximate estimate of the cost, based on the 
proportion of overhead charges allocated to the 
scheme, is £5,000 a year, which is defrayed by the 
generous assistance of industrial firms and other 
bodies which are interested in the venture. Some 
16;000 tickets are issued annually. The young 
people come from an area which includes about 
one-quarter of the schools in England, and. their 
keenness indicates that this is a very repaying way of 
using the resources. Some half-dozen such centres 
operating on a similar whole-time basis would cover 
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most of Great Britain. Certain famous annual lectures 
sponsored by various bodies are by tradition the 
occasion for numerous carefully prepared experi- 
ments, and these lectures draw enthusiastic audiences. 
Television can, of course, be a-powerful means of ` 
transmission ; but the laboratory resources must still 
be there behind the scenes for providing the pro- 
grammes. My contention, therefore, is that merely 
increasing the number of talks and articles about 
science will not get us very far in interesting the 
general public, that on the other hand one gets the 
most rewarding response if one stages shows of 
experiments for them, and that if their interest is 
first so aroused, they will be much more able to 
appreciate the talks and articles. g 
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Prof. D. R. Hartree, F.R.S. 


ProF. D. R. HARTREE, who died suddenly in Cam- 
bridge on February 12 at the age of sixty, had been 
Plummer professor of mathematics in the University 
since 1946. Before that he had spent fifteen years in 
Manchester, first as Beyer professor of applied mathe- 
matics and later as professor of theoretical physics. 
He was elected a Fellow of the Royal Society in 1932. 

Hartree was born in Cambridge in 1897 and was 
seventeen years old when the First World War broke 
out. He served in the Munitions Invention Depart- 
ment and held a commission in the R.N.V.R. When 
the War ended, he returned to Cambridge to take 
the Natural Sciences Tripos. He became a Fellow of 
his own College, St. John’s, and later migrated to 
Christ’s College, where he held a fellowship for a 
short time before going to Manchester. 

Some of Hartree’s earliest work was on the propa- 
gation of radio waves in a magneto-ionic medium, 
and he wrote several important papers on this subject. 
His principal contribution to physics, however, was 
the development of the method of self-consistent 
fields for the computation of atomic wave functions. 
Early applications of wave mechanics had been to 
simple atoms such as those of hydrogen and helium, 
but Hartree saw a way of obtaining, by numerical 
means, wave functions for heavier atoms. He 
exploited this method with great vigour, and a long 
series of papers appeared in which Hartree and his 
collaborators presented the results of calculations for 
a large number of atoms. 

Hartree’s work on atomic wave functions led him 
to a more general interest in numerical analysis, and 
this eventually became his major preoccupation. To 
him numerical analysis was above all a practical 
subject and he brought the same kind of enthusiasm 
to computing as others bring to practical work in a 
laboratory. He always liked to tackle a new problem, 
and anyone who brought & problem to him would, as 
like as not, be given practical help as well as advice. 

Although Hartree enjoyed computing—a little 
while before his death he claimed that he had some 
10,000 hours of personal computing to his credit— 
he appreciated very early the advantages which 
might be obtained from mechanical aids. He was 
responsible for introducing the differential analyser 
into Britain, and the machine which, at his instance, 
was installed in the University of Manchester in 1935 
was used to solve a wide range of problems. During 
the Second World War the machine was occupied 


with military problems of various kinds including, 
notably, an investigation into the mode of operation 
of the radar magnetron. 

When the War ended, Hartree visited the United 
States to study the developments then going on in 
automatic digital computers. His practical experience 
of numerical analysis enabled him to make a dis- 
tinctive contribution in this field and he rapidly 
became accepted as an authority. He was much in 
demand as & lecturer, and a course he delivered at 
the University of Illinois in the autumn of 1948 was 
published in book form. 

When Hartree arrived in Cambridge in 1946, 
development work on an electronic digital computer 
was starting in the Mathematical Laboratory. 
Hartree associated himself with this project with 
characteristic enthusiasm and the Laboratory owes 
much to him for encouragement, advice and practical 
assistance. He continued his close association with 
the Laboratory until his death and took a prominent 
part in the running of successive summer schools in 
programme design and in the teaching for the diploma 
in numerical analysis and automatic computing. 

Hartree did much to advance the interests of the 
Cavendish Laboratory, where he had his office. In 
particular, he was largely instrumental in reorganizing 
and improving the teaching of mathematics to science 
students, and in establishing theoretical physics as 
an optional subject in Part 2 of the Natural Sciences 
Tripos. In addition to his scientific interests, Hartree 
was à very keen musician, and played an important 
part in the founding of the Faculty of Music in the 
University of Manchester. 

Hartree will be greatly missed by his many friends. 
He was the kindest and most unassuming of men, 
and endeared himself to all who worked with him. 

M. V. WILKES ` 


Dr. C. J. Davisson 


PHySsIcISTS all over the world, and especially those 
of the older generation, will have heard with deep 
regret of the death on February 1 of C.J. Davisson. 

Davisson is known best for his work on the 
diffraction of electrons by metal crystals, which 
established for the first time the wave character of 
free electrons and proved L. de Broglie’s relation 
A = hip between the wave-length à and the momen- 
tum p of an electron. In fact, this work was the 
outcome of a long series of experiments started for 
quite a different purpose. 
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Davisson, who was born in Bloomington, Illinois, 
on October 22, 1881, took his degree in the University 
of Chicago in 1908. R. A. Millikan was there at the 
time and claimed with pride to have directed him 
towards physics. Davisson then went to Princeton, 
where he took his Ph.D., and his first published 
paper appeared in 1909 from Princeton. In 1911, 
working under O. W. Richardson, then a professor 
at Princeton, he published another paper on the 
emission of positive ions from heated salts of the 
alkali ion and established that they are singly 
ionized atoms of the metal. In the same year he 
married one of Richardson’s sisters. He then went as 
instructor to the Carnegie Institute of Technology. 
His connexion with the laboratory where his life- 
work was done started as a consequence of the First 
World War. In 1917 he went to what is now 
the Bell Telephone Laboratories, then part of the 
Western Electric Company’s organization, to take 
up a temporary post; he stayed there until 
1946. 

His war-time work was concerned with the physics 
of the then new thermionic valves and vacuum 
technique. After the War he continued to work on 
the fundamental principles of thermionics and was 
allowed a free hand in choosing his researches to an 
extent unusual in those days in an industrial labor- 
atory. He was the first to show experimentally that 
the variety of Richardson’s formula, which in fact 
makes the electron follow the Fermi—Dirac electron 
statistics (not then discovered), is preferable to the 
original form. He also did work which turned out to 
be of considerable commercial importance on oxide- 
coated filaments. 

Davisson’s discovery of electron diffraction arose 
from a study of the scattering of electrons, and the 
production of secondary electrons, from metals. The 
first paper on nickel, with C. H. Kunsman, appeared 
in Science during November 1921. It described 
surprisingly sharp peaks of reflected electrons which 
Davisson. considered could be explained by scattering 
(classical, of course) from two shells of electrons. In 
1925, after studying some other metals, he returned 
to nickel. Until then, the experiments had all been 
on ordinary polycrysteallic metals ; but by an accident 
the specimen became oxidized and in restoring the 
surface by heating was changed into an aggregate of 
only a few crystals. There was a complete alteration 
in the pattern of scattering and the former theory 
had to be abandoned. He was inclined at first to 
replace it by one of ‘transparent directions’ of the 
lattice ; but, partly as a result of a visit to the 
British Association meeting at Oxford, he came to 
believe that the effect was connected with the new 
theories of de Broglie and Schroedinger. As a result 
of a careful search, he and Germer found the first 
electronic beams in positions which could be ex- 
plained in this way on January 6, 1927. The con- 
sequences of this work of Davisson and Germer are 
well known, but it is not always realized what a 
supreme experimental feat these early experiments 
were. The slow electrons of the order of 150 volts 
which were used are most difficult to handle, and if 
the results are to be of any value the vacuum has to 
be what would still be considered good, and was then 
quite outstanding. In fact, very few experimenters 
have since been successful with the method; much 
faster electrons are used when electron diffraction is 
employed for the study of surfaces. 

In 1937 Davisson shared with me the Nobel Prize 
in Physics for this discovery. 
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In the 30s Davisson was interested in electron 
optics, and with C. J. Calbick could claim the dis- 
covery of the principle of the electrostatic lens. 
During the Second World War he worked on the 
cavity magnetron. In 1946 he retired from the Bell 
Telephone Laboratories on reaching retiring age, and 
was appointed research professor in the University of 
Virginia and lived at Charlottesville until his death. 
He leaves a wife, three sons and a daughter. Among 
many other honours be was awarded the Hughes 
Medal of the Royal Society. 

Davisson was a man of exceptionally lovable 
character. Slight in build and with a hesitant manner 
of speaking, which made him seem shyer than he really 
was, he had a delightful sense of humour and was 
full of fun. Though he worked most of his life in an 
industrial laboratory, he was essentially an individual- 
ist. Yet he had the reputation of being very 
accessible in the laboratory and most helpful to all 
who consulted him. Among those who had close 
contact with him at the Bell Laboratories are Lee 
Du Bridge, Merle Tuve, Philip Morse and Wiliam 
Shockley. GEORGE THOMSON 


Mr. J. L. Baker 


JULIAN LEverT BAKER was, when he commenced 
in 1900, the first chemist appointed to a London 
brewery. Born in 1873, he had trained at Finsbury 
Technical College and had worked as a chemist for 
the Beetroot Sugar Association before brewing 
became his life-work. 

From the first, he energetically studied the many 
possibilities of improvement in brewing which science 
could suggest at that time, and in the course of his 
work he published some fifty papers—a number of 
them inspired by his original studies on sugars. In 
1905, he also published a concise and readable book 
on “The Brewing Industry”. 

In 1904 he was joined by Henry Everard Hulton, 
and the two engaged in the work of the brewery and 
in numerous scientific studies. Jt was a memorable 
collaboration which lasted for thirty-four years until 
Hulton’s death—at which time Baker wrote: 
“Throughout the long years no shadow was ever 
cast over an enduring friendship”. 

Indeed, all Baker’s pursuits created something of 
a record for length. He was an original member at 
the formation of the Institute of Brewing in 1904 
and was @ vice-president for forty years (1918-58). 
He was a scientific editor for forty-two years—first 
of The Analyst (1907—20) and then of the Journal of 
the Institute of Brewing (1920-49) ; while his service 
with Watney, Combe, Reid and Co., Ltd., lasted for 
forty-six years. 

His merits were recognized by the award in 1948 
of the Horace Brown Medal of the Institute of 
Brewing. 

Baker’s interests and energies were not confined to 
brewing aspects of chemistry, for, besides his editor- 
ship of The Analyst, he was honorary secretary of the 
London Section of the Society of Chemical Industry 
from 1903 until 1909 and its chairman in 1919. 

In his retirement, Baker, lovingly tending his 
garden, outlived his contemporaries to recall to later 
generations with graciousness and charm something 
of the marked individuality and wide culture which 
a band of young London scientists had displayed so 
outstandingly in the early part of this century. 

He died on January 29. He is survived by his 
two sons and his daughter. L. R. BrsHopP 
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Royal Geographical Society : Medals and Awards, 
1958 


H.M. THe Quern has approved the award of the 
Royal Medals of the Royal Geographical Society as 
follows: Patron’s Medal: Dr. Paul A. Siple, U.S. 
Antarctic Expedition, scientific leader at the Inter- 
national Geophysical Year’s South Pole Base (the 
“Amundsen-Scott” Base), 1957—58, for contributions 
to Antarctic exploration and research; Founder's 
Medal: Sir Edmund Hillary, leader, New Zealand 
component, Commonwealth Trans-Antarctic Expedi- 
tion, for Antarctic and Himalayan exploration. 

The Council of the Royal Geographical Society has 
made the following awards: Special Gold Medal: 
Dr. Vivian Fuchs, leader, Commonwealth Trans- 
Antarctic Expedition ; Victoria Medal ; Prof. Roberto 
Almagia, professor of geography, University of Rome, 
for contributions to geographical research; Mur- 
chison Grant: Prof. E. G. Bowen, Gregynog professor 
of geography and anthropology, University College 
of Wales, Aberystwyth, for studies on the geography 
of Wales; Back Grant: Ingénieur-en-Chef Bertrand 
Imbert, leader of the International Geophysical Year 
French Antarctic Expedition 1957—58, for contribu- 
tions to Antarctic exploration and research ; Cuthbert 
Peek Grant: Dr. Peter H. Davis, lecturer in botany, 
University of Edinburgh, for botanical exploration in 
south-east Turkey ; Gill Memorial ; Dr. M. J. Wise, 
Cassel reader in geography, London School of 
Economics, for studies in economic geography ; Mrs. 
Patrick Ness Award : Captain A. G. Bomford, R.E., 
_ehief surveyor, South Georgia Survey, 1955-56. 

The last occasion on which a Special Gold Medal 
was awarded by the Society was in 1910 when it was 
given to Robert E. Peary, of the United States Navy, 
the first man to reach the North Geographical Pole ; 
previous British recipients were Captain Robert 
Falcon Scott, R.N. (in 1904), and Sir Ernest Shackleton 
(in 1909). ` 


Fourth Artificial Earth Satellite (19588) 


As part of the scientific programme of the Inter- 
national Geophysical Year, another artificial Earth 
satellite was launched by means of a ‘Vanguard’ 
rocket of the United States Navy from the testing 
ground at Cape Canaveral, Florida, on March 17. 
The new satellite, named 19588, consisting of an 
aluminium sphere 6-4 in. in diameter and of mass 
3-25 Ib., is revolving in an eccentric orbit, varying 
between 400 and 2,500 miles above the Earth’s sur- 
face, in a period of 135 minutes. The inclination of 
the orbit to the ecliptic is at present unknown. The 
satellite is equipped with two radio transmitters ; 
one, powered by chemical batteries, broadcasting 
on a frequency of 108:00 megacycles per second ; 
the other, powered by solar batteries, operating on 
108-30 megacycles per second. The third stage of 
the ‘Vanguard’ launching vehicle, a rocket some 4 ft. 
in length with a mass of about 50 lb., which ejected 
the sphere from its nose when it attained orbital 
velocity, is also circling the Earth about a mile from 
the satellite. It is hoped that this satellite will 
continue in its orbit for a number of years and 
afford excellent opportunities for continued observa- 
tions of value to geophysicists. 


Brewing Industry Research Foundation : 
Sir lan Heilbron, D.S.O., F.R.S. 


Sir Ian Hersron, who is retiring from the post 
of director of the Brewing Industry Research 
Foundation, Nutfield, Surrey, has held many dis- 
tinguished academic appointments. He was professor 
of organic chemistry in the Imperial College of Science 
and Technology, London ; and also for some years & 
member of the Advisory Council of the Department 
of Scientific and Industrial Research, of which he 
became chairman in 1953. At the time of his appoint- 
ment to the Foundation in 1948, the brewing industry 
had decided to start a central research station, and it 
fell to Sir Ian to select the site, and to adapt Lyttel 
Hall, the Victorian property chosen at Nutfield, to 
meet the requirements of up-to-date research labora- 
tories. This he did with conspicuous success and the 
Foundation is now a notable example of a modern re- 
search station. Sir Ian’s reputation as a scientist and 
in the sphere of research, in which he had rendered dis- 
tinguished service on a number of departmental and 
national committees, enabled him to collect around 
him a band of first-class scientists, who quickly put 
the Foundation into the top rank of brewing research 
bodies in Europe, and extended its reputation te the 
United States. Not the least of Sir Ian’s achievements 
has been that he has succeeded in keeping constantly 
before his staff, and before the industry, the ultimate 
practical applications of the fundamental research 
carried out at the Foundation. 


Dr. A. H. Cook, F.R.S. 


Dr. A. H. Coox has been appointed director of the 
Brewing Industry Research Foundation at Nutfield 
at the age of forty-six in succession to Sir Ian Heil- 
bron. Dr. Cook gained the Ph.D. degree for research 
in organic chemistry at the Imperial College of 
Science and Technology, London, and after a further 
period of study at Heidelberg, worked for some time 
in the field of dyestuff chemistry with Imperial 
Chemical Industries, Ltd. In 1937 he joined the staff 
of the Imperial College where, with Sir Ian Heilbron, 
he did notable work on the chemistry of penicillin. 
In 1946 he was appointed reader and assistant pro- 
fessor of organic chemistry at the Imperial College, 
and in 1951 he was eleeted to Fellowship of the Royal 
Society. Since 1949 he has been assistant director of 
the Brewing Industry Research Foundation under 
Sir Ian Heilbron. i 


The World and the Observer 


In his broadcast talk, “The World and the 
Observer”, printed in The Listener of February 6, 
Lord Russell investigates the relation between our 
sensory experiences of material things and the 
theories of the natural sciences, in particular of 
physics, concerning the ultimate nature of physical 
reality. Primary particles such as electrons cannot 
be perceived, and are quite unlike the sort of objects 
which we can perceive. Russell’s approach to the 
problem draws on physics, physiology, psychology 
and logic. His thesis may be summarized in three 
points. First, the entities dealt with by mathematical 
physics are “constructions composed of events and 
taken as units for the convenience of the mathe- 
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matician”. Secondly, everything that is directly 
perceived is private to the perceiver; it is an occur- 
rence in the brain of an individual. Thirdly, these 
occurrences are the effects of external causes, the real 
nature of which cannot be certainly known. As 
Russell says, -these doctrines have not met with great 
favour from other philosophers. The short space of 
a broadcast talk is scarcely sufficient to deploy all 
the arguments and qualifications necessary for a 
systematic defence of such general and far-reaching 
theories. One sentence 1s rendered unintelligible in 
The Listener by the misprint of ‘casual’ for ‘causal’, 
and ‘precept’ for ‘percept’. 
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The Isaac Newton Telescope and the Navy Estimates 


QUESTIONED in Committee of Supply on the Navy 
Estimates under Vote 6 (Scientific Services) in the 
House of Commons on February 13 regarding the 
stoppage of work on the Isaac Newton telescope at 
the Royal Greenwich Observatory, Herstmonceux, 
the Civil Lord of the Admiralty, Mr. T. G. D. Gal- 
braith, agreed that the telescope, the purpose of 
which is to extend the range of astronomical and 
astrophysical research, is of the greatest importance 
to the nation. Its cost is being shared between the 
Admiralty and the Treasury, but after £28,000 had 
been spent on primary design and study, of which 
£14,000 had come from the Admiralty, the project 
has now been suspended in view of the present 
financial stringency. Mr. Willis said that last year 
the expenditure was £30,000 and in the previous year 
£51,000, and he suggested that the stoppage gave 
point to the recent criticism of the Committee of 
Public Accounts. Mr. Galbraith said he could not, 
off-hand, confirm or deny these figures. As regards 
the International Hydrographic Bureau, while, as 
stated by Mr. Willis, in the past three or four years 
sales of charts had increased to 350,000, the 45 per 
cent mcrease in Income was due partly to increases 
in price. The reduction in staff was due to the 
general need to economize. On the expenditure for 
scientific services generally, in the past two years 
the numbers of scientific and experimental personnel 
and of ancillary staff have fallen substantially, and 
research and development contracts have also gener- 
ally decreased. The cuts, he said, had not affected 
important work like the development of nuclear 
propulsion, on which the Admiralty is working 
in very close co-operation with the Atomic Energy 
Authority. 


Foundation for Mutual Assistance in Africa South of 
the Sahara 


In a written reply to Colonel T. V. H. Beamish 
in the House of Commons on March 10, Mr. Ian 
Harvey, Joint Under-Secretary of State for Foreign 
Affairs, said that he had represented the United 
Kingdom at the Conference at Accra on February 
19 and 20, when the Foundation for Mutual Assistance 
in Africa South of the Sahara was inaugurated. The 
member governments were those of Belgium, France, 
Portugal, the United Kingdom, the Federation of 
Rhodesia and Nyasaland, Ghana, Liberia and the 
Union of South Africa, but other countries and 
territories in Africa south of the Sahara would be 
eligible for technical assistance under the scheme. A 
United States observer had been present at the 
Conference, but there was no commitment on the 
part of the United States Government. The technical 
assistance would take the form of the supply of 
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experts, advisers and instructors to countries in the 
region, the training of personnel from the region and 
the supply of equipment for training purposes, and 
it would be arranged unilaterally following the 
practice of the Technical Co-operation Scheme under 
the Colombo Plan. The small secretariat of the 
Foundation would act as a clearing house between 
Governments for requests for assistance and offers. 
The House of Commons would be asked to approve 
new expenditure of £20,000 by the British Govern- 
ment for such assistance during the next financial 
year. 


Chemical Engineering in a University 


Pror. P. V. DANCKWERTS, recently appointed to 
the chair of chemical engineering science in the 
Imperial College of Science and Technology, London, 
delivered his inaugural lecture entitled “Chemical 
Engineering in a University” on November 12. He 
emphasized that a university does not turn out 
chemical engineers and that its function is to explain 
to students what a chemical engineer may have to 
do, to teach them the basic principles on which 
chemical engineering depends and how to apply them 
and, above all, to train them to think for themselves. 
By way of illustration he discussed several chemical 
engineering processes broken down to show their 
complicated nature, and the scientific subjects with 
which it was necessary to be acquainted before trying 
to build them up. Since, moreover, the practice of 
chemical engineering is often in advance of the 
theory, it is imperative for a university to maintain 
the closest possible contact with industry. Dealing 
with the difficult question of research, Prof. Danck- 
werts maintained that, although desirable, research 
is not an essential part of university training. Certain 
types of research, such as process development, are, 
in many cases, unsuited to a university laboratory, 
owing to the difficulty of working on a sufficiently 
large scale; but there is a wide and important field 
in “trying to get a deeper insight into the mechanism 
of industrial processes by looking at them with a 
scientist’s eye’. Examples of possible problems 
followed, and of particular interest were those dealing 
with ‘scaling up’. Prof. Danckwerts did not venture 
to tackle the most difficult problem of all: Where is 
the teaching staff to come from? But perhaps he 
regards this as outside the scope of his subject. As 
the first of a series of inaugural lectures to be pub- 
lished by the Imperial College, Prof. Danckweris’s 
address has now been printed (“Chemical Engineering 
in & University” : Inaugural Lecture by Prof. P. V. 
Danckwerts. Pp. ii+10+4 plates. London: Imperial 
College of Science and Technology, 1958. 5s.), and 
will be found illuminating and suggestive by 
all interested in engineering education and its 
products. 


Palaeontology 


EARLY in 1957, a group of British paleontologists 
met in London to discuss the formation of an 
association to further the study of paleontology by 
the holding of meetings in London and various other 
centres, and the publication of a journal. The 
inaugural meeting of the Palzontological Association 
was held in February 1957, and we now welcome the 
new journal, Palwoniology, which made its appear- 
ance last November and is to be published half-yearly. 
The journal is crown quarto in size, and Vol. 1, 
Part 1, contains eighty-six pages and fourteen 
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collotype plates, the production being of the high 
standard associated with the Oxford University 
Press. Contributions will, it is hoped, cover all 
aspects of paleontology, and included in the first 
number are articles on the true Rhynchonella, Upper 
Viséan goniatites, the type-species of Girvanella, the 
Cretaceous ammonite Leymeriella, Encrinurus multi- 
segmentatus and its allies, and descriptions of a new 
genus of foraminifer and a new Tertiary calcareous 
alga. The membership subscription is two guineas 
annually (the price per part of the journal is 35s. or 
5.20 dollars). The president of the Association is Dr. 
R. G. 5. Hudson, and the treasurer Dr. W. 8. 
McKerrow, University Museum, Oxford. 


Evolution 


Ir has been said that the greatest and most 
enduring monument to the late Dr. O. G. S. Crawford 
is the journal Antiquity, which he inaugurated thirty- 
one years ago and edited up to the time of his death. 
He planned his last number, which appeared post- 


humously in December 1957 (pp. ii+185-257+ 
5 plates. London: Phoenix House, Ltd., 1958. 
10s. 6d. net), as a special evolution number to 


commemorate the Darwin—-Wallace centenary, and it 
is particularly noteworthy for its frontispiece of a 
hitherto unpublished sketch of Charles Darwin made 
in 1855. The number includes a concise and author- 
itative summary of human evolution by R. Singer, a 
well-reasoned statement by K. P. Oakley on the 
evidence for the earliest stages of tool-making, and 
short articles by the late Prof. Gordon Childe on 
“The Evolution of Society”, and by L. A. White on 
“Evolution and Diffusion”. Another essay, highly 
appropriate because of its relation to some of Darwin’s 
own. studies, is by R..J. C. Atkinson on “Worms and 
Weathering” ; it is the aim of this essay to direct 
attention to disturbances of the soil produced by 
worms which, unless taken into careful account, may 
tempt archeologists to base conclusions on what is 
really a falsified stratigraphy. 


Cleaning Inscriptions 


Tue Museums Journal for December 1957 includes 
an article by Dr. David Smith concerning the 
cleaning of inscriptions and sculptures in sandstone. 
The objects comprised altars, military inscriptions, 
tombstones and sculptures of the Roman and Anglian 
periods previously housed in the Black Gate Museum 
in Neweastle upon Tyne. They were cleaned in 
preparation for exhibition in the new museum 
erected by the University of Durham. The first step 
was to remove the surface dirt with a gentle spray 
of water directed from a rubber hose. For some of 
the worst cases this was the maximum treatment 
that the stone could stand. In other cases experi- 
ments were conducted with household detergents, 
dilute hydrochloric acid and fibre scrubbing brushes 
with hot water ; and steel wire scrubbing brushes were 
also used with much success. This may seem a drastic 
method, but providing the surface of the stone is sound 
and the work is done under a constant flow of hot 
water, it has been found that no harm results. Each 
stone when completely cleaned was washed and main- 
tained at a fairly constant temperature of 55° F. in 
another room. After about three months, a colloidal 
solution of silica in alcohol (ethyl silicate) was applied. 
This reinforced the natural bond of the stone, harden- 
ing it and reducing its porosity without completely 
sealing it or affecting it in any other way. 
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Remanent Magnetism 


Srupy of the naturel remanent magnetism of rocks 
is becoming a familiar method for determining the 
direction of the Earth’s magnetic field at past stages 
in its geological history, and has led to interesting 
speculations about the wandering of the geomagnetic 
poles or of the continents themselves. An alternative 
use for measurements of remanent magnetism, 
namely, the determination of the temperature of 
formation of pyroclastic deposits, is described by 
Shigeo Aramaki and Syun-ito Akimoto in the 
November 
1957). The method depends on the fact that if all the 
fragments composing & deposit of this kind main- 
tained a temperature above the Curie point of the 
constituent ferromagnetic minerals during emplace- 
ment, and cooled below this point only after coming 
to rest, their thermo-remanent magnetism must show 
a uniform orientation parallel to the geomagnetic 
field at the time and place of cooling. If, on the 
other hand, the fragments had already fallen below 
the Curie point before settling, the natural remanent 
magnetism of the fragments will have random 
orientations. Using this criterion, the authors have 
been able to distinguish between nuée ardente deposits 
and mud-flow deposits associated with several 
Japanese volcanoes and formed at various periods 
from recent historical to late Pleistocene times. 


Wilmot Breeden Fellowships 


THe Wilmot Breeden Group of Companies, the 
manufacturing interests of which include motor- 
vehicles: and gas-turbine eomponents, hydraulics and 
electronics, are sponsoring two fellowships, each 
worth £1,000 per annum, one at the University of 
Birmingham and the other at the Birmingham 
College of Technology. Successful candidates will 
divide their time between the University or College 
and the Company. The fellowships will be adver- 
tised every year in March, in odd years in association 
with the University and in even years in association 
with the College. Each fellowship will normally be 
held for a period of two years, Candidates, who should 
have an honours degree of a university in the British 
Commonwealth, a diploma in technology, or an 
equivalent qualification, should normally have had 
two or three years experience of research or industry. 
An application for a fellowship should outline a 
two-year programme of research on which the can- 
didate seeks to work. Inquiries can be addressed to 
the Secretary, Wilmot Breeden (Holdings), Ltd., 
Amington Road, Birmingham 25. 


Society of Analytical Chemistry : Officers 


Tus following officers of the Society for Analytical 
Chemistry were recently elected for the forthcoming 
year: President, J. H. Hamence; Past- Presidents 
serving on the Council, D. W. Kent- Jones, J. R. 
Nicholls, G. Taylor and K. A. Williams; Vice- 
Presidenis, N. L. Allport, R. C. Chirnside and A. A. 
Smales ; Honorary Treasurer, A. J. Amos ; Honorary 
Secretary, R. E. Stuckey ; Honorary Assistant Secre- 
tary, S. A. Price; Hx-Officio Members of Council 
(chairmen of Sections): A. N. Leather (North of 
England Section), Magnus A. Pyke (Scottish Section), 
S. Dixon (Western Section), R. Belcher (Midlands 
Section), D. F. Phillips (Microchemistry Group), 
R. A. C. Isbell (Physical Methods Group) and S. K. 
Kon (Biological Methods Group). 
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American Phytopathological Society 


Tux American Phytopathological Society is cele- 
brating its fiftieth anniversary this year, and a series 
of outstanding symposia by internationally-known 
scientists is being presented at the meeting of the 
Society with the American Institute of Biological 
Sciences in August. A book of approximately 1,000 
pages entitled “Plant Pathology—Problems and 
Progress 1908-1958”, containing more than sixty 
symposium papers, will be published by the American 
Phytopathological Society in the winter of 1958. 
The papers in this volume are primarily basic 
m content and apply to many phases of the bio- 
logical and physical sciences. Further information 
can be obtained from the American Phytopatho- 
logical Society, P.O. Drawer 1106, New Haven 4, 
Conn. 
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University News : Birmingham 


Pror. F. H. Garnrr’s tenure as professor of 
chemical engineering and head of the Department of 
Chemical Engineering has been extended for two 
years to 1960. The title of reader in mechanical 
engineering has been conferred on Dr. B. N. Cole, 
senior lecturer in mechanical engineering; and the 
following appointments have been made: Dr. R. D. 
Peacock and Dr. J. Burdon, to be lecturers in 
chemistry; T. R. Bott, to be lecturer in chemical 
engineering; D. I. Rees, to be J. Lyons research 
fellow in analytical chemistry; Dr. D. A. Heath, 
to be lecturer in pathology; and W. Marsh, to be 
lecturer in orthodontics. 

The new Chemistry Block (the first stage of which 
should be completed in 1960). is to be named the 
Haworth Building to commemorate the late Sir 
Norman Haworth, who was Mason professor and 
director of the Department of Chemistry in the 
University during 1925-48. 


London 


Dr. S. R. SPARKES, reader in civil engineering at 
the Imperial College of Science and Technology, has 
been appointed to the chair of engineering structures 
tenable at that College; and Mr. G. R. Hall, acting 
principal scientific officer at the Atomic Energy 
Research Establishment, Harwell, has been appointed 
to the readership in nuclear technology tenable at 
the Imperial College. 


Announcements 


Pror. C. A. Courson, Rouse Ball professor of 
applied mathematics in the University of Oxford, 
will deliver the 1958 Eddington Memorial Lecture in 
Cambridge, at the Arts School Lecture Theatre, 
Bene’t Street, on April 21 at 5 p.m.; his subject 
will be “Science and the Idea of God”. 


A Symposium on Molecular Structure and Spectro- 
scopy will be held in the Department of Physics and 
Astronomy, Ohio State University, during June 16- 
20. There will be discussions of the interpretation of 
molecular spectroscopic data as well as methods for 
obtaining such information. Accommodation will be 
available for those who wish to reside on the campus 
during the meeting. Further details can be obtained 
from Prof. R. A. Oetjen, Department of Physics and 
Astronomy, Ohio State University, Columbus 10, 
Ohio. 

THE 1958 Microscopy Symposium, the fifth of these 
symposia, will be held in Chicago during June 9-12 
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and will include sessions on instrumentation, electron 
microscopy, X-ray microscopy, autoradiography, 
medical and biological applications, fibres and 
plastics, forensic microscopy and structural materials. 
Exchange of ideas and techniques are encouraged in 
an informal atmosphere. Further information can 
be obtained from W. C. McCrone, jun., Walter C. 
McCrone Associates, 500 East 33rd Street, Chicago 16, 
Illinois. 


Lue Postal and Telecommunications Group of the 
Brussels Universal and International Exhibition is 
organizing an international conference on “Solid State 
Phenomena in Electronics and Telecommunications” 
to be held in the University of Brussels during 
June 2-7, Three major subjects will be treated at 
this conference : semi-conductors, magnetic materials 
and photo-sensitive and luminescent materials. 
Prospective authors of papers in those fields are 
invited to notify the organizers as soon as possible. 
Further information can be obtained from the Hon. 
General Secretary, Société Belge de Physique, 
Loverval, Belgium. 


A CONFERENCE on “Noise”, with particular 
reference to industry, organized by the British 
Occupational Hygiene Society, will be held at tho 
Canterbury Hall, Cartwright Gardens, London, W.C.1, 
on April 1. The conference is open to non-members 
of the Society on payment of a registration fee of 
one guinea. Mr. T. E. Cawthorne (King’s College 
Hospital) will discuss the physical disturbances pro- 
duced by excessive noise; Dr. T. S. Littler (Wernher 
Research Unit on Deafness) will describe the tech- 
niques of measuring noise; Dr. A. E. Carpenter 
(Applied Psychology Research Unit of the Medical 
Research Council) will deal with the disturbance of 
mental performance caused by noise; and the sup- 
pression of noise will be dealt with by Mr. N. Fleming 
and Mr. W. C. Copeland (National Physical Labor- 
atory). Further details can be obtained from the 
hon. scientific secretary, Dr. D. Turner, Associated 
Ethyl Co., Ltd., Ellesmere Port, Cheshire. 


Tae Non-destructive Testing Group of the In- 
stitute of Physics has organized a joint conference 
with the Société Frangaise de Métallurgie, to be held 
in Paris during June 16-20. The theme is to be the 
utilization of physical properties for studying the 
relationships between the constitution, structure and 
service behaviour of metals, and there will be both 
French and English chairmen at each discussion 
session. The conference, for which there is no fee, is 
primarily intended for members of the Institute of 
Physics, but there will be limited accommodation 
for non-members. A parallel programme, including 
visits to Malmaison and St. Germain, is being 
arranged by the French Metallurgical Society, and 
members’ ladies are expressly invited on this occasion. 
Those who wish to attend should apply, before 
March 24, on forms obtainable from Mr. L. Lawrence, 
Institute of Physics, 47 Belgrave Square, London, 
S.W.1, to whom all inquiries should be addressed. 


ERRATUM. In the article by Dr. E. B. Kraus 
entitled “Recent Climatic Changes” in Nature of 
March 8, p. 666, the formula in the second paragraph 
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TECHNOLOGICAL EDUCATION IN BRITAIN 


á | ‘HE development, up to July 1957, of courses 
leading to the new Diploma in Technology is 
recorded in the first report of the National Council for 


Technological Awards, which was published on | 


November 21*. At that date there were 965 students 
in thirty-seven courses leading to the new award. 
The report gives a full list of the courses now in 
progress which have been approved ; these include 
applied chemistry, applied physics, applicable mathe- 
matics, applied pharmacology, applied biochemistry, 
aeronautical engineering, mechanical engineering, 
civil engineering, electrical engineering, and produc- 
tion engineering. Of 123 applications which had been 
received, 83 had been considered by July 31, 1957, 
and of these 49 were accepted and 34 rejected. The 
49 accepted comprised 29 existing courses and 20 
proposed new courses. 

The report opens with a brief review of the events 
leading up to the establishment of the National 
Council, with its two boards of studies, one for engin- 
eering and one for technologies other than engineering. 
The constitution of the subject panels which deal with 
individual technologies is then mentioned and the 
procedure for the consideration of courses is described. 
The written submission from a college is considered 
by the appropriate subject panel, and, generally, the 
college is visited by members of the Council, the object 
of the visit being to inform the Council of the setting 
in which the course would be conducted, to meet the 
principal of the college and his staff, to see the 
equipment and accommodation available, and in 
general to enable the Council to form a better assess- 
ment of the position than could be done on. the basis 
of the written application alone. 

Several of the important features of the scheme 
receive comment in individual paragraphs of the 
report. Recalling that the standard of admission to 
courses is either five subjects in the General Certificate 
of Education, of which two appropriate to the course 
must be at Advanced Level, or a ‘good’ Ordinary 
National Certificate, the comment is made that the 
Council has not attempted to establish a definition of 
‘good’ for this purpose, but has considered individually 
the proposals put forward by colleges. It is pointed 
out that there is also provision for the entry of students 
not possessing these qualifications but who have com- 
' pleted successfully a course of preliminary training. 

Dealing with syllabuses, the report reiterates that, 
in all courses approved, the study of fundamental 
science and technology and their application provides 
a course of disciplined study fully equivalent to that 
leading to & university honours degree. The interest- 
ing comment is made in this section that in relation 
to some of the courses which the Council has rejected. 
the weakness has been one, not of inadequate syllabus 
content, but of overcrowding the syllabus, resulting 
in an excessive number of hours in the week assigned 
to formal classes. 

The importance of providing a reasonable amount of 
time for private study is emphasized and it is remarked 
that few colleges have adequate space available for 
this purpose. This, it is implied, is associated with 


* National Council for Technological Awards. Report for the period 
December 1955 to July 1957. Pp. 20. (London: National Council 
for Technological Awards. 1957.) i 


inadequate library facilities—a situation which is 
being rectified. 

Specific reference is made to the ‘project’ as an 
important part of the work of the course in the final 
year, and it is suggested that the project may well 
serve as a link between the industrial training and the 
subjects studied. Liberal studies which might serve 
to give the student some appreciation of the social and 
economic significance of the technology he is studying 
are expected to form part of the curriculum and should 
constitute subjects which are examined. It is recog- 
nized that the best methods of incorporating such 
liberal studies are still very much a matter of experi- 
ment, and an appreciative reference is made to the 
serious way in which colleges are tackling the pioneer 
work to be done in this matter. 

In regard to staff, special reference is made to the 
report of the Special Committee on the Supply and 
Training of Teachers for Technical Colleges. Of . 
particular urgency are the matters of reducing the 
excessive teaching load carried by many teachers in 
technical colleges, the provision of adequate research 
facilities and of adequate research assistance and 
clerical assistance. Associated with these are several 
other recommendations from the report, among 
which may be mentioned the proposal that “senior 
members of industrial staffs should be given a special 
status in colleges permitting them to be closely 
identified with all the academic activities of the 
college” and the “appointment of representatives of 
industry and commerce to, college Governing Bodies 
as a means of ensuring the effectiveness of the college’s 
work and of helping to secure part-time staff from 
industry”. 

Another of the fundamental principles upon which 
the Diploma in Technology is based is restated in the 
report in the words: “The Council regard & course 
leading to the Diploma in Technology as a complete 
entity, the industrial training being just as much a 
part of the course as the academic study”. Full and 
wholehearted co-operation between college and indus- 
trial firm is essential if works experience and academic 
studies are to be genuinely complementary. The 
view is expressed that such close and effective associa- 
tion may well be difficult to achieve when a number of 
small firms are involved, but its attamment is of 
the utmost importance as it constitutes one of the 
most valuable—and indeed unique—features of the 
scheme. Associated with this is the problem of main- 
taining an appropriate amount of study during the 
works periods. 

The Council is confident that the substantial build- 
ing programme now in progress will remove the 
majority of the many deficiencies in accommodation 
found in colleges. These deficiencies have in the main 
concerned amenities for student social activities, 
libraries, accommodation for project work and private 
study, and for research by staff. Residential accom- 
modation for students is regarded as essential, but 
the initial absence of such facilities has not prevented 
the recognition of courses. 

The main body of the report concludes with a 
statement that the Council has set up a special com- 
mittee to make recommendations as to what post- 
graduate award the Council should offer. Six appen- 
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dixes provide information concerning the governing 
body, boards of study, courses in progress which 
have been recognized and new proposed courses, 
together with notes about the subjects of courses 
approved and rejected. The last two appendixes 
state the examination arrangements and give the 
decisions of the Council concerning the minimum 
length of a sandwich course, and conditions for 
exemption from the first year of the course. 

It is evident from the report that the response of 
technical colleges to the institution of the new award 
has been excellent. The relatively high rate of 
rejection for courses offered has been due to the 
insistence of the Council on the maintenance of fully 
adequate standards, a matter of paramount impor- 
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tance in the establishment of the standing of the new 
award. 

Enrolment of approximately one thousand students 
in the courses recognized up to July of last year 
represents a substantial and encouraging start to a 
project which should make a great contribution to 
meeting the need of Britain for additional technolo- 
gists. Although the appendixes to the ‘report give 
considerable detailed information about the position, 
one vital factor is absent, namely, the distribution of 
students in relation to their method of satisfying the 
entrance requirements. In assessing the net gain, 
the real criterion is that of the sources from which the 
men are drawn, and it is to be hoped that in future 
reports this information will be presented. 


SCIENCE EDUCATION IN MALTA 


URING Malta’s tenth education week, which was 
organized by the Malta Union of Teachers 
during May 4-11, 1957, Prof. G. P. Xuereb, dean of 
the faculty of medicine and surgery in the Royal 
University of Malta, discussed the place of science in 
the Maltese educational system. 

There is in Malta an acute realization of the fact 
that changes are necessary in the educational system. 
The social environment has changed, and educational 
methods have become unrelated to the social back- 
ground. There must be an intimate and indissoluble 
connexion between the pattern of an educational 
system and the social order for which it is preparing 
the citizens. 

One of the principal causes of the maladjustment 
between Maltese education and the country’s needs 
lies in the fact that the new scientific knowledge, 
from which social changes have sprung, is incorporated 
very imperfectly in the educational system. 

The majority of Maltese educated men and women 
are unaware of the way scientific discovery has 
shaped society in the past and of the way in which 
it might change it in the future. Inadequacy of 
science teachers is imperilling the introduction of the 
sixth forms in school. The Civil servant is having to 
face the administration of industry, trade develop- 
ment, public health, statistics, technical education, 
labour and social services created by forces that his 
education did nothing to lead him: to understand. 
Everywhere there are improvized methods, because 
education has given no training. 

Scientific studies are not providing the social 
stimulus and the intellectual training which they 
should. Judged by the actual hours of teaching, 
science is still a minor subject in general education. 
Many teachers still believe that science should not 
be taught as part of a general education—a belief 
disguised laconically by the statement that they wish 
to avoid “‘premature specialization”. 

The content of the science courses also leaves much 
to be desired: the course must be coherent so that 
everybody realizes the connexion between the succes- 
sive parts of his science work. Instead of coherence 
there is a strong bias towards physics—and physics 
in its most arid form. Chemistry is not yet estab- 
lished. Biology, far from being taught as the natural 
history of animals and plants, is ‘nature study’ and 
is hurriedly jostled out of the curriculum when it 
arouses the inborn curiosity of youth. Science is 


being taught as a collection of laws and facts rather 
than as a constantly growing body of knowledge with 
social implications of vital importance. The social 
repercussions of science are relegated to a few isolated 
industrial applications. Briefly, science is presented 
as a dead body of facts, rather than as a living cultural 
and social force. 

When these boys go to the Royal University, a 
course in general science is quickly prescribed for 
the lawyers, legal procurators and theologians of 
to-morrow. In this course the lecturers ensure that 
the students learn to believe the authority of the 
master or text-book and to reproduce the text when 
asked. These students are confined to the lecture 
room and are never referred to the laboratories. 

The science courses are not much better themselves. 
Science students spend two years at the University 
acquiring the basic theoretical and practical know- 
ledge which they should have more appropriately 
gathered in the secondary schools. Then, when they 
are ready to absorb some scientific method, they are 
passed on to the intermediate course in medicine, 
pharmacy, architecture and engineering. In medicine 
considerable time is devoted to introducing them to 
the sequence of hypothesis followed by experiment 
or observation and then analysis. Is it surprising 
that nearly 70 per cent of science students fall by the 
wayside and that only 30 per cent obtain a medical 
qualification ? 

In, the past three years the University has taken 
certain steps to ensure that science is brought into 
closer relationship with the needs of life. A four-year 
course for Civil servants has been instituted leading 
to a diploma in social and political administration. 
Scholarships in biology, chemistry and physics have 
been provided, and three Maltese graduates are 
now at Oxford and London taking the honours school 
in these specialities before appointment to lecture- 
ships in science. The University of Malta will shortly 
be requiring matriculation in chemistry and in physics 
or biology from prospective science students. The 
University has drawn up plans for reform in the course 
of pharmacy. The libraries have been put on a 
scientific basis, science laboratories are now completed 
and funds have been secured for the building of a 
medical school. These measures are a beginning : 
they will contribute greatly towards bringing the 
Maltese educational system into line with a changing 
social environment. 
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MANAGEMENT 


AS a, conference organized by the British Institute 
of Management at Harrogate during January 
22-24, more than & hundred representatives from 
leading industrial organizations in Britain discussed 
the finding and development of managers for 
industry. l 

To open the conference, Mr. E. F. L. Brech, of 
Urwick, Orr and Partners, examined the motives 
which cause young men to choose a managerial 
career. The goal could be money, the idea of power, 
prestige, or a wish to cover up the man’s sense of 
inferiority. Mr. Brech suggested that these reasons 
are inadequate. The essence of management is 
responsibility for a social task, and the better 
educated mind should be attracted to management 
with the offer of a satisfying social job rather than 
for the financial return. 

He wondered whether the advertisements selling 
the idea of a big and lucrative future in management 
were carrots to draw in bright young men who would 
not be given a chance to get ahead. Many men now 
in top managerial posts should not be there, and 
firms should keep their eyes open and remove incom- 
petent men before they got too far. The responsibility 
of management is to do the job efficiently and 
economically. Good human relations lead to good 
morale and so help to achieve this end. 

Here, Mr. A. Brown, administration and personnel 
director, Mars, Ltd., suggested that all companies 
should adopt an appraisal system to ensure that all 
human resources in the company are looked at 
systematically at least once a year. The right man, 
the best man for the job, should be sought within 
and without the company. 

If the company needs a ‘go-getter’, then he should 
be sought. If the company needs a systematic, con- 
servative type, he should be looked for. Small and 
medium-sized firms must often rely on large firms to 
train managers who will either find inadequate or 
too distant scope in those firms and seek work in 
the smaller company with its close relationships and 
opportunity for wide experience. 

When selecting men as managers there must be 
not only a job specification but also a full definition of 
the requirements of the job in relation to the organ- 
ization, its personnel and future planned develop- 
ment. It is desirable to know who the man will 
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work with. Is a systematic or intuitive approach 
required in the job as envisaged? ‘These are the 
kind of facts which should be known but rarely are. 

If the company has a natural successor for an 
appointment, it should dispense with elaborate 
selection methods. If the company is satisfied that 
it has the right man after examining all information 
and records, the selection should be made there and 
then. 

Mr. W. W. Ferguson, of James Williamson and 
Son, Ltd., suggested that, to find the right man, the 
old Army custom of making men into acting tem- 
porary unpaid lance-corporals should be tried on the 


shop floor. In this way, argued Ferguson, it could be 


discovered whether the prospective foreman was & 
good leader and, by letting him work with a carefully 
chosen foreman, he could be seen in action. If he 
were satisfactory, all would be well; if not, he could 
be returned to his previous job. 

This assumption was not generally accepted. One 
or two delegates supported Mr. Ferguson, but many 
others rejected his plan as impractical. Most of the 
delegates felt that in industry it was no easy thing 
to lower a man’s status after raising it, and that the 
temporary foreman would suffer as he could have no 
real authority during his trial period. 

In an informal discussion, the conference con- 
sidered a suggestion that the end of National Service 
would be the end of an interlude which did much 
useful work in disciplining the nation’s industrial 
recruits. More than one speaker claimed that industry 
could get along quite well without this service, and 
that it could undertake its own teaching of discipline 
and training of apprentices. 

One of the general conclusions emerging from the 
conference was that management development is 
supported only by & representative, sincere and pro- 
gressive slice of British industry. More than once 
voices were raised to ask whether top management— 
the policy makers and leaders of industry—was yet 
sufficiently convinced of its practical value. 

Examples were given of firms with comprehensive 
management development programmes sympathetic- 
ally encouraged by the men at the top: so were 
more cynical views that top management thought 
such programmes a waste of their valuable time. 

T. H. HAWKINS 


ELECTRON MICROSCOPISTS 


T the fifteenth annual meeting of the Electron 
Microscope Society of America, which was held 
at tho Massachusetts Institute of Technology on 
September 11, 1957, the president, Dr. J. H. L. 
Watson, head of the physics department of the 


Edsel B. Ford Institute for Medical Research (Henry . 


Ford Hospital, Detroit 2, Michigan), gave a summary 
of the results and conclusions of a survey which he 
had recently conducted on the subject of what was 
expected professionally of a trained electron micro- 
scopist. The survey was made by questionnaire and 
letter addressed to two hundred electron microscopists 
and directors or supervisors of laboratories in which 


electron microscopy is used. One hundred and thirty- 
nine answers and opinions were received, but despite 
the diverse fields of application in the various institu- 
tions the replies showed a surprising unanimity. 

A good laboratory attitude, a co-operative person- 
ality, scientific imagination, and patience, were the 
particular personal qualities required. Familiarity 
with the particular field of application, in addition to 
electron microscopy, was stressed, as was also the 
importance of ability to inform others clearly and 
concisely of the work in progress. No desire was 
expressed by the biologists or non-biologists for a 
difference in training of scientists for electron micro- 
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scopy in their respective spheres, except that the 
non-biological institutions mentioned that especial 
emphasis should be given to optical microscopy. The 
replies included eleven from sources outside the 
United States, but their requirements were almost 
identical with those from the industrial non-biological 
institutions, differing only in that ‘skill in photo- 
graphy’ was asked for in preference to ‘knowledge of 
allied instruments’. 

Tn almost all cases the duties expected of a trained 
electron microscopist were expected in a high order 
of perfection—not Just to maintain the instrument, 
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but to maintain it ‘at its peak’—thus demanding & 
maximum of experience and training in the field and 
indicating a preference for postgraduate training. 
Dr. Watson referred to the great shortage of 
research electron microscopists in the United States 
of America and stated that a strong plea could be 
made for graduate university courses in electron 
microscopy where men from diverse fields could be 
trained in the fundamentals of the subject and 
conduct electron microscopical research in their 
respective fields leading to postgraduate degrees. 
S. WEINTROUB 


FREEZING FISH AT SEA 


PRIMARY aim of the work at the Torry 

Research Station of the Department of Scientific 
and Industrial Research is the improvement in 
quality of fish as sold to the consumer. Particular 
attention has been paid to the problem of fish, 
principally cod, caught in Arctic waters, since the 
earlier part of the catch may be some twelve days 
old when it is landed. During the voyage the fish 
are stowed in holds in crushed ice, and it is obvious 
that the quality at landing could be markedly 
improved if the fish were quick-frozen soon after 
catching. “Report on an Experiment into the 
Freezing of Fish at Sea” (pp. 65+6 plates. London : 
White Fish Authority, 1957. 58.) is & record of an 
extensive and impressive large-scale experiment to 
examine the practical feasibility of such a scheme 
of quick-freezing at sea. The technical develop- 
ments were undertaken by the Department of 
Scientific and Industrial Research, and in the field 
work the White Fish Authority and the trawler 
owners gave full co-operation. 

Five main phases of the technical work are fully 
described: (1) the experimental development in the 
Torry engineering laboratories of a suitable type of 
freezer for whole cod; (2) the sea-trials of a proto- 
type freezer in the Station’s motor fishing vessel ; 


(3) collection and analysis of operational data on 
fourteen typical trawler trips to northern waters, 
to provide a design basis for a full-scale plant ; 
(4) the construction and shore testing of the full- 
scale freezing plant and the conversion of a typical 
trawler, Northern Wave, to take the installation ; 
(5) the results of the eight experimental voyages 
with the freezing plant in action. 

The freezing plant has a capacity of about 8 tons 
of fish per day and roughly 23 per cent of all fish caught 
was quick-frozen. Freezing was effected by direct- 
contact plates through which refrigerant at — 40° F. 
was circulated, and the frozen blocks were stored at 
— 20° F. in a specially installed cold store. 

Details are given of the marketing experience and 
reaction to the product, and the financial and econ- 
omic implications are summarized. ‘The scale of 
the experiment was not large enough to permit of 
firm conclusions on all these points, but the 
findings should be of marked assistance to trawler 
owners contemplating the adoption of freezing at 
gea. The outstanding feature of the experiment was 
the successful performance of the freezing equipment 
under ell weather conditions, and the technical 
feasibility of the project was amply demon- 
strated. 


`, CARTOGRAPHY 


T frst volume of the official records of the 
first United Nations Regional Cartographic Con- 
ference for Asia and the Far East consisted of the 
report of the Conference. This has now been 
supplemented by a second volume*. Of this, the first 
22 pages, or about one-sixth, consists of summary 
records of the discussions, which took as their starting 
point a recognition that “accurate maps are & pre- 
requisite to the proper development of the world 
resources which in many cases lie in relatively un- 
explored regions”, and that topographical mapping 
must necessarily precede geological or other special- 
ized surveys. Delegates were concerned largely with 
the need of the less-developed countries for technical 
assistance in both survey and map compilation ; and 
with the means by which publication of further 
sheets of the International Map of the World on 
the Millionth Scale might be encouraged. The 


* United Nations Regional Cartographic Conference for Asia and 


the Far East, 15-25 February, 1955, Mussoorie, India. Vol. 2: Pro- 
ceedings of the Conference and Technical Papers. Pp. X+133 +2 maps. 
(New York: United Nations; London: H.M. Stationery Office, 


1957.) 1.50 dollars; 118.5; 6.50 Swiss francs. 


“Technical Papers” follow and vary from an. account 
of the status of publication of the Tnternational Map 
accompanied by communications on its future from 
various interested parties to descriptions of some of 
the most recent developments in survey methods. 

The report on the “International Map of the World 
on the Millionth Scale’* is, except to the carto- 
graphically well informed, a most misleading docu- 
ment. It misleads particularly by its index map, 
which conveys the impression that the Map itself 1s 
well on the way to completion. This is far from. being 
the case, and since it is important that scientists 
generally should be aware of the realities of the 
situation regarding this basic map of the world, it is 
well to recall the history of this project. 

The original proposal for an international map of 
the world on a scale of 1:1 million (about 16 miles 
to 1 in.) was made by Prof. A. Penck at the Inter- 
national Geographical Congress in Berne in 1891. It 


* International Map of the World on the Millionth Scale: Report 
for 1955 prepared by the Secretariat. Pp. ilit84+1 map. (New 
York: United Nations; London: H.M. Stationery Office, 1957.) 
0.80 dollars; 5s. 6d.; 3.50 Swiss francs. j 
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was recognized from the outset that the standard of 
the surveys from which it would be compiled varied 
greatly in different parts of the world, but it was felt 
that if the sheets were published in a uniform style 
and those features which had only been roughly 
explored were clearly distinguished, a very useful 
map would result. It was discussed at succeeding 
(4-yearly) conferences and by 1910 detailed speci- 
fications for projection, sheet lines, conventional 
signs and layer colouring had been drawn up, with 
the object of ensuring that sheets published by 
different countries should be as much @ part of a 
uniform series as if they had been issued by the same 
publisher. By 1914 about a dozen sheets had been 
published. During the War several sheets wero 
issued in styles closely approximating to that 
specified, but the Paris Conference of 1913 had 
ruled that sheets not completely conforming could 
not be regarded as part of the International Map, 
and in the first report of the Central Bureau of the 
Carte International du Monde (1921) two index 
diagrams were printed—one showing international 
sheets and the other sheets sufficiently similar to be 
conveniently used to supplement them. This dis- 
tinction was confirmed by the conference of 1928 
and firmly adhered to in the period between the 
Wars. Some of the most important contributions, 
including the American Geographical Society’s series 
of sheets of Hispanic America, which was commenced 
in 1922 and completed in 1945, fall in the latter cate- 
gory, though they closely resemble Internationalsheets. 

In 1939 a map on this scale was again found to be 
most useful, and many sheets were prepared by 
military establishments. As time went on, they 
departed more and more from the specifications for 
the International Map and by the end of the War 
the position was very confused. In September 1953 
the functions of the Central Bureau at Southampton 
were transferred to the United Nations Cartographic 
Office and an attempt was made to find out what 
had been published. The first result was an index 
diagram in World Cartography, Vol. 3. The report 


INSECTS OF 


HE attention of students of the terrestrial 

Arthropoda in general is directed to a series of 
publications by the Bernice P. Bishop Museum, 
Honolulu, Hawaii, entitled “Insects of Micronesia’’. 
The geographical area covered includes practically 
all the oceanic islands of the north-western Pacific 
Ocean west of the 180th meridian and north of the 
equator. The chief island groups are the Marianas, 
Carolines, Marshalls and Gilberts, and the isolated 
islands are Ocean, Nauru, Wake, Marcus, the Bonins 
and the Volcano Islands. Altogether, Micronesia 
comprises some 2,400 islands under the adminis- 
tration of the United States, the United Kingdom 
and Australia. The former Japanese possessions, the 
Bonin Islands, Voleano Islands and Marcus, are now 
under United States mandate. 

This series is based largely on the collections made 
between 1947 and 1953 by the Pacific Science Board 
(U.S. National Research Council) with the financial 
support of the U.S. Office of Naval Research, but 
much material was collected during the Second World 
War by American Service-men and previously by 
Japanese workers headed by Prof. Teiso Esaki, of 
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of the regional cartographic conference referred 
to above contains a reproduction of this diagram, 
which bears the date January 1957, though World 
Cartography, Vol. 4, which was published in the 
first half of 1956, and was devoted entirely to the 
International Map, contains a later diagram showing 
many more sheets, particularly in Asiatic Russia and 
Australia. It also contains most useful reproductions 
of the resolutions of 1913 and 1928. 

The report for 1955 on the International Map of 
the World on the Millionth Scale (published in 1957) 
again shows more sheets, this time mostly of China. 
In both cases it is explained that the additional 
sheets are not necessarily newly published, but that 
their existence had not previously been reported to 
the United Nations. However, an inspection of the 
tabulated list of sheets reveals the fact that a great 
many, particularly of these additional sheets, are 
published by either the Geographical Section of the 
General Staff of Great Britain, or the Army Map 
Service of the United States, and are for “official use 
only, and not for sale or distribution”. What is not 
revealed is the equally important fact that in general 
they depart considerably from the specifications for 
the International Map, though it is made clear that 
many of those of China are in black-and-white only 
and in the Chinese language. In fact, almost no 
reference is made to the distinction so carefully 
drawn in the years before 1939 between International 
and other sheets. Since the latter have become so 
very heterogeneous, some of them having little except 
projection and sheet lines in common with the Inter- 
national Map, the report is of little value as a guide 
to the present state of what used to be known as the 
Carte International du Monde. It would be a great 
pity if the challenging but very desirable and, one 
hopes, not unattainable objective of a homogeneous 
series of maps covering the whole world which for so 
long received the support of many distinguished 
geographers and surveyors should become obscured 
by a welter of second-rate publications, not all of 
which are even on public sale. <A. M. FERRAR 
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the University of Kyushu. Since 1953 the work has 
been financed by the U.S. National Science Founda- 
tion, which has also assisted in the publication of 
the series. 

“Insects of Micronesia’ is planned to appear in 
twenty volumes which will be published at irregular 
intervals when ready. Vol. 1, which explains the 
scope and aims of the series as well as discussing the 
environment and natural history, was published in 
1954 and is by Dr. J. Linsley Gressitt, entomologist 
at the Bishop Museum and leading spirit in this 
ambitious project. Vol. 2, published in 1955, is a 
comprehensive bibliography together with a subject 
index and is by Prof. Teiso Esaki, E. H. Bryan, jun., 
and J. L. Gressitt. Vol. 3 will be devoted to the 
Arachnida, Vol. 4 to the Crustacea, and Vols. 5-19 
to the insect orders, followed by a summary in 
Vol. 20. Although none of these volumes has been 
completed, twenty-two parts have been issued to date. 

This work is being undertaken by 115 specialist 
authors representing about fifty institutions in some 
thirteen countries, and is an example of the inter- 
national effort required to deal with the vast assem- 
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blage of insects. Some idea can be gained of the 
increase in knowledge resulting from this publication 
by reference to the most recent issue, Vol. 7, No. 3, 
Heteroptera Aradidae, by Ryuichi Matsuda and 
Robert L. Usinger, in which the number of known 
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species of this obscure family of fungus-feeding bugs 
is raised from thirteen to forty. 

It is to be hoped that ‘Insects of Micronesia” will 
be successfully concluded in the not too distant 
future. W. E. CHINA 


A TRAP FOR INSECTS BITING SMALL VERTEBRATES 


By Dr. W. H. R. LUMSDEN 
East African Virus Research Institute, Entebbe, Uganda 


N estimating the biting insect attack on man the 
bait may be made to perform the work of catching, 
as in the 24-hr. catch system with human catchers}, 
and so confusing factors are minimized. In the case 
of other animals, however, a difficulty arises. If men 
are used for catching the insects alighting to feed on 
an animal bait, it remains in doubt whether the 
insects are primarily attracted to the animal or to 
the men, only biting the animal secondarily. Con- 
versely, some of the insects biting the men might be 
expected to bite the animal if it was alone. Previous 
attempts to resolve this difficulty with unattended 
traps baited with animals have employed traps with 
restricted inlets*, Such traps are very successful for 
some species of mosquito, less so for others, perhaps 
because species vary widely in their readiness to 
enter. Further, these traps do not retain all the 
insects entering them ; a certain, probably variable, 
proportion escapes’. The essentials of an improved 
design appeared to be that access to the bait should 
be as open as possible and that insects attracted to 
the bait, and captured, should not be able to escape 
afterwards. Some reconciliation of these apparently 
mutually exclusive characteristics has been accom- 
plished in the trap to be described, which samples at 
regular intervals the flying insects in the vicinity of 
a bait which is as nearly as possible freely 
exposed. \ 

A first design of trapt employed a horizontal flow 
of air over the bait. Although it was successful its 
efficiency was considered likely to vary with changes 
in wind direction and velocity, and so it has been 
superseded by a vertical design (Fig. 1). A ‘Vent- 
Axia” 12-in. fan is mounted on a framework of iron 
strip and rod over the centre of a platform of hard- 
board. The trap is quite open around the platform 
for a height of 15 cm. Above this, and up to the 
base of the fan assembly, a conical space is partially 
enclosed by truncated sectorial pieces of transparent 
cellulose acetate sheet between the edges of which 
are spaces about a centimetre wide. The bait, in the 
middle of the platform, is thus visible from all direc- 
tions above the horizon except from directly and 


nearly directly overhead, and access of insects to it is. 


practically unimpeded. Above the fan a metal 
cylinder carries a wire gauze funnel which leads 
laterally to a small chamber fitted with a collecting 
bottle ; the bottle contains a killing agent—potassium 
cyanide or pyrethrum. 

The switching of the fan motor is performed by a 
‘Sunvic’ hot-wire vacuum switch, using as a control 
an ordinary alarm clock the minute hand of which 
trails a piece of hair-spring over a surface of aluminium 
foil out of which are cut sectorial pieces to correspond 
with the desired ‘off’ periods. 
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Comparisons of the performance of the first design 
of trap on various cycles of operation—continuous 
running and ‘on’ and ‘off’ periods, respectively, and 
2 and 3 min., 5 and 5 min., and 2 and 8 min.—led to 
the selection of ‘on’ 24 and ‘off’ 5 min. periods giving 
eight complete cycles per hour. This cycle has been 
retained in the larger trap with, so far, no further 
experimentation. Other pilot studies with the first 
design of trap concerned the effect of different 
animal baits, the periodicity of activity and the 
effects of different environments and levels. All these 
studies gave promising results although the numbers 
caught were only moderate ; for example, in sixteen 
nights at ground-level in the compound of the 
Institute, 940 mosquitoes were taken on four guinea 
pigs as bait—an average of 59 per night. The new 
design appears much more effective; under approx- 
imately similar conditions both with regard to trap 
operation and expected mosquito density the new 
design took 2,449 mosquitoes on one rabbit in five 
nights, an average of 490 mosquitoes per night. 

Some first results to indicate the efficiency of the 
new design are as follows: . i 

(a) The effect of the bait; 10 all-night runs, 
alternately with and without a grey rabbit; ground- 
level, East African Virus Research Institute com- 
pound (see Table 1). 

The occurrence of small numbers of mosquitoes in 
the trap in the absence of bait is to be expected as 
the trap will catch mosquitoes entering it by chance 
at the appropriate time. However, in this particular 
case a cage which, fouled by the animal, may have 
some attractive power, was present in both series. 


820 
Table 1 


Arithmetic mean number of 
females caught per night 
Mosquito species —_—_—_—_ 


Taeniorhynchus metallicus 
Suscop 


copennatus 
africanus 
uniformis 
Culex spp. indet. 





(b) The effect of position; 12 all-night runs, 
alternately at ground-level and 3 m. above it, in a 
tree; bait, one grey rabbit; Hast African Virus 
Research Institute compound (see Table 2). 

Transference of the catching position into the tree 
is associated with a reduction in attack by some 
species and an increase by others. 

Most of the mosquitoes caught are unfed and 
therefore may be assumed to be caught when 
exploring the bait preparatory to biting. 

In conclusion, it may be pointed out that, besides 
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Table 2 
Arithmetic mean number of 
females caught per night 
Mosquito species 

Ground Tree 
Uranotaenia ap. 0-0 0-2 
Ficalbia plumosa 0-2 0:0 
Taentorhynchus metallicus 0-5 3-2 
EPERRTS 0-0 0-2 
Juscopennaius 269-5 26°7 
aurites Ep. 0:7 4? 
africanus 0°8 0-0 
uniformis 0-8 0-0 
Aédes africanus 0-2 0-2 
Culex annulioris 0:0 0-2 
spp. indet. 1°38 11°8 

Total—mean 1,704—284-0 282—47 -0 


the uses indicated above, the trap has possibilities 
for the investigation of the potency of attractants 
other than those emitted by the bodies of 
animals. 


1 Haddow, A. J., Bull. Ent. Res., 45, 199 (1954). 
2 Magoon, E. E., Bull. Ent. Res., 26, 363 (1935). 
* Bellamy, R. E., and Reeves, W. O., Mosgutto News, 12, 266 (1952). 


‘Lumsden, W. H. R., B.A.V.R.1, Ann., Rep., No. 6 (Governmen 
Printer, Nairobi, 1956}. 


ELECTRON MOBILITY IN BIOLOGICAL SYSTEMS AND ITS 
RELATION TO CARCINOGENESIS 


By Dr. R. MASON 
Department of Chemical Crystallography, University College, London, W.C. I 


N 1941, Szent-Györgyi suggested that some bio- 
chemical processes could be better understood if 
protein molecules and extended systems of proteins 
were imagined to possess common energy bands 
similar to those which are derived from the collective- 
electron model of crystals; the conductivities of 
dyed protein films were later cited? as evidence for 
the usefulness of such an approach, although such 
limited data were scarcely conclusive. A good deal 
of other suggestive, but still not conclusive, evidence 
led Evans and Gergely* to examine theoretically the 
possibility of bands of energy-levels in proteins as a 
consequence of electronic conjugation through the 
w-orbitals in & protein structure represented by the 
scheme shown in Fig. 1. 

These authors concluded that a banded structure 
was possible and indeed would actually confer a 
small extra stability on the system; their rests, 
with nitrogen assumed to be trigonal planar (the 
most likely stereochemistry), are given in Table l, 
which lists the range of energy bands in eV. relative 
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Table 1. RANGE oF ENERGY BaNnDps (eV¥.) 









~ 


Doubly filled 
Doubly filled 
Unfilled 


to the lowest filled level, together with the electronic 
population of the bands. 

Three main conclusions were discussed by Evans 
and Gergely: a protein structure is non-conducting 
in the ground-state and can assume conducting 
properties only on excitation; the width of the 
forbidden zone (~ 3 eV.) is such that conduction can 
never be realized by thermal excitation, but can take 
place by the absorption of photons of suitable energy ; 
finally, the narrowness of the bands, as compared with 
@ metal or graphite structure, suggests “that in order 
to transfer electrons to or from empty or full levels 
of another system, the energy levels of the structures 
must be closely matched’. 

The calculations received, perhaps unexpectedly, 


- excellent confirmation from the measurements of 


Eley et alt of the semiconductivity of proteins. 
Plasma albumin, fibrinogen and edestin were shown 
to possess conducting properties which are consistent 
with a band structure having an energy gap of 
2:1-2:6 eV. Later work® described dry hemoglobin 
as having a semiconductivity with an energy gap of 
2-7 oV., while separation into globin and hem gave 
observed gaps of 3:0 and 1-8 eV., respectively ; it 
was also suggested that while these experiments had 
been carried out on denatured proteins, similar 
results were indicated for natural hemoglobin. 

The importance of the conclusion reached by Evans 
and Gergely regarding the requirement for close 
matching of energy-levels if charge transfer is to 
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take place can be discussed from the pomt of view 
of a molecular complex formed from a protein and 
an aromatic hydrocarbon (the latter is chosen 
because of the availability of data from quantum- 
mechanical methods concerning energy-levels, etc.). 
The conditions which must be satisfied in such a 
complex, if electrons are to be transferred from one 
molecule to the other, have been pointed out by 
various authors (see, for example, ref. 6), and may 
be written in the form 


hy =Ip—Ha— A 


where hy is the energy required to bring about 
charge transfer, Jp the ionization potential of the 
donor, #4 the electron affinity of the acceptor and 
A the stabilization of the ion pair. Let us assume 
that the electronic condition of the complex before 
any charge transfer takes place can be represented 
as in Fig. 2, that is, the highest filled level of the 
hydrocarbon coincides with the lowest filled band of 
the protein. This assumption, implying that 
Ip (band 1) = #4 + A 


cannot, unfortunately, be examined in any rigorous 
fashion so far as we know and its only justification is 
the results which follow its adoption. Our object— 
to alter the electron population of the highest filled 
band in the protein in such a way that conduction 
can take place—will now be achieved when an 
unfilled level of the hydrocarbon occurs with an 
energy which is within the energy range of the 
highest filled band in the protein, that is, when the 
energy separation. between the highest filled and the 
nth unfilled level of the hydrocarbon 


AE y = 3°23 + 0-19 eV. 


If this condition is fulfilled, the hydrocarbon may 
be regarded as ‘active’, and this activity, which 
therefore corresponds to the induction of electron 
mobility in the protein, will afterwards be con- 
sidered to be an essential prerequisite in the process 
of carcinogenesis by these molecules. 

Table 2 gives the energy difference between the 
highest filled and successive unfilled levels, in units 
of B (the resonance integral), as ealeulated by the 
simple molecular orbital method ; these values have 
been calculated from the “Dictionary of Values of 
Molecular Constants”, and Prof. B. Pullman has 
generously provided energy-level schemes for & 
number of molecules which do not appear in those 
tables. Tho carcinogenic indices are taken, in most 
part, from Hartwell’s* and Pullman’s® surveys. 
‘Activity’ can be seen to correspond approximately 
to the range 

1:10 < AEn <1:18 
with the unit of energy on this scale, therefore, 
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approximately 2'8 eV., a value in not unreasonable 
agreement with spectroscopic data. The relation 
suggests that the matching of energy-levels may be 
even more critical than is indicated by Evans and 
Gergely’s calculated band-widths, but this must not, 
perhaps, be considered too-seriously when the short- 
comings of the theoretical method are remembered. 
It can also be seon from Table 2 that the molecules 
which satisfy this energy criterion possess, with the 
exception of 3,4-benzophenanthrene, one or more 
unfilled levels which lie below those coming into 
coincidence with the highest filled band in the 
protein ; once electron mobility has been induced in 
the protein, these lower unfilled levels of the hydro- 
carbon must be imagined to act as further ‘sinks’ for 
electrons from the protein.’ The result of forming a 
complex of an ‘active’ hydrocarbon and a protein is 
therefore to induce positive-hole conduction in the 
hitherto completely-filled band and also to transfer 
electrons to a state of lower energy. 

Of the 34 hydrocarbons tabulated, five are known, 
with some certainty, to be carcinogens of varying 
potency, namely, 3,4-benzophenanthrene, 1,2 : 5,6- 
and 1,2: 7,8-dibenzanthracene, 3$,4-benzpyrene and 
3,4 : 8,9-dibenzopyrene, while 1,2-benzanthracene is 
now also thought to be active. All these molecules 
satisfy the stipulated criterion for AEn, the remaining 
molecules failing outside the range with the exception 
of anthanthrene, which theory predicts should be 
active (very limited experimental results suggest that 
it is inactive), and 1,2: 7,8-dibenzofluorene, which 
should be inactive but is found to be carcinogenic 
(although there appears to be some doubt here also). 
I-l12-benzoperylene and 2,3 : 6,7-dibenzofluorene 
come within the ‘active’ range but no data on their 
physiopathological properties aro available. 

Several molecules appear in Table 2 in which 
intramolecular overcrowding is known to exist; the 


Table 2 












Molecule AE, AF, AE, | Activity 
Benzene 2-0000 | 2-0000 | 3-0000 — 
Naphthalene 1:6180 | 1-9208 | 2 2861 — 
Anthracene 1:4142 | 1:4142 | 1-828¢ — 
Naphthacene 1:0724 | 1-2950 | 1-4885 — 
Pentacene 0:2377 | 1-2197 | 12197 — 
Phenanthrene 1 1:3743 | 1-7478 | 1-9110 = 
3,4-Benzophenanthrene 1:2297 | 1-5676 | 1-6910 + 
Chrysene 1 1-3124 | 1:3954 | 1:7365 — 
1,2-Benzanthracene 1-1673 | 1:4523 | 1-6179 +7. 
Pyrene 1:3244 | 1:4450 | 1-6920 — 
Triphenylene 1:5634 | 1-9696 | 2-0313 — 
Pentaphene 0-9580 | 1-4372 | 1-4372 — 
Picene 1:1822 | 1:3614 | 1-5019 — 
Perylene 1:3473 | 1:3473 | 13473 — 


1,2 : 3,4-Dibenz- 
anthracene 


3,4 : 5,6-Dibenzo- 


fluorené 1-2002 | 1-2151 | 1-4433 
1,2 : 7,8-Dibenzo- 
fluorene 1-1348 | 1:3793 | 1-5207 +? 





1 +2131 








1 -2899 j 1-5940 


anthracene 1-1578 | 1-2501 | 1:5431 +-+ 
1,2 : 7,8-Dibenz- 

anthracene 1-1097 | 1:3852 | 1:4917 -+ 
3,4 : 5,6-Dibenzophen- 

anthrene 1-1822 | 1 -3227 | 1-808027 — 
3,4-Benzpyrene 1:1730 | 1°3712 | 1-3712 |4+-+++ 
3,4 : 8,9-Dibenzopyrens 1-0260 | 1:1314 | 1-3027 |+ + 4+ 
1-12-Benzoperylene 1:1235 | 1-4329 | 1-4392 ? 
Coronene 1-0784 | 1:5392 | 1-5392 _ 
Anthanthrene 1-0409 | 1-1657 | 1-3944 — 
Diphenyl 1-7046 | 1-7046 | 2-0221 — 
p-DiphenyIbenzene 1:5928 | 1 -5926 | 1-5926 — 
m-Diphenylbenzene 1-4275 | 1-6622 | 1-8622 — 
o-Diphenylbenzene 1-4346 | 1-6103 | 1:6103 — 
1,8,5-Triphenylbenzene 1-5681 | 1-6822 | 1:6622 — 
Styrene 1 1:6622 | 2-0764 | 2:7970 — 
Stilbene 1-5043 | 1-5043 | 1:6577 — 
Biphenylene 1:3244 | 1-6820 | 1:7923 ? 
2,3 : 6,7-Dibenzo- 

fluorene 1-0107 | 11518 | 1-6211 ? 
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calculations of the energy-levels for these compounds 
can scarcely have any reliability placed upon them 
and this may account for the exception which 
3,4-benzophenanthrene makes to the other carcino- 
gens in not having an unfilled level below that level 
which coincides with the highest filled band in the 
protein. 

When electrons from the highest filled band fall to 
lower unfilled levels in the hydrocarbon component 
of the complex, work (possibly in the form of some 
synthesis) may be done on the system, and Szent- 
Gy6rgi's suggestions as to “why catabolic processes 
prevail over anabolic ones in damaged tissues (and 
cancer?) ..." are, perhaps, now more readily 
understood for the particular example of chemical 
carcinogenesis. It is therefore tempting to suggest 
that the relative potency of the carcinogen is related 
to the energy gap through which electrons from the 
highest filled band fall to reach unfilled levels in the 
hydrocarbon (and the data of Table 2 suggest that 
this may not be a completely misleading concept), 
but here again we must recognize the inadequacies 
of the theoretical methods and the present paucity 
of data. 

The banded electronic model of a protein suggests, 
also, that radiation carcinogenesis may be interpreted 
as the result of electron promotion from the highest 
filled band to the conduction band proper of the 
protein. Ib follows that the overall result is one of 
inducing positive-hole conduction in the highest 
filled band and afterwards performing work on 
the system when the electrons promoted by photon 
absorption fall back to their ground state. If oxygen 
adsorption leads to impurity-levels close to the filled 
band, electron promotion will be facilitated and we 
may thus be able to understand tho increase in 
radiation sensitivity, which malignant cells show on 
adsorption of oxygen, in this way. 
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The theory of the mechanism of chemical carcino- 
genesis which has been outlined here suggests experi- 
ments by which its usefulness may be judged. If 
induction of conducting properties in the protein is 
& necessary stage in carcinogenesis, such related effects 
as the diamagnetism and electrical conductivity of an 
‘active’ complex should be quite different from the 
sum of the effects due to each component of the 
complex when they are not involved in charge- 
transfer processes. ` It is therefore hoped to extend . 
recent crystallographic studies of carcinogen—purine 
complexes’ to X-ray and diamagnetic investigations 
of complexes formed from carcinogens and nucleic 
acids or proteins, in addition to further theoretical 
consideration of these molecules. 

Finally, it should be pointed out that the electronic 
structure of a protein ion in an active complex will 
be quite different from that usually assumed for 
protein ions in solution. In the latter case, the net 
charge is due to ionization in the side-chains of the 
protein, and it is unlikely that such perturbations 
can conjugate through these chains to the electronic 
system in which we have been interested. 

These investigations are supported by a grant 
from the British Empire Cancer Campaign. 
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CONTRIBUTION OF DEOXYMETHYLPENTOSES TO THE SEROLOGICAL 
SPECIFICITY OF SOME BACTERIAL POLYSACCHARIDES, AND 
THE RECOGNITION OF A NEW SUGAR, PARATOSE 


By Dr. D. A. L. DAVIES 
Microbjological Research Establishment, Porton, Wilts 


Dr A. M. STAUB 
Institut Pasteur, Paris 
AND 


Dr. |. FROMME, Dr. O. LUDERITZ and Pror. O. WESTPHAL 
Dr. A. Wander Forschungsinstitut, Freiburg-Zahringen 


WO different deoxymethylpentoses have been 

found in specific polysaccharides extracted 
from various species of Salmonella, tyvelose in the 
products of group D strains (S. typhosa’-* and sS. 
enteritidis?) and abequose in the products of group B 
strains (S. abortus-equi, S. paratyphi B*-4 and S. 
typhimurium’). These sugars are very rapidly 
liberated from the polysaccharides on acid hydrolysis, 
which suggested that they might occupy terminal 
positions in the polymer chains and contribute to the 
specificity of groups D and B. Analyses of poly- 
saccharides extracted from other species of Salmonella 
confirmed the presence of tyvelose in other group D 
strains and of abequose in other group B strains’ 


(Table 1), but the presence of sugars having similar 
chromatographie behaviour to tyvelose and abequose 
was revealed in members of other groups (S. paratyphi 
4 in group A; S. Kottbus and S. newport in group 
C.)5, 

It has been shown that specific reactions of immune 
sera with homologous polysaccharides can. be inhibited 
by single sugars*. In the Salmonellae, abequose 
inhibits the precipitation of an anti-S. paratyphi B 
serum by the homologous polysaccharide and tyvelose 
inhibits precipitation of an anti-S. typhosa serum by 
the homologous polysaccharide. Neither abequose 
nor ascarylose inhibits the latter system’ although 
ascarylose, a deoxymethylpentose extracted from 
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Table 1. COMPOSITION OF THE SPEOIFIO POLYSACOHARIDES OF GROUPS A, B AND D Salmonellae 


Species ‘O’ antigen 


(Kauffman-White) 


bo 


S. paratyphi A 
S. paratyphi B 


salinatis 
typhosa 
enteritidis 

. gallinarum 

. dar-es-salaam 


Cooe PHAR 
ttt t+++4+ + 


S. 
S. 
S. 
Ss. 
S. 
Ss. 
Š. 
S 
5 


Parascaris equorum, cannot be distinguished chroma- 
tographically from tyvelose®. These results indicated 
that tyvelose and abequose do contribute to the 
specificity of groups D and B Salmonellae and sug- 
gested that the specificities on which the Kauffman— 
White scheme is based are related, at least in part, 
to their content of the respective deoxymethyl- 
pentose. It could also be visualized that sugars 
present in the polysaccharides of Salmonellae of 
groups other than D and B, which could not be 
distinguished chromatographically from tyvelose and 
abequose, might in fact be isomers with closely 
similar properties. A re-examination of the com- 
position of S. paratyphi A specific polysaccharide, 
previously reported to contain tyvelose, is recorded 
here, and the presence of a deoxymethylpentose has 
been established which is not tyvelose, nor is it 
identical with any sugar of this series previously 
recorded. 

Cells of S. paratypht A were extracted by the 
phenol/water method and the lipopolysaccharide 
component recovered in purified form by high-speed 
centrifugation®. -After hydrolysis with N sulphuric 
acid, analysis on paper chromatograms, using authen- 
tic sugar samples for comparison, revealed the 
folowing sugars: galactose, glucose, mannose, 
rhamnose and a sugar which migrated faster than 
rhamnose and had an Ry value close to that of 
tyvelose. When hydrolysates of lipopolysaccharides 
obtained from S. paratypht A, S. typhosa and S. 
abortus-equi were examined chromatographically side 
by side it became clear that the fast-running com- 
ponent of S. paratyphi A (‘Paratose’) was not identical 
either with tyvelose or abequose; the yham. 
values were abequose 1:16, tyvelose 1-29 and paratose 
1-25 (pyridine—butanol—water, 4:6:3). Like tyve- 
lose and abequose, paratose is the first sugar to be 
released from its polysaccharide on acid hydrolysis. 
A sample of paratose was isolated by elution from 
paper chromatograms; it contains one oxidizable 
aldehyde group determinable quantitatively by the 


Willstaétter-Schudel method. Oxidation with 1 mole. 


of periodate produced, besides formic acid, a break- 
down product which gave a strongly positive Webb 
reaction® ; this is an intense red colour which develops 
on heating with p-nitrophenylhydrazine in trichlor- 
acetic acid, followed by the addition of strong alkali. 
The reaction is characteristic of 2-deoxysugars which 
have at least a C, straight chain; 2-deoxytetroses do 
not react}*. A strongly positive reaction has also 
been obtained with the C, periodate breakdown 
products of tyvelose and abequose. It therefore 
seems probable that, like tyvelose and abequose, 
paratose belongs to the group of naturally occurring 
deoxymethylpentose sugars, recently characterized 
fully as 3.6-b¢tsdeoxy-aldohexoses". 


Galactose | Glucose | Mannose 





Rhamnose | Abequose | Paratose | Tyvelose 


4- 


HEHHE ++++4+4+ + 

t+t+ ++++4++ + 

HHEH ++++++ + 
+4+++4++ 


From Table 1 it will be seen that galactose, glucose, 
mannose and rhamnose are present in all the Sal- 
monella polysaccharides investigated, which include 
representatives of groups A, B and D. Group speci- 
ficity, however, is clearly associated with the presence 
of paratose, abequose and tyvelose. 

Although deoxymethylpentoses have been isolated 
thus far only from one group of bacteria (Sal- 
monellae)*,® and from one animal source’, it is clear 
that they are more widely distributed, at least among 
bacteria. In the ‘O’ antigens of some Escherichia coli 
strains (O 55 and O 111) deoxymethylpentoses have 
been found? which behave chromatographically like 
abequose ; studies of their chemical identity and 
immunological role are in progress. In the Pas- 
teurellae, smooth forms of P. pseudotuberculosis yield 
lipopolysaccharides containing a number of different 
sugars**, and from each of the five serological groups" 
the lipopolysaccharide possesses a different specificity. 
In two instances (groups IV and V), one component 
could not be distinguished chromatographically from 
tyvelose ; it is noteworthy that a serological cross- 
reaction has been recorded between P. pseudo- 
tuberculosis and Salmonellae of group D 14,15, the latter 
containing tyvelose. Hydrolysates of P. pseudo- 
tuberculosis group II lipopolysaccharide revealed on 
chromatographic analysis a sugar indistinguishable 
from abequose. Erythrocytes sensitized with the 
group II lipopolysaccharide can be agglutinated by 
Salmonella group B antisera, and erythrocytes sensi- 
tized with Salmonella group B lipopolysaccharide 
(for example, S. salinatis), which contain abequose, 
are agglutinated by P. pseudotuberculosis group II 
antisera. l i 

In the remaining P. pseudotuberculosis groups (I 
and III) not all the sugars have been identified but 
fast running components appear to be present. 
However, in all instances isolation of the sugars will 
be necessary for a satisfactory identification. 


1 Pon, G., and Staub, A. M., Bull, Soc. Chim. Biol., 34, 1132 (1952). 


* Westphal, O., and Lüderitz, O., 6th Int. Congr. Microbiol., Rome 
ubstr. No. 400 (1953). 


? Westphal, O., and Lüderitz, O., Angew. Chem., 66, 407 (1954). 

* Pon, G., Thése Faculté Pharmacie, Paris (1953). Pon, G., and Staub, 
A. M., Bull. Soc. Chim. Biol., 37, 1283 (1955). 

5 Davies, D. A. L., Biochem. J., 59, 696 (1955). 

° Watkins, W. M., and Morgan, W. T. J., Nature, 169, 825 (1952). 


oeat E. A., and Leskowitz, S., J. Amer. Chem. Soc., 77, 5159 


? Staub, A. M. and Tinelli, R., Bull. Soc. Chim. Biol., Suppl., 65 (1957). 


3 Fouquey, D., Polonski, J., and Lederér, E., Bull. Soc. Chim. Biol., 
39, 101 (1957). 


° Webb, J. M., and Levy, H. B., J. Biol. Okem., 213, 107 (1955). 

10 Westphal, O., and Himmelspach, K., Angew. Chem., 69, 140 (1957). 

* Fromme, I., Himmelspach, K., Lüderitz, O., and Westphal, O., 
Angew. Chem., 69, 643 (1957). 


12 Davies, D. A. L., J. Gen. Microbiol., 18, 118 (1958). 


1 Thal, E., “Untersuchungen über Pasteurella pseudotuberculosis’’ 
(Berlingska Boktryckeriet, Lund, Sweden, 1954). ` 


u Uetake, H., and Nakamo, W., Jap. Med. J., 2, 109 (1949). 
15 Knapp, W., Z. Bakt. Orig. I, 164, 57 (1955). 


~ 


824 


r 


NATURE 


March 22, 1958 


VoL. 181 


HAPTOGLOBIN TYPES IN BRITISH, SPANISH BASQUE AND NIGERIAN 
AFRICAN POPULATIONS 


By Dr. A. C. ALLISON*, Dr. B. S. BLUMBERGT and Mrs. ap REES 
Department of Biochemistry, University of Oxford 


MITHIES!? found that the patterns obtained by 
starch gel electrophoresis of sera from different 
human subjects fell into three groups. The determ- 
inant proteins combine with hemoglobin and appear 
to be identical with the haptoglobins previously 
studied by Jaylo and his colleagues’*. It has 
therefore been suggested by Smithies and Walker® 
that the groups should be named haptoglobin types 
1-1, 1-2 and 2-2 (formerly types I, IIA and IIS, 
respectively). Preliminary genetical analysis? indi- 
cated that the groups correspond to the three geno- 
types produced by a single pair of allelomorphic 
genes. In fact, our unpublished observations suggest 
that the genetical control of the haptoglobin types is 
more complex. A detailed discussion of the evidence 
will shortly be submitted for publication. In the 
meantime results can be expressed in the nomen- 
elature of Smithies and Walker, with the addition of 
a fourth group of subjects in which no haptoglobin 
at all can be detected, for which the designation type 
O-O is suggested. 


ap Rees”. The addition of enough hæmoglobin 
nearly to saturate the haptoglobins, but not much 
more nor less, and benzidine staining of the gels after 
electrophoresis, greatly facilitates the identification 
of the haptoglobin types, which may not otherwise be 
easy. As will be mentioned below, the discrepancy 
between our results and those of Sutton ef al. on 
West Africans may be attributable to differences in 
technique. 

The results of our three surveys, together with 
those of Smithies on Canadians and Sutton et al. on 
Americans and Africans from Liberia and the Ivory 
Coast, are summarized in Table 1. The frequencies 
of the various haptoglobin types in the British series 
are not significantly different from those in the small 
Canadian and American series, although the former 
includes six subjects of type O-O, none of which was 
described by Smithies or by Sutton et al. The 
frequencies in the Basque series also are not sig- 
nificantly different from those in the British, Canadian 
and American series. Thus the uniqueness of the 


Fable 1. HAPTOGLOBIN TYPES IN VARIOUS POPULATIONS 


Population No. tested 


Canadian 

American 

British 

Basque 

Liberian and Ivory 
Coast (African) 

Nigerian (African) 


The frequency of the haptoglobin types in different 
populations is of anthropological and genetical 
interest. It may also provide a clue to the way in 
which this remarkable polymorphism is maintamed. 
The only published population studies of which we 
are aware are those of Smithies? on Canadians and 
of Sutton et al.? on Americans and on West Africans 
from Liberia and the Ivory Coast. In this article 
the results of haptoglobin type analyses of 218 
British subjects, 107 Spanish Basques and 99 Nigerian 
Africans are presented. 

The British sera were taken from unselected 
laboratory staff and blood donors in the Oxford 
region. The Basque bloods were collected as described 
elsewhere’. The African sera were taken from 
Yoruba of Illobi, Western Nigeria. 

Fresh oxyhzemoglobin was added to all sera to give 
a final concentration of the order of 100-120 mgm. 
per 100 ml. before electrophoresis in starch gels*. 
Each gel was then cut horizontally and one half 
stained with benzidine, as described by Allison and 


* External member of the scientific staff of the Medical Research 
Council. Present address: National Institute for Medical Research, 


London, N.W.7. 
T Fellow of the Arthritis and Rheumatism Foundation., 


(Per cent) 





1—2 


T Oa Authors 
No. (Per cent) 


(Per cent) 


Smithies 

Sutton et al. 
Allison e al. 
Allison et al. 


Sutton et al. 
Allison et al. 


Basques, shown in their low B and Fyê and high 
Eh-negative frequenciess:!9, is not reflected in their 
haptoglobin types. 

The haptoglobin frequencies of the Africans are, 
however, quite different. One-third of the Nigerian 
Africans lack haptoglobins altogether, and most of 
the remainder are of type l-1. The discrepancy 
between these results and those of Sutton et al. may . 
represent @ difference between Africans from Nigeria 
on one hand and from Liberia and the Ivory Coast 
on the other; but it is probably attributable to the 
inclusion by Sutton et al. of a number of subjects of 
group O-O in their group l-1. The distinction 
between these two groups is difficult without specific 
staining of hemoglobin. 

The high frequency of Nigerians without hapto- 
globins raises a physiological pomt. It has been 
shown that the ‘renal threshold’ for hæmoglobin is 
due to binding of the pigment by haptoglobins in the 
serum®1, In subjects without haptoglobins most 
hemoglobin liberated into the blood stream passes 
into the urine. Since hemoglobmaemia must 
frequently oceur after malarial attacks as well as 
after vigorous exercise’, it might be expected that 
some degree of hemoglobinuria and loss of iron 
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in the urine would be common among Africans. 
To our knowledge, this point has not been investi- 
gated. 

The fact that several haptoglobin types exist 
side by side in a number of different populations 
indicates that it is a true polymorphism. This may 
have been maintained, like those of the blood groups 
and abnormal hemoglobins, by a balance of selective 
forces related to susceptibility to disease!*. The 
absence of haptoglobins might be disadvantageous, 
particularly in regions where there is a deficiency of 
iron in the diet. The fact that so many Nigerians 
lack haptoglobins is presumably due to a compen- 
satory advantage in persons heterozygous for the 
factor concerned. The low frequency of type 2-2 in 
the tropics suggests that it may confer protection 
against one or more conditions common in temperate, 
but not in tropical, climates. 

Dr. F. Alberdi kindly co-operated in the collection 
of the Basque blood specimens and Drs. Jean Grant 
and H. Preston in the collection of British bloods. 
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The Nigerian specimens were collected by one of 
us (B.S. B.) as part of the work carried out on an 
expedition supported by the Wenner Gren Founda- 
tion, Inc., and grant No. H-3161 from ‘the National 
Heart Institute, U.S. Public Health Service. The 
help of Prof. B. G. T. Elmes, Ibadan, is gratefully 
acknowledged. 
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ONE-ELECTRON VERSUS TWO-ELECTRON TRANSFER PROCESSES 
IN THE MECHANISM OF OXIDATION-REDUCTION 
REACTIONS IN SOLUTION 


By Pror. JOSEPH WEISS 
University of Durham, King’s College, Newcastle upon Tyne 


N recent years there has been some discussion 
regarding the question of one-electron versus two- 
electron’ transfer processes in the mechanism of 
oxidation-reduction processes in solution. The con- 
cept of one-electron transfer processes, in its general 
form, was first put forward by Haberi, and it has 
been confirmed by a large body of experimental 
evidence. The assumption of single electron transfer 
also leads directly to free radical intermediates which 
play such an important part in the mechanism 
of chemical reactions. 

One-electron transfer processes also constitute an 
essential step in many photochemical (ref. 2a) and 
photosensitized reactions (ref. 2b) in solution. More- 
over, it has been suggested that the formation of 
many of the so-called ‘molecular complexes’ is also 
due essentially to an electron transfer between the 
two components (ref. 2c). 

In general, it is to be expected that one-electron 
transfer processes should predominate over two- 
electron. transfers, as the latter are only likely to 
occur when there is a strong coupling between the 
electrons. 

Although it is now generally accepted that in the 
majority of cases one deals with one-electron transfer 
processes, it is believed that there are certain 
oxidation reactions where two-electron transfer 
predominates*. In the latter cases, this assumption 
is mainly derived from the apparent inability to 
detect free radicals, and from the appearance of 
oxygen from the oxidizing reagent in the molecule 
which has been oxidized (as demonstrated by means 
of compounds labelled with oxygen-18). 

In the following, an attempt has been made to 
show that all the relevant experimental facts are 
fully compatible with, and can be easily explained 
by, one-electron transfer processes. 


From the theory of electron-transfer processes it fol- 
lows (ref. 4a, b) that one of the significant features is 
that electron transfer leads to a more or less strongly 
bound primary (ionic) complex between the reacting 
partners; thus, in the case of two uncharged re- 
actants: A + B—>(A+.B-). In general, the energy 
of interaction gained in the formation of the primary 
complex also makes an important contribution 
towards the ‘driving force’ of the electron transfer. 
The ionic complexes primarily formed will have a 
certain minimum life-time. An estimate of the 
probable life-time of such a complex in solution can 
be obtained from the time which is required for the 
water dipoles to interact with an ionic complex ; 
this cannot be less than the time of relaxation of 
water dipoles in liquid water, which is of the order 
of 10-1°-10-11 sec. This will, however, only be a lower 
limit, because in the interaction of water molecules 
with an ion, the time of relaxation in the immediate 
neighbourhood of the ion will have to be considered. 
According to the work of Kozyrev® and others, these 
relaxation times can be considerably greater than 
those measured for the pure solvent and in certain 
cases they can be as long as 10-’ sec. 

This may have the consequences, first, that the 
primary complex could be long lived enough to react 
as a separate entity with another reactant present in 
the solution, and secondly that the possibility of 
intramolecular changes within the complex must be 
taken into account. This follows from the considera- 
tion that the jump frequency for atoms (or ions) is 
given by y = v exp (~E JkT), where E is theactivation 
energy and vo (frequency coefficient) is of the order 
of 1015-1014 gec.-! for a typical atom (or ion) transfer. 
Moreover, such changes should have a negligible or 
only a very small energy of activation, as both the 
reacting species have free-radical character. 
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Thus, for example, even in & primary complex of 
the relatively short life-time of 10-9 sec., about 
10-79 x 101 = 10* jumps can take place if the 
process goes without appreciable energy of activation, 
and even up to activation energies of about 4 keal. 
there would still be a high probability for an intra- 
molecular transfer of a heavy particle; in the case 
of longer lived intermediates the situation is, of 
course, more favourable. 

There is, therefore, a considerable probability that, 
during the life-time of the primary complex, intra- 
molecular transfer of atoms or radicals will take 
place without any appreciable participation of the 
solvent. 

A case where the primary complex is probably 
long lived enough to react with another molecule is 
found in the oxidation of ferrous ions by oxygen in 
acid solution®, where presumably the primarily 
formed electron transfer complex, namely, Fe?+ + 
O, > (Fe®+ .O,-), reacts with another ferrous ion 
giving [Fe*+ .O,— . Fe*+], and this dinuclear complex 
then breaks up to give ferric ions and hydrogen 
peroxide. Additional support for this type of inter- 
mediate comes from the autoxidation of cobaltous 
amine ions where complexes of the structure 
[Co*+ (NH,),/. O.2— . Co?+(NH3)s]*+ have actually 
been isolated. 

Examples of supposedly two-electron transfer pro- 
cesses which can be explained on the basis of one- 
electron transfers are the following. 

The reaction between hydrogen peroxide and iodide 
ions (ref. 7a). The first step is expected to be electron 
transfer according to the reaction 


I~ + H,O, > (I. H,0,7) (1a) 


followed by association of the iodine atom and OH. 
radical within the primary complex : 


(I. H,0,-) > I. OH + OH- (1b) 


Oxidation of sulphite by chlorate. From the kinetics 
of this reaction it follows that the first step is a 
reaction between chlorate ion and sulphurous acid, and 
it has been shown by means of chlorate labelled with 
oxygen-18 that transfer of (about 2:3) oxygen atoms 
from the chlorate to the sulphite takes place (ref. 7b). 
On the basis of .the theory given above, this reaction 
can be represented as follows: 


Cl1lO,- + SO, —> (C10,?— . SO,+) (2a) 

(ClO,2~ . S0;,+) > (C10,—- . SO,) (2b) 
H,O 

(ClO,— . SO;) __> ClO.— -+ HSO, (2c) 


with the corresponding reactions between the inter- 
mediately formed ClO,— and CIO~- (or HClO) with 
SO,. Thus, one has single electron transfer processes 
followed by O- transfers within the complex, possibly 
with some solvent interaction in the last stage. 
Oxidation of sulphite by hydrogen peroxide (ref. 7b). 
This is a particularly interesting case because one 
now has an explanation of a hitherto unexplained 
fact that, whereas in the oxidation of sulphurous 
acid in acid solution two oxygen atoms from the 
hydrogen peroxide are transferred, in alkaline 
solutions, only one of the oxygen atoms of the 
hydrogen peroxide appears in the resulting sulphate’. 
According to the theory outlined here the reactions 
can be formulated as: 
In‘ acid solution : 


H:O; + SO, + (H,0,—. SO.+) 
(H,.0,~- .80,+) > (HO .S80,H) 


(3a) 
(36) 
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At higher pH : 
H:O, + HSO,—- > (H,O,.- . HSO;) (3c) 
(H,0O.- ° HSO,) > HO.SO,H + OH- (3d) 


Thus, in acid solutions, an OH- and an OH. radical 
may be transferred within the primary ionic complex, 
whereas the radical ions (HSO, or SO;—) formed 
from the sulphite anions should only associate with 
the OH radical but not with the OH-. 

Biological oxidation-reduction processes. The inter- 
esting results of Vennesland and Westheimer? con- 
cerning the reaction between deuterated ethanol 
(CH;.CD,OH) and diphosphopyridine nucleotide, 
catalysed by alcohol dehydrogenase, are fully in 
agreement with the general theory given above. 
(Proviso must be made here, of course, with regard 
to any possible role of the enzyme in the actual 
reaction mechanism which is, as yet, unknown.) If 
the reaction is assumed to take place directly between 
the two reactants, it could be represented by & one- 
electron transfer followed by a deuterium (or hydro- 
gen) atom transfer, within the primary complex, from 
the alcohol radical ion to the monovalently reduced 
nucleotide. In the cases of hydrogen or deuterium 
atom transfer, there would also be an increased 
probability of transfer by a tunnel effect. As all 
such processes would take place during the life-time 
of the primary complex, it is not at all surprising 
that they proceed without hydrogen exchange with 
the solvent, as found experimentally. 

Formation of free radicals. It is known that in the 
majority of oxidation-reduction processes free radicals 
do, in fact, appear as more or less stable intermediates. 
The occurrence of these can often be predicted on 
plausible physical grounds. For example, in the 
reaction (ref. 1b) 


Fett + H0, => (Fe? + ` H0,- ) 


the primary complex would be expected to break up 
by interaction with the solvent according to the 
equation 


(Fe?+ .H,0,—-) > Fo +OH-. aq + OH 


- giving OH radicals. Similarly, in the reaction between 


oxalate ions (C,0,2—-) and iodine atoms, the primary 
complex should break up to give the radical ion 
C.O 4. thus 


(C,0,~. I-) > C0, . aq + I- 


One may conclude, therefore, that in general the 
appearance of a free radical as a reacting entity 
depends on the intrinsic behaviour of the primarily 
formed one-electron transfer complex. This complex 
may release into the medium either a free radical or a 
valence-saturated species?®, the latter arising from a 
rearrangement within the complex prior to its break- 
up by the solvent (water). 
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INDUCED GENE UNSTABILIZATION 


By Pror. STEPHEN ZAMENHOF, Miss ROSALIE DE GIOVANNI and Dr. SHELDON GREER 
Department of Biochemistry, College of Physicians and Surgeons, Columbia University, New York 32 


GENE may acquire a hereditary high muta- 

bility-rate either by its own mutation to an 
unstable form or as a result of the influence of 
another gene (which in turn 1s changed by a mutation 
or is introduced de novo into the genome). Whatever 
the cause, the resulting gene unstabilization might 
be of importance for evolution. 

In this report, the observable phenomenon of 
unstability rather than the precise mechanism will 
be discussed. The experiments were performed on 
strains of Escherichia colt which have not been 
reported to recombine sexually ; therefore, it is 
assumed that in this case the unstabilization is caused 
solely by a mutation (and not de novo introduction 
of another gene). In such strains, the site of the 
mutation (nuclear or cytoplasmic) cannot be un- 
equivocally established ; however, in the cases of 
induced unstabilization studied here, the effects were 
a result of the known interference with the structure 
of deoxyribonucleic acid molecules, and this points 
to this acid as the site of these changes. 

The ‘unstable gene’ will be arbitrarily designated 
as the one with a spontaneous mutation-rate higher 
than 1 per 1,000 cells per generation. Studies of such 
high mutabilities were avoided in the past, partially 
because of the lack of proper techniques. 

The cells of Escherichia coli can replace up to half 
the thymine in their deoxyribonucleic acid!-= by 
5-bromouracil without losing the ability for sub- 
sequent division*. This replacement is reversible’. 
It occurred to ust that such a drastic (though tem- 
porary) change in the structure of deoxyribonucleic 
acid, which is believed to be the hereditary determ- 
inant®, may result in a change in genotype: the 
recent findings that the replacement can occur with- 
out apparent cell division®»® and that the precursor is 
a nucleotide? (which may imply breakages in the 
sugar—phosphate chain of deoxyribonucleic acid) 
suggest the possibilities of faults during the replication. 
of deoxyribonucleic acid even though 5-bromouracil 
afterwards disappzars from the acid upon culti- 
vation on normal medium. 

We have reported that the spontaneous mutation- 
rate of strain I to the 5-bromouracil resistant strain 
I/Br was not changed by the introduction (and 
subsequent removal) of 5-bromouracil into and from 
deoxyribonucleic acid’. We now find that the spon- 
taneous and ultra-violet-induced mutation-rates (both 
to prototrophy and to auxotrophy) of eight different 
markers in four different strains, tested in various 
media, with various concentrations of 6-bromouracil, 
and with and without intermediate cultivation, were 
also not changed. (Purine — mutant of strain W: 
mutation to purine +. Strain I: mutation to 
thymine +, streptomycin resistance, total auxotroph 
count. Strain A.T.C.C, 11887: mutation to lactose —. 
Uracil — mutant of strain A.T.C.C. 11887: mutation 
to uracil +, lactose +, total auxotroph count.) It 
must be concluded that the introduction (and sub- 
sequent removal) of 5-bromouracil to (and from) 
deoxyribonucleic acid is not æ Process that unstabil- 
izes all the genes. It was of interest to study whether 
some genes can be unstabilized by such a process. 


In a previous publication? we have reported that 
during the experiments on introduction of 5-bromo- 
uracil into deoxyribonucleic acid there appear “pin- 
point’ or small colonies: because of their eventual 
disappearance after 140 generations we were not 
sure that they could be classified as typical muta- 
tions. i 

These changes have now been studied in more detail. 
The materials and the methods used were those 
described previously*?*%*. 

(1) The nature of the changes. It appears now that 
most of these changes to pinpoint colonies are typical 
mutations, with a varying degree of stability, that 
is, varying mutation-rate back to large colonies. For 
convenience in explaining experimental results, 


these mutations can be divided into three 
classes : 
A. Typical mutations to stable ‘pinpoints’. The 


back mutation of the latter has never been observed. 
The mutant ‘pinpoint’ strains can be maintained 
indefinitely by transferring from nutrient broth or 
nutrient agar as infrequently as every 24 hr. 

_ B. Typical mutation to unstable ‘pinpoint’. The 
latter back-mutate to normals which have a strong 
selective advantage over the ‘pinpoint’; thus, any 
repeated transfer may eventually result in loss of the 
‘pinpoint’ strain. It was found that the transfer of 
14-hr. old (37°) pinpoint colonies containing approx- 
imately 10° cells still allows for the indefinite main- 
tenance (tested for 150 generations or seven transfers) 
of the ‘pinpoint’ strain, thus proving that one deals 
here with a typical mutation. 

We now find that ‘pinpoints’ of similar behaviour 
occur also in the spontaneously unstable Harvard 
strain® (A.T.C.C. 11887). 

C. Change to ‘pinpoints’ so unstable that any 
attempt to transfer, even as early as 12 hr., results 
in a loss of the pinpoint ‘strain’. This ‘strain’ may 
still be a typical mutant with an exceptionally high 
mutation-rate back to normal. Ifthe back-‘mutation’- 
rate approaches l per cell per generation, the change 
will usually be called a non-hereditary phenotypical 
change; perhaps there is no sharp dividing line 
between the two types of change. 

The present techniques do not permit one to 
determine whether in each of these cases the descen- 
dants of a single cell all have only one single mutation- 
rate or a whole range of mutation-rates. 

(2) The mutatron-rates. After having established 
that the changes, at least in cases A and B, are 
hereditary, it seemed of interest to determine the 
rate of their occurrence (mutation-rate). The results 
are given in Table 1. In most cases only the lower or 
the higher limits of mutation-rates can be estimated 
from the mumber of colonies because of the selective 
advantage of the normal over the ‘pinpoints’. As 
can be seen from Table 1, some rmutation-rates for 
types A and B are higher than 3 per cent. 

The highly unstable strain I/Br is of interest. 
Fifteen single large colonies of this strain were tested 
and all were found to produce ‘pinpoints’. To ascer- 
tain that the change was indeed hereditary, three 
large colonies were carried through seven transfers 
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Table 1. MUTATION-RATES 


Parent strain* I 


Unstabillzing or 
mutagenic agent* 


Type of mutant* 


Forward mutation- 
rate, per cell 
per generationt 


Back mutation- 
rate, per cell per 
generationt 


5-bromouracil 
deoxyriboside 


5-bromo- 
uracil ? 


I/Br 


4x10 > 10-5 >65 x 10% 


<6x10-°| 1x 10-*f 


* See text; the subscripts denote different mutants. 


+ Where the actual mutation-rate cannot be determined, the upper or the lower limits 


were calculated from the frequency of mutants, 
t Determined by early restreaking. 


(180 generations); after these transfers, the cells 
still showed unchanged unstability. 

(3) Gene unstabilization. It appeared first of 
interest to study the origin of gene unsteabilization in 
strain I/Br. This strain was isolated as a mutant of 
strain I grown on medium containing 5-bromouracil 
in the conditions of incorporation of this analogue 
into deoxyribonucleic acid‘. Two other 5-bromo- 
uracil resistant mutants isolated under similar con- 
ditions proved to be as unstable as strain [/Br. On 
mutation back to 5-bromouracil sensitivity (strain I’), 
the unstability is lost. Thus, the feature of gene 
unstability seems to be linked with the gene for 
resistance to 5-bromouracil. The nature of this 
linkage is not clear. To date we have not succeeded in 
isolating a I/Br strain without contact with 5-bromo- 
uracil; it is therefore not known whether this gene 
unstabilization is a result of incorporation of 5-bromo- 
uracil into deoxyribonucleic acid (see below) or 
merely a selection of a spontaneous unstable mutant 
I/Br. That this latter mechanism may be operative 
is indicated by the fact that the mutation-rate to 
I{Br (and therefore unstability) is not increased by 
the presence of 5-bromouracil*. It is of interest that 
the 2-thiothymine resistant strain J/T74, which 
exhibits cross-resistance to 5-bromouracil, is also as 
unstable as I/Br. This strain was isolated in the 
presence of 2-thiothymine, which is not incorporated 
into deoxyribonucleic acid, but increases the content 
of 6-methylaminopurine in deoxyribonucleic acid (see 
below). 

In contrast to the above, the unstabilization in 
strain I could be demonstrated only in the conditions 
of incorporation of 5-bromouracil into deoxyribo- 
nucleic acid (Table 1). In recent years, hypotheses 
have been put forward that the only action of a 
mutagen is gene unstabilization and that the actual 
mutation of such an unstabilized gene may occur 
automatically at some later time, without the action 
of a mutagen®. If this be applied to the case under 
study, one may contend that 5-bromouracil acting on 
strain I produces unstable genes at a very high rate, 
recognizable by the subsequent high mutation-rate 
(types A and B). In the mutation of type A, this 
high mutability is lost at mutation; this situation 
occurs often in unstable genes. On the other hand, 
in the mutation of type B (B,), the high mutability 
(high back mutation-rate) persists indefinitely (tested 
for at least seven transfers or 150 generations). This 
represents, therefore, a case of induced permanent 
gene unstabilization. 

(4) The inducing agents. As mentioned above, the 
mutations occur spontaneously in unstable strains 
I/Br and I/TT. It appears that the stable strains I 
and J’ can produce frequent mutants or become 
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unstabilized or both, under the in-° 
fluence of agents (Table 1) which 
interfere with the structure of 
deoxyribonucleic acid. 

A. Replacement of thymine by 
5-bromouracil. The ‘pinpoints’ 
(I, and I’s, respectively) of type A 
and B can be obtained in strain I 
and JI’ (back mutant of JI/Br to 
5-bromouracil sensitivity) when 
grown. in broth containing 100 pgm. 
5-bromouracil per ml. or 125 pgm. 
5-bromouracil deoxyriboside! per 
ml., and then streaked on nutrient 
agar. No stable ‘pinpoint’ colonies 
were observed among 5,000 col- 
onies (strain J’) or 50,000 colonies (strain J) when 
5-bromouracil or 5-bromouracil deoxyriboside was 
omitted. 

It is of interest to note that a striking increase of 
mutation-rates in bacteriophage in the conditions of 
incorporation of 5-bromouracil into phage deoxy- 
ribonucleic acid has also been reported”. 

B. Replacement of thymine by 6-methylamino- 
purine!!, This condition has been induced by growing 
the thymine-requiring strain J in basal broth con- 
taining a limited amount of thymine! (0-2-1 ugm. 
per ml.) or containing inhibiting amounts of 2-thio- 
thymine (50 ugm. per ml.) and then streaking as 
usual on nutrient agar. It must be added that while 
5-bromouracil produced stable (type A) and unstable 
(type B) ‘pinpoints’, the 2-thiothymine, which is not 
incorporated into deoxyribonucleic acid, produced 
only unstable ‘pinpoints’ (types B and C); the 
conditions of limited thymine produced only unstable 
‘pinpoints’ of type C which cannot be as yet proved 
to be a typical mutation. 

Two interesting cases of mcrease (up to 100-fold) 
in the spontaneous mutation-rate (to histidine 
independence or to streptomycin resistance) under 
conditions of thymine deficiency have been reported 
recently2,15 ; in both cases, however, the increased 
mutant frequencies (2:5 x 10-5 or 2-5 x 10-%) still 
remained low. 

The 6-methylaminopurine content has been reported 
to increase from 2 per cent (of thymine) up to 30 per 
cent, under conditions where an analogue inhibits the 
synthesis of deoxyribonucleic acid, but is not incor- 
porated into it!!. It was of interest to study whether 
this content increases also under conditions where 
the inhibitory analogue is incorporated into deoxy- 
ribonucleic acid, as in the case of 5-bromouracil. A ` 
preparation of deoxyribonucleic acid containing 42 
per cent of 5-bromouracil (as referred to thymine) 
and a control preparation of the acid containing no 
5-bromouracil were isolated and analysed as described 
previously’. The content of 6-methylaminopurine in 
the acid containing 5-bromouracil was not signi- 
ficantly higher (2:7 per cent) than that of control 
acid (2:0 per cent). It is concluded that when the 
cell can partially counteract the inhibition by 
building the analogue into deoxyribonucleic acid, it 
may do so in preference to increasing the content of 
6-methylaminopurine, especially if there is no lack 
of thymine or thymidine (enriched nutrient broth). 
Thus, the genetic phenomena observed here when 
growing cells on 5-bromouracil seem to be due to the 
effect of this compound rather than to 6-methyl- 
aminopurme. 

(5) The nature of ‘pinpoin?’ colonies. The occasional 
appearance of hereditary ‘Œ type’, ‘small’ or ‘pin- 
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point’ colonies in many bacterial species has been 
frequently reported in the past. Such colonies 
occurred spontaneously or as a result of treatment 
with agents such as barium chloride, lithium chloride, 
Cut+, dyes, antibiotics or just ageing. In a few 
recent reports where a genetic analysis was made4.!5, 
it was found that the ‘small’ mutants were present 
in natural populations in proportions of the order of 
one cell per 50,000, but were selected for by the 
particular agent used and therefore appeared in high 
proportion after treatment with this agent. How- 
ever, it would be premature to say that this is true 
of all the agents used, that is, that indeed none of 
them is a mutagenic agent. 

The present study was thus far made primarily 
with strains J and J’ and their stable ‘pinpoint’ 
mutants (type A): the unstable pinpoints (types 
B and C) are difficult to study because of the high 
mutation-rate to ‘large’. 

In the case of strains [/Br and I/T'T the mutation 
to ‘pinpoint’ colonies is spontaneous and therefore 
no selective agent is involved; on the other hand, 
in the case of ‘pinpoint’ colonies produced in strain 
JI’ and I by the action of 5-bromouracil and 5-bromo- 
uracil deoxyriboside, it was first important to ascer- 
tain that the appearance of a high proportion of 
‘pinpoint’ colonies is not due to selection by these 
agents. ‘This was indicated by the ‘reconstruction 
experiments’ in which mixtures of ‘pinpoint’ and 
normal cells (containing approximately equal pro- 
portions of each) were used as inocula. In the case 
of strain I’, the cells were allowed to multiply 
105-fold in the presence of 100 ugm. of 5-bromouracil 
per ml. After 24 hr., the proportion of ‘pinpoints’ 
decreased to 3 per cent, which is of the same order 
of magnitude as the proportion obtained by the 
action of 5-bromouracil itself when no ‘pinpoints’ 
were in the inoculum. In strain J, the cells were 
grown 24 hr. in unmodified enriched medium where- 
upon @ 4-fold volume of fresh medium containing 
200 ugm. of 5-bromouracil deoxyriboside per ml. was 
added and the incubation continued for another 
24 hr. Under these conditions, there was merely a 
2-fold increase in the number of cells; this, as 
checked by a ‘reconstruction experiment’, did not 
change the proportion of added ‘pinpoints’. Both 
experiments (strain J and I’) were also repeated with 
the ‘pinpoint’-free inocula, and in this case the 
‘pinpoints’ appeared as mentioned before. 

These results indicate that in both strains the 
appearance of ‘pinpoints’ is a result of the mutagenic 
or unstabilizing action of 5-bromouracil or 5-bromo- 
uracil deoxyriboside and not selection. 

By direct observation of dividing cells on nutrient 
agar and by actual cell counts in nutrient broth it 
was found that the lag period of stable ‘pinpoint’ 
cells (from strain J’) was not longer than 2 hr.; 
the main factor responsible for the smaller size of 
the colony was the 1-4 times longer division time 
during the logarithmic growth. 

A preliminary study of the nature of the difference 
between the two types of cells has been made. In 
the case of yeast, the thorough study of Ephrussi 
et al.1* revealed that his “petit” mutants are deficient 
in certain respiratory enzymes. In our case, the 
study of the stable ‘pinpoint’ mutants from strains 
I and I’ of E. colt revealed that it is unlikely that 
the mutation is of the respiratory nature : contrary 
to the results of Ephrussi et al., the growth of the 
‘pinpoint’ mutants of E. colt is just as depressed by 
the lack of oxygen (Brewer’s agar under anaerobic 
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Table 2. STUDY oF ADDITIONAL GROWTH REQUIREMENTS OF 
THE. 
STABLE ‘PINPOINT’? MUTANT I's AS COMPARED WITH: ITS PAREXT 
STRAIN I’ 
— 
Strain I I's 






75-97 0-25 


aeee | ry | gc | 


Differential count*, per cent 


i 



















Agar Colony Nutrient 1:5-1-6 0:3-0 -6 
diam., mm.,, 
24 hr. Nutrient + 
yeast suppl.t 1:5-16 0-8-1 -2 
Broth Cell ratiot Nutrient 0-61 
24 hr. Basal§ 0-61 





Basal + fresh 
yeast suppl.t 
acy vonon 
yeast suppl. 
TPY |l l 





0°98 
0°89 








* Number of colonies ap earing on basal agar (ref. z 
centage of those on nutrient agar (‘Difco’). © (rofs Aas Aper 


t Supplement 4 from yeast cells (‘Difco’). 


ł Ratio of cell number in a ‘pinpoint’ mutant culture Z’: to that in 
a corresponding parent strain of the same age. 


§ Basal broth (ref. 17). 
il Tryptone, peptone and yeast extract (‘Difco’). 


conditions) as is the growth of the norma] strain. 
It occurred to us that the poor growth of these 
mutants on regular nutrient agar (‘Difco’) may 
signify that they represent various complete or 
partial auxotrophs for substances present in this 
medium in sub-optimal quantities. That various 
types, rather than one type, of auxotroph occur 
can be expected if the inducing agent (5-bromo- 
uracil) enters a variety of molecules of deoxyribo- 
nucleic acid. As mentioned above, an unstable 
‘Harvard’ strain studied by Goldstein and Smooté, 
which is known to produce a high proportion of 
mixed auxotrophs, also forms a high proportion of 
colonies of smaller size on nutrient agar. When our 
‘pinpoint’ mutants from strain I’ were tested in 
several media, the results obtained (Table 2) indeed 
clearly indicated that, at least in this case, we are 
dealing with a nutritional mutant having perhaps 
multiple and/or partial growth requirements. The 
required additional nutrients seem to be present in 
yeast supplement A (‘Difco’) and are partially 
destroyed by boiling (4 hr.). In tryptone—peptone— 
yeast extract (‘Difco’) strain I’ cannot be dis- 
tinguished from normal. l 

This work was supported by research grants C-1760 
from the National Institutes of Health, Public Health 
Service, G-8 from the American Cancer Society, and 
an institutional grant from the American Cancer 
Society to Columbia University. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Remanent Magnetism of the Rajmahal 
Traps of North-Eastern India 


FOLLOWING a palzomagnetic survey of the Deccan 
Traps of Indiat-?, we have extended our investigations 
of Indian rock formation to other geological ages. In 
particular we have made rock magnetic measurements 
on samples of lavas from the Rajmahal Traps of 
eastern Bihar. ‘These lavas, which consist mainly of 
basaltic and pitchstone trap flows, overlie the Upper 
Gondwana shales and sandstones. They are most 
probably Jurassic in age, and according to Hobson‘ 
they represent the earliest part of the volcanic activity 
that afterwards, during the late Cretaceous and early 
Eocene periods, gave rise to the Deccan Traps. 

During January 1957 we collected samples of the 
rocks from five localities spaced about 20 miles apart. 
Approximately ten samples were taken from each 
site, usually over & distance of several hundred yards. 
In two of the localities the material was found in the 
beds of streams, while in the remaining three the 
blocks were obtained from freshly exposed rock in 
quarries. The samples were analysed in Bombay 
and London. 

The specimens taken from the three quarries 
- (83 blocks in all) were found to be consistently 
magnetized along an axis directed towards the west 
of north with a steep upward dip. A total of 16 blocks 
from the two stream beds, on the other hand, were 
badly weathered and showed widely scattered 
directions of magnetization, and the results for these 
particular samples have been rejected. - 

The magnetic direction for the samples from the 
quarry sites are plotted in Fig. 1 and details of the 
measurements are given in Table 1. The steep 
upward dip (—64°) is consistent with the assumption 
that the Indian land mass occupied a position south 
of the equator at the time when the rocks acquired 
their magnetization, and if the mean direction of 
magnetization is taken to correspond to that of a 
geomagnetic. axial dipole field at the time when the 
rocks were formed, we must suppose that the Raj- 
mahal areas bad a southern latitude of 46° at that 
time. The corresponding ancient position of the 
north geographical pole, computed on the polar 
wandering hypothesis, lies in the southern Carribbean 
at lat. 13° N., long. 70° W., as shown by point IX in 
Fig. 2. 

It is interesting to compare this result with those 
published previouslyt.* for the lavas of the Deccan 
Trap series. The north pole positions obtamed from 
measurements made on rocks from eight different 
sites in the Deccan formation are also shown in 
Fig. 2. They fall into three categories : 

(1) Sites V-VIII, which belong to the Lower 
Traps, give pole positions farthest to the south. The 
rocks ere all reversely magnetized (thai is, in south- 
easterly directions) with rather steep downward dips. 
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Fig. 1. Rafmahal area: @, upward dips. Equal area projection 





Fig. 2. 
(upper); II, Event wer); III, Amba (upper); IV, Nipani 


Ancient pole positions for various sites: I, Pavagadh 


(upper); FV, Tinga i l Kaan pon aal Amba (lower); 

(2) Sites II-IV are all close to the tops of the 
Western Ghats, and give pole positions closer to the 
present geographical pole. The samples from these 
sites have normal magnetization (that is, towards 
the west of north), with considerably shallower 
upward dips. 

(3) Site I is close to the top of Mount Pavagadh, 
and the rocks are acid tuffs believed to be more 
recent than the lavas of the main Trap sequence. 
Again the magnetic directions are normal, but the 
dips are almost zero. l 

It has been pointed out that this continuous 


. decrease of dip with altitude above sea-level may be 


due to any one of three causes, namely : 

(a) It may have occurred as a result of some 
mechanical effect associated with different depths of 
burial, such as that described by Graham’. g 


Table 1. RAJMAHAL ROCKS 





Mean latitude Mean longitude Mean intensity | Radius of 50 per cent 
of area of area No. of blocks (c.2.3.U.) Mean azimuth Meandip | circle of confide nee% 
25° ON. 87° 61’ E. 33 — 64° up | Q° 


* Measured by Fisher’s method (ref, 5) 
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(b) It may be indicative of partial magnetic instab- 
lity which would cause a pulling of the magnetic 
directions towards that of the present Earth’s field. 
This would tend to increase the magnetic dips of the 
reversely magnetized rocks (1) and to decrease those 
of the normally polarized ones (2) and (3). 

(c) It may represent a continuous northward 
movement of India relative to the equator during 
the time when the Deccan Traps were being erupted. 

The Rajmahal lavas discussed in this communica- 
tion are older than the Deccan Traps. They have 
steeper magnetic dips, and give a pole position (IX) 
farther from the present pole than any of the Deccan 
rocks. Considering this steeper dip in relation to 
postulates (a), (b) and (c) above, it appears that: 
(a) it is unlikely to have been caused by compressional 
forces associated with deep burial, since all the 
specimens collected came from the uppermost 250 ft. 
of the Rajmahal series, and it is improbable that they 
have ever been overlain by any substantial thickness 
of material’; (b) it cannot have been increased by 
magnetic instability in the present Earth’s field, as 
the Rajmahal rocks are normally magnetized, and 
this effect would tend to reduce rather than to increase 
their magnetic dips. 

It seems, therefore, that the combined results for 
the Rajmahal and Deccan Traps conform best with 
the postulate (c) and are compatible with the sup- 
position that there was a continuous northward drift 
of the Indian land mass extending from the Jurassic 
to the Eocene. 

This conclusion must be regarded as tentative 
pending a more detailed survey of the areas con- 
cerned. The work is continuing, and a full account 
will be given elsewhere. 

J. A. CLEGG 
Dept. of Physics, 
‘Imperial College, London. 
C. RADAKRISHNAMURTY 
P. W. SAHASRABUDHE 
Tata Institute of Fundamental 
Research, Bombay. 
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t Irving, E., Geofisica Pura e Applicata, 33, 23 (1956). 

7 Graham, J. W., “Adv. in Phys.”, 6, 392 (1957). 


The Triple Point of Argon as a 
Thermometric Fixed Point 


In connexion with experimental work on the 
thermodynamic properties of binary mixtures of 
condensed gases, it was necessary to know accurately 
the triple point of argon on the absolute scale. 
Michels, Wassenaar, Sluyters and De Graaff! have 
recently made a careful determination of this tem- 
perature using & platinum resistance thermometer. 
They suggested that it should be used as a fixed point 
for thermometer calibrations, and since this proposal 
has much to recommend it, it is desirable that there 
should be an independent estimate of the triple point. 

Using cylinder gases of the highest purity obtain- 
able, further purified by fractional distillation, we 
have measured the vapour pressure of oxygen at the 
triple point of argon, the liquid oxygen being contained 
in a small bulb surrounded by argon which had just 


NATURE 


- 


831 


started to melt. The manometer used was that 
described by Lambert and Phillips?, and individual 
measurements of the oxygen vapour pressure at the | 
argon triple point were constant to + 0:01 mm. The 
average value was 368-69 int. mm. of mercury with 
an estimated absolute uncertainty of + 0-05 mm. 
Hoge? has given values: of the vapour pressure- of 
oxygen on @ temperature scale based on a helium 
gas thermometer on which the oxygen boiling point 
is taken as 90-190° K. (with 0°C. = 273-160° K.). 
In the range involved, Hoge gives oxygen vapour 
pressures accurate to 0-1—-0-2 mm., corresponding to 
temperatures accurate to 0-:003-0:006°. From his 
data and the above figure for the oxygen vapour 
pressure, the triple point of argon is 83-819 + 
0:006° K. This is in good agreement with the value 
of Michels et al. of 83-819 + 0-001° K. 

Aston and Moessen* have recently carefully 
determined the normal oxygen boiling point and 
obtained a value of 90:154° K., which is 0:036° lower 
than the figure of the 1948 International Temperature 
Scale. With their value of the oxygen boiling point, 
our value for the argon triple point is 83-783 + 
0-006° K. 

We have also made repeated measurements of the 
triple point pressure of argon, obtaining an average 
value of 516-82 + 0:04mm. The figure of 515-7 mm. 
given by Clark, Din and Robb! and used by them to 
obtain the triple point is undoubtedly too low. 

R. A. H. Poon 

B. D. C. Sarmips 

L. A. K. STAVELEY 
Inorganic Chemistry Laboratory, 

Oxford. Dec. 20. 

* Michels, Wassenaar, Sluyters and De Graaff, Physica, 28, 89 (1957). 
Lambert and Phillips, PRU. Trans. Roy. Soc., A, 242, 434 (1949). 
’ Hoge, J. Res. Nat. Bur. Stand., 44, 821 (1950). 


+ Aston and Moessen, J. Chem. Phys., 21, 948 (1953). 
> Clark, Din and Robb, Physica, 17, 876 (1951). 


Raman Spectrum of Tetrakistrifluoro- 
phosphine-nicke! 


WE have observed the Raman spectrum of liquid 
tetrakistrifluorophosphine-nickel, Ni(PFs;),, prepared 
as described by Wilkinson’. As required for the 
point group Ta, all the lines of the spectrum are 
found to be depolarized except three, which are 
highly polarized (p ~ 0). This observation provides 
strong evidence that the arrangement of the four 
attached phosphorus trifluoride molecules around the 
nickel atom is regular tetrahedral (cf. nickel tetra- 
carbonyl). i 

The Ramen frequencies of the three polarized 
lines are 954, 534 and 195 em.-'. They are clearly 
to be assigned respectively to v, (mainly P-F stretch- 
ing), ya (mainly symmetrical ‘umbrella’ PF, dc- 
formation) and vs (mainly Ni-P stretching). For 
comparison, the values of v, and v, for the phos- 
phorus trifluoride molecule? are respectively 890 and 
531 cm.-!. Assuming a simple valency force field, 
the three polarized frequencies of Ni(PF;), may be 
used for deriving the two bond-stretching force 
constants kp» and kyi-p and the deformation 
force constant kg/l2. The values thus obtained are 
kp-F = 7-73, koj? = 0-53 and kyi-p = 2°71 (all in 
units of 10° dynes per cm.). The first two may be 
compared with the corresponding values for the 
phosphorus trifluoride molecule, kp-r = 5:38 and 
kal = 1-15, as calculated from v, and v, assuming 
simple valency forces. The force constant of stretch- 
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ing of the bond between the central nickel atom and 
each of the attached phosphorus atoms is of particular 
interest. The corresponding value of kyj-c for nickel 
tetracarbonyl, likewise calculated? on the basis of a 
simple valency force field, is 2-52. Both kyi-p and 
kyi-c are in the range normally expected for single 
bonds, and are thus remarkably low in view of the 
other evidence which has led to the conclusion!* that 
nickel-ligand bonds of this kind. have appreciable 
double-bond character. 
L. A. WOODWARD 
J. R. HALL 
Inorganic Chemistry Laboratory, l 
University of Oxford. 
Feb. 5. 


1 Wilkinson, G., J. Amer. Chem. Soc., 78, 5501 (1951). 

E Herzberg, G., “Infrared and Raman Spectra of Polyatomic Mole- 
cules”, 164 (New York, 1945). ' 

3 Crawford, B. L., and Cross, P. C., J. Chem. Phys., 8, 525 (1938). 

1 Chatt, J., Nature, 165, 637 (1950). 


Retinal Type of Photovoltaic Cell 


Ir is known that the retina of the animal is a 
photovoltaic mosaic composed of countless minute 
individual light receptors. The gradual development 
of multiple electrode photovoltaic cells may perhaps 
lead to an actual working model of the retina. 

Previously constructed multiple-electrode photo- 
voltaic cells have the seat of their photopotential 
within each single electrode unit. A typical example 
of a wet multiple photovoltaic cell is the telephoto- 
graphic system of Ruben!, which utilizes the copper/ 
cuprous oxide barrier-layer in each individual 
receptor unit. Photoemissive mosaic cells such as 
the television iconoscope, etc., obviously do not 
approach the retina in principle. 

The cell described here is unlike previous multiple- 
electrode wet photovoltaic cells in that the individual 
electrodes are completely inert ; the seat of the photo- 
potential is apparently in the space charge formed in 
the volume around the point electrode during 
irradiation?. Certain organic siructures when 
irradiated in solution produce photopotentials with 
respect to the unirradiated solution, a development 
from the Becquerel effect. The point electrode here 
is.& potential probe. 

The construction of the multiple cell, together with 
the irradiation box, is shown in Fig. 1. The cell 
can have as many points as desired on any shape 
of surface, and only one common dark electrode is 
required. In Fig. 1, nine point electrodes are shown 
mounted in a piece of cylindrical ‘Bakelite’ coil form 
which is cemented to a glass slide. The bottom 
electrode is made the common dark electrode. 
Platinum wire 0:02 in. in diameter is used for all the 
electrodes. The exposed platinum wire ends inside 
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' Fig. 2. Amplifier ‘brain’ unit attached to one electrode point 


the compartment are about 0:05 in. long and can 
be assumed to be points. The cell is cemented 
together with an epoxy adhesive. A small strip of 
black electrical or masking tape hides the bottom 
point from light. The cell is filled with about 0-25 c.c. 
of a 1 per cent solution of benzoin in 95 per cent 
ethyl alcohol as one of a series of photoactive solu- 
tions?. A photopotential as high as 0:15 YV. may 
be generated by each irradiated point with this solu- 
tion ; but in general, sensitivity of the point electrode 
to the space charge surrounding it during irradiation 
is more important than the magnitude of photo- 
potential if an analogy to the retina is to be drawn. 
The wave-length response of the cell is dependent on 
the photo-active solute used. 

The cell obviously requires an auxiliary apparatus 
to indicate that the cell is actually seeing light and 
a moving object. Fig. 2 shows a simple battery- 
operated electronic amplifier actually used for each 
irradiated electrode point. Each miulliammeter 
indicates what its respective point is seeing—light or 
darkness. 

The analogy between the rods and cones of the 
retina and the point electrodes of this photovoltaic 
cell, the roles of visual purple and the photo-active 
solution, and the requirement of a common dark 
electrode or ‘ground’ are accented with discretion. 

Irvin LEVIN 
Instrumentation Division, 
Walter Reed Army Institute of Research, 
Washington, D.C. 
Dec. 26. 


1 Ruben, S., U.S. Patent No. 1,907,124, filed 1929. 
3 tev Ty and White, C. E., J. Chem. Phys. ,18, 417 (1950); 19, 1079 


3 Levin, I., Wiebush, J. R., Bush, M. B., and White, C. B., J. Chem. 
Phys., 21, 1654 (1953). 


Contrast in the Electron Microscope 
Image 


THe detail seen in a highly magnified electron 
micrograph is to-day limited more by a lack of con- 
trast in the image than by any lack of resolution in 
the microscope, which is now usually capable of 
resolving objects at least as small as 15 A., that is, 
only a few atoms in diameter. Contrast may be 
increased either by metal-shadowing the surface of 
the specimen or by treatment with various reagents. 
By analogy with the use of stains in light microscopy 
this latter technique has come to be known as 
‘electron, staining’ (perhaps this is an unfortunate, 
if convenient, term since the analogy is not very 
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close). However, it is still not quite clear what 
physical property makes a substance likely to be 
useful for increasing contrast. Published statements 
say variously that high density, high atomic number, 
high atomic weight or the presence of atoms of a 
metal are required. Even the extreme claim that all 
substances are almost equally efficient in increasing 
electron density has been argued. 

It is unfortunate that exact measurements of 
contrast in the electron image are not easy to make, 
and subjective judgments are unreliable except in 
the rare cases of obviously intense staining. A simple 
theoretical approach to the problem of contrast has 
recently been made by Zeitler and Bahr’, and since 
this is in reasonable agreement with the few satis- 
factory measurements that have so far been pub- 
lished*.* it seems worth deducing from their formuls 
the conditions for & just appreciable increase in con- 
trast in the image of any part of a specimen. If the 
part considered covers an area S cm.? at right angles 
to the beam, then we may deduce that a distinct 
increase in contrast requires the addition of N atoms 
of atomic number Z uniformly over or through the 
object where NZ*3/S = 5-5 x 10? when the micro- 
scope works with a high-tension voltage of 60 kV. 
(4:7 x 10” for 50 kV.; 8-25 x 10! for 100 kV.). A 
reasonably contrasting photographic recording of the 
image and a small objective aperture have been 
assumed. This simple formula allows one to predict 
the effect of adding various amounts of different 
substances to the specimen and also, in a measure, 
to reconcile some of the conflicting views on the 
requirements for contrast. 

There are three useful bases on which to compare 
contrast, and it is important to distinguish which is 
relevant in any particular case. 

(1) Contrast compared on the basis of equal 
thickness. This is particularly relevant when selecting 
a material for shadowing the specimen where an 
adequate increase in contrast with the minimum 
thickness of deposit is required. Ifd cm. is the thick- 
ness of the thinnest film of material that gives increased 
contrast, p gm.cm.-° the density of the film, A its 
atomic weight and L Avogadro’s number (6:02 x 1023), 
then NZ‘3/S = pdb Z*8/4 = 5-5 x 102, that is, 

= 0°915 x 10-8 (4/Z4!) (1/p). Now 4/Z*" is nearly 
unity for all elements (it varies from 0-57 for uranium 
to 1-6 for lithium), so that, judged on the basis of 
equal thickness, the maximum contrast is given by 
the material with the greatest density. In the 
particular case of platinum (4/Z4 = 0-59, 9 = 21-5), 
d = 2-5A., which agrees well with practice, where 
an estimated 5 A. is found to be a suitable thickness 
for the film of metal-shadowing. This calculation 
also shows that a useful histochemical technique for 
the electron microscope might be that of forming 
small deposits of some dense substance specifically in 
the tissue ; indeed, the few successful techniques so 
far have been mostly of this type*5. 

(2) Contrast compared on the basis of equal 
weight. If an object d cm. thick of density pọ gm.cm.~® 
can bind p per cent by weight of an added substance, 
then a detectable increase of contrast requires p to 
have a value of not less than that given by (p/100) 
pdLZ*3/A = 5-5 x 10", that is (taking Z4"9/4 and the 
density of the specimen as unity), p = 9 x 10-5/d. 

We thus obtain the unexpected result that for a 
specimen of given thickness the percentage uptake 
of stain required for contrast is almost independent 
of the nature of the stain used. For an object about 
0-5u thick (say, a bacterium) a 2 per cent uptake of 
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any stain should increase contrast, and it might be 
worth trying the usual light microscope stains on 
such objects viewed with the electron microscope. 
On the other hand, for a thin section (200 A.) 45 per 
cent of stain is required. A similar calculation has 
led Ornstein® to claim that, since osmium is only 
taken up to the extent of about 10 per cent, osmium 
staining of thin sections must be a fiction. As shown 
later this conclusion may not be altogether justified, 
and it certainly conflicts with a deep-set belief of many 
electron microscopists. 

(3) Contrast compared on the basis of equal 
numbers of molecules. If the object to be stained is 
d em. thick and can bind n molecules of stain per 
em.*, then for increased contrast nd(=Z*!8) =5-5 x 1017 
where (2Z*'*) is obtained by adding up the values of 
Z‘'8 for each atom in the molecule of stain. It is on 
this basis that different stains would normally be 
compared. If, as may often be the case, the molecules 
of stain are bound to the surface of membranes and 
not uniformly distributed throughout the tissue as 
has been assumed above, then if n molecules are 
bound per cm.’ of membrane surface, the normal to 
which makes an angle 0 with the beam at any point, 
contrast results when n(XZ‘*!%) sec 0 = 5-5 x 10”. 
If the tissue is fixed with osmium tetroxide and this 
is bound on the membranes as the lower oxide 
Os0,(2Z*'S = 353), then when 0 = 89° (that is, in 
æ section where part of a membrane runs almost at 
right angles to the surface) n = 2-5 x 10! em.-, or 
one atom of osmium bound per 400 A.? of the mem- 
brane surface will increase its contrast. This is a 
very plausible figure, so that both in theory and in 
practice osmium staining of the surface of membranes 
may well be a fact. — 

Rosin C. VALENTINE 
National Institute for Medical Research, 
Mil Hil, 
London, N.W.7. 
Feb. 5. 
*Zeitler, E., and Bahr, G. F., Exp. Cell Res., 12, 44 (1957). 
* Hall, C. E., J. Biophys. Biochem. Cytol., 1, 1 (1955). 
> Hall, C. E., and Inoue, T., J. App. Phys., 28, 1846 (1957). 
‘ Bradfleld, J. R. Q., Nature, 173, 184 (1954). 
* Barrnett, R. J., and Palade, G. E., J. Biophys. Biochem. Cytol., 
8, 577 (1957). 
‘Ornstein, L., J. Biophys. Biochem. Cytol., 3, 809 (1957). 


Sintering of Tin Powder 


Most powdered metals will sinter together appre- 
ciably when heated to a temperature which, in the 
absence of extraneous factors, is about three-quarters 
of their absolute melting point ; metals of low melting 
point tend to be exceptions, however, to this general- 
ization in that they can be heated nearly to their 
melting point before sintering takes place. There is 
no evidence, in fact, that tin has ever been observed 
to sinter’. Tin powder is usually made by the atom- 
ization of the molten metal and particles of the 
powder become coated with a film of stannic oxide ; 
this oxide cannot be reduced below the melting point 
of tin by any atmosphere normally used in sintering. 
It has already been found? that sintering previously 
pressed powder leads to no further densification of 
the compact and confers no beneficial properties on 
it. The inability of tin to undergo sintering has been 
generally assumed, but never shown, to be due to. 
the presence of unreduced oxide films. 

It was decided to test this assumption by attempt-. 
ing to sinter loose oxide-free powder. To obtain 
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such powder, massive white tin was transformed to 
the grey allotrope at —40°C. in an evacuated and 
‘settered’ glass tube. Considerable volume changes 
occur during transformation, and the grey tin 
formed as a more or less granular powder. This 
loose powder was re-transformed to white tin at 
room temperature and shaken to one end of the tube. 
It was then heated at 220° C., for 48 hr. 

The powder had formed a coherent, but friable, 
mass, which was removed from the tube in one piece. 
Specimens from this were prepared for micro- 
examination, which showed much evidence of growth 
across particle boundaries, indicating that sintering 
had taken place. It is, of course, to be expected that 
sintering would take place much more rapidly and. 
completely if the powder were first compacted, but 
it may be concluded that, in the absence of oxide 
films, tin powder will sinter when heated. 


R. F. SMART 
E. C. ELLWOOD 


Tin Research Institute, 
Fraser Road, 
Perivale, 
Greenford, Middlesex. 
Feb. 4. 
1 Geach, G. A., “Progress in Metal Physics”, 4, 174 (Pergamon 


Press, 1953). 
2 Greenfield, L. T., Ph.D. thesis, University of London (1952). 
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Thermoelectric Properties of Bismuth 
Telluride and its Alloys 


PREvious publications from this Laboratory have 
described the progress made with bismuth telluride 
in connexion with thermoelectric refrigeration or 
generation. With a thermo-junction between p-type 
bismuth telluride and bismuth the maximum tem- 
perature difference obtained’ was 26° C., and between 
p- and n-type bismuth telluride? 40°C. This 
corresponded with a figure of merit y/o/K of 
0-0335 degree, Here is the thermoelectric power, 
o the electrical conductivity, and K the thermal 
conductivity. 

In our work on this compound in 1956 we were 
able to make p- and n-type bismuth telluride with 
greater uniformity and to realize more exactly the 
optimum thermoelectric power, which is near 
200 uV./deg. C. The outcome of this was a maximum 
temperature difference of 65 deg. C. at a mean tem- 
perature of 17°C. The physical properties of the 
material are consistent with those reported by me at 
the Garmisch conference in September 1956 *, except 
that Hall electron mobilities as high as 300 cm.’ 
volt"! sec.-! have been obtained in more recent 
material. 

A temperature difference of 65 deg. C. has been 
quoted recently by Shilliday‘, of the Battelle Labora- 
tories. In Russian work, Sinani and Gordyakova’ have 
quoted a figure of merit of 0-049 for one component 
of a junction. This was n-type, and consisted of 
an alloy of 80 per cent bismuth telluride and 20 per 
cent bismuth selenide. The highest temperature 
difference quoted in Russian work® appears to be 
70 deg. C., indicating that their p-type material is 
inferior to the n-type quoted, since if both com- 
ponents of a junction have a figure of merit of 0-049, 
the maximum temperature difference is larger than 
70 deg. C., as indicated later. 
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It is to be expected, as discussed by Joffe’, that 
in alloys the thermal conductivity will be less than 
that of either single component, because the sub- 
stituted atom causes phonon scattering. In favourable 
circumstances this can be achieved without appre- 
ciably increasing the electron scattering. In accord- 
ance with this, we have recently studied alloys of 
bismuth telluride — bismuth selenide, bismuth tell- 
uride — antimony telluride, bismuth telluride —bis- 
muth sulphide and also alloys of bismuth telluride — 
antimony telluride containing either selenium or 
sulphur. With some compositions both p- and n-type 
material with the optimum thermoelectric power has 
not yet been obtained, and in fact this is the case 
with alloys giving the lowest thermal conductivity. 
Taking the most favourable n- and p-type alloys so 
far prepared, we have been able to obtain a mean 
figure of merit of 0-049 for the junction, correspond- 
ing with a maximum temperature difference of 80 deg. 
C. for a mean temperature of 17°C. This results 
primarily from the fact that substitution of antimony 
for bismuth lowers the lattice component of the 
thermal conductivity, Ko, from 0:0157 for bismuth 
telluride to a minimum of 0:010 ohm. cm.-? deg. C.-* 
at about 50 atomic per cent of antimony, while the 
electron mobility is not reduced. Substitution of 
sulphur or selenium for tellurium in any (Sb—Bi),-Te; 
alloy causes a further small reduction in Ko, but the 
amount which can usefully be substituted is restricted 
because of electron scattering. 

Our work on the optical properties® indicates that 
on substituting selenium for tellurium in bismuth 
telluride, there is a change in band structure near the 
composition Bi,Te,Se, which may be associated with 
the decrease in mobility on adding selenium because 
of an increase in inter-valley scattering. We have not 
so far been able to obtain infra-red transmission 
through (Bi-Sb),.—Tes. 

I would like to acknowledge the collaboration of 
several scientists working as a team on this subject. 
A. R. Sheard is responsible for preparing the material, 
H. J. Goldsmid for studying thermal conductivity 
and thermoelectric power, J. R. Drabble for in- 
vestigating the galvanomagnetic effects, and I. G. 
Austin for examining the optical properties. P. A. 
Walker and B. Yates are extending the measure- 
ments down to liquid-helium temperatures. In 
addition to the papers referred to above, some of 
the more recent work has been published’, and other 
papers are in preparation’®. 

D. A. WRIGHT 
Research Laboratories, 
The General Electric Co., Ltd., 
Wembley, Middlesex. 
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Mechano-Chemical Anodic Dissolution 


Hoar and Hines'-* have studied the transgranular 
stress-corrosion cracking of 18-8 type stainless steels 
in aerated aqueous magnesium chloride solution 
(42 wt.-per cent of magnesium chloride) at tem- 
peratures of 120-154°C., using thin wires directly 
stressed in tension. They found rates of crack 
propagation in the range 0-5-2 mm./hr., similar to 
those found in other work using much thicker material, 
and several orders of magnitude smaller than the 
rate of cracking in mechanical brittle fracture. 
They suggested that a crack is propagated by the 
selective anodic dissolution of the highly stressed 
metal forming its advancing edge, the unstressed 
sides of the crack remaining relatively unattacked. 

By measurements of the electrode potential of 
cracking wires, and of potential and current density 
on unstressed wires polarized cathodically with 
impressed e.m.f., they estimated the current flowing 
from the surface oxide-film cathode into each crack as 
of the order of 0:5 vamp.; this, together with the 
anodic current-density at the advancing edge neces- 
sary to give the observed rate of crack propagation 
by metal dissolution to Fell, Crill and Nill, say 0:4- 
1-6 A./om.*, leads to reasonable values of the width of 
the advancing edge, some tens or hundreds of ang- 
stroms. The potential measurements also showed that 
the postulated anodic dissolution of stressed metal at 
high current density must take place, if it in fact 
occurs, with only a few millivolts polarization of 
the anode above its zero-current potential of about 
—0°15 V. (N-hydrogen scale). While there are no 
grounds for supposing that stressed or even strained 
metal is, per se, much more easily dissolved anodically 
than unstressed metal, it seemed possible that metal 
in the act of yielding under stress might be so. 
Measurements of the overall extension of wires during 
cracking suggested that the actual strain-rate at the 
advancing edge of each crack may well be of the 
order of 10-100 per cent/sec., and it was thus of 
interest to see whether a macroscopic area of 18-8 
type stainless steel yielding at a comparable rate 
could sustain a high anodic current density of the 
order of 1 amp./cm.*, leading to equivalent metal 
dissolution, at very small polarization. 

We have modified the apparatus of Hoar and 
Hines!’ so that in it a wire may be extended very 
rapidly while it undergoes anodic polarization in a 
hot aqueous solution. Arrangements for the simul- 
taneous measurement of extension-rate, electrode 
potential and current are included, and for the rapid 
flow of the solution past the wire if required. 

When an unstressed wire of 18-8 steel (carbon, 
0:09; silicon, 1:00; manganese, 0-78: chromium, 
17-1; nickel, 9-2; molybdenum, 0:18; copper, 0:2; 
nitrogen, 0:06; niobium + tantalum, titanium, 
<0-05 wt.-per cent) was polarized anodically in 
stagnant 42 wt.-per cent aqueous magnesium chloride 
solution at 154° C. so that the current density was 
0:5 amp./em.?, the potential was +0-52 V. and the 
wire dissolved uniformly over its whole surface to 
Fell, Criil and Nill with about 100 per cent current 
efficiency. When a similar wire was treated similarly 
during its extension at 5 per cent/sec., the potential 
was + 0:35 V. and similar uniform dissolution 
occurred. The rapid macroscopic dissolution pro- 
duced, however, considerable concentration polariz- 
ation caused by the accumulation of dissolved metal 
ions in the liquid adjacent to the wire. To reduce 
this, further experiments, in which similar wires were 
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extended at 5 per cent/sec. while dissolving at 
0-5 amp./cm.*, were made with the solution forced 
at 50 cm./sec. past the wire (which was held in the 
axis of a 1-cm.-diam. glass tube): the potential was 
now — 0:15 V., very close to the zero-current poten- 
tial of unstressed 18-8 steel anodes and slightly more 
negative than the potentials observed during stress— 
corrosion cracking’, the wire again dissolving 
uniformly. 

These experiments demonstrate that 18-8 steels 
can dissolve anodically at high current density with 
very small polarization provided that the surface is 
yielding rapidly in a direction normal to the direction 
of dissolution. They provide strong confirmation for 
the hypothesis of Hoar and Hines for the mechanism 
of crack propagation; as we shall show in a full 
report of this work elsewhere, concentration polariz- 
ation at a very small anode at the advancing edge 
of a yawning crack is likely to be very small. The 
experiments also provide an example, on the macro- 
scopic scale, of a mechano-chemical effect: an 
anodic dissolution that is highly stimulated by the 
mechanically induced movement of the surface 
metal atoms. 

Similar experiments on pure nickel gave no indica- 
tion of mechanical stimulation of its anodic dissolution 
in hot aqueous magnesium chloride solution; sig- 
nificantly, nickel does not suffer stress-corrosion 
cracking under these conditions. Although 18-8 
steel and nickel both have face-centred cubic lattices, 
the number, distribution and mobility of dislocations 
and other zones of disarray are clearly different in 
the alloy and in the pure metal, which may well 
account for the difference in their behaviour when 
they undergo simultaneous yielding and dissolution. 


T. P. Hoar 
J. M. WEST 
Department of Metallurgy, 
University of Cambridge. 
Jan. 29. 


1 Hoar, T. P., and Hines, J. Q., J. Iron and Steel Inst., 182, 124 (1956). 

1 Hines, J. G., and Hoar, T. P., J. Iron and Steel Inst., 184, 166 (1956). 

> Hoar, T. P., and Hines, J. G., Symposium on Stress Corrosion 
Cracking and Emorittlement, 107 (Wiley, 1956). 

‘ Hoar, T. P., and Hines, J. G., International Committee for Electro- 
chemical Thermodynamics and Kinetics (CITOE), 8th Meeting 
(Butterworths, London) (in the press). 

s Hines, J. G., and Hoar, T. P., J. App. Chem. (in the press). 


Electronic Configuration of Cations in 
some Distorted Spinels 


Two apparently different approaches have been 
used for explaining the distortion to tetragonal 
symmetry of some spinels. Both, however, rely on 
the behaviour of cations having 3d electrons. Thus 
in one the origin of distortion is attributed to the 
ability of these cations (for example, Mn°+) to form 
the appropriate covalent bonds with the overlapping 
oxygen orbitals!-*. On the other hand, the second 
approach relates it to the crystal field effects and 
Jahn-Teller distortions’ of ligands around such 
cations®. 

In what follows the observed electronic configura- 
tion of cations in a few cases is examined in the light 
of these schemes. The analysis of the available 
magnetice data for, Mn?+[Mn3+]O{- and for the 
y-oxide (Mn?+02-) showed that Mn*+ (d$) ions at 
octahedral sites in both the substances have four 
unpaired d-electrons. However, the tetrahedrally 
situated cations, that is Mn?+ (d5) in the former and 
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Mn*+ (d4) in the latter had only one and two unpaired 
electrons respectively?. This distribution satisfies the 
requirement of Mn®+ ions at octahedral sites which 
in virtue of one empty d-orbital would take part in 
dsp? square bonds to produce the appropriate dis- 
tortion of each elementary octahedron (c/a>1). 
Furthermore, the cations at tetrahedral sites which 
have two empty d-orbitals would seem to form dsp 
hybrid (irregular tetrahedral) bonds’. This is also 
in accord with the geometrical requirements where 
in both the substances the MeO, tetrahedra are also 
distorted and can be described as tetragonal sphen- 
oids* with «, = æa = 102° 30’ and B = 113° 34’, the 
central cation being equidistant from oxygen ions. 

The above electronic distribution of 3d electrons 
in the tetrahedrally situated cations, which seems to 
be in violation of Hund’s rule, can also be justified 
from the point of view of crystal field theory. 

According to this approach®, the (tag)? (eg) con- 
figuration of octahedrally situated Mn**+ (dt) ions, 
having degeneracy with respect to eg orbitals, gives 
rise to a Jahn-Teller distortion whereby c/a>1. This 
is in agreement with observation. However, con- 
figurations with highest permissible multiplicity for 
tetrahedral cations are (e)? (ta)? for Mn?t in 
Mn?+[Mn2+]O, and (e)? (ta)? for Mn*+ in y-Mn3tOs. 
For the former the Jahn—Teller distortion is zero and 
for the latter c/ja<1l. In fact, this distortion of 
tetrahedral groups will oppose that of octahedral 
groups. This would conflict with the observed 
situation where in both the substances c/a = 1:16. 
A distortion of the tetrahedral group consistent with 
cja>1 is expected from a configuration where there 
is, in these ions, a single electron in the łą, orbital 
(in effect T, state). Thus the modified configuration 
for such ions would be (e)* (t) for d’ and (e)? (ta) for d4. 
This distribution is in agreement with the total spin 
values derived from the magnetic data. 

Actually, the distortion of MeO, octahedra to give 
cla>1 and the corresponding distortion of MeO, 
tetrahedra amounts to the production of a strong 
crystal field which would favour the low spin-states. 

It is expected that a molecular orbital approach 
which takes into account the essential features of the 
Jahn-Teller effects would lead to a more consistent 
picture. 

I am grateful to Prof. M. H. L. Pryce for dis- 
oussions. 

K. P. Srvpa* 
H. H. Wils Physics Laboratory, 
University of Bristol. 
Jan. 20. 
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Murexide Test in Paper Chromatography 


MrowEt found that the purines on a moist filter 
paper, when treated with chlorine gas for 3 min., dried 
at 80-90° C. and left in an ammonia atmosphere for 
a few minutes form compounds which are detectable 
by their fluorescence in ultra-violet light. A true 
murexide test, with development of a pink coloration, 
can be carried out without using chlorine directly, 
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by lightly spraying the paper first with a 10 per cent 
solution of chloramine 7 (B.P.) and then with 
N hydrochloric acid, followed by heating it m a 
steam-oven (96-98°C.) until there is no smell of 
chlorine. The dried paper is then passed slowly over 
the open mouth of a bottle of concentrated ammonia 
and heated in the steam-oven for 5-10 min., when 
the purines will show up as pink spots. It is some- 
times necessary to repeat the ammonia treatment 
and subsequent heating to make the spot visible. 
Morgan? used chloramine T as an oxidizing agent 
for detection of caffeine in the conventional way by 
the murexide test: l 

This method will detect uric acid, caffeine, theo- 
phylline, theobromine and xanthine in approximately 
microgram quantities of 1:5, 18, 38, 1 and 7 respect- 
ively. When’ viewed in ultra-violet light the spots 
show violet fluorescence, and the minimum detectable 
quantities are reduced to approximately one-third of 
those quoted above. 

We wish to thank the Indian Tea Association for 
permission to publish this communication. 

N. B. CHANDA 
S. CHAKRABORTY 
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Acidity of Sprays used in detecting 
Ketohexoses on Paper Chromatograms 


SEVERAL spray reagents are available for the 
specific detection of ketoses and ketose-containing 
sugars on paper chromatograms. Probably the most 
widely used are resorcinol and naphthoresorcinol, 
originally prepared as sprays in 2 N hydrochloric acid 
by Forsyth!. Afterwards, Partridge? replaced the 
hydrochloric acid with trichloracetic acid in order to 
minimize attack on the filter paper. Heyrovsky® has 
recently reported that §-indoly] acetic acid in tri- 
chloracetic acid is also a very sensitive ketose-specific 
reagent. In work in this laboratory on two fructose- 
containing disaccharides it has been found that all 
three of the above reagents, when prepared in 
trichloracetic acid, failed completely to detect these 
sugars on paper chromatograms. When the tri- 
chloracetic acid was replaced with 2 N hydrochloric 
acid strong positive tests were obtained. The results 
are listed in Table 1. 

Disaccharide A was obtained from red clover 
(Trifolium pratense) and yielded fructose only on 
hydrolysis. Disaccharide B was isolated from 
cultures of Streptococcus bovist and yielded both 
glucose and fructose on hydrolysis. Both sugars were 
somewhat resistant to acid hydrolysis and required 
4 hr. at 100° in 1-5 N sulphuric acid for complete 
hydrolysis. The two disaccharides were applied to 


Table 1 












Acid 





Reagent Disaconarde a 
















Resorcinol | Trichloracetic nil nil 
2 N hydrochloric bright red bright red 
Naphtho- | Trichloracetic ‘ nil nil 
resorcinol | 2 N hydrochloric deep red deep red 
B-Indolyl- | Trichloracetic nil nil 
aceticacid | 2 N hydrochloric strong violet | strong violet 
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papers as spots containing 20-25 ugm. of sugar, and 
the sprayed papers heated according to the methods 
employed by Forsyth!, Partridge? and Heyrovsky*. 
No reaction was obtained with the trichloracetic acid 
reagents even with prolonged heating times. Fruc- 
tose and sucrose, under these conditions, reacted 
readily with all three reagents in either acid, while 
glucose gave no reaction. 

All three reagents appear to have been developed 
with fructose and oligosaccharides containing the 
easily hydrolysed sucrose linkage (sucrose and 
raffinose) as reference sugars. From the results 
just reported it appears that either free ketose only 
can react with the reagents or else a specific part of 
the ketose molecule may be involved in the reaction. 
In this latter case a stable glycosidic linkage involving 
this specific portion of the ketose molecule would 
prevent reaction with the reagents. In either case 
preliminary hydrolysis would be necessary. The 
results described suggest that trichloracetic acid, 
under the recommended conditions, is unable to 
hydrolyse the more stable glycosidic linkages and thus 
the stronger hydrochloric acid is necessary. 

Tt is evident that in testing an unknown oligo- 
saccharide for ketoses on a paper chromatogram the 
stronger acid sprays are necessary. A positive 
reaction with only the stronger acid reagent may be a 
useful indication of the strength and possible nature 
of the glycosidic linkage involved. 
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R. W. BAnEY 
Plant Chemistry Division, , 
Dept. of Scientific and Industrial Research, 
Palmerston North, 
Now Zealand. 
Jan. 10. 
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Quantitative Determination of Hydroxy- 
proline by Paper Chromatography 


RECENTLY, we showed that the quantitative 
analysis of amino-acids using the maximum colour 
density method could be accomplished with low errors 
and good reproducibility!. As regards the analysis 
of hydroxyproline, the accuracy can be considerably 
improved if the colour development is effected using 
a ninhydrin—isatin—triethylamine reagent? rather than 
isatin?. 

A solution containing 46-8 mgm. of hydroxy- 
proline in 100 ml. of 10 per cent isopropanol was 
assayed by the paper chromatographic procedure’. 
This procedure employs strips of Whatman No. 1 
filter paper, 23cm. x 57 cm., buffered at pH 8-4 and a 
40-hr. descending development in the solvent system 

‘m-cresol buffered at pH 8-4. 

Eighteen quantitative chromatograms were pre- 
pared. Following solvent development and drying 
at 60° C. for 1 br., nine of the chromatograms were 
dipped in 0-4 per cent isatin in water-saturated n- 
butanol containing 4 per cent acetic acid (reagent A). 
The blue colour of the hydroxyproline spots was 


developed by heating the dipped chromatograms for 


10 min. at 100° C. and then storing at room tempera- 
ture for 24 hr. The maximum densities of the spots 
were read using a ‘Densichron’ transmission densito- 
meter (Model 3835B, W. M. Welch Scientific Co., 
Chicago), the red built-in filter, and a 3-mm. aperture. 
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Table 1. soo AND PREOISION OF PAPER CHROMATOGRAPHIC 


ETERMINATION OF HYDROXYPROLINE 


Calculated concentration 
(mgm./100 ml.) 


Reagent B 





Chromatogram —— 
Reagent A 


OOovroqrwonhr 


Average 
Standard deviation* 


Deviation from theoryt 


* Standard deviation = V NZX" — (2X) 
Noy — 1) 


t Theoretical value = 46°8 mgm./100 ml. 


The remaining nine chromatograms were dipped 
in @ reagent composed of 270 mgm. of ninhydrin, 
130 mgm. of isatin and 2 ml. of triethylamine made 
up to 100 ml. with water-saturated n-butanol (reagent 
B)*, After heating for 15 min. at 60° C., the maximum 
densities of the red-purple hydroxyproline spots were 
read using the “Densichron’ transmission densito- 
meter and no filter. ` 
The results of this comparative quantitative study 
aro given in Table 1. In addition to a marked 
improvement in the accuracy and precision of the 
analysis, the use of reagent B (the new ninhydrin- 
isatin-triethylamine reagent) offers a number of 
other distinct advantages: (l) It is specific for 
hydroxyproline’. (2) It is more sensitive than isatin. 
The concentration of the standard and unknown 
solutions spotted on the filter paper are one-half the 
concentration required when using isatin'. (3) The 
‘maximum, densities of the hydroxyproline spots are 
greater and can be read immediately after colour 
development, thus eliminating the 24-hr. colour 
development period necessary when using isatin. 
Henry R. ROBERTS 
MICHAEL G. KOLOR 
Research Laboratories Division, 
National Dairy Products Corporation, 
Oakdale, Long Island, 
New York. 
Dec. 13. 
1 Roberts, H. R., and Kolor, M. G., Anal. Chem., 29, 1800 (1957). 
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Iron Content of Hæmoglobin in Iron 
Deficiency 


In iron-deficiency anæmia insufficient iron is avail- 
able for haemoglobin synthesis to proceed at a normal 
rate. Presumably the primary difficulty is in the 
synthesis of the prosthetic groups of hemoglobin, 
hem. Since the usual methods of estimating hemo- 
globin (spectrophotometry, iron analysis, oxygen 
capacity) depend upon the ham group, it appeared 
possible that the decrease in ‘hemoglobin’ observed 
in this deficiency state might be one of hem rather 
than hæmoglobin. Thus, unless globin synthesis 
was restrained by the absence of hem, globin mole- 
cules with less than the normal four hem groups 
might be produced. The studies reported here were 
undertaken to determine whether appreciable quant- 
ities of such a hypothetical incomplete pigment were 
present. 
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Table 1 


Iron content 
as average 
per cent of dry 
weight + standard 
error of the mean 


No. of 
aliquots 


Sample 


Mother liquor from first crystalliza- 
tion of hemoglobin from normal 


Tats 

Mother liquor from first crystalliza- 
tion of hemoglobin from iron- 
deficient rats 

Purified (twice crystallized) hemo- 
globin from normal rats 

Purified (twice crystallized) hæmo- 
globin from iron-deficient rats 

Purified (once crystallized) hemo- 
globin from normal human 

Purified (once crystallized) hemo- 
globin from [ron-ueficient human 

Purified (twice crystallized) hamo- 
globin 

Purified (twice crystallized) heemo- 
globin from iron-deficient human 


0:312 


0-298 
0-3488 4- 0:0027 
0:3364 + 0-0053 
0-3260 + 0:0017 
0:3173 + 0-0020 
0-3328 + 00028 
0-3496 + 0:0028 





Rat hæmoglobin was isolated from the heparinized 
blood of animals rendered iron-deficient by feeding 
them a mild diet supplemented with an iron-free 
salt and vitamin mixture. Control animals were fed 
an identical diet to which ferrous sulphate had been 
added. The hemoglobin was crystallized by shaking 
an alkalinized hemolysate with toluene, centrifuging, 
filtering and adjusting the pH to 6-8. The crystals 
were redissolved with the aid of dilute ammonia, 
and recrystallization was achieved by dialysis against 
large volumes of iron-free water. Prior to drying 
for analysis, the crystals were dissolved in iron-free 
water with the aid of dilute ammonia and the result- 
ant hæmoglobin solution was filtered. 

Human hemoglobin was isolated from the blood 
of a normal young man and from the blood of a 
woman with long-standing uncomplicated iron- 
deficiency anemia. Crystalline human hæmoglobin 
was prepared according to Drabkin’s method’. It 
was washed briefly in 2:8 M phosphate buffer at 
pH. 6:8 and was then redissolved in iron-free distilled 
water, filtered, and dialysed against large volumes of 
iron-free water. An aliquot of the hemoglobin was 
recrystallized by further dialysis against 2-8 M phos- 
phate buffer, pH 6-8, and was washed overnight in 
the buffer. The crystals were redissolved in 2:0 M 
phosphate buffer pH 6-8, filtered, and dialysed 
against several large volumes of iron-free water. 

2-5 aliquots of each hemoglobin solution were 
dried to a constant weight at 110°C. and were then 
wet-ashed with concentrated sulphuric acid and 
hydrogen peroxide. In the case of human hæmo- 
globin solutions, residual potassium phosphate 
represented less than 1 per cent of the dry weight as 
estimated by phosphorus analysis. A correction for 
the weight of this salt was made. Iron determinations 
were carried out colorimetrically with o-phenanthro- 
lene, using a modification of the method of Barkan 
and Walker?. The iron content of the hemoglobin 
samples is presented in Table 1. 

Assuming that the pigment in the destromatized 
hemolysate is representative of the pigment inside 
the intact red cell, the results of these studies 
demonstrate that most, if not all, of the pigment in 
iron-deficient red cells has a normal iron content. It 
is apparent that the nearly identical iron content of 
the purified hemoglobin solutions from normal and 
iron-deficient subjects cannot be due merely to 
failure of an incomplete hæmoglobin to crystallize, 
since there was very little difference in the iron con- 
tent of the mother liquors from the first crystalliza- 
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tions of the rat hemoglobin. Thus in iron deficiency 
a defect in the ham synthesis appears to limit some- 
how the synthesis of globin. 
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ERNEST BEUTLER 
Argonne Cancer Research Hospital, 
U.S. Atomic Energy Commission, 
and 
Department of Medicine, 
University of Chicago, 
Chicago, Illinois. 
Dec. 19. 
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Carcinogenicity of Tricycloquinazoline 


TRICYCLOQUINAZOLINE (I) has hitherto been pre- 
pared from indazole and copper powder1?, from 
o-aminobenzaldehyde and ammonium chloride? and 
from o-cyanoanilinium toluene-p-sulphonate?. We 
now find that it is readily formed in simple pyrolytic 
reactions. For example, methyl anthranilate was 
refluxed into a red-hot tube; a benzene solution of 
the resulting tar, after removal of its constituent 
acidic and basic fractions including methyl anthran- 
ilate, furnished 0:053 per cent of pure tricyclo- 
quinazoline by chromatography on alumina. 
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It was also produced, in the yields given, by the 
action of heat on the following compounds or mix- 
tures: ammonium anthranilate (0:083 per cent), 
anthranilamide (0-73 per cent), anthraniloylanthranu- 
amide (5 per cent), anthranilamide toluene-p-sulph- 
onate (20-25 per cent), methyl anthranilate and 
ammonium benzenesulphonate (5-16 per cent), 
ammonium anthranilate and ammonium benzene- 
sulphonate (0-11 per cent), anthranilic acid and 
ammonium benzenesulphonate (0-086 per cent), 
anthranilamide and ammonium benzenesulphonate 
(12 per cent). In each instance the product was 
authenticated by its melting-point and mixed 
melting-point, by its characteristic ultra-violet light 
absorption. and by its Ry value. 

Tricycloquinazoline can be sublimed unchanged at 
red heat at atmospheric pressure and is resistant to 
oxidation. This substance is a representative of a 
class of polyazapolycyclic hydrocarbons which have 
not previously been tested for carcinogenic proper- 
ties, and so the activity has been examined following 
subcutaneous injection in the rat. 

The compound was injected subcutaneously as a 
suspension in olive oil (10 mgm./ml.) into 30 Wistar 
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Fig. 1. Photomicrograph showing relation of neoplastic tissue to 
injected tricycloquinazoline. (x c. 90) 


rats, 7-11 weeks old and equally divided with respect 
to sex. Because of the persistence of the material 
at the site of injection, rats received only four 
monthly injections, representing a total dosage of 
40 mgm., and were then observed for 26 months. 

The injected tricycloquinazoline proved to be 
extremely resistant to metabolism, and subcutaneous 
cysts containing the compound remained at the site 
of injection during the whole period of the experi- 
ment (22-26 months). In two experiments where 
attempts were made to recover tricycloquinazoline 
from injected rats after 22 months, in each case a 
total of 36 mgm. out of 40 mgm. injected was re- 
covered from the local lesion in an unchanged 
form. 

Tumours were observed in 27 per cent of treated 
rats during the period of the experiment and the 
¢umour-induction period was relatively high. The 
first tumour appeared 14 months after the first 


injection, while the majority of the tumours developed . 


between the sixteenth and twenty-fourth months. 
All these tumours were undifferentiated spindle-cell 
sarcomata which had arisen at the site of injection. 
Tricycloquinazoline causes & low-grade inflammatory 
reaction in the surrounding connective tissue, with 
ultimate formation of a cystic space surrounded by 
fibrous tissue. The inactivity of the compound is 
indicated by its demonstration by fluorescence 
microscopy as long as 26 months after injection. 
Histological studies enabled the close relation of the 
tumours to be seen (Fig. 1). 

The latent period for tumour induction with 
tricycloquinazoline is considerably greater than that 
observed. with polycyclic hydrocarbons®. This may 
be due to the extreme inertness of the compound, 
and it is interesting that similar latent periods have 
been observed for tumour induction by implants of 
synthetic polymers, which are also chemically un- 
reactive®. 

Although it is not suggested that the carcinogenic 
activity of these various substances is due to & com- 
mon mechanism, it would appear that, by virtue of 
its chemical inertness, the carcinogenic response 
produced by tricycloquinazoline more closely re- 
sembles that caused by plastics? and metals’ and can- 
not be directly compared with the activity of the 
more readily metabolizable polycyclic hydrocarbons. 

In view of the wide occurrence of methyl anthran- 
late in plants‘, and the fact that tricycloquinazoline 
can be readily prepared from it by the action of 
heat, the products of pyrolysis of plant material are 
now being examined for the presence of tricyclo- 
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quinazoline. Further studies are also in progress to 
determiné the carcinogenic activity of the compound 
administered by several routes in mice and rats. 
R. W. BALDWIN 
K. BUTLER 
F. C. COOPER 
M. W. PARTRIDGE 
The University, 
Nottingham. 
5 G. J. CUNNINGHAM 
Royal College of Surgeons, 
London. 
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A Micro-electrophoretic Method 


A MICRO-ELECTROPHORETIC technique has been 
developed which is sensitive, simple and rapid and 
does not require any elaborate apparatus. Very clear 
results can be obtained with samples of the order of 
fractions of a micro-litre with a protein content of 
10 ugm. and even less. The technique is a combination 
of the membrane filter electrophoresis! and, in 
particular, of the small-scale technique*, with the 
use of @ very sensitive stain—‘Nigrosin’*®. All details 
of the membrane-filter electrophoresis apply as well 
to the micro-technique. 

A horizontal electrophoretic tank for small-scale 
membrane-filter electrophoresis, with a bridge gap of 
8 cm. is used. The buffer compartments run through 
the whole length of this tank, convection currents 
are considerably reduced and more efficient vapour 
saturation and cooling are provided. 

The supporting medium consists of cellulose 
acetate-membrane filter strips (Oxo, Ltd., 16 South- 
wark Bridge Road, London) 10-12 cm. x 2:5 cem., 
with strip-holders lined with filter paper acting as 
wicks. Longer or wider strips can be used (and may 
be easier to handle). 120 V. applied for about two 
hours provides a pattern length of approximately 
5-6 cm. 

The sample is applied by means of a very fine 
calibrated capillary, micro-pipette or micro-syringe, 
about 2 cm. from the cathode end. The position of 
the sample is important and partly determines the 
pattern. The size of the sample can vary from 
0-0001 ml. to about 0-008 ml. (0-1-8 ul.). Staining 
is carried out in very dilute ‘Nigrosin’ solution 
(0-005 per cent in 2 per cent acetic acid) for about 
one hour, the time being judged best by experience. 
The strip is washed in 2 per cent acetic acid, blotted 
and dried. ‘Nigrosin’ is moresuitable for small samples. 
For samples containing more than 70 ugm. of protein 
conventional stains are to be preferred. 

Patterns obtained with the method described are 
shown in Fig. 1. Clear separation patterns were still 
obtained on serum samples not exceeding 0:0001 ml. 
containing about 5-10 ugm. of protein. Two pre- 
albumin fractions could be clearly demonstrated in 
human serum (Fig. 1b). An important feature of 
this technique is that with small quantities of protein 
used some minor protein fractions become unmasked. 
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Fig. 1. Human serum, veronal buffer pH 8:6, a, b, c, ‘Nigrosin 

stain, d, azocarmin. Contact prints from uncleared strips. 

(a) 0°6 ul. 30 ugm. protein; (b) two pre-albumin fractions, 30 and 

40 gm. protein; (c) small Posea DUTE fraction (indicated by 

arrow) 10 #gm. protein; (œ) micro-immuno-electrophoresis on 
0:0025 ml. serum (180 gm. protein) 


A post-albumin fraction, for example, has been found 
in most of the human sera investigated (Fig. Ic). 

The micro-technique described above can also be 
applied to immuno-electrophoresis (Fig. 14). This is 
performed in a manner similar to that reported in a 
previous paper‘, taking into account the smaller size 
of the strip. The thickness of the agar layer should 
not exceed 1-2 mm., and the distance between the 
electrophoretic and antiserum strips is reduced to 
3-5 mm., the width of the antiserum strip being 
about l mm. 

J. Koun 
Pathology Department, 
Queen Mary’s (Roehampton) Hospital, 
Roehampton, 
London, 8.W.15. 
Jan. 16. 

1 Kohn, J., Clin. Chim. Acia, 2, 297 (1957). 
i Kohn, J., Clin. Chim. Acta (in the press). 
3 Ortega, M., Nature, 179, 1086 (1957). 
t Kohn, J., Nature, 180, 986 (1957). 


Formation of Lactulose and Tagatose from 
Lactose in strongly heated Milk 


In recent years it has been shown that reductones, 
furfurals and other related substances formed in 
heated milk are sugar fission products!?, The 
mechanism by which lactose is degraded to these 
products has interested food chemists, but nothing is 
known of the transformation of carbohydrates in 
heated milk, in spite of considerable attention paid 
to them in normal cow’s milk®-°, 

In order to confirm the secondary formation of 
carbohydrates in heated milk, the browning whey 
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from autoclaved milk (120°C., 10 hr.), from” which 
the curds had been removed, was chromatographed 
on Téyd No. 50 filter paper by the ascending tech- 
nique using the mixture ¢sopropanol/pyridine/acetic 
acid/water (8: 8:1: 4)8, and phenol saturated with 
water as solvent systems. The chromatogram was 
coloured by spraying with resorcine and aniline 
hydrogenphthalate reagents. The control sample 
was prepared from raw milk by a method essentially 
similar to that described by Sasaki and Taniguchi’. 
In the case of heated milk the chromatograms gave 
two new spots corresponding to tagatose and lactu- 
lose, and the intensity of the galactose spot was 
greater than that of raw milk. The lactose and 
glucose spots were less intense than in raw milk. 
These results are not sufficient to identify the newly 
formed carbohydrates. However, they indicate 
clearly that the same carbohydrates are formed 
secondarily from lactose in milk during heating in 
the autoclave. 

The isolation and identification of these carbo- 
hydrates were carried out by Whistler and Durso’s’ 
and Samuelson and Sjostrém’s* methods. The sample 
from autoclaved milk (120°C., 8 hr.), desalted by 
passing it successively through columns of the ion ex- 
change resin ‘Amberlite-[RA 410’ (OH form) and 
‘Amberlite-ZR 120° (H+ form), was poured into a 
column packed with a mixture of equal weights of 
‘Sagi’ activated charcoal and ‘Celite No. 535’ filter aid. 
It was then developed with water followed by 5 per 
cent ethanol. These eluting fractions were passed 
separately through a column of ‘Amberlite-[RA 410’ 
(HSO,~— form) and evaporated under reduced pressure, 
The crystalline carbohydrates isolated from the 
resultant syrups by methods given in the literature?! 
were identified, by the determination of physical 
constants in conjunction with the results of the 
formation of characteristic derivatives, as d-tagatose 
and lactulose, from the water and ethanol fractions, 
respectively. These results are shown in Table 1. 
Galactose was identified in the water fraction as 
p-tolylhydrazone. 

On the basis of these results, it seems reasonable 
to assume that the successive transformation of 
lactose to lactulose, galactose and tagatose in heated 
milk occurs not only in accordance with the Amadori 
rearrangement (as shown in previous papers!!) but 
also via the de Bruyn and van Ekenstein reaction in 
the milk protein—lactose system. These findings are 
supported by the facts that tagatose was not formed 
while lactulose and galactose were, from p-tolyl- 
ésolactosylamine, the Amadori rearrangement product 
of p-tolyl—lactosylamine!*, under the conditions de- 
seribed above. Tagatose is doubtless the de Bruyn and 
van Ekenstein reaction product of galactose. Since 
lactulose has not been hitherto reported as a constitu- 
ent of any natural product, while naturally occurring 
tagatose has recently been discovered in the gum 
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Table 1. IDENTIFIOATION DATA OF CRYSTALLINE KETOSES ELUTED FROM CARBON COLUMN 





[a], 





Phenylosazone 
M.P. mixed with 






Sample (24 hr., M.P. Nitrogen (per cent) corresponding 
in water) (° ©.) Found alculated synthetic sugar 
For 0,.H2.0,N, With tagatose 
Carbohydrate obtained from water fraction 132-133 — 186 15:48 15°64 182-1383 °C. 
Carbohydrate obtained from 5 per cent For C.,Hs:0sN, With lactulose 
ethanol fraction 156-157 —50°7 200 10-80 . 156-157° C. 
For Cy,HaO0—~N, 
d-Tagatose 182-138 — 28 186 15-55 15-64 == 
For Co4H,05N, 
Lactulose 1586-157 —51 0 200 10°85 10-89 — 
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exudate of Sterculia setigera™*, the presence of these 
ketoses in heated milk is of particular interest. These 
results may be applied to the transformation of the 
carbohydrates in evaporated milk!‘ and other related 
dairy products. 

A more detailed account of these experiments will 
be published elsewhere. I wish to thank Prof. T. 
Nakanishi for his guidance and encouragement in 
the course of this work. 

Susumu ADACHI 
Laboratory of Animal Products Technology, 
Faculty of Agriculture. 
Tohoku University, . 
Kita Roku Bancho, Sendai, Japan. 
Dec. 7. 
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Synthesis of Phlorin and other Phenolic 
Glucosides by Plant Tissues 


ALTHOUGH phloroglucinol itself seldom occurs in 
plants it has been implicated in the biosynthesis of 
ring A of the flavonoid compounds}?, In the course 
of a study of the metabolism of the glucoside, phlor- 
idzin, in Malus, leaf.disks were fed phloroglucinol 
together with glucose labelled with carbon-14, and 
although phloridzin synthesis was unaffected a new 
compound was detected in chromatograms which 
has been tentatively identified as phlorin’, the 
glucoside of phloroglucinol. 

The methods used were as follows: 4 or 5 leaf 
disks, 1-2 cm. diam., obtained with a Ganong leaf 
punch, were infiltrated under vacuum with tap water, 
blotted and placed in 0-6 ml. of a solution of 600 ugm. 
phloroglucinol and 50 ugm. (1 ue.) labelled glucose 
contained in & small Petri dish. The dish was covered 
and placed in the light at room temperature. After 
24 hr. the disks were removed, washed thoroughly 
with water and extracted for 4 hr. with boiling 80 per 
cent ethanol. The ethanolic extract was reduced in 
volume by means of an air jet at room temperature 
and applied, without further purification, to Whatman 
No. 1 paper for chromatography. The solvents were 
phenol saturated with water for the first direction 
and butanol/acetic acid/water (4: 1:5 v/v) for the 
second. 

Phlorin, was detected on chromatograms by colour 
reactions with vanillin in concentrated hydrochloric 
acid‘, diazotized sulphanilic acid’ and diazotized 
p-nitroaniline®. Radioactive phlorin was eluted from 
chromatograms with hot ethanol and hydrolysed 
with either 2 N hydrochloric acid or emulsin after 
removal of the ethanol. Chromatography of the 
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Table 1. DISTRIBUTION OF CARBON-14 IN 80 PER ORNT ETHANOL- 
SOLUBLE FRACTION OF LEAF DISKS OR SEGMENTS FED LABELLED 
GLUOOSE AND PHLOROGLUCINOL 









Per cent radioactivity of 80 per cent 
ethanol-soluble fraction 


Phlorin | Glucose | Fructose | Sucrose | Glucitol 


Leaf disks or 
segments 














Adiantum 


macrophyllum 11 <1 <1 
Pinus resinosa 62 1 — 
Briza media 27 1 — 
Pelargonium 

hortorum 76 3 — 
Kalanchoë 

punctata 8 46 42 
Gerbera 

jamesonii* 82 1 — 
Malus sylvestris 29 1 — 


* When leaf disks of this plant were fed phloroglucinol labelled 
with carbon-14 and inactive glucose under the same conditions, 90 per 
cent of the radioactivity of the 80 per cent ethanol-soluble fraction 
was in phlorin. 


hydrolysis products gave phloroglucinol and labelled 
glucose. Successful hydrolysis with emulsin showed 
that the compound was a B-glucoside. When phloro- 
glucinol labelled with carbon-14 and inactive glucose 
were fed to disks, a radioactive spot, identical with 
the one obtained from phloroglucinol and labelled 
glucose, was obtained. 

That this ability to synthesize phlorin is not 
peculiar to apple-leaf tissue is shown in Table 1. 
It was found that phlorin synthesis occurred not only 
in the margins but also in the central regions of the 
disks, and, moreover, light was not necessary to 
effect this synthesis. Except for Adiantum, free 
phioroglucinol was not detected in any of the other 
plant extracts. When starved leaves, that is, leaves 
on plants maintained in the dark for 48 hr., of 
Pelargonium hortorum or Gerbera jamesonii were used, 
however, phlorin synthesis was found to decrease, 
and free phloroglucinol accumulated in the tissues. 
This occurred even in the presence of exogenous 
glucose. 

Although other sugars such as fructose, galactose, 
rhamnose, arabinose or xylose were substituted for 
glucose, no glycoside other than phlorin was detected 
on. chromatograms. 

Other phenols, including orcinol, resorcinol, hydro- 
quinone, salicyl alcohol, y-hydroxybenzaldehyde and 
vanillin were similarly fed with labelled glucose to 
leaf disks of Malus and Gerbera. Each phenol gave 
rise to what appeared to be the respective glucoside 
regardless of whether it occurred naturally in the 
plant, and appeared as a distinct, intensely radioactive 


spot on the chromatogram. 


So far as we know, this ready synthesis of phenolic 
glucosides by plant tissues has not been described, 
although Dr. A. E. Schwarting of the University of 
Connecticut (private communication) has found 
that salicyl alcohol, when fed to twigs of Salix nigra, 
gives increased amounts of salicin in the bark. 

Phenols have been prominent in theories of disease 
resistance in plants’-!¥, Disease resistance has been 
attributed to either an increased production of 
phenols in healthy tissue adjacent to regions invaded 
by the parasite or to a naturally high phenol content 
of the host. The increase in freo phenols often 
observed in healthy tissue of parasitized plants may 
be due to an inability to ‘detoxify’ phenols liberated 
by enzymic hydrolysis of the natural glycosides of 
the plant. The inability to ‘detoxify’ phenols may 
be caused by glucose depletion as a result of meta- 
bolic activity of the pathogen. These phenols per- 
meate both host and parasite tissues. The extent to 
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which pathogenic bacteria and fungi either metabolize 
or ‘detoxify’ phenols is not clear. Recently, certain 
phenolic acids, hitherto considered to be characteristic 
of higher plants, have been detected in a bound form 
(possibly as glycosides) in uredospores of wheat stem 
rust!4. It is possible that these compounds are formed 
in the fungus through glycosidation subsequent 
to the absorption of phenolic acids. If phenols are 
to bé implicated in theories of disease resistance it 
would appear that studies of the metabolism of these 
compounds in both host and parasite may be of the 
greatest importance. j 
Wo thank the National Research Council of Canada 

for financial support of this work and for a bursary 
to one of us (C. R.). We are also pleased to acknow- 
ledge, with thanks, financial support from the Depart- 
ment of Agriculture, Canada. We are grateful to 
Dr. A. C. Neish, National Research Council of Canada, 
for a generous gift of labelled phloroglucinol. 
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Effects of Clipping and Spraying on 
Various Homæœothermic Responses of 
Rabbits at an Elevated Environmental 

Temperature 


£ Tue relative effects of clipping and spraying on 
evaporative and non-evaporative cooling have been 
measured on rabbits at an elevated air- and, body- 
temperature. Under such conditions most of the heat 
loss is by evaporative cooling. 

Rabbits were maintained in individual cages in the 
alley of the University of Missouri Climatic Labora- 
tory at 103° F. and 15 per cent relative . humidity, 
in an air velocity of 50 ft./min. Drinking water and 
rabbit feed (pellets) were available ad libitum from 
hopper-type feeders and waterers. However, at 
103° F. air-temperature the rabbits consumed no 
food, except occasionally after spraying. 

Before exposure to an air-temperature of 103° F., 
four of the eight experimental rabbits were sheared 
as closely as possible with small animal clippers. 
After being at 103° F. for 4-5 hr., the animals were 
sprayed manually with an atomizer (15 lb./in.? air 
pressure), using water at room-temperature (103° F.). 
Each rabbit was sprayed for 5 min. using only 
enough water to produce a fine mist. Conduction 
between the skin and (spray) water was thus not 
likely to be an appreciable factor in loss of heat. 
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Fig. 1. Influence of spraying on various reactions of normal and 
clipped rabbits 


Respiration-rates were measured by counting the 
flank movements of the animals in the cages. Each 
point in Fig. 1 represents an average of three de- 
terminations. Surface temperatures were taken by 
the Hardy dermal radiometer. Evaporative cooling 
(insensible weight-loss) was measured by weighing 
the animals on a large, sensitive, ‘chainomatic’ scale 
placed in the Climatic Laboratory. Rectal tempere- 
tures were taken by clinical thermometer. 

Merely clipping the rabbits at 103° F. showed no 
striking effect on the homeothermic responses of the 
animals, although it was beneficial. Average values 
for the clipped rabbits at that temperature were: 
respiration-rate, 335 per min. ; surface temperature, 
38:8° C.; rectal temperature, 40-68° C.; and evap- 
orative cooling, 9-26 gm. water/hr.; corresponding 
values for the normal rabbits were : respiration-rate, 
290 per min.; surface temperature, 37°5° C.; rectal 
temperature, 41:1°C.; and evaporative cooling, 
8-66 gm. water/hr. Clipping exposed the warm skin 
directly to the ambient air, resulting in a slightly 
greater rate of evaporation, a greater rate of non- 
evaporative cooling, and a lower rectal temperature. 
Respiration-rates were higher in the clipped rabbits. 
All these measurements indicate some benefit from 
clipping at high temperature. 

However, there were striking differences in the 
responses of clipped and normal rabbits to spraying. 
Fig. 1 (top) shows the evaporative cooling of New 
Zealand white clipped and unclipped rabbits after 
spraying. Rabbits with normal coats showed a 
great increase in evaporative cooling in contrast to 
the clipped animals (cf. curves 1 and 2 in Fig. 1), 
amounting to approximately fourfold 50 min. after 
spraying for the normal rabbits, and only twofold 
for the clipped animals. These increased rates of 
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evaporative cooling after spraying persisted for about 
125 min. for clipped rabbits and 175 min. for normal 
rabbits. Thereafter both curves return to their initial 
level for the environmental temperature of 103° F. 

The surface temperature (Fig. 1, second section) 
was lower for the normal-coated rabbits, for about 
275 min. after spraying, due to the greater surface 
evaporative moisture. There was, presumably, less 
loss from non-evaporative cooling. 

The lower rectal temperature of the clipped rabbits 
reflects a greater immediate physiological response 
to spraying than in normal rabbits (Fig. 1, third 
section) for the first 75 min. after spraying. There- 
after less difference between the rectal temperature 
of clipped and normal rabbits was noted. A greater 
immediate benefit of the clipped rabbits to spraying 
is also shown in the respiration-rate (Fig. 1, bottom 
section), which, however, increases considerably after 
about 100 min. 

Thus the physiological and physical responses of 
the clipped and normal rabbits to gpraying are quite 
different. The more sensitive respiration-rate of the 
normal rabbits 145-300 min. after spraying demon- 
strates the value of wet fur, the action of which may 
be compared to that of a moist sponge-rubber 
blanket!. Following spraying, the rectal temperature 
and respiration-rate declined rapidly, though only 
temporarily (Fig. 1), particularly in clipped rabbits. 
The major cooling factor responsible for the decline 
in this case was undoubtedly the increase In evapora- 
tion, since in both clipped and normal rabbits their 
surface temperatures (radiometer reading) were below 
that of the environment. 
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Validity of Motokawa’s Technique for 
investigating Retinal Function 


In the past decade, Motokawa and co-workers have 
published in about sixty papers the results of a new 
technique for investigating retinal function. Gebhard* 
has published a review of this subject. Michaels? 
claims to have confirmed Motokawa’s observations. 
Recently, Riggs et al.’, and ourselves’, working 
independently, have failed to confirm the most 
important of Motokawa’s results. We believe that 
there are serious flaws in Motokawa’s and Michaels’ 
technique and that their experimental results may 
be artefactual. 

Motokawa’s technique is based on the curve of the 
change of threshold for electrical stimulation of the 
human eye after various types of light stimulation. 
The threshold is said to be minimal 1 sec. after red 
light, 2 sec. after white and green and 3 sec. after blue. 

Both Motokawa and Michaels use very highly 
trained subjects and rather unusual psychophysical 
methods. Motokawa starts with a stimulus well 
above threshold and reduces the intensity in fairly 
large (10 per cent) steps until the suspected threshold 
is approached; the step size is then reduced (to 
about 1 per cent) and, when requested by the subject, 
a zero stimulus may be given for comparison. 
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Michaels gives stimuli which are alternately above and 
below the threshold and approaches the threshold by 
a method of “successive approximations”. Moto- 
kawa’s method will certainly contain a source of 
error due to the greatly increased probability of 
finding a threshold when the large steps are changed 
to small ones. Michaels’ results would be affected 
by the range of high and low intensities selected by 
the experimenter and by any sequential response 
habits, such as alternation, of the subject. The use 
of very highly trained subjects could set up uncon- 
scious subject-experimenter interaction, since the 
long training period seems to continue until the 
subjects give the ‘correct’ results. The consistency of 
threshold determinations by Motokawa’s subjects is 
much better than that found for any other visual 
threshold. ‘This in itself induces a feeling of uneasiness 
about the methods used. 

Riggs et al. used a fow trained subjects and 
attempted to reproduce Motokawa’s technique as 
closely as possible. However, they had a rigidly 
defined threshold criterion, and they always reduced 
the intensity of the stimulus by a constant fraction. 
This meant that they gave, in a single run, rather 
more stimuli well above threshold than did Motokawa. 
Kohata et al. have now claimed that the relatively 
intense stimuli used at the beginning of the run 
produce an after-effect which obscures the fall in 
the phosphene threshold and increases the variability 
of the measurement. 

In our own experiments, we reduced the intensity 
of the stimulus by equal steps on & linear scale, and 
each intensity was presented only once. The sequence 
was stopped after the subject had failed to see three 
consecutive stimuli. A variety of threshold criteria 
was applied to our date (including taking the lowest 
positive response), but all gave essentially the same 
result. We used both naive and experienced subjects 
and intervals between the light flash and the elec- 
trical stimulus of 1, 2, 3, 4 and 9 sec. In almost all 
our subjects the threshold was lowest in the l-sec. 
condition and rose in an approximately exponential 
manner for the longer intervals no matter what the 
colour of the light flash, and even if the light were 
replaced by a bell. A very similar result was obtained 
also for an auditory difference threshold following & 
brief flash of light. We interpreted this effect as 
being due to the initial light or bell acting as @ 
warning to the subject when to expect the stimulus. 
Following this interpretation we found that the 
phosphene threshold was completely unaffected by a 
preceding flash of light, provided a bell rang at & 
constant interval (1 sec.) before the electrical stimulus. 
This condition provided our most stringent test of 
Motokewa’s basic observation, smce it excluded the 
warning effect. 

We have met the objection of Kohata et al. by 
repeating this experiment, but approaching the 
threshold from below, to exclude the possible after- 
effects of strong stimulit. We did not find in, either 
case any effect of the light on the electrical threshold, 
nor was there any marked change in the variability 
of the threshold measurements. The results of these 
experiments are shown in Table 1. It may be that 
only the lowest of the multiple thresholds which 
Motokawa .claims to have observed will give the 
Motokawa phenomenon, and that Riggs et al. and 
ourselves may have observed higher and inappropriate 
thresholds. However, neither we nor Riggs et al. 
have been able to record multiple thresholds even in 
highly trained subjects. 
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Table 1 


Interval between 
light and electrical 
stimulus (sec.) 


Mean threshold 
when approached 
from above 
(log vamp.) 


2:0535 | 2:0425 | 2-0629 | 2-0633 


Mean standard 
deviation 


0:0628 | 0-0688 | 0:0641 ; 0:0547 | 0:0787 


Mean threshold 
when approached | 2:1223 | 2-1422 | 2-1111 
from below 


Mean standard 


deviation 0:0488 | 0:0299 | 0:0473 | 0:0882 | 0:0407 





The number of subjects in the two conditions were 10 and 6 
respectively. Each subject gave four estimates of each threshold. 
Unfortunately they were largely different subjects so that inter- 
nDia variability cannot be ruled out in comparing the two sets of 

gures. 


The most stringent test of the multiple threshold 
hypothesis is obviously to present a range of inten- 
sities near the threshold in random order (method of 
constant stimuli) and to see if the probability of 
seeing changes monotonically with the intensity or 
in & series of steps. Riggs et al.? and Howarth! have 
done this each using just one experienced subject 
and find that the probability of seeing changes in a 
‘normal’ manner is 25-75 per cent between inten- 
sities of 110-145 pamp. There is no evidence of 
discontinuities in these curves. 

C. I. HOWARTH 
M. TREISMAN 
Institute of Experimental Psychology, 
University of Oxford. 
Nov. 28. 
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aL, Whole No. 434 (1957). 


‘ Borina C. I., and Treisman, M., Quart. J. Exp. Psychol. (in the 
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8 Kohata, T., Komatsu, M., and Motokawa, K., Jap. J. Physiol., 6, 
236 (1956). 
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Passage of Phosphate through the 
Human Tooth 


Tre first experiments using isotopes on teeth 
appear to be those of Hevesy et al.t. They admin- 
istered phosphorus-32 to two human subjects, and 
to cats and rats, then found it in both dentine and 
enamel, attributing this finding to ion exchange. 
Later work with other isotopes (those of hydrogen, 
iodine, sodium, calcium, sulphur, carbon and’ 
potassium) showed that labelled ions may pass into 
tooth structure, more readily into dentine than into 
enamel. However, apart from Hevesy et al., such 
work seems to have been restricted to animals (see 
ref. 2 for summary). 

The present investigation describes work on the 
movement of phosphate through human teeth. The 
teeth have been tested as quickly as possible after 
removal from the mouth. The pulps of such teeth 
are known to respire®: Qoa = 0°31, RQ = 0-93. 

Sound bicuspid teeth from subjects aged between 
9 and 12 years were used, and, within 10-15 min. of 
removal, preparation of the teeth was completed. 
Crowns and roots were separated at the gum-line, 
cutting across the central root-canal; crowns were 
used. The bulk of the pulp was then removed from 
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Fig. 1. Test of passage of phosphorus-32 through tooth. The labelled 

phosphate is added to the pulp chamber by a fine pipette. Later 

the tooth-crown is removed when the collected fluid is examined 
for radioactivity 


the pulp chamber leaving it lined by odontoblasts. 
Four methods of examination (the first three micro- 
scopical) were used for confirming the presence of 
odontoblasts in situ in such preparations: (1) de- 
pulped teeth were examined after staining with 
methylene blue, when odontoblasts have been seen in 
situ; (2) scrapings from pulp-chamber walls, spread 
on glass slides and stained with methylene blue, show 
odontoblasts ; (3) de-pulped teeth were sectioned by 
microtome (after decalcification); examination of 
stained sections shows a ring of odontoblasts in situ 
lining the pulp-chamber; (4) de-pulped teeth were 
decalcified and examined by electron micrograph, 
when odontoblasts are seen în situ‘. 

On being de-pulped, a tooth crown intended for 
test was at once filled with Krebs-Ringer solution 
saturated with 95 per cent oxygen/5 per cent 
carbon dioxide at 37°. The tooth crown was then 
clamped in & rack, and by means of a pinion 
lowered into a small vessel of 1:6 ml. Krebs—Ringer 
at 37° so that the crown is submerged to the cut 
and exposed dentinal aspect, while this remains above 
the fluid level (Fig. 1). Splash is avoided by fitting 
a thin rubber cone with a l-mm. hole in the apex, 
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Fig. 2. Collected labelled phosphate and background compared 
on passage of labelled phosphate through each of seyen teeth 





‘Table 1. Resorts o SEVEN ress Po 











a Bakoi- 


siete ST ena : (e.p.m.) 





___No. collected phosphate _ 
12-9 | 12-7 
13°3 105 
12-4 10-8 
11-9 10-6 
| 14-7 10-0 
14-1 14-5 
| 14-2 12-9 
AA tate Sure tae ond 





< around the tooth ; the cone extends about 1-5 cm. 
upwards. Creep is avoided by tying a thin, strong 
cotton thread tightly around and close to the base 
of the rubber cone. 
Inorganic phosphate labelled with phosphorus-32 
was now added to the Krebs-Ringer in the pulp- 
chamber. Every 5 min. the tooth-crown was racked 
: up and a fresh vessel of Krebs-Ringer brought under- 
“neath, when the tooth-crown was lowered into it. 
-The contents of the pulp-chamber were changed for 
fresh Krebs-Ringer about every 15 min. <A test 
series usually comprises 20-24 such vessels, each of 
1:6 ml. Krebs-Ringer, which collect any labelled 
phosphate that passes through the tooth. A test 
«takes in all about 2 hr. The collections of fluid were 
“dried and their radioactivity determined. Background 
counts, were made before, during and after tests ; all 
counting periods were of 5 min. duration. 
~~ Passage of phosphorus-32 is seen to occur through 
human teeth when introduced in inorganic form, and 
results are shown in Table 1 and Fig. 2. In each 
case the c.p.m. shown is the mean of all the counts 
made on the one. tooth collection. Actual counts of 
- phosphorus-32 range from 9-4 to 62-6 ¢.p.m., while 
backgrounds ranged from 8-8 to 17-2 opm. Com- 
bining the tests’ gave a y* of 51-7 on 14 d.f., which 
is highly significant, P < 0-001. 

In one test, phosphorus-32 was collected for the 
usual 5-min. period, ¢c.p.m. being 14:2; a 30-min. 
collection was then made, which gave a mean of 
15-4 e.p.m., reasonably close to the mean, and which 
may indicate a steady rate of passage. In each 
“experiment, activity was determined of each of the 
vessels (about twenty) containing phosphorus-32 
which had passed through the tooth; the mean of 
each of these series is shown in Table I and Fig. 2. 

-- Thus passage of phosphorus-32 through odonto- 
< Dlasts, dentine and enamel occurred in these tests on 
< human teeth which are believed to be alive. However, 
< guch passage is limited in extent, any part played by 
the odontoblasts being unknown, though the use of 
-suitable fluid media is aimed at keeping the cells 
- viable. There are here two supporting observations 
to be kept in mind: (1) under suitable conditions 
-o tooth-pulp respires for some hours after removal of 
~ tho tooth from the body ; (2) de-pulping of a tooth 
~~ Jeaves odontoblasts in situ, each cell held in place by 
-the long cell-process extending through the dentine 
as far as the enamel. 

- From the present work, enamel appears more 
<- permeable than has hitherto been supposed, though 
- little comparable work has been found in the litera- 
ture. This permeability may well be related to the 
~ inhomogeneity of enamel. Saunders et al., and 
< Symons describe two kinds of ameloblasts in develop- 
ing enamel. During development, one kind of cell 
{a minority) shows special staining reactions and also 
_ a higher ribonuclease activity’. While completed 
__ enamel is devoid of cells, residual pathways of enzymic 


a ara 8 ai than the bulk of enamel could 
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lobe, epithelial cell height, uptake of iodine-131- 













" ‘Histochemica Xe 
enamel may yet provide evidence here. 
graphy of human teeth through which phosph 
has passed presents difficulties not. comp 
overcome so far. x 
My thanks are due to Prof. R. Dougie: Wrig f 
Sir Arthur Amies and the University of Melbou me 
Research Fund. a 
P. Prxcus 
Department of Physiology, ee 
University of Melbourne. 
Dec. 12. 
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Blocking Effect of Morphine on the. 
Secretion of Thyroid-stimulating 
Hormone in Rats OE 
Tux ability of morphine to inhibit certain pituitary —— 
functions has been established. The administration = 
of morphine on the day of pro-cestrus resulted in the. __ 
suppression of ovulation’. It is also possible by 
pre-treatment with morphine to prevent the secretion 
of adrenocorticotrophic hormone which follows an = 
injection of adrenaline or other stress®. Sawyer etal? __ 
have observed that morphine in doses sufficient to 
block the activation of the pituitary depressed the 
electrical activity of the central nervous system and |. 
also of the hypothalamic centres. The present. 
experiment was designed to ascertain whether mor- on 
phine is capable of blocking the secretion of the Bees 
thyroid-stimulating hormone of the pituitary also. 
Male rats of the Wistar strain, weight 140 gm, 
were used in this investigation. The right lobe of 
the thyroid and half the isthmus were removed under — 
ether narcosis and the animals were divided into two — 
groups. The control group received a daily dose of 
0-1 mi. saline solution subcutaneously, while the = 
other group received morphine in a daily dose of 
2 mgm., per rat. After 14 days the rats were injected 
intraperitoneally with 25 ye. of iodine-131 and — 
24 hr. later were exsanguinated from the abdominal 
aorta. The following parameters were evaluated for 
the remainder of the thyroid : weight of the thyroid 









the thyroid and percentage of iodine-131- wht 








Group Control (8 rats) | Treated { 17 rats) 
Partial i 
thyroidectomy Before After Before After . 
Weight of one 4-05* 4°76 4-32 EE Se <: 
lobe of thyroid + 0°25 | + 0-40 4 O17 | +0716. 
(mgm. /100 gm i. U a ae 
Epitnelial on 9-74 11 -27¢ 9-68 | Beet: 
height (#) £032 | + 0-46 +026 | 40°64 - 
Thyroldal aptake 61-24 | 88-023. 
of iodine-131 + 8-04 i sk E 
(per cent/100 woe 
mgm.) DEN 
Protein bound 0-1313 oe 
Se {per + QOLL + 0-0088 
cen : 





* Mean + standard error. tP < 0-02, tPS ao 








became bound during 24 hr. to 
proteins in serum. 

The results are summarized in 
Table 1. No significant change 
was observed in the weight of 
the thyroid during the period. 
The average epithelial cell height 
in the control group, however, 
was significantly increased com- 
pared with the pre-operation 
values. In the animals treated 
with morphine there was no 
histological activation, as values 
before and after the operation 
remained unchanged. The thy- 
roidal uptake of iodine-131 in 
the treated group was lower than 
in the controls. The difference is 
statistically significant (P<0-01). C, 
The ability of the thyroid to 
bind iodine-131 to proteins was 
similarly lowered. The levels of protein-bound 
. iodine-131 in serum were significantly lower than in 
the controls (P < 0-01). 

The increased epithelial cell height in the control 
group suggests that the removal of half the thyroid 
tissue itself stimulates increased secretion of thyroid 
stimulating hormone. The administration of mor- 
phine prevented the morphological activation and 
markedly inhibited the thyroidal uptake of iodine-131 
as well as the formation of hormonal iodine. Since 
all these functions of the thyroid are regulated by 
the thyroid stimulating hormone, it may be supposed 
that morphine is also able to block the secretion of 
the latter. 


Fig. 1, 


Miran SAMEL 
Slovak Academy of Sciences, 
Endocrinological Institute, 
Bratislava. 
Oct. 10. 
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An Abnormal Type of Lymphocyte 


Durixna the past four years I have noticed in 
normally coloured smears of blood, bone marrow and 
spleen puncture from 9 cases of hepatosplenomegaly 
with strongly marked granulocytopenia and lympho- 
cytosis, a considerable number of cells closely 
resembling lymphocytes but showing several special 
features. I have never observed this type of lympho- 
cytes in lymphatic leukosis, which I have studied for 
many years from the cytological point of view, nor 
in any other disorder of the lymphatic system. 

These cells prevailed in smears of bone marrow. 
In smears of spleen puncture there was a great mass 
of cells consisting almost exclusively of this type of 
lymphocytes. 

Fig. 1 shows these cells in blood, bone marrow 
and spleen puncture. Their size corresponds to the 
sizo of a large lymphocyte. The nucleus, which is 
generally larger than the nucleus of an ordinary 
lymphocyte and usually central, is round, oblong 
or kidney-shaped. Sometimes there are two round 
or oblong nuclei partly covering each other. The 
nuclear membrane is sharply outlined. The chroma- 
tin is delicate and of a fine network, clearly differing 





A, Blood: a normoblast and abnormal lymphocyte with fringed cytoplasm 

B, blood: an abnormal lymphocyte with fringed cytoplasm and an ordinary lymphocyte 

bone marrow: abnormal lymphocytes with varying amounts of EDE cytoplasm 
D, spleen puncture: abnormal lymphocytes with fringed cytop 


asti 


from the compact masses of chromatin in normal 
lymphocytes. Sometimes, however, there are small 
chromatin blocks divided from each other by clear 
zones similar to the nuclear pattern of an ordinary 
lymphocyte. Sometimes there is a barely perceptible 
nucleolus corresponding in character and location to 
the nucleolus of a rather young lymphocyte. The 
amount of cytoplasm varies, it is bluish in colour, and 
meshy, usually fringed on the whole periphery. 
Sometimes, however, the amount is much reduced, 
as if used up, with only small shredded particles 
conserved around the nucleus. Occasionally azuro- 
phil granules closely resembling those of an ordinary 
lymphocyte can be seen. 

At first I was not sure whether these cells, which 
show a negative peroxidase reaction and stain only 
faintly red with methyl green and pyronin, belonged 
to the series of lymphocytes or not. The phase- 
contrast microscope, however, revealed the same 
character and arrangement of mitochondria as in a 
mature lymphocyte. 

In. the first five cases, the clinical course was acute. 
All five findings at autopsy disclosed a rare type of 


tuberculosis known as “sepsis tuberculosa gravis- = 


simai”, “areaktive generalisierte Tuberkulose*®’, or 
“septicémie tuberculeuse foudroyante maligne*®’. 
The remaining four patients are still under clinical 
control. The clinical course is acute in one case, 
subacute in one case, and chronic in the other two. 

As a routine designation in the hemograms I have 
called these lymphocytes ‘Dozet cells’, after the 
surname of the first patient in whom I noticed 
them. 

So far I do not know whether this lymphocyte 
is characteristic of “sepsis tuberculosa gravis- 
sima”. This question remains to be answered by 
further observation. Yet it is of interest to direct 
attention to this cellular element not only from the 


morphological point of view but also as a diagnostic . _ 


difference with respect to lymphatic leukosis. 


B. BRAUSIL 
Hæmatology Laboratory, 
Department of Medicine, 
University of Zagreb, 
Yugoslavia. 
Dec. 18. 
i Rennen, K., Beitr. klin. Tbe., 58, 197 (1922). 
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Significance of the Adrenal Glands 
during the Post-natal Development of 
Thermoregulation in the Rat 


THE range of environmental temperature within 
which rats maintain a stable body temperature 
increases with age!-*. It is therefore possible that the 
lack of effect. of adrenalectomy on thermoregulation 
before the sixteenth day after birth*-* is the result 
of the relatively very low environmental temperature 
used (5° C.) at which thermoregulation fails in very 
young rats. In order to test this hypothesis rats were 
adrenalectomized under cold anesthesia on the fourth 
- day after birth. One, two and three days after 
-coöperation their power of thermoregulation was tested 
as follows: rectal temperature was taken with a 
‘thermocouple immediately before the experiment 
-after removal of infant rats from the nest. The 
‘animals were then placed in a Bargeton-Krumm— 
Heller’ respirometer and oxygen consumption was 
measured at an environmental temperature of 35° C. 
for 30 min. Then the external temperature was 
changed to 30° C. at which readings were continued 
for a further 60 min. Finally, the rectal temperature 
was again taken. 
-. It was found that rectal temperatures of operated 
“animals always dropped to significantly lower values 
than those of sham operated controls. Oxygen con- 
sumption always rose when the environmental tem- 
perature was lowered to 30°C. If cortisone was 
administered for three days between the fourth and 
seventh day after birth to adrenalectomized rats via 
the intramuscular route (0-5 mgm./ml. saline; 
 1ml./100 gm. body-weight) the effect of adrenalectomy 
was nullified. Rectal temperatures no longer decrease 
to such an extent at 30° C. external temperature and 
oxygen consumption at 35° C. is increased. If control 
animals are treated in the same way oxygen con- 
‘sumption is increased significantly and rectal tem- 
peratures do not fall at all. 
Thus on the third day after adrenalectomy the 

¿rectal temperature drops from 33-5 4 0-481° to 

31-9 +. 0-298°, while in similarly treated animals 
receiving cortisone the final temperature is 33-3 + 
0-466°. In contro] animals receiving cortisone rectal 
temperature remains at 34-6 + 0-274°. Oxygen con- 
sumption in normal infant rats after treatment with 
cortisone is raised from 41 -+ 3:33. to 60 + 1-41 ml./ 
100 gm./10 min. at 35° C. surrounding temperature 
“and to even higher values at 30° C. 

- The above results show that the adrenal glands 
- participate in the maintenance of body temperature 
< in five-day-old rats. On the other hand, they evidently 
< are not indispensable for the increase in oxygen con- 
~ sumption which occurs when the external temperature 
= is changed from 35° to 30° C. The negative results 
< obtained by previous workers*-* are probably due 
: to the low environmental temperature used. 


P. HASN 
O. KOLDOVSKÝ 
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‘Gastric Para-Mucus’ 


WHEN an aqueous solution of either iodoacetamide 
or N-ethyl maleimide, in suitable concentration, 
applied topically to the mucosa of a canine Heiden- 
hain pouch half an hour before the injection of hist: 
amine, the hydrochloric acid secretory activity òi 
the pouch is inhibited completely, though reversibly? 
This inhibitory action may be presumed to involve a 
competitive inhibition of one or more enzymes within 
the parietal cells, though Davenport's assumption® | 
that these enzymes contain sulphydryl still awaits 
confirmation. Instead of the water-like solution — 
of hydrochloric acid ordinarily obtained in response = 
to histamine stimulation, the pouch now pours o oe 
out a mucinous cell-free liquid of pH greater than T, o 0° 
and sometimes even as high as +8. Flow of this 
viscous liquid continues for many hours after 
drainage of the iodoacetamide or N-ethyl maleimide —__ 
solution from the pouch, whereas the acid-secretory —__ 
response to subcutaneously administered histamine > 
usually lasts for no more than 1-1} hr. Further _ 
evidence that this mucinous material bears no relation 
to the parietal secretion is given by the fact that the 
same response is obtained when the instillation of- 
iodoacetamide or N-ethyl maleimide into the pouch = 
is not followed by the subcutaneous administration — 
of histamine. a 

This viscous fluid has the pale yellow or tawny € 
appearance of blood plasma, even when it contains 
no visible blood, but its acid-neutralizing power, and — 
its concentrations (after hydrolysis) of total solids, 
reducing substance, hexosamine, and total nitrogen 
are generally less than those for dog serum. Rather, 
these divers characteristics, together with its viscosity, 
suggest that we are dealing here with some kind of 
a mucinous secretion—different from the true gastric = 
mucus obtained in response to topically applied = 
acetylcholine’, and certainly bearing no resemblance 
to the cellular variety of mucus formed in response __ 
to treatment of the pouch mucosa with eugenolt It. - 
may be a modified form of mucus secretion proper, 
elaborated by the columnar epithelium of the mucosa, — 
or it may be the hypothetical mucoid seeretion of 
earlier investigators (sometimes identified with the | 
dilution secretion or Verdiinnungssekretion®) ; butas 
yet there is no sound evidence to support either such 
physiological characterization of this material. In 
view of this lack, and until such time as a definitive __ 
statement of its origin is possible, I propose to. žc 
designate this fluid gastric ‘para-mucus’, because the — _ 
Greek prefix (vapa) expresses (according to the —_ 
Oxford English Dictionary) “faulty, irregular, im- 
proper, alteration, simulation, etc.”. pera 

About ten years ago, we reported from. tl 
laboratory that a 1 per cent aqueous suspension, o 
mustard oil (allyl isothiocyanate) applied topically t 
the gastric mucosa, is a very poor mucigogue’ b; 
comparison with irritants like an emulsion of clov 
oil, distilled water saturated with ethyl ether, e 
as evidenced by a persistently low viscosity, and. 
probable small mucin content shown in meta- 
chromatically stained smears. Chemical analyses were: 
not performed at that time. On the contrary, “th 
high volume, rate, and duration of secretion ; the: 
resemblance in colour of early specimens to blood. ` 
plasma; the almost invariable appearance of fresh 
blood, increasing in intensity with progress of the. _ 
experiment—all these, together with the observations: 
on viscosity, opacity, etc., support the view that the 
‘secretion’ is a transudate or exudate’’®. Ss 


























induced by mustard oil is essentially : 







It ‘seems altogether: ‘po 


~ nature as the gastric para-mucus evoked. by. jodoace 
amide and N-ethyl maleimide, the presence of blood it 


the former being a result only of the great ‘irritant? -| 
character of the allyl isothiocyanate in 1 per cent — 
concentration. A fluid of similar appearance has been. 


obtained from gastric pouches also following the 


_. topical application of ‘Phenergan’ (4 mgm./ml.) and, 
= oeeasionally, “Nupercaine’’. 
mucinous fluids are identical with para-mucus 
-< obtained after the mucosa has been treated with. 

iodoacetamide and N-ethyl maleimide can be decided — 
= only by chemical analysis. 


Whether these various 


S The results of electro- 
. .-phoretic, chromatographic and other chemical studies 
will be reported shortly. 
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Distribution of Norepinephrine in the 
Heart 


THE concentrations of norepinephrine found by 
various investigators in the hearts of different animal 
Species are summarized in the 1956 monograph by 
von Euler'. These values range from 0-3 to 1-0 ugm. 
per gm. of heart tissue. 


Recent reports, however, indicate that the heart 


| norepinephrine-levels may be even higher than those 
found in the earlier experiments. 


_ spectrofluorometric method? gave an average value of 


2 pgm. per gm, a considerably higher level than — 
-= those reported earlier, but agreeing with the levels 
_- -veported recently by Bertler, Carlsson and Rosen. - 
Raab and Gigee* and von Euler’ have `. 


o gren? 


< It was thought that study of the distribution of the 
amine in various parts of the heart might shed light 
on this question, since, to our knowledge, no distribu- 
tion studies have been carried out on this organ. 
Dogs of both sexes were killed by intravenous 
injection of pentobarbitone or by exsanguination. 
The hearts were removed immediately, dissected, 
and the various parts analysed for norepinephrine 


and epinephrine by the spectrofluorometric method | 


described elsewhere? 





Measurement of | 


~ the- levels in rabbit heart by a simple and sensitive 
` norepinephrine. 


atria was significantly higher (P < 0-001) than in 
reported levels of about 0-2 ugm. per gm. in dog ventricles, the ratio being 1-8: 1. 
heart. Levels in dog heart as measured by the — 
o gpectrofluorometric technique’, however, showed a 

~ goncentration of about 2 ugm. per gm. | 
‘The high concentration of norepinephrine in heart a 
| brings up the question of its function in this organ. — 
| < reduce markedly the norepinephrine content of the 
heart', von Euler and. other investigators conclu 


arch and in the pulmonary artery were almost a 
_ high as in ventricular muscle, while the superio 


of sympathetic - nerves affects the heart-rate. pi 


-eoncentration of norepinephrine is s 
greater than the ventricu ar concentration. 


 olectriċal stimulation: of sympathotic | cardiac nerve 
Little epinephrine was found in any portion of the on vi ntractile fore sin x 
rt, the levels being less than 10 per cent of the t 









> pgm, per gm. 























prs Bee a 2h oy | No. of | "Mean value. Standard). 
| -Part of heart “heart ~ “of norepine- | error of Range Be 
S a foe | -phrine con- mean | of eels: fe F 
Eat m i . centration ware 
| Atria | ) Dn. 
Atria, pooled. 6 ~s 3l i + 0°3 eee 1 -O-3 6. os 
Right auricular ap- 2 
| pendag E 4 2:4 +04 | 18-3 5 Ea 
Right. ariun with- . m 
öut appendage _ 2 2-7 + 1-0 | 17,87. 
Portion containing {| l 
|. .sinoauricular node 4 2:3 +05 | 0-8-3 1 
Lett: auricular. 8p- 
 <“pendage 4 2°8 + 03 22-3 °F ; 
1 Left atrium. without bee 
appendage 7 2 2°3 +08 | 14,3 2 
22 determinations 
. (Mean of 22 determinations i is 2-7 ugm, per gm. a) 

Ventricles 
Apex of heart 11 1:3 4 0-2 07-29 J 
Right ventricle 4 1-4 + OO ERZI 
Right papillary soe 

museles OB | PLR pom 
Portion containing Pye 
atrioventricular af 

node 4 1-4 +t O-1 | 11-16 

Left ventricle 4 1-3 + OL | 1-11-65 
Left ventricle, epi- 

cardium and endo- * 

cardium removed 2 1°8 + 0-6 1:2,2°4 
Left papillary 

miiscles 4 16 d4 0-4 0-9-2-8 
Septum 10 1:6 +02 | 09-34 


anemi 


43 determinations 
(Mean of 43 determinations is 1-5 pgm. per gm.) 
| 








Valves of heart 
Semilunar valves 2 Q 
Mitral valve 

Tricuspid valve 


Major blood vessels 
Aortic arch 
Pulmonary artery 


| Superior vena cava 








norepinephrine concentration, Norepinephrine-levels 
are shown in Table 1. The average concentration in’ 
the atria was 2-7 ugm. per gm. It is noteworthy 
that the concentration in the portion of the right 
atrium which includes the sinoauricular node was not ~ 
significantly different from that in other atrial — 
samples. The level throughout the ventricular muscle __ 
was quite uniform—about 1-5 ugm. per gm. The 
endocardium may be devoid of norepinephrine since > 


the valves, which are endocardial structures, lack 

























Furthermore, removal of endo-. 
cardium and epicardium from ventricular samples 
did not significantly alter the levels found. i | 

The average norepinephrine concentration in the 


The concentrations of norepinephrine in the aortic 


vena cava was apparently devoid of norepinephrine 
Since sympathetic denervation has been shown: 


that the norepinephrine in the heart is associ 
with adrenergic nerve endings. Since stimulation 





foundly, it is perhaps not surprising that the: 









Anatomical findings*-* and studies on the e ol 
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Polymorphism in the £-Globulins of 
Sheep 


POLYMORPHISM in the §-globulins of cattle, giving 
five phenotypes'*, and in humans giving three 
< phenotypes (Smithies, O., personal communication), 
has been deseribed. The present communication 
concerns polymorphism in the 8-globulins of the 
serum of sheep, giving to date eight phenotypes, 
The phenotypes are indicated diagrammatically in 
Big. L The conditions for obtaining these serum 
protein differences by starch gel electrophoresis are 
similar to those described for cattle sera! except that, 
5-6 hr. is required to achieve adequate resolution 
of the f-globulins ; in this time the trailing edge of 
the albumin zone migrates 6-7 em, | 

It seems probable that the greatest degree of 


polymorphism in the serum proteins of mammals will - 
_ be found in the B-globulins, notwithstanding the fact 
that serum protein polymorphism was first detected 


_by Smithies in the haptoglobins of humans*, A 
_ tational nomenclature for the 6-globulin phenotypes, 
sufficiently flexible to cover analogous: systems in 









equence starting at the : 
albumin, that is, the one with greatest, mobility ; an 
Intensely staining zone could be designated by a 
capital letter, a less intensely staining zone by a 
lower case letter, and 
omission of the letter. Such a phenotype nomen- 
clature which makes no implications about the geno- 
types, is shown for the sheep 8-globulin types in 
“Fig. 1. 
. The distribution of the eight phenotypes in sheep 








found by examination of 118 abattoir samples (mixed 


breeds) was; 
(2 bCdE, 45 bCD, 3 bCd and 15 eD. 










ringheld, . 


Other animals, is therefore necessary. It is suggested 
Phat the proteins contributing to each g-globulin — 
lymorphie system be designated by letters in _ 
rate, P-globulin nearest the — 


the absence of the zone by 


oo aeglobulin (zones 9-19); @, B 
O Yu Ye Ya y-elobuling (zones 15, 
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Fig. 1. Diagrammatic representation of epic polymorphisin 
in sheep sera by one-dimensional atareh gel electrophoresis. 
Only a portion of the anodic side of the gel Is shown, BO) 
and Æ, -globulins ; 0/8, zone consisting of globulin da pius aome 
agiobulin components: a, e-globylin componente: a part” 
of albumin zone, Solid bands, intense staining ;. Cross-hatched, : 

medium or faint staining. For phenotype cole sei Text : 


It will be seon that the 6-globulins coincide witi 
some of the «-globulin. components when the ser 


are run in starch gol only. Fortunately the «-globulin 


do not stain sufficiently intensely to obseure the 
8-globulin pattern, although where B-globulin B is 
absent, x-globulin zones 10 and 11 (Fig, 2) can be 


seen as background staining. Usually the «-globulir 


zone 9 (Fig. 2) can be seen as a faint poorly defined 
zone just behind 8-globulin H. No. ‘thread proteins 
such as those found in cattle! or pigs* were observed 


in sheep. 








Fig. 2. Diagram prepared after two-dimensional agris aire ; 
electrophoresis of type Hedi serum, Broken: lines: indicat BS 
position of original sample insertion in agar, Al, albumin: oa, 

obulin (zones A, B,C, D, By: 


| glob | 
1, © 7, 8, ‘slow 









18 and 17): zones A, 
n pre-albumin —. 
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So far insufficient mating data have been obtained. ; > b | 
to postulate genetic control, but it seems probable, - 
by analogy with cattle and human results, that the 
various phenotypes will prove to be inherited. 
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Giant Compound Hair Follicles in the 
Skin of the Rabbit 


Tue hair of the rabbit grows from a compound 
follicle! which contains one large outercoat hair, a Fig. 2. Drawing of a tuft of rabbit hair showing the large black 
few smaller outercoat hairs of intermediate morpho- outercoat hair 

logy and numerous fine undercoat hairs. The true 
compound nature of the follicle is best seen during 
the growth-phase, when the follicles extend into the 
dermis forming distinctive groups at their deepest 
level (Fig. 1). As the hair shafts reach the surface 
the compound follicle is subdivided by fibrous septa 
into smaller groups which surround the large outer- 
coat hair. Each of these smaller groups of undercoat 
hairs penetrate the skin through a common follicle 
opening, whereas the outercoat hair has a separate 
opening. 

If the hair is plucked out in the quiescent phase it 
can easily be separated into tufts that correspond to 
the pattern of the compound follicle (Fig. 2). This 
act of plucking out the hair initiates its regrowth 
cycle, and in the pigmented rabbit evidence of re- 
generation is first observed on about the seventh day, 
when the skin begins to darken as a result of the 
formation of pigment in developing follicles’. Be- 
tween this period and the time the hair penetrates the 
skin on about the fourteenth day, the skin surface 
shows small discrete elevations uniformly distributed 
about 0-5-1-0 em. apart (Fig. 3). Serial sections 





Fig. 3. Photograph of the skin of the rabbit on the twelfth day 
of the cycle showing nodular elevations caused by the giant 
follicles, (x 13) 


through the skin at this time show that these eleva- 
tions are caused by giant compound follicles (Fig. 1) 
which contain several outercoat hairs and many 
more undercoat hairs than the normal follicle. In 
the chinchilla rabbit the central hair is large, thick 
and uniformly black in contrast to the banded 
black-and-white outercoat hair of the normal 
follicle. l 

These giant-follicles have always been seen in the 
chinchilla rabbit when the hair is regenerating, and 
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© Fig, 1. Section, cut across the slope of the hair, of rabbit skin Cardiff. 
in the twelfth day of the regrowth cycle showing one giant fallicie Jan. 10. 


and several normal compound follicles. The subdivision of the 2 
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Capacitation of Mammalian Spermatozoa 


It has been previously shown that spermatozoa 
of the rat and rabbit require to undergo some form 
of physiological preparation within the female repro- 
ductive tract before they are capable of fertilizing 
eggs!. ‘This preparatory process, known as capacita- 
tion, has hitherto lacked more precise description. 

Recently, we have obtained evidence that the 
acrosome is removed from the spermatozoon head 
before the entry of the spermatozoon into the egg. 
Modification and loss of the acrosome have been 
observed in living spermatozoa of the golden hamster, 
guinea pig and Libyan jird recovered in the fluid 
from the Fallopian tubes and in the cumulus oophorus. 
Further, spermatozoa found embedded in the zona 
pellucida of guinea pig and golden hamster eggs, lying 
free within the perivitelline space of golden hamster 
and jird eggs, and entering the vitellus of golden 
hamster and Chinese hamster eggs all lacked their 
acrosomes. In no instance was a spermatozoon that 
retained its acrosome found within any part of an 
egg. These and other observations indicate that, in 
the normal course of events, removal of the acrosome 
probably occurs at the surface of the zona pellucida. 

Clearly the acrosome is not involved in the penetra- 
tion of the egg, and its function is probably restricted 
to assisting the passage of the spermatozoon through 
the cumulus oophorus. Loss of the acrosome exposes 
& specialized region of the nuclear membrane, the 
perforatorium, and we believe that this is the organelle 
that enables the spermatozoon to make its way 
through the zona pellucida. 

We therefore conclude that acrosome removal is a 
prerequisite of fertilization, and that the induction 
of those changes that lead to detachment of the 
acrosome represents capacitation. 

A preliminary report of these investigations was 
presented at the ninth International Congress for 
Cell Biology, 1957; «@ detailed account is being 
submitted for publication elsewhere. 
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Effect of Gibberellic Acid on Fruit Set 
and Berry Enlargement in Seedless Grapes 
of Yitis vinifera 


ALTHOUGH an increased set of fruit as a result of 
gibberellic acid or related compounds has been ob- 
served in tomatoes’, there are insufficient data 
concerning the effect of this chemical on enlargement 
of fruit in any plant. 

In several experiments performed at Davis, Cali- 
fornia, in 1957, an increase in fruit set and/or fruit 
size resulted from treatment with gibberellic acid. 
The potassium salt of gibberellic acid, supplied by 
Merck and Co., contained about 80 per cent active 
ingredient. ‘Droft’ was used for a wetting agent. The 
procedure for determining average weight per berry, 
percentage of total soluble solids, and percentage of 
acid has been described previously. 
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Girdling (ringing) has long been used to induce 
fruit set and enlargement in Black Corinth grapes, 
although in recent years it has been partially re- 
placed by applications of 4-chlorophenoxyacetic 
acid’,4. In one experiment flowering clusters on 
mature Black Corinth vines were dipped momen- 
tarily on May 31 into solutions containing gibberellic 
acid at 0, 1, 5, 20, 100 or 500 p.p.m., ten replicates 
per treatment. When the fruit was collected on July 
30 the regulator at 1 p.p.m. had resulted in a fairly 
good set of large berries, but the clusters were straggly 
owing to occurrence of small undeveloped berries. 
The compound in the range 5-500 p.p.m. resulted 
in an excellent set of enlarged berries (Table 1). 
Heavier clusters and elongated berries resulted from 
higher concentrations of the compound. The per- 
centage of total soluble solids was usually compar- 
able even though the treated clusters were heavier. 
The regulator decreased the percentage of total acid. 


Table 1. EFFECT OF GIBBERELLIC ACID ON YIELD AND COMPOSITION 
OF BLAOK CORINTH AND THOMPSON SBEDLESS GRAPES 


Total 


solids 
(per cent) 


Acid 


Treatment, 
(per cent) 


concentration 
(p.p.m.) 


Black Corinth 
O (not girdled) 
1 (not girdled) 
5 i girdled 


20 (not armies 
100 (not girdled 
500 (not girdled) 
Thompson Seedless 
0 (not girdled) 
5 ace girdled 
20 (not girdled 
50 eer girdled 
0 (girdled) 


DObdeH EODOCOO 
DHMH CO Oe O 
OTNES HPOMMIG 
OOOOO MHH 
TORNI DVDN 
AAWO OSPOON 


Girdling has been shown to increase size of berry 
in ‘Thompson Seedless?. On June 11, after berry set 
was completed (berry shatter stage), mature, un- 
girdled ‘Thompson Seedless vines were heavily sprayed. 
with solutions containing gibberellic acid at 5, 20 
and 50 p.p.m., four vines per treatment. One group 
of vines was ungirdled and unsprayed, and another 
girdled but unsprayed. Fruit was harvested on 
August 26. The weight of clusters and berries sprayed 
with the regulator at 5 p.p.m. was greater than 
those from unsprayed and ungirdled vines, but smaller 
than those from unsprayed but girdled vines (Table 1). 
Very large clusters and berries resulted from treat- 
ment with 20 and 50 p.p.m. The percentage of total 
soluble solids was lowest and percentage of acid 
highest in fruit sprayed with compound at 50:p.p.m., 
probably as a result of the greater weight of fruit 
in this treatment. 

Elongation of stems and hastening of flowering, 
previously reported for other plants!}® occurred in 
grapes. Accelerated coloration in red grapes, and in 
ripening, occurred in many experiments not reported 
here. 

It has been suggested that levels of naturally 
occurring auxins are of importance in fruit set and 
enlargement®,’. Perhaps naturally occurring gibber- 
ellic acid or related compounds may be concernéd 
in fruit set and enlargement on grapes under dis- 
cussion herein. Berry size of varieties with seeded 
berries was not increased appreciably. Perhaps seeds 
produce sufficient quantities of the compound to 
result in almost maximum. berry enlargement. The 


_occurrence of ‘gibberellin-like’ substances in many 


seeds? suggests an investigation be made on the regu- 
lator in grape seeds. 
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Effects of Kinetin on Cell Division in 
Paramecium caudatum 


KınETIN (6-furfurylaminopurine) has been reported 
to stimulate cell division in excised tobacco pith 
tissues!, in onion root tips? and, most recently, in 
sarcoma tumour cells®. Lettré and Endo‘ found no 
changes in cell division or tumour growth with kinetin 
in cultures of normal or malignant human and animal 
cells. They concluded that these tissues either did 
not possess @ kinetin-like trigger for cell division, 
or contained optimal levels of such a substance. 

This communication presents some of the findings 
on changes in rates of division induced by kinetin in 
a free-living organism, Paramecium caudatum. 

Stock cultures of P. caudatum (obtained from the 
Hebrew University Department of Zoology) were 
maintained as clones on hay infusion medium at 
25° C. in the dark. Families were begun in depression 
slides containing a single animal in two drops of hay 
infusion plus four drops of sterilized tap water. 
Treatment slides contained hay infusion with kinetin 
(kindly supplied by Prof. F. Skoog), dissolved in 
sterilized tap water and added to the hay infusion 
at the time of treatment. All slides—treatments 
and controls—had equal proportions of infusion and 
water and were adjusted to pH 6-5-6°8. 

The findings reported here were obtained from 
tests with isolation cultures using the following 
procedure. A single individual was isolated in a 
depression slide. After two divisions, the four result- 
ing animals were transferred each to a new slide— 
one control and three different concentrations of 
kinetin solution. Thus each experimental observation 
was matched by its own control, originated from the 
same individual. The number of divisions per slide 
was recorded every 24 hr., after which two animals 
were transferred from each slide to new medium. 


Table 1. COMPARISONS OF DIVISION-RATES OF Paramecium caudatum 
IN CONTROL MEDIUM AND IN VARIOUS CONCENTRATIONS OF KINETIN 


Mean No. of divi- 
sions/24 hr. 


Control 
c 


Concen- | No. of 24- 
tration of | hr. period 
kinetin 


com- 
(mgm.jl.) | parisons 


an 
pe 
i) 
w 


TATS 


0:2 
0°5 
1-0 
1-5 
2:0 
2:5 
0 
0 
‘0 
0 
0 


Qo m ee 

U O A U 
ROOM DO i H jH ped pi j 
OH ce compo 

Or OON a 





* Significant at 0-05 level. + Significant at 0-01 level. 
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Fig. 1. Variations in division-rate of P. caudatum with changing 
kinetin concentration 


10 17 4 33 50 


Readings were made for three days in succession : 
at the end of these the experiment was discontinued 
and a new set begun. Mean division-rates of treat- 
ments and controls were compared and their differ- 
ences tested for significance by Student’s ¢ test for 
the mean of differences. 

In order to test a possible effect of the kinetin on 
the bacterial populations of the culture media during 
the 24-hr. periods, hay infusion samples—with and 
without kinetin—were tested on agar and in bouillon. 
No gross changes were observed in either size or 
constitution of the bacterial populations. 

Table 1 shows appreciable changes in mean daily 
division frequencies (for 3-day periods) in cultures 
containing a variety of concentrations of kinetin. 
100 mgm./l. kinetin caused death of all Paramecia 
within 4 hr., while 50 mgm./l. blocked division com- 
pletely without being lethal. (The animal remained 
alive during the 3-day period but did not divide.) 
Between 33 mgm./l. and 0:25 mgm./l. we found & 
sensitive range of responses from significant elevations 
to severe inhibition of cell multiplication (Fig. 1). 
As the dose of kinetin decreased from 33 to 4 mgm./l., 
the ratio of experimental to control divisions rose 
from 0-44 to approximately 1. The ratio rose steadily 
above l as the concentration dropped from 4 to 
1-5 mgm./l., and fell steadily back to 1 as the con- 
centration dropped from 1-5 to 0-25. It is interesting 
to note that the concentrations found to be most 
active in our material, as well as in onion and tumour 
cells?.3, have all been of the same order of magnitude. 

Tests are under way to determine the time of onset 
of the effect of kinetin during the life-cycle of the 
protozoan. cell. 

We are indebted to Miss Edna Naim, Mr. Y. Ginz- 
burg, Mr. Y. Koffler and Prof. L. Guttman for their 
assistance and advice during various phases of the 
investigation. 

These studies were supported, in part, by the Anna 
Fuller Fund. 
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Chromosomes: ‘and ‘Chroniocen res in tt 
Nuclei of Halidrys siliquosa (L.) Lyngb. — 


No. 4612 


Diviprxe nuclei in the apical groove of H alidrys . 
siliquosa show large numbers of small chromosomes, 


‘and at metaphase more than 55 have been counted 

(Fig. le, d, e}: Metaphase plates at the first three 
divisions in developing antheridia have given counts 
of the order of 30 chromosomes (Fig. 1b), and one at 
the first division of the cogonium of approximately 
28 chromosomes. 
H. siliquosa is diploid with meiosis at the first division 
of the gametangia, as is usual in the Fucalest. 





Fig. 1. 


Photomicrographs of nuclei of Halidrys siliquosa, all te 
the same seale, a, Acetocarmine smear of a nucleus of a medullary 
cell showing the nucleolus and seven chromocentres ; b, Feulgen- 
stained metaphase plate at the first division of the antneriaial 


initial: this plate gave a count of $4; e, d, €, three optio planes 

of a metaphase plate of a dividing meristoderm cell in the apical 

groove, This plate gave a count of 55 chromosomes plus several 

more the number of which could not be accurately determined, 

living in a higher plane. The illustration was prepared by W. H. 
Smithson from untouched negatives 


The resting nuclei of H. siliquosa contain several 


¥Feulgen-positive granules about lu in diameter 


(Fig. la) and slightly larger than the chromosomes, — 
as has been described by le Touzé? and Roy*. The | 
number of granules varies from cell to cell but is 


usually between 2 and 9, whether the cell is diploid, 
as in the somatic cells, or haploid, as in the develop- 
ing gametangia. Such variability in number and 
independence of chromosome complement is a char- 
acteristic of chromocentres*. It seems possible that 
the eight chromosomes recorded by Moss and Elliot? 
in both somatic and reproductive cells of H. siliquosa 
correspond to these bodies, which are probably 
chromocentres. 
F A more detailed account of this work will appear 
elsewhere’. 
MARGARET NAYLOR 
Department of Botany, 
The University, 
Hull. 
Dec. 17. 
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This indicates that the thallus of 


Himalayas; but material from the eastern Himalay. 
-amd other areas has also been studied. This has b 
<- supplemented with the study of herbarium specimen 
“Most of the species have been worked out for: the 
first time. 


Kitzeberg near Kiel (Germany) and sent to us. b 


“Indian A. vulgaris has been compounded from th 


Pitta feito i Bor has È been done o 
the genus Artemesia in North America}, Jo apan? an 

Zurope (cf. Darlington and Wyliet); but so 
nothing has been known about the Indian ‘species 
The genus, besides being of medicinal importan 
extremely interesting from the eytotaxonomic Tu 
cytogeographic points of view. It was- therefor 
thought worth while to work out the available species 
of the genus. Following the conventional taxonomi 
treatment we have worked out 11 species — out 
27 reported by Hooker* from the Indian subcontinent 
In the present investigation the various species ha 
been primarily sampled from the north-weste 











In addition to the 11 Indian species, the «— 
chromosome number in A. vulgaris Linn. from Ger- 





many has also been investigated. The chromosome — 7 
‘numbers are given in Table 1. o 


Table 1 
Species Chromosome No, 
n ‘an 
A. scoparia Waldst. and Kit. 8 16 
A. absinthium Linn, 9 von 
A. glauca Pall. 18 36 
A. laciniata Willd. ooo 18 
A. maritima Linn, (Kashmir) 18 woven 
A. maritima Linn, (Japan) 27 sme 
A. parviflora Roxb. 9 18 
A. roxburghiana Bess. 9 18 
A. roxburghiana Bess. 13 36 
A, tournefortiana Reichb. 9 i8 
A, vestita Wall. 9 18 
A. vulgaris Linn. (Germany) pod 16 
A, vulgaris Linn, (India) 18 m 
A. vulgaris Linn. (india) 27 S4 
A, species 9 — 


One of the interesting aspects of this study is the ~ 
cytological situation in Indian A. vulgaris.. In this — 
connexion, it is pertinent to mention that A. vulgaris 
Linn. was originally described from northern 
Europe. The chromosome number of this species — 
(2n = 18) was worked out by Weinedel as early as 
1928 (cf. Darlington and Wylie‘). In view of all the 
subsequent work it is reasonable to revise the above 
number to 2n = 1617-10, This is fully borne out by 
the present investigation since we also found 16 | 
chromosomes in root-tips from seeds collected at 











Prof. H. D. Wulff. This is a significant point, sinc 


basic number 9 and not 8 as expected on the basis 
of true A. vulgaris from Europe. Evidently the 
former taxon has to be appropriately evaluated 
taxonomically. = 
The Indian A. vulgaris complex is also interesting’ as 
phytogeographically. We have found only diploids ~ 
in the innermost Himalayas, in regions which have — 
se va a a period of glaciation, and often at such 
places glaciers are still in existence. In the middle — 
Himalayas diploids are at the tops of mountains and. 
perhaps extend farther down. The tetraploid forms — 
occur only at lower altitudes and extend also into the 
valleys below. In the outer Himalayas the diploids of 
this complex are either rare or have not been found so — 
far, whereas tetraploid forms are preponderant. The 
hexaploid forms appear at lower altitudes and have 
also been found in valleys between the outer Himal- 
ayan foothills and the Siwalik Ranges. Furthermore, 
hexaploid has also moved down to the Nilgiri Hills 












APS & 





tributed from the coasts of Europe and extends: 








has been reported as dip 


hexaploid from Japan’. 0 
later report from plants at Yarikhah 








"Fuller discussion will be published. elsewhere. ` 


- Furthermore, we are indebted to Prof. H. D- Wulff 
‘(Saarbrucken, Germany) for sending seeds of Euro- 
pean A. vulgaris. 

save eget T. N. Kaosnoo 
Botany Department, 

: Panjab University, 

Amritsar. 

eee cies S. N. SOBTI 

=o Drg Research Laboratory, 
ni = Jammu Tawi. 

Jan. 2. 
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Chromosome Size in Lolium temulentum 
and L. perenne 


= To MORPHOLOGICALLY the grasses Lolium perenne and 


Ee temulentum are markedly dissimilar and easily 


- distinguished from one another. They differ also in 
= habit and in their breeding system; the former is 
erennial and outbreeding, while the latter is an 
-< annual and inbreeding. Despite their divergencies in 
< form and habit, the species can, however, be crossed, 
and hybrid plants are readily grown from seed pro- 
< duced when L. perenne is used as female parent. This 


-was demonstrated by Jenkin!, who has described the. 
©. hybrids in detail. 


A cytological investigation by Thomas? has revealed 


considerable genetic variation in the size of chromo- — 
When the chromosomes were compared in 


gomes. 
order of size, those of L. temulentum were found to 
- be approximately a third longer than those of L. 
_- perenne. In seeking to explain this variation there 
are two possibilities to consider. 


typie differences between them which affect: chromo- 












- throughout saline tracts in north Asia’. The species. 
loid from Europe and aso = 
We have confirmed the 
_ Fig. 1. The first pollen grain mitosis in (a) Lokum temulentum 
>o ang (b) L, perenne, The average chromosome length is about & 


(Tangmarg, Kashmir) which were raised from seeds - 
-= imported from Japan. We have, however, found the 
-  ¢ndigenous plants of the species at Gurez. (Kashmir) 


8 Either there are 
» differences in the amount of genetic material in the -- Fig, 9, 
in the nuclei of the parent cells and in those of the hybrid cells. 


omosomes of the two species or there are geno- ) ee 
yo rr. 1, d on ten measurements in each case. Lengths 











a 


| third greater in Z. temulentum. 1,000) 


“ gome size—such as reported between a number of 
species’, and even between individuals within @ 
We are grateful to Col. R. N. Chopra and Dr. Io- ea 
< Chopra (D.R.L., Jammu) and Prof, P- N. Mehra 
(Panjab University) for their encouragement and for 
affording us facilities to carry on this investigation. 


speciest. Comparisons were therefore made between ` 
the parent species and their hybrids to decide which _ 
of these possible causes applies in this instance. This 


was done by comparing the lengths of particular 
chromosomes in the nuclei of the parent species with 
The measurements 


their lengths in hybrid nuclei. 
were made in sectioned preparations of root tips: 
which had not been subjected to pre-treatment of 
any kind that would affect the length of chromosomes. 


In L. temulentum the chromosomes are too long =: 


to permit accurate measurement of complete nuclei. > 
Consequently, one particular chromosome in the com- 


plement, A (Fig. la), was measured in suitable cells _ 
in the parent plants and in the hybrids. aie 
measurements were made of the L. perenne chromos > 
“some, A’ (Fig. 1b). The chromosomes were identified: 


by the, positions of their centromeres and secondary — 
constrictions. Their lengths relative to one another 
are typical of the average length ratio between the 
chromosome complements of the two species. Whether 
they are homologous is not certain, but, from their 
appearance, probable. Sample measurements from 
within species were homogeneous, so also were those 
within hybrids. The results, therefore, were pooled 
and are represented in Fig. 2. 

The average length of each chromosome within 


cells of the parent species is not significantly different- i 
from that in the cells of the hybrid, and the ratio > 


AJA’ calculated from measurements in the parent 


cells (1-3) is much the same as the ratio calculated =- a 


from hybrid cells (1:4). There is, therefore, no evidence 
that the size difference is to any extent genotypically 
determined. The difference, we conclude, is at least 


mainly due to additional genetic material in the oe 


chromosomes of the inbreeding species. 
_ This interpretation is corroborated by our own and 
Thomas's observations of meiosis in the pollen mother 


7 E | in 
A PETAS eens ak ch, bee A L. temulentum. 


in the 
} hybrid 


cF 5-3 
ee ee ana 
5:4 . 
& 2} in 
I. perenne 


The average lengths of a chromosome from each species 


The lengths are base surements in ea 
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ig. 8. First meiotic metaphase in a pollen mother call of the 
Lolium hybrid showing asymmetrical bivalents. (x 1,750} 





:¿=eells of the hybrids. At pachytene unpaired loops 
Indicating deficiency or excess of genetic material - 
-Are frequent. At metaphase the persisting inequality — 
-- of chromosome size is manifested by the distinet 
-asymmetry of up to six of the bivalents (Fig. 3). 
These asymmetrical bivalents are, with respect to 
: Jong and short arms, orientated at random. There 
is no evidence for ‘affinity’. 

There may well be a causal relation between the 

variation in the amount of genetic material in the 
two species and the difference in their breeding 
systems. We have no evidence to show whether this 
is so, or how it may operate, 

We wish to thank Mr. Beddows, of the Welsh Plant 
Breeding Station, Aberystwyth, for seeds of L. 
temulentum. 

BeRYL NAYLOR 
H. REES 
Agricultural Research Couneil 
Unit of Biometrical Genetics, 
Department of Genetics, 
University of Birmingham. 
, Jan. 3. 
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-entrail Coconut Research Station 


=- Fortifying Influences of Coconut Milk 

= and Cow’s Urine on 2,4-Dichlorophenoxy- 

| acetic Acid in the Control of Button 
Shedding in the Coconut 


Durie several trials carried out by us with differ- 
ent hormones in the control of button shedding in 
the coconut, there was clear indication that, while 
sprays of 2,4-dichlorophenoxyacetic acid in 30 p.p.m. 
strength helped in securing a heavy set of buttons, 
quite a large number of them turned out to be 
abnormal or barren and markedly reduced im size 
when they attained maturity. This was observed 
to be particularly pronounced when pre-fertilization 
sprays were given. Although a change from pre- 
fertilization to post-fertilization sprays brought about 
a considerable reduction in the oceurrence of abnormal 
and barren nuts and an appreciable improvement in 
the size of nuts at maturity, it did not help in com- 
pletely offsetting the defects. It was therefore 
thought worth while to test the utility of coconut 
milk and cow’s urine in overcoming these defects, 















in some other way. 


would serve as an improvement. The results 
trials have indicated the interesting beneficia 


to inerease the percent 
_ overall development, but also reduced the. incidi 
_. of barren nuts compared with the results secured 

` sprays of 2,4-dichlorophenoxyacetie acid alone 
_may be seen from the results presented in Ta 





its synergistic effect than the latter. 


-krishnan for his technical assistance. 


+ Steward, F. C., and Caplin, S. M., Science, 108 
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Preliminary trials were accordingly undertaken 
using mixtures of coconut milk or cow’s urine (which 
by themselves were inactive in improving b 

setting) with equal volumes of 2,4-dichlorophe: 
acetic acid in order to ascertain to what exte 





in using the mixtures, as these have not onl; 
age set of nuts and 





Table 1 




















PETTE SRN a a a aa a Serena " 
| : Sna ee of | Sprays 
of i | Control | Sprays of] 2AD qo 24-4 
ł Characters : (water 24D |; mixed ©) mixed 
| determined | spray) | alone | with coco- with cow's 
P ; | | nut milk urine 
| Mean percentage | | pee a cs Bis 
et of good nuts | 7-62 2620| 44-83 be Ge 
ean No.ofun- | E ER 
der developed | : | AE een TEA 
| wuts 0-00 | 9-86 BOO NB ss 
| Mean. vol. per nut | E E EE 
a aw i í | 2,158.33 | 1,616-67 | 2,373-93 | Bye OD BR Too: 
Mean wt, per nu | j Re Eee 
ae.) ae | 903-83 | 619-60 | ibs TILO 
Mean wt. of copra a 
| “per mut (gm.) 171-67 | 185-00 15250 | PHERS 
1 PENGENE a a Gene al ee 


2,4-D = 2,4-dichlorophenoxyacetic acid 


It is quite clear that there is a significant fortifying 
influence when 2,4-dichlorophenoxyacetic acid was 
used with a supplement of coconut milk or cows ~ 
urine and that the former proved to be superior in 

Further trials are in progress to evaluate the 
beneficial effects of these and similar other mixtures 


on a statistical basis. We thank Dr. K. P, V. Menon 
















for his interest in the work and Mr. T. P 





Kasaragod, South India. 
Dee. 5. 
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An Infectious Fertility Factor for 
Pseudomonas aeruginosa 


One unusual feature of the system of sexual recom- 
bination occurring in Escherichia coli is the infectious: 
nature of the F factor. F — strains may be readily 
converted to F + by growing the two types together’? 

A similar type of sexual recombination to that. 
occurring in E. coli occurs in Pseudomonas aeru~ 
ginosa®.*. Two of the Pseudomonas strains used, 
l and L, are interfertile. Furthermore, 1 is self-sterile. 
but L is self-fertile with a lower frequency of recom- = 
bination than the 1 x L combination. This situation 
is comparable to the fertility system occurring in 
E.coli R12. Strain 1 is the equivalent of the F — strain, 
strain L the equivalent of the F +. Previous attempts 
to find an infectious fertility factor in Pseudom 



















have 


~~ ments, | 


rds re-isolated. However 

















ve : -A doubly auxotrophic recombinant R629 (IV,- T= 


: troph, 1(7,~ S7), tryptophan requiring and resistant 
$0 streptomycin, 1 
0-5 per cent ‘Difco’ yeast extract in a ratio of 20:1 


jn favour of 2629 and grown overnight on a shaker 


at 37°C. The mixture was plated out on ‘Difco’ 
< nutrient agar plus 250 ugm./ml. streptomycin to 
_ re-isolate the strain 1 auxotroph. Twenty-five colonies 


of this strain were then picked off and tested to see 


-if overnight growth in the presence of the L mating 
‘type R629 had caused any change in the mating type 
of I(T,— Sr), that is, the ability to cross with either 
-atrain 1 or strain L. It was found that 20 of the 25 
-colonies picked had permanently acquired the ability 
to eross to strain 1, thus resembling strain L in their 
mating ability. This change is analogous to the in- 
fection of F — strains in Æ. coli K12 to become F +. 
The conclusion is drawn that a factor similar to the 
F factor in E. coli K12 controls fertility in the 1 and 
L strains. This factor has been named FP. Thus, 


7 . ‘strain l is FP — and strains L and R629 are both FP +. 


No reason can be given at present for the failure 
of strain L to infect strain 1 with FP. The infectivity 
of FP within strain 1 is irregular. Infection of a 
LEP —) strain from a 1( FP +) strain under the above 
conditions occurs only at low frequency and it is 

possible that the optimum conditions of transfer 
have not been obtained. The change from FP — 

to FP+ has been achieved in a number of different 
strain 1 auxotrophs. Different lines derived from 


gtrain 1 vary in the facility with which they are con- 


— yerted from FP— to FP +, and one of these lines. 


` has proved refractory to this change. It is thought 
- possible that the transfer of FP may be under the. 
_-gontrol of certain hereditary factors. 
. may be also responsible for the segregation of FP 
| jn recombinant progeny previously observed. | 
— In view of recent experiments’ on the effect of © 
_acriflavine on the conversion of F+ to F— in Ẹ. coli 
 K12, the action of this substance on FP was in- — 
vestigated. No conversion of FP + to FP — could be — 
accomplished either by growing the FP + strains in. 
‘Difco’ nutrient broth plus 200 ugm./ml. acrifiavine | 
for up to 48 hr., or by making FP + strains resistant 


to 1 mgm./ml. acriflavine. 


Attempts were also made to select FP — mutants 


from FP-+ strains by selection for mutants with 
higher motility*. Repeated trials failed to produce 
eee PE eens by aha eee a eee 















Department 


These factors. 


in 50 per cent (v/v) aqueous acetone through | 
column of the anion exchanger ‘Deacidite FF” (Per 
mutit Co., Ltd., London, —16 +50 mesh) in the 
chloride form. f 
-choline gave an overall recovery of about 50 per cent: 


for this procedure, Potassium and choline were > 


-udvelys 
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- Acetylcholine in Milk : 
ACETYLCHOLINE has recently been reported to be | 
present in low concentrations (0-1-1 ugm./ml.) in the- 
milk of various species’. On the other hand, the _ 
mammary gland does not appear to possess a chol- 


inergic innervation®.*. Accordingly, the question of 


the presence of acetylcholine in milk has been 
re-examined. CERES 
Fresh cows’ milk, assayed on the frog rectus _ 
abdominis musele preparation, gave varying responses 
equivalent to 0-1-0-4 ugm. acetylcholine chloride/mal. 
The activity differed from that of acetylcholine in the 
following ways: (1) the dose-response curve was 
much steeper; (2) heating the milk at pH 12 and 
100°C. for 10 min. (conditions which destroy acetyl- _ 
choline) caused little or no reduction of the activity; _ 
(3) amounts. of milk which should have evoked, on` 
the basis of their acetylcholine equivalence on the 
rectus, a good response from the anti-histamine- _ 
treated guinea pig ileum, failed to do so; (4) samples _ 
of milk, ashed and dissolved in a volume of water 
equal to that of the original sample, showed the same 
activity as the original milk. This suggested that the 
rectus activity was due to an inorganic constituent 
of the milk, probably potassium. It was found possible. _ 
to duplicate the response to the milk with a potassium- 
chloride solution of the same potassium content. 
Since acetylcholine might bo present in milk in a` 
bound or pharmacologically unavailable form, or in’ 
such low concentration as to escape detection unless | 
concentrated, the milk was treated with trichloracetic _ 


acid and the basic constituents of the trichloracetic © 


acid supernatant precipitated as reineckates, pro- ; 


cedures which release and concentrate acetylcholine- 
from. tissues (see ref. 7 for references). The trichlor- = 


acetic acid was added to a final concentration of ; 
10 per cent (w/v); the precipitate was removed by > 


centrifugation, extracted with 10 per cent (w/v). 


aqueous trichloracetic acid and again removed by 
centrifuging. The combined supernatants (trichlor- — 


acetic acid extract) were extracted with ether to — 


pH 4-5 to remove the trichloracetic acid and the _ 


_ ether removed in a stream of air before testing. — 
‘Bases were precipitated as reineckates by the addition — 










of excess saturated ammonium reineckate and con 
verted to the chlorides by passing the reineckate: 


Control experiments with acetyl . 


estimated in the various fractions by flame photo- | - 
metry and by the enneaiodide method* respect- _ 


March 22, 1958 


The activity of the various fractions on the rectus 
was, in every case, alkali-stable and could be equated 
with a solution of potassium and choline of equivalent 
strength. Whereas the activity of the original milk 
was almost entirely due to potassium, the activity 
of the base concentrate was mainly due to choline ; 
that of other fractions was due to both substances. 
On the ileum, about 80 per cent of the activity of the 
base concentrate was abolished by the anti-histaminic 
pyrilamine maleate (1 ygm./ml.), and was attributed 
to histamine; the remaining 20 per cent was more 
than accounted for by the choline content of the 
concentrate. 

The conclusion drawn from these experiments is 
that the acetylcholine content of milk is negligible, 
and that the contractions of the frog rectus and 
guinea, pig ileum preparations produced by milk or 
milk extracts are due to the potassium, choline and 
histamine content of milk. 

The skilled technical assistance of Miss J. M. Gilson 
is gratefully acknowledged. 
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Use of Tidal Streams by Migrating Elvers 
(Anguilla vulgaris Turt.) 


Eaca spring large numbers of elvers enter the 
Dutch Wadden Sea, through the Marsdiep tidal inlet 
and migrate to the places where freshwater is dis- 
charged, such as at the sluices in the enclosing dam 
= the Ijssel Lake at Kornwerderzand and Den Oever 
(Fig. 1). 

To study the migration in this tidal area, catches 
were made in the Texelstroom and the Marsdiep 
with a I m.? ring-trawl during the years 1955, 1956 
and 1957, using a small cutter. The catches consisted 
of horizontal surface hauls of # hr. each, mostly made 
at night, during the flood as well as during the ebb. 
During both tides they were carried out alternately 
in the direction of the North Sea and in the direction 
of the inland waters, the speed of the boat being 
approximately constant in relation to the flowing 
water. 





Fig. 1 
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If the elvers, which rise to the surface at night, 
do indeed swim actively from the North Sea to the 
freshwater, we would expect a greater yield of the 
hauls made towards the North Sea than of those 
made in the opposite, direction. Actually, however, 
no significant differences in yield between hauls in 
either direction were found. This seems to exclude 
the possibility of an active migration of elvers 
swimming towards the freshwater. 

A very significant difference was found, however, 
between the catches made during the flood tide and 
the ebb tide, respectively. Three to ten times more 
elvers were caught during the flood. This means 
that the greater part of the animals leave the surface 
during the ebb. 

Therefore, during the spring of 1957, catches were 
also made at a depth of 8 metres, at places where 
the total depth was 10-20 metres. Also at this depth 
the yields were much larger during the flood than 
during the ebb. Hence, we must suppose that during 
the ebb tide the elvers are to be found near or on 
the bottom. 

It follows from these observations that the elvers 
most probably use the tidal streams for their migra- 
tion; they are transported in the direction of the 
inland waters by the flood, and go to the bottom 
during the ebb in order not to be carried back 
to sea. 

By fishing in the day-time we obtained evidence 
that in daylight also this method of migration is 
used ; however, the elvers do ‘not reach the surface 
then. We have not yet established whether during 
the ebb the elvers dig themselves into the sand or 
swim against the current close to the bottom. 

The migration principle. described above is in 
accordance with a hypothesis developed theoretically 
by Van Heusden!, who also assumed a phase of 
pelagic transport of the elvers by the flood tide and 
a phase of active swimming close to the bottom 
against the ebb tide. 

On the other hand, Deelder? found no , conclusive 
differences between ebb and flood catches from a 
ship anchored fairly near the sluices’ (Wierbalg, 
Visjagersgaatje) in the years 1947-50. The dis- 
crepancy between his and our results, however, can 
probably be explained as follows. 

From our observations in 1957 it was established 
that the great majority of the elvers passed the 
Marsdiep during the end of February and the begin- 
ning of March. From the observations kindly put at 
our disposal by the Dienst van de Zuiderzeewerken, 
we learned that the elvers arrived a full month later 
at the sluices of Den Oever. Hence, there must be 
an area, between the Marsdiep and Den Oever where 
the migration suffered a temporary delay; in this 
area an important accumulation of elvers should take 
place. Catches made in the Wierbalg during the 
period in question indeed gave yields which exceeded 
those in the Marsdiep and the Texelstroom by 
approximately a hundred times. Moreover, the yields 
of the ebb and flood catches did not differ significantly. 
We assume, therefore, that Deelder’s results refer to 
catches made in an area, where the migration has 
temporarily come to @ standstill. 

The assumption of a temporary stagnation of elver 
migration in front of the freshwater outlets is also 
in accordance with the observation of Deelder? that 
at the sluices of Den Oever the elvers at the beginning 
of the season do not show any preference for fresh- 
water, whereas after some time they are strongly 
attracted by it. 
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As regards the use of tidal streams by the elvers 
migrating from the open sea to the area of stagnation, 
an important problem arises. How do they discrim- 
inate between the flood and the ebb ? 

Van Heusden! supposed that differences in salinity 
play an important part. One could imagine, for 
example, that the elvers remain on or near the bottom 
so long as the stream: (mostly the ebb‘) carries water 
of lower salinity, whereas they leave the bottom as 
soon as the stream (mostly the flood‘) provides water 
with a higher salinity. Our observations have not 
progressed sufficiently to.allow a conclusion in this 
respect ; probably also the water temperature exerts 
a certain influence. 

This investigation is supported by a grant from 
the Netherlands Organization for Pure Research 
(Z.W.O.). 

F. CREUTZBERG 

Zoological Station, 

Den Helder, 
The Netherlands. 
Nov. 12. 


* Heusden, van G. P. H., doctorate thesis, Utrecht (1943). 

a Deelder, C. L., J. Cons. Int. Exp. Mer, 18, 187 (1952). - 

3 Deelder, C. L., see Korringa, P., in Biol. Abst., 27, 29189 (1953). 
“Postma, H., Arch. Neerl. Zool., 10, 405 (1954). 


Relationship between Aggressiveness and 
Egg Production in the Domestic Hen 


A RELATIONSHIP between. position in the peck order 
and egg production in the hen was first reported by 
Sanctuary! (quoted by Guhl*), who found that the 
- birds in the upper half of the peck order laid more 
eggs than those composing the lower social level. 
This observation was confirmed by Guhl?, who 
obtained a correlation of 0-26 (P, 0:01) between the 
number of birds pecked in the peck order and the 
number of eggs laid by 96 White Rock pullets. 

The following observations were made on an 
Australorp flock maintained on the Animal Husbandry 
Farm of the University of Queensland. The experi- 
ment involved the measurement of aggressiveness of 
pullets in two groups, the first in battery laying cages 
and the second in an intensive shed on deep litter. 

All birds were scored against panels of 10 birds 
under standard conditions*®; 6 such panels were used. 

There seemed to be no relationship between 
aggressiveness score and egg production for birds 
housed in laying cages and, while there appeared to 
be some effect of aggressiveness on egg productivity 
in intensively housed birds, it did not appear to be 
linear. It seems that the majority of birds with low 
egg production also have low aggressiveness scores. 


This can similarly be discerned by inspection of ' 


‘Guhl’s? scatter diagram. : 

Since Collias* has reported that position in the pec 
order is one of the factors which makes for success 
in single encounters of the type used in scoring 
aggressiveness, and correlations between scores and 
peck order position in assembled groups of these 
birds have been demonstrated, it would appear that 
the low aggressiveness scores are reflecting low peck 
order position in the intensively housed birds. Low 
position in the peck order is related to low priority 
at the feed troughs, nests and roosting places®, and it 
would appear that it is the rather harsh environmental 
conditions to which these birds are subjected that is 
responsible for their low egg production and thus for 
the observed correlation. 
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Blyth’ considered the shape of the egg production 
frequency distribution to be fumdamentally normal 
although in fact it is skewed with a long ‘tail’ towards 
zero. She considered this to be the result of factors 
not specifically concerned with egg production. The 
frequency distribution for egg production of sisters 
housed under three environments, caged, semi-inten- 
sive and intensively on deep litter, shows an increasing 
degree of negative skew from cage to intensive. This 
suggests that position in the peck order is certainly 
one of these factors, though the fact that the ‘tail’ is 
still present in the caged birds suggests that it is not 
the only factor. Recent work’ involving the feeding of 
antibiotic and vitamin B,, supplements has been 
effective in raising the egg production of low-produc- 
ing birds while apparently leaving the high-producing 
birds uneffected. This suggests that this treatment 
has been effective in removing even more of the ‘tail’ 
from the distribution. 

G. MoBripz* 
Dept. of Animal Husbandry, 
Veterinary School, 
University of Queensland. 

* Present address: Institute of Animal Genetics, University of 

Edinburgh, West Mains Road, Edinburgh. 


1 Sanctuary, W. C., unpublished thesis, Mass. State Coll. (1932). 
* Guhl, A. M., Kansas Agric. Exp. Sta. Tech. Bull. 73 (1953). 

3 McBride, G., Brit. J. Anim. Behav. (in the press). 

“Collias, N. E., Amer. Nat., 77, 519 (1948). 

5 Guhl, A. M., and Allee, W. C., J. Physiol. Zool., 17, 320 (1944). 
‘Blyth, J. 5. S., Poultry Sci., 31, 254 (1952). 

7 Lilie, B. J., and Sizemore, J. R., Poultry Sci., 38, 427 (1954). 


Sodium Phosphate Crystals on Salt Fish 


SEVERAL times in the past few years, samples of 
undried or partly dried salt cod with an accumulation 
of crystals appearing over the surface have been 
submitted to this laboratory for examination. These 
deposits did not resemble either the sodium chloride 
or the calcium sulphate crystals often found on salt 
fish. One sample had many water-clear rhombic 
crystals with edges 2 cm. or more long. Others had 
@ second type of crystals: they were dry, powdery 
white, and thickly scattered over the surface. 
Curiously, chemical analysis indicated that both types 
of crystals contained large proportions of phosphate 
and sodium, a small amount of chloride, but no 
sulphate, calcium or magnesium. 

When. the clear rhombic crystals were exposed to 
the dry laboratory atmosphere for a day, they changed 
into a white powder, similar to the second type. This 
powder contained 20-0 per cont moisture and appeared 
to be the dihydrate of disodium hydrogen phosphate. 
On analysis of the sample dried at 105° C., the sodium, 
phosphate and chloride contents indicated 96-0 per 
cent disodium hydrogen phosphate with 3-0 per cent 
sodium. chloride. 

Thus, the clear rhombic crystals appear to have 
been the dodecahydrate, the least soluble of the 
sodium phosphates, which in a dry atmosphere loses 
water to form the dihydrate (containing 20-2 per 
cent water) in a white powdery form. ‘This is the 
form found in samples of the second type. 

Since sufficient observations on the solubility of 
disodium hydrogen phosphate in a solution saturated 
with. sodium chloride were not available, determina- 
tions were made at temperatures varying from 0° 
to 20°C. The results, with some values taken from 
the literature!.?, are given in Table 1, and in Figs. 1 
and 2. 
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Table 1 


System Na-HPO,.12H,0-NaCl-H 
Solubilities (gm./100 gm. H:0 
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o System Na,HPO,.12H,0-H,O 
- 3 Solubilities (gm./100 gm. H,O) 


Na, HPO, 










Average 





Values A, equilibrium approached from higher temperatures; values B, equilibrium approached from lower temperatures 


Fishery salt contains only traces of phosphate. On 
the other hand, and in agreement with other results?,4, 
fresh cod muscle was found to contain 0-2 per cent 
total phosphorus, of which 0-16-0-17 per cent is 
inorganic phosphate. Assuming a moisture content 
of 81 per cent, this would correspond with a con- 
centration of 0-97-1:13 gm. anhydrous disodium 
phosphate per 100 gm. water. In undried salt fish 
this figure should remain unchanged: only dry 
salt is added during salting, and the concentration 
of phosphate in the water held by the fish should 
be the same as in the pickle lost, unless some phos- 
phate is held by the tissue. Such a solution, saturated 
with sodium chloride, would also be saturated with 
me disodium phosphate dodecahydrate at about 

After partial drying, the temperature of saturation 
with respect to the phosphate would be higher. In 
one sample of slightly dried heavy-salt fish, analysis 


./100 gm. water 


Disodium hydrogen phosphate 
(am 





0 5 10 15 20 25 
Temperature (° 0.) 
Fig. 1. Solubility of disodium hydrogen phosphate dodecahydrate 
in water and in saturated sodium chloride solution from 0° to 20° C. 
@, In water, data from I.C.T. (ref. 1): in water, experl- 


., O 
mental: x, Ín saturated sodium chloride solution, experimental 
A, in saturated sodium chloride solution (ref. 2) 
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Sodium chloride 
(gm.j/100 gm. water) 
eo is =) 
ox 


co 
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IN SATURATED Na,HPQ; 12 H,O 





0 5 10 15 20 
Temperature (° C.) 


Fig. 2. Solubility of sodium chloride in water and in saturated 

disodium hydrogen phosphate dodecahydrate solution from 0° 

to 20° ©. @, In water, data from I.C.T. (ref. 1); x, in saturated 

phosphate solution, experimental; A, in saturated phosphate 
solution (ref. 2) 


for moisture and phosphate indicated that this tem- 
perature would be about 11°C. Drying therefore 
favours the formation of the crystals. 

A slightly alkaline pH. (about 7-5-8) is also required. 
for the formation of disodium hydrogen phosphate 
crystals. While the fish itself is almost neutral, most 
solar fishery salts are alkaline, and any slight spoilage 
(which often occurs with medium-salt fish) would 
also tend to increase the pH. 

Thus the occurrence of these crystals on partially 
dried salt bulk fish, particularly while in cool storage 
or during transportation in the winter months, is 
readily explained. Its higher incidence with medium- 
cure fish probably depends on the susceptibility to 
rapid spoilage and the consequent elevation of the 
pH in this type of salt fish. 

The effect of the sodium phosphate on the solubility 
of sodium chloride should also be noted. At 20° C. 
the solubility of the latter is only 93-9 per cent of 
the value in the absence of the phosphate. This 
explains why, in practice, salt fish is not often found 
in which the water is completely saturated with 
respect to sodium chloride when the solubility in salt- 
water systems only is considered, as is usually done. 


W. J. DYER- 
Doris -I. FRASER 
J. R. DINGLE 


Fisheries Research Board of Canada, 
Technological Station, 
Halifax, Canada. 
Nov. 8. 
1 “International Critical Tables”, 4, 237, 1st edit. (McGraw-Hill, New 
York, 1928). 
* Teeple, J. E., Monograph No. 49, Amer. Chem. Soc. (The Chemical 
atalog, New York, 1929). 
3 Pondan Ti Rev. trav. office sci. et tech. péches maritimes, 19, 281 


* Tressler, Donald K., and Lemon, James McW., “Marine Products 
of Commerce”, 294, 2nd edit. (Reinhold, New York, 1951). 


Effect of Phenobarbitone on the Requirement 
of Lactobacillus leichmannii for Vitamin Bi 


WHEN sodium phenobarbitone (2 mgm. per ml.) 
is added to the medium used in a modified method 
for the microbiological assay of vitamin B,, with 
Lactobacillus leichmannii as test organism, an increase 
occurs in the amount of growth produced by small 
amounts of vitamin B,,1. This communication de- 
scribes results which suggest that phenobarbitone has a 
specific vitamin B,,-sparing action under the experi- 
mental conditions previously described’. The strain 
of Lactobacillus leichmannii used was supplied by the 
National Collection of Industrial Bacteria, and is 
derived from the American Type Culture Collection 
strain No. 4797. 
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Table 1. THE EFFECT OF PHENOBARBITONE ON THB GROWTH OF 
Lactobacillus leichmannii IN THE PRESENCE OF VITAMIN Bis 














Incu- 
Exp. | bation tone magm. vitamin Ba added per 6 ml. 
No. | time | perm). medium 
(hr.) | medium | 0:025 0-05 01 02 O4 05 06 
mugm. vitamin Bı: required to produce 
the same amount of growth in the 
‘ absence of phenobarbitone 
1 24 20 0°12 0-24 0-44 0:64 12 — 146 
2 24 2-0 0-06 0:12 0:22 0-42 0-60 — 082 
8 72 2-0 O-14 0-22 0°38 0-52 0-70 — 072 
4* 24 2-0 — 0'15 0°20 0'32 0-45 — 052 
5f 24 2°0 0:09 0-15 0:27 0'47 0-901 — 15 
2-0 — 017 0:28 0:46 — 075 — 
6 24 1:0 — O14 0:27 0-50 — O-74 — 
0°65 — 0:0760:16 033 — 0-84 — 


* Incubated in anaerobic jars under hydrogen. 
t Using phenobarbitone recrystallized three times from water. 


By comparing the amount of growth produced by 
different quantities of vitamin B, in the presence 
and in the absence of phenobarbitone, the apparent 
increase in the concentration of vitamin. B, due to 
the presence of phenobarbitone could be assessed. 
The results, summarized in Table 1, show that 
phenobarbitone can cause nearly & sixfold increase 
‘in the apparent concentration of vitamin B, The 
effect is most marked at the lowest level of vitamin 
By, and tt is as great after incubation for 72 hr. 
as after 24 hr. (exp. 3). Anaerobic incubation 
(exp. 4), and the use of recrystallized phenobar- 
bitone (exp. 5) did not affect the results. Lower 
concentrations of phenobarbitone caused slightly 
less marked effects (exp. 6). 

Higher concentrations of vitamin B,,, between 
l and 6 mgm. in 5 ml. medium, produced almost the 
same amount of growth whether phenobarbitone was 
present or not. In several experiments the amount 
of growth at these levels of vitamin B, was higher 
in the absence.of phenobarbitone than in its presence. 

To test the effect of phenobarbitone on growth 
in the presence of varying amounts of other growth 
factors, excess Vitamin B, (5 myugm. in 5 ml. medium) 
was supplied, and either pteroyl glutamic acid or 
calcium pantothenate was omitted from the basal 
medium. With increasing amounts of pteroyl 
glutamic acid there was a slight reduction in growth 
in the presence of phenobarbitone over the whole 
range of concentration. With pantothenate there was 
a suggestion of stimulation of growth by pheno- 
barbitone at the lower levels, but the effect was much 
less marked than with vitamin B32. 

If phenobarbitone was replaced by thymine or 
uracil at the same molar concentration, there was 
little change in the growth response to vitamin B,». 
Some other barbituric acid derivatives have been 
tegted, also at the same molar concentration as 
phenobarbitone. Barbituric acid itself had a de- 
pressant effect, diethyl barbituric acid had some 
stimulatory effect though less noticeably than pheno- 
barbitone, while nembutal, amytal and butobarbitone 
appeared to have stimulatory effects stmilar to that 
caused by phenobarbitone. 

The property of enhancing growth appears to be 
connected specifically with vitamin. Bız and to be 
confined to certain barbituric acid derivatives with 
relatively large substituents in the 5-position. No 
explanation of the phenomenon has been. found, but 
in view of the chemical resemblance between the 
barbiturates and the iminazolo part of the 5,6-di- 
methyl benziminazole in the molecule of vitamin B,o, 
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it seems possible that barbiturate radicals might 
replace the benziminazole in vitamin B,,, forming 
analogues of vitemin B,, with greater growth- 
stimulating activities for Lactebacilus leichmannii 
than vitamin B,, itself. Experiments are in progress 
to test this possibility. 

I wish to thank Prof. D. D. Woods, of the Micro- 
biology Unit, Department of Biochemistry, University 
Museum, Oxford, for advice in connexion with these 
experiments. Thanks are also expressed to Prof. 
L. J. Witts for his interest in the work, and to Mrs. 
Elisabeth Ross for assistance with the microbiological 
BBSBYS. 


G. H. Spray 
Nuffield Department of Clinical Medicine, 
Radcliffe Infirmary, 
Oxford. 
Jan. 2. 


? Spray, G. H., Clin. Sci., 14, 661 (1955). 


Resistance to Dieldrin in Lucilia cuprina 
Wied., the Australian Sheep Blowfly 


Wits the modified Mules operation! greatly 
assists in reducing the incidence of fiy strike of sheep 
in Australia, chemicals also have an important role 
in sheep blowfly prevention and control. In agree- 
ment with other sheep-raising countries, dieldrin and 
aldrin have been widely used here for the past three 
years for the prevention of attack by sheep blowflies. 

These insecticides, when used at concentrations of 
0-025-0:1 per cent, give periods of protection from ' 
6 to 10 weeks and 12 to 16 weeks against breech and 
body strike respectively. Aldrin is frequently applied 
to sheep at twice the concentration of dieldrin. 

While dieldrin and aldrin are still affording satis- 
factory protection against fly strike in sheep through- 
out New South Wales, there have been recent isolated 
instances of strikes occurring on sheep within 7- 
14 days of treatment with either of these insecticides. 
Field inquiries revealed that the chemicals had been 
correctly applied, and indicated that insecticidal 
resistance may have been acquired by Lucilia 
cuprina, which initiates fly strike in sheep in many 
areas in Austraha. 

Smali numbers of adult flies. recently hatched from 
larva, obtained from active strikes on sheep on three 
properties, currently experiencmg difficulty in pre- 
venting fly strike with either aldrin or dieldrin. 

Comparative toxicity tests have been conducted 
on flies from the three field strains and from a normal 
laboratory colony. In this work dieldrin was dis- 
solved in kerosene containing 10 per cent acetone. 
A volume of 0:25 ml. of insecticidal liquid was 
applied to the thorax of female flies, seven to ten days 
old, by means of a microburette? while the insects 
were immobilized with carbon dioxide. ‘The flies 
were treated with a range of concentrations of 
0:01-1:0 per cent dieldrin. The flies were placed, 
folowing treatment, in glass containers standing on 
blotting paper and covered with Petri dish lids. 


“Water and sugar were provided, and mortality 


records were taken 24 hr. after treatment. 

The LD0 for the normal laboratory and one field 
strain of flies is approximately 0-025 ugm. of dieldrin 
per female fly. Two field strains of flies have an 
LD5) between 1:25 and 2:5 ugm. of dieldrin per 
female fly. The DD50 dosages for the two resistant 
field strains may be in excess of the maximum figure 
shown, for the work was undertaken during a heat 
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n earlier investigations. 


tests were also made with prepupm of field and 
normal strains. Prepupe were immersed for 5 min. 
<in emulsions of dieldrin and placed in sand following 
drainage. A complete hatch of flies was obtained 
_ from prepupe of the field strains after immersion in 
0°35 per cent dieldrin, but no flies emerged from 
_ prepupe: from the normal strain following treatment 
with 0-05 per cent dieldrin. The prepupee from the 
field strains are at least ten ti mes more resistant to 
aldrin than those from the normal strain. 
The demonstration of resistance to dieldrin in the 
two field strains of Lucilia: cuprina reported here is 
interesting, for a very small increase in resistance has 
been obtained in a laboratory programme aimed at 
- selecting for resistance to this insecticide. Laboratory 
ie selections have been made for twelve generations. 
The resistance to dieldrin in the field strains could, 
however, explain the unsatisfactory results being 
obtained on the two properties concerned. In view 
of the rapid development of resistance of dipterous 
_ Insects to dieldrin’, ib is highly possible that dieldrin 
resistance in Lucilia cuprina will appear in other 
areas. The laboratory investigations have been 
confined to studies on dieldrin owing to the small 
- numbers of flies available for the tests. The work 
_ will be extended to include toxicity studies with other 
_ insecticides used for sheep blowfly prevention. 


UN. S.W. Department of oii cael 
Agriculture, 
Sydney. 
: Dec. 31. 
i Morley, F. H, W., Agric. Gaz. N.S.W., 60, 543 (1949). 
+ Kerr, R, W., Bull. Ent, Res., 45, 317 (1054). 
3 Ascher, E. R. 8., Rivista Parassitol., 16, 81 (1955). 














Tryptophan Content of Wool 


Previous results for the tryptophan content of 
~ wool have given results varying from 0-5 to 2:3 gm. 
< per 100 gm. of wool!-’, In the majority of cases the 
tryptophan has been determined after alkaline 
hydrolysis of the wool. Spies and Chambers! have 
~ shown that the determination of tryptophan in 
casein, after alkaline hydrolysis, is unreliable unless 
special precautions, such as the use of an atmosphere 
of hydrogen, are taken. They found that there is 
reaction. of tryptophan with serine, threonine and 
cystine during hydrolysis, and, since wool contains 
larger amounts of these amino-acids than casein, the 
results are likely to be less reliable than those for 
casein. They developed a method for the estimation 
of tryptophan in intact proteins by reaction with 
-.p-dimethylamino-benzaldehyde in 19 N sulphuric acid 
= which avoided these side reactions. 

<. We have used a modification of this method to 
i determine the tryptophan content of wool and have 
obtained very consistent results. 30 mgm. wool, of 
= known moisture content, is added to a solution of 
100 mgm. p-dimethylaminobenzaldehyde in 18-1 N 
= sulphuric acid and the mixture allowed to stand in 
the dark at room temperature with occasional 
>- shaking, until the wool dissolves. This takes about 
.. one week. The blue colour is then developed by the 
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meter using Chance OR2 filters. 
The tryptophan. contents of a number 
samples determined by this. method are. 
Table I oe 
These results: show ‘that: there i isa aton 
finer quality wools to contain more tryptophar 
those of lower quality. This does not appear 
due to destruction by the sulphuric acid of son 
the tryptophan in the coarser wools, since we hav 
obtained the same tryptophan content for a sampl 
of wool using sulphuric acid varying in strength fro p 
17-1 N to 23-0 N and also using hydrochloric Aci 
in place of the sulphuric acid. 
The tryptophan content of a number of othe 
keratins has been determined by this method and : 
the results are given in Table 2. ee 


TRYPTOPHAN CONTENT oF Various Kemamivs_ 











Table 2, 
PR td 
5 sm, Tryptophan oe a 
 Keratin © = pert 0 gm. Previous values Bie Caren 
ary keratin eas a oe 
Wool (root: ends) 0981-07 RIR: Wee re 0-7 (ref, D | Sean 
| 0-94 (ref. 3}, 1 ae Hob. 
; 13 et yo ret 0), 
2°83 Bore 
Mohair 0:74 ue 
Camel hair 0-84 o Fi (ret 2) 
Cow hair | 0°82 ESI 
Human hair 0-54 0+7 ref 2), i o (ref. £9). 
Cashmere 0°97 
Cow horn 0-84 0-7 (ref, 2), E 43 (ret, » 
Finger nalis 0-66 1 (ref, 2) 
Pigeon quill 1-08 a Sent 
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These results show that the tryptophan bonte 
of the keratin samples examined lie between 0-5 and 
1-1 per cont. This contrasts with the occurrence of 
only trace amounts of tryptophan in various colla 
gens'?.11 and suggests that determination of 
tryptophan content of tissue proteins. may 
convenient method for classifying the prote 
collagens or keratins. 

We hope to publish a faller account of this wi 
in due course. = 
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K. W. Sra 
Abbey Meadow Mills, 
Dyers and Finishers, 
Leicester. 
Jan. 7. 
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| normal limbs. 
=> t0 the tip of the longest digit. 
~- was. attached immediately anterior to, and in the 


With both hands. 
“supernumerary hand assisted the normal left hand 





numerary limbs oceur naturally. ` The ya 
extra hind limbs*. Polymely does not. appear to nave 
beon reported in the genus Xenopus. 


toad: (Xenopus laevis) described here came with a 


consignment of toads imported from South Africa 


O in 1956. The toad measured 8-0 em. from. snout. to 
oo vent and weighed 60 gm. and, except for a super- 
 umerary right arm, was quite normal in appearance. 
. The additional forearm was a mirror image of the | 
normal right arm and was the same size as the two — 
It measured 3-2 cm. from the axilla 





The additional limb 


game. plane as, the normal right arm. The point 
of attachment of the two limbs formed a prominent 
bony lump (Fig. 1). The extra limb was functionally 
“normal and capable of independent movement. 
Aenopus is aglossate and pushes food into its mouth 
In this specimen the back of the 


to carry food to the mouth, and the normal left hand 

-- alone was used for pushing food into the mouth. 
~ This toad had no difficulty in competing with normal 
< Aenopus for food and was well nourished. 

Phe toad had been in the laboratory for more than 
<e year before its abnormality was noticed, and it was 


only discovered then because the toad was handled. 





Fig. 1. Female Xenopus laevis with a supernumerary right arm 





The toad in the ‘two-armed’ position; supernumerary 


Vig. 2. 
£ arm concealed 





-two normal fore limbs. 
in the genus Xenopus appears to be the first that has 
been reported, and supernumerary limbs have never. 


luminous epithelium of similar appearance to that. 





The female. Account 


that tho ‘extra limb: is aal eia moaia 
osteologically and deficient in muscle. This was no 
the case for the toad described here. The. extra lim 
was functional, and had the same dimensions as th 
This example of. polymelia 


been described in the related genera Pipa, Hymeno- — 
chirus and. Pseudohymenochirus. During 1947-57; - 
we have imported 23,250 toads from South Africa, 
and in the same period 6,480 Xenopus have. been 
bred in this Laboratory. No other toad has had a 
supernumerary limb. | 





B. M. Hosson 
Pregnaney Diagnosis Laboratory 
(University of Edinburgh), 
Warrender Park Road, 
Edinburgh 9. Dee. 18. 
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A New Type of Light Organ in the 
Deep-Sea Fish Opisthoproctus . 
In the closely related salmonoid genera Opistho- a 
proctus and Monacoa the ventral surface is formed as 
a flat sole reaching from under the head to the. 
terminal or subterminal anus. . Trewavas' found an 


-organ immediately under the skin of the sole which | 
she regarded as a swim-bladder. The question why — 


these. fishes, in contrast to all other known bathy- 


pelagic fish, should have a flat ventral surface and: 2 


presumably swim upside down called for an explena- 
tion. int 
Dissections and serial sections of specimens from. 
the Dana Oceanographical Collections revealed the 
following facts : Gh 
1. Opisthoproctus has a swim-bladder in the normal. ; 


position (Fig. 1, SW). 


2. The organ in the ventral sole (Fig. 1, REFL) is — 
not a swim-bladder. Its lumen is completely filled | 
with a very transparent gelatinous tissue and no retia 
mirabilia or gas gland is present. ae 
3. As described by Trewavas, the so-called swim- — 
bladder is posteriorly attached to a swelling of the 
rectum (Fig. 1, RE). The wall of this rectal bulb is = 
strongly pigmented and contains numerous blood 
vessels. <A sagittal section through the bulb shows- 
that its posterior wall is covered inside by a thick `- 







found in the light-organs of ceratioids. Like these 
this light-organ is an open gland most probabl 
containing luminous bacteria. In front of th 







Fig. 1. Sketch of Opisthoproctus showing position of swim-bladde 
(SW), rectal light-organ (RE) and its Ba statis organ (REEL) 
Paired fins and one pon a eleit thrum; BE, geni 

l ver 
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luminous epithelium is a transparent lens-like struc- 
ture consisting of two lateral halves filling the rest 
of the bulb, leaving only a narrow slit for the passage 
of the fæces. 

4. The wall of the rectal bulb, which elsewhere 18 
thick and pigmented, has a very thin and completely 
transparent window where it is attached to the blad- 
der-like organ of the ventral sole. Dorsally the inner 
surface of this ‘bladder’ has a silky brilliance. 

Evidently the function of the organ in the sole of 
Opisthoproctus is to serve 88 & reflector for the rectal 
light-organ. The light is transmitted through the 
lens and window of the bulb to the crystal-clear 
tissue of the reflector organ. From the shining ventral 
wall of the latter the light is reflected downwards and 
dispersed over the whole ventral surface of the fish. 
The flat sole is covered with large thin scales which 
are transparent at the base but pigmented with 
increasing density towards the distal edge. A 
shortening of the sole will thus screen the light. 

Probably the main biological significance of this 
complicated .organ is that it enables the fish to be 
recognized by others of its kind which have sensitive, 
upwardly directed, tubular eyes. Possibly a very 
low light intensity is sufficient for this purpose. This 
would greatly reduce the risk of being detected by 
predators, and furthermore the downwardly directed 
light from the flat sole will be difficult to observe 
by fish with normal horizontally directed eyes. 

Somewhat similar types of light-organs with open 
glands connected more or less directly with the 
intestine, and emitting light indirectly through 
transparent parts of the body, have been found in 
some Percomorphi from shallow water: Acropomona 
japonicum, Leiognathus equula, Gazza minuta and 
Apogon marginatus*’. 

A more detailed report on the rectal light-organ 
of Opisthoproctus and related genera is under prep- 
aration and will appear in the “Dana Reports”. 

E. BERTELSEN 


No. 4612 


Dana Oceanographical Collections, 
Charlottenlund. 
Jan. 6. 


1 Trewavas, EB., Proc. Zool. Soc. Lond., 601 (1933). 
a sar ak Palao Trop. Biol. Sta., 2, 29 (1940); Pacif. Sci., 4, 214 


Harms, J. W., Z. Wiss. Zool., 181, 157 (1928). 
‘Kato, K., Zool. Mag. Tokyo, 57, 196 (1947). 


s Yasahi, Y., and Haneda, Y., Proc. Imp. Acad. Jap., 12 (2), 55 (1935). 


Effect on Earthworm and Diptera 
Populations of BHC Dust applied to Soil 


Tr is well known that BHC affects earthworms and 
soil insects. A review of these problems has been, 
given by Satchell”. 

In May 1956, 12 per cent y-BHC dust was applied 
at surface concentrations of 10-08, 20-16, 28-8 and 
57-6 gm./100 m.? to ploughed plots and was thoroughly 
mixed with soil to a depth of 4 in. In 1956 and 
1957 the plots were sown with sugar beet and potato. 
In October 1957 (18 months after treatment with 
BHC) the earthworms and other fauna were extracted 
from the experimental plots. 

A significant increase in the earthworm population 
occurred in all the plots treated with BHC (Table 1). 
This may be partly explained by ‘food mobilization’ 
in soil treated with BHC °. 

A statistical examination has shown that there is 
a curvilinear correlation (parabolic) between BHC 
concentration and the number of earthworms. The 
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Table 1. ErFFEOT of BHO ON NUMBERS OF 
EARTHWORMS IN POTATO PLOTS 


gm./100 m.* of y-BHC 


No. of earthworms 
per m.* 


Untreated 
10-08 





Table 2. ErrFEOT or BHC ON” POPULATIONS OF WIREWORM AND 
DIPTERA OTS 


IN SUGAR BEET 


gm.j100 m.* of y-BHO 


Untreated 
10-08 





optimal y-BHC concentration is 31-03 gm./100 m.*. - 
This gives the highest number of earthworms. 

Tt was observed (Table 2) that on all treated sugar 
beet plots the number of wireworm was reduced and. 
the population of Diptera (Pegomyia hyoscyami and 
others) was increased. It is suggested that the 
significant increase in the number of Diptera in all 
plots treated with BHC was due to a reduction in 
predators, the numbers of wireworm. Similar results 
were obtained by Stone? with the wireworms Limonius 
californicus and Hylemyia ciliclura. 

Jegzy J. Lipa 


Laboratory of Agricultural Entomology, 
Institute of Plant Protection, 
Puławy, Poland. 

Dec. 18. 

1 Satchell, J. E., Soils and Fert., 18, 279 (1955). 


2 Persin, 5. A., Dokl. Akad, Sel'sk. Nauk, No. 4, 29 (1954). 
3 Stone, M. W., J. Econ. Ent., 46, 1100 (1954). 


* 


Thermocline off the Coast of Tropical 


West Africa 


RECENTLY, Salzen? has shown . that there is & 
marked difference with depth in the species com- 
position of the demersal fish fauna off Tema in 
Ghana. He found that there was @ distinct change 
from euryhaline and eurythermal species in the 
shallow inshore water, to red and brown marine 
species below 10 fathoms. As the same change in 
species had been observed by Postel? working off 
French Guinea, Salzen suggested that the results for 
Teme might be typical of a great deal of the West 
African shelf in the dry season. The results (unpub- 
lished) of an’ extensive, though not detailed, hydro- 
graphic survey of the region, from Dakar to the 
Cameroons, made during 1952, tend to support such 
a generalization, and pose the question as to whether 
the thermocline might be partly responsible for 
determining the distribution of the inshore fish fauna. 

During the course of the hydrographic survey, & 
number of bathythermograph recordings were made 
at stations distributed in transects at various inter- 
vals along the West African shelf. Salinity samples 
were also taken using a Nansen Peterssen insulated. 
water-bottle. The results of the survey were in close. 
agreement with the observations of Defant® made , 
during the Meteor Expedition of 1925-27. It was 
found that the deeper water on the shelf was separated. 
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from the surface waters by a layer within which the 
density increased so rapidly with depth that it had 
the character of a discontinuity layer and within 
this layer there wes a distinct salinity maximum. 
The discontinuity layer or thermocline covered the 
whole area of the survey and showed a slight slope 
to seawards. 

The water masses above the thermocline showed a 
small and irregular vertical temperature gradient, 
but within the thermocline itself, the gradient was 
very marked—about: 9 deg. C. in 13 fathoms off the 
coast of Sierra, Leone, and about 4 deg. C. in 5 fathoms 
off Ghana. The salinity gradient was most pronounced 
in the surface waiters, especially near the coast. On 
proceeding away from the coast, the salinity of the 
surface waters increased rapidly, and at the same time 
the temperature decreased. Off the coast of Ghana, 
however, this tendency was reversed, presumably as 
a result of upwelling near the coast. In this region, 
colder and more saline water was found close to the 
surface inshore, and as a result the thermocline 
had a smaller vertical extension than elsewhere in 
the area of the survey. 


Table 1. AVERAGH DEPTH OF THE THERMOCLINE OFF THE COAST OF 
THR BRITISH WEST AFRICAN TERRITORIES 


Average depth from surface 


Coast No. of . Bottom of Bottom of 
stations surface water thermocline 
(fathoms) (fathoms) 
Gambia 12 10 24 


| Sierra Leone 10 12 28 
Ghana 14 10 15 
Nigerla 16 15 26 


The average depth of the thermocline is indicated 
in Table 1. It will be seen that the bottom of the 
surface water approximates to that depth (10 fathoms) 
at which Postel and Salzen observed the change from 
euryhaline and eurythermal species to predominately 
marine. This suggests that the thermocline probably 
plays some part in determining the nature and dis- 
tribution of the inshore fish fauna of West Africa. 
Unfortunately, the results of the 1952 hydrographic 
survey are insufficient to allow any precise relation- 
ships to be determined, but in view of the fact that the 
thermocline is a constant and widespread feature of 
the waters on the West African shelf, its presence 
should, perhaps, be considered as a contributory cause 
of the correspondence between the Tema area and the 
French Guinea shelf. 

J. ©. D. WATTS 
Fisheries Development and Research Unit, 
Freetown. 
Des. 31. 


1 Salzen, E. A., Nature, 178, 1105 (1956). 

2 Postel, E., Cons. Internat. Explor. Mer, Rapp. et ‘Proc.-Verb., 187, 
10 (1955). 

3 Defant, A., Deutsche Atlantische Exped., Meteor, 1925-27, Wiss. 
Erg., 6, No. 1, 289 (1939). 


Bixbyite from Nagpur 


DURING an examination of polished sections from 
Prof. A. M. Bateman’s collection of Indian man- 
ganese made during his trip in 1954 (1232a, Joda 
East Nagpur), I noticed a few grains of a greyish 
white mineral with @ distinct yellow tint and a 
slightly greater hardness than braunite, with which 
it is associated. Etch tests with nitric acid, potassium 
cyanide, stannous chloride and hydrogen peroxide 
were negative. Microchemical tests indicated the 
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VoL. 181 
Table 1 

d T a& I a I d I 
4:52 1 2-14 6 1-49 L 1-10 2 
8.34 1 1-87 1 1:46 2 1-14 1 
8:19 2 1°80 2 1°49 8 1-07 8 
2-98 1 1-71 1 1°35 2 1-05 7 
2°73 10 1:66 9 1°25 1 1-03 2 
2°38 4 1°53 2 1-17 1 


d, Spacings in Angstrom units; J, estimated intensities 


presence of manganese and iron. X-ray photographs 
of the mineral were taken by the Debye—Scherrer 
method using iron K radiation. The d spacings 
observed from the film, as given in Table 1, agree 
fairly well with the values obtained by Fleischer and 
Richmond: for bixbyite from the Thomas Range in 
Utah. 

Fleischer and Richmond give the formula 
(Mn/Fe),.0O, for bixbyite. Mason? has shown the 
chemical similarity and structural identity of bixbyite 
and sitaparite. 


k 
`n Approximate 


7 Dissociation 
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w 
bns 
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FeO, 10 80 50 70 90 Mn,0, 


Fig. 1. The system Fe,0,—Mn,0, (after Mason, Amer. Mineral., 
. 29; 1944) 


Fig. 1 indicates that the solubility of Fe0O0, in 
MnO, increases with increasing temperature. 

Bixbyite formed at high temperatures contains 
45-60 per cent Fe,0,. Sitaparite formed during 
metamorphism of manganese ores contains about 
30 per cent Fe,0;. Unmixing of these minerals into 
iron-poor sitaparite and iron-rich bixbyite has sig- 
nificance in geological thermometry. 

Bixbyite has been reported from many localities 
including Patagonia, Sweden, South Africa, Utah 
and New Mexico. A survey of the literature shows 
that this is the first report of the mineral from India. 

The above observations were made during a study 
of Indian manganese ores at the Laboratory of 
Economic Geology, Yale University. 

I am grateful to Prof. Alan M. Bateman for. his 
direction and valuable help. 

B. L. SREENIVAS 


Laboratory of Economic Geology, 
Yale University, 
New Haven, Conn. 


1 Richmond, W. E., and Fleischer, M., Zeon. Geol., 38, 260 (1948), 
* Mason, B., Amer. Mineral., 29, 66 (1944). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Monday, March 24 


ROYAL GEOGRAPHICAL Soolnty (at 1 Kensin 
S5.W.7), at 5 p.m.—Prof. W. G. V. Balchin: “A 


Monday, March 24—Thursday, March 27 


PHYSICAL SOOIETY (in the Old and New Halls of the Royal Horti- 
cultural Society, off Victoria Street, London, S.W.1}—Annual Ex- 
hibition of Scientific Instruments and Apparatus, 


on Gore, London, 
ater Use Survey”, 


Tuesday, March 25 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
8.W.1), at 5.30 p.m.—Mr. Gerald Lacey: “Flow in Alluvial Channels 
with Sandy Mobile Beds”. 


INSTITUTION OF ELECTRICAL ENGINERRS, MEASUREMENT AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m.— 
Dr. L. Essen: “The Atomic Clock”. 


SOOIETY OF CHEMIOAL INDUSTRY, PLASTICS AND POLYMER GROUP 
(at 14 Belgrave Square, London, $.W.1), at 6.30 p.m.-—Mr. D. K. 
Hale: “Ion Exchange Resins”. 


ROYAL PHOTOGRAPHIO Socruty (at 16 Princes Gate, London, 
8.W.7), at 7 p.m.—Annual General Meeting. 


Tuesday, March 25—Thursday, March 27 


INSTITUTION OF NAVAL AROHITEOCTS (in the Weir Lecture Hall, 
10 Upper Belgrave Street, London, S.W.1), at 10.15 a.m. daily— 
- Spring Meeting. 


SOOIETY OF CHEMICAL INDUSTRY (at the University, Aberdeen)— 
ee A on “Fundamental Aspects of the Dehydration of Food- 
stuffs”, 


Wednesday, March 26 


GEOLOGICAL SOCIETY OF LONDON ae Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Mr. N. L. Falcon and Dr. P. E. Kent: 
‘on eee Results of Petroleum Exploration in Britain, 1945 to 


INSTITUTE OF FURL (at the Institution of Civil Engineers, Great 
George Street, London, 8.W.1), at 5.30 p.m.—Dr. V. R. Gray: “The 
Dewatering of Fine Coal’.* | 


INSTITUTION OF ELECTRICAL ENGINEERS, SUPPLY SECTION (at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Prof. F. Giordani: “The 
Objective for Euratom’’. 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W.C.1), at 6.80 p.m.—Mr. W. J. Perkins and Dr. M. H. 
Evans: ‘Electronics in Medical Research”. 


SOcIETY FOR ANALYTIOAL CHEMISTRY, BIOLOGIOAL METHODS GROUP, 
(a the Physiology Laboratory, University College, Gower Street, 
ndon, W.C.1), at 6.30 p.m.—Demonstration Meeting. 


ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the CHELSEA 
COLLEGE OF SOIENOB AND TECHNOLOGY CHEMICAL SoorEty, at the 
Chelsea College of Sclence and Tochnology, Manresa Road, London, 
S.W.3), at 7 p.m.—Dr. F. L. Rose, F.R.S.: “Chemotherapy”. 


Thursday, March 27 


PHOTOBIOLOGY GROUP g Bedford College, Regent’s Park, London, 
N.W.1), at 2 p.m.—Dr. O. A. Parker: “Recent Advances in Spectro- 
fluortmetry and Chemical Actinometry”; Dr. R. 8. Spencer: “The 
Biology of Luminous Bacteria”; Mr. E. S. Trickett: “Problems of 
Radiation Measurement in Relation to Environmental Control”. 


BONE AND Toota Soctnty (in the New Lecture Theatre, The Hog- 
pital for Sick Children, Great Ormond Street, London .0.1), at 
5 pa nom on “Eosinophilic Granuloma and Related Con- 
ditions”. Speakers: Dr. Reginald Lightwood, Dr. John Sutcliffe 
and Dr. Martin Bodian. 


OIL AND COLOUR CHEMISTS’ ASSOCIATION (at the Royal Soclety of 
Tropical Medicine and Hygiene, Manson House, 26 Portland Place, 
London, W.1), at_7 p.m.—Mr. C. O. Mill: “Some Observations on 
the Rheology of Carbon Black Suspensions”. 


Thursday, March 27—Friday, March 28 


INSTITUTION OF HLECTRIOAL ENGINRERS, RADIO AND TELECOM- 
MUNIOATION SEOTION (at Savoy Place London, W.C.2)—Convention 
on “Radio Aids to Aeronautical and Marine Navigation”, 


Friday, March 28 


BIOOHEMIOAL Soorgty (at the University of Birmingham Medical 
School), at 11 a.m.—Scientific Papers. 


BRITISH PSYCHOLOGICAL SOCIETY, INDUSTRIAL SEOTION 
Department of Psychology, Birkbeck College, Malet Street, London, 
W.C.1),at 1 p.m.—Mr. J. N. Bamforth: “Human Relations Training 
af Roffey Park—an Experiment in Evaluation of Results”, 


in the 
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ROYAL ASTRONOAMOAL SOCIETY (at Burlington House, Piccadilly, 
London, W.1), at 4.15 p.m.—Geophysical Discussion on papers re- 
ceived during the Session 1957-58. Chairman: Dr. R. Stoneley, 
F.R.S. Speakers: Dr. A. H. Cook, Mr. H. M. Iyer, Sir Harold 
Jeffreys, F.R.S., and Mr. A. 9. Merriweather. N 


MEDICAL RESEAROH CoUNctn (at the National Institute for Medical 
Research, Mill Hill, London, N.W.7),at 5 p.m.—Prof, N. I. Kalabukhov 
(Institute for Scientific Research, Ministry of Health Saratov, 
U.S.S.R.): ‘Seasonal Changes in the Organism of Mammals in Rela- 
tion to the Environment”, 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION 
ENGINE GROUP (at 1 Birdcage Walk, Westminster, London, $.W.1), 
at 6 p.m.—Discussion on “The Ultimate Engine: Stationery, Rail 
Traction and Marine”, ' 


ROYAL PHOTOGRAPHIO SOCIETY, KINEMATOGRAPH GROUP (at 16 
Princes Gate, London, S.W.7), at 7 p.m.—Annual General Meeting, 
followed by a review of recent apparatus, by Mr. A. R. Rigg. 


ROYAL INSTITUTION (af 21 Albemarle Street, London, W.1), at 
9 UTERE Richard Julius Pumphrey, F.R.8.: “Hearing in Man 
an ak”. 


Friday, March 28—Saturday, March 29 


LINNEAN SOCIETY OF LONDON (in the Lecture Theatre of the British 
Museum (Natural History), Cromwell Road, London, S.W.7 , at 
10.45 a.m. Friday and 10.15 a.m. Saturday—Symposium on “‘The 
Uses of the Electron Microscope in Biology”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned: i 

ASSISTANT (SCIENTIFIO) IN THE DEPARTMENT OF PHYSIOLOGY AND 
PLANT CULTURE, for routine duties connected with plant studies in 
controlled environments—The Secretary, John Innes Horticultural 
Institution, Bayfordbury, Hertford, Herts (March 27). 

SCIENTIFIC OFFICER (with an honours degree In plant physiology) 
IN THE IRRIGATION SHCTION—The Secretary, National Vegetable 
Research Station, Welleshourne, Warwick (March 28). 

ASSISTANT PHYSICIST, Baste grade (with an honours degree in 
physics), for duties mainly in the X-Ray Dlagnostic Department— 
aa Personnel Officer, St. Thomas’s Hospital, London, S.E.1 (March 


OSPITAL BIOCHEMIST, Senior grade (with a university aegros in 

science or equivalent qualification}, in the routine Blochemical Section 

of the Department of Clinical Biochemistry—The Administrator, 

Radcliffe Infirmary, Oxford (March 29). 

Geen Saro IN PHYSIos—The Registrar, The University, Hull 
arc ; 

NUFFTELD ScIENOH THACHING FELLOW (with a good honours degree 
in pi yelee and preferably some experlence in research or advanced 
study) IN THE PaysicS DEPARTMENT of the Faculty of Science, to 
pursue research in physics and at the same time participate in teaching 
at local grammar schools—Prof. Samuel Devons, Physical Lab- 
oratories, The University, Manchester 13 (March 31). 

JUNIOR (ASSISTANT) LEOTURER IN BIOCHEMISTRY, with special 
reference to physical biochemistry—The Dean, Guy’s Hospital Medical 
School, London, S.E.1 (April 1). ` 

LECTURER (honours graduate) IN Paysios at Kumasi College of 
LTechnology—The Council for Overseas Colleges, 12 Lincoln’s Inn 
Fields, London, W.C.2 (April 4). 

IMPERIAL CHEMIOAL INDUSTRIES RESEARCH FELLOWS IN CHEMISTRY, 
PHYSICS, ENGINEERING (including CHEMIOAL ENGINEERING), METAL- 
LURGY, PHARMACOLOGY or related subjects—The Registrar, The 
University, Sheffield (April 5). 

READER IN Som SClENCH—The Secretary, The University, Aber- 
deen (April Ue 

LECTURER (preferably with experience in reactor physics or nuclear 
metallurgy) IN THE NUCLEAR ENGINEERING LABORATORY—The 
Registrar, Queen Mary College (University of London), Mile End 
Road, London, E.1 (April 8). 

SENIOR TUTOR (PHYSICIST) (preferably with university teaching 
experience) IN THE DEPARTMENT OF PHysics—The Registrar, Univer- 
sity College of Swansea, Singleton Park, Swansea (April 8). 

LECTURER IN CIVIL OR MEOHANIJAL ENGINEERING—The Registrar, 
University College, Singleton Park, Swansea (April 10). 

RESEAROH FELLOW (with a Ph.D. degree or equivalent exnorionce) 
IN THE CHEMISTRY DEPARTMENT, for work on the kinetics of gaseous 
oxidation—The Professor of Chemistry, The University, Hull (April10). 

ASSISTANT LECTURER IN GEOGRAPHY, and an ASSISTANT LECTURER 
IN PmLosoray—The Registrar, The University, Leicester (April 12). 

TURNER AND NEWELL RESHARCH FELLOW IN ENGINEERING, IN- 
ORGANIC CHEMISTRY or PHysics or other allied sclance—The Registrar, 
The University, Leeds 2 (April 12). 

LECTURER (with special qualifications in physical chemistry) IN 

THE DEPARTMENT OF CHEMISTRHY—The Registrar, University College, 
Singleton Park, Swansea (April 14). 
- SCIENTIFIC OFFICER (with qualifications which include an honours 
degree in natural sciences), for research on resistance of sugar beet 
to beet eelworm—The Secretary, The School of Agriculture, The Uni- 
veralty, Downing Street, Cambridge (April 15). 

SENIOR LEOTURER (with a knowledge of tropical pastures and of 
animal nutrition in humid tropics) IN AGRICULTURE (NUTRITION) at 
University College, Ibadan, Nigeria The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, 
W.C.1 (April 20). 

LECTURER (preferably with experience in electronics and instru- 
mentation for automatic control) IN ELECTRICAL ENGINEERING— 
The Registrar, Queen Mary College (University of London), Mile 
End Road, London, E.1 (April 80). 
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LECTURER or ASSISTANT LROTURER IN ANATOMY, and a LECTURER 
or ASSISTANT LECTURER IN BACTERIOLOGY at the University of 
Malaya, Singapore—The Secretary, Inter-University Council for 
Tene aaa Overseas, 29 Woburn Square, London, W.C.1 

pr . 

READER IN BIOCHEMISTRY at the University of Adelaide, Australia 
—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (Australia, April 30). 

SENIOR LEVERHULME RESEARCH FELLOW, for research in_ some 
aspects of radio-astronomy, using the rad{o-telescope at the Jodrell 
Bank Experimental Station—The Registrar, The University, Man- 
chester 13 (April 30). 

LECTURER or ASSISTANT LECTURER (witb interests In physical 
and/or inorganic chemistry) IN CHEMISTRY at the University College 
of the West Indies—The Secretary, Inter-University Council for 
iene Education Overseas, 29 Woburn Square, London, W.C.1 

y ð). 

LEVERHULME STUDENTS (graduates in chemistry or engineering) 
IN CHEMICAL ENGINEERING, for advanced training or research in 
chemical engineering in the Ramsay Memorial Laboratory—The 
Registrar, University College, Gower Street, London, W.C.1 (May 15). 

EOTURER IN PHysics at the University College of Rhodesia and 
Nyasaland—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Square, London, W.C.1 (May 20). 

APPLIED MATHEMATICIAN, to provide mathematical services in 
forestry, fisheries and wild-life management research; a FOREST 
FIRE PHYSICIST (preferably with a background in meteorology), to 
initiate a field research programme on physical and meteorological 
factors influencing growth and spread of forest fires; and an 
OCEANOGRAPHER (physicist, preferably, with a background of hydro- 
dynamics, meteorology or oceanography, and competent in mathe- 
matics), to lead scientific parties aboard the research vessel, taking 
oceanographic and meteorological observations, developing new 
observational techniques and instruments, analysing data and under- 
taking model work—Head of Physics Section, Division of Research, 
Deparimons of Lands and Forests, R.R. No. 2, Maple, Ontario, Canada. 

SSISTANT PROFESSOR IN THE DEPARTMENT OF PaysIcs—The 
University of New Brunswick, Fredericton, New Brunswick, Canada. 

ASSISTANT (with Inter.B.Sc. or equivalent qualifications including 
mathematics) IN THH COMPUTING MACHINE ORATORY, for mis- 
cellaneous duties in connexion with the preparation of work for an 
electronic digital computer—Dr. T. Kilburn, The Department of 
Electrical Engineering, The University, Oxford Road, Manchester 13. 

HAD (mechanical engineer, with good teaching, industrial and/or 
research experience) OF THE DEPARTMENT OF ENGINEERING—The 
pe Welsh College of Advanced Technology, Cathay’s Park, 

ardiff, 

LECTURER IN MATHEMATICS, to teach pure and applied mathematics 
to degree standard—The Clerk to the Governors, Northern Poly- 
technic, Holloway, London, N.7. 

LECTURER (with a suitable degree and industrial or research ex- 
perience) IN METALLURGY—The Deputy Registrar, The University, 
Birmingham 15. 

Mass SPECTROSCOPIST (with a first- or second-class honours degree. 
and preferably research experiencein mass spectroscopy and a knowledge 
of electronics and vacuum technology), to work on the development 
of a high-resolution mass spectrometer—Gruup Recruitment Officer 
(1045¥Y/34), Atomic Energy Research Establishment, Harwell, Berks. 

PHYSICIST, Experimental Officer or Assistant Experimental Officer 
grade (with at least G.C.E. in five subjects, with physics and one other 
scientific or mathematical subject at advanced level or equivalent), 
to work in a team engaged on specialized nuclear radiation measure- 
ments—The Senior Recruitment Officer, Atomic Weapons Research 
Establishment, Aldermaston, Berks, quoting Ref. 1733/34. 

TECHNICIAN (preferably with a knowledge of photography and/or 
geological techniques) IN THE GEOLOGY DEPARTMENT—The Registrar 
Cor Ruoan Mary College (University of London), Mile End Road, 

ndon, E.1. 


REPORTS and other PUBLICATIONS 


(not includedsin the monthly Books Supplement) 


Great Britain and Ireland 


Report of the Committee appointed by the Prime Minister to 
examine the Organisation of. certain parts of the United Kingdom 
Atomic Energy Authority. Pp. 40. (Cmnd. 338.) (London: H.M, 
Stationery Office, 1957.) 2s. net. [3012 

Report of the Thirty-Fifth Meeting of the Ross Institute Industrial 
Advisory Committee—Housing for Estate Labour. Pp. 20. (London: 
London School of Hygiene and Tropical Medicine incorporating the 
Roas [nstitute, University of London, 1957.) {3112 

Ministry of Agriculture, Fisheries and Food. Fishery Investigations. 
Series 1, Vol. 6, No. 1: Hydrographical Survey of the River Usk. 
By A. Swain and O. F. Newman. Pp. v+34. (London: H.M. 
Stationery Office, 1957.) 8s. 6d. net. [3112 

London and Home Counties Regional Advisory Council for Higher 
Technological Education. Bulletin of Special Courses in Higher 
Technology, including Management Studies and Commerce, 1957-58. 
Part 2: Spring and Summer Terms, 1958. Pp. 70. (London: London 
and Home Counties Regional Advisory Council for Higher Technolo- 
gical Education, 1957.) 3s. y [8112 

The Registrar General’s Statistical Review of England and Wales 
for the year 1956. Part 1: Tables, Medical. Pp. x+372. (London : 
H.M. Stationery Office, 1957.) 15s. net. [8112 

Aluminium Development Association. Information Bulletin No. 23 : 
Soldering Aluminium. Pp. 35. (London: Aluminium Development 
Association, 1957.) 2s. [3112 

Proceedings of thé Association of British Chemical Manufacturers 
Work Study Conference for Senior Work Study Practitioners and 
Works Managers, Hotel Majestic, Harrogate, 23rd to 25th May, -1957. 
Pp. v+206. (London: Association of British Chemical Manufacturers, 
1957.) 138. 6d., post free. [8112 
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Other Countries 


BRijkslandbouwhogeschool, Gent. _Negende Jaarlijks Symposium 
over Phytopharmacie, 7 Mei 1957. Pp. iv+335-702. (Overdruk uit 
“Mededelingen van de Landbouwhogeschool en de Opzoekingsstations 
van de Staat te Gent”, 1957, Deel 22, No. 3.) (Gent: Rijkslandbouw- 
hogeschool, 1957.) [2112 

voriges Geologiska Undersökning. Avhandlingar och Uppsatser. 
Ser. C, No. 649: The Titaniferous Ore-Bearing Gabbro of Helsingland, 
Central Sweden. By P. H. Ae eee Pp. 34. (Stockholm: Kungl. 
Boktryckeriet P.A. Norstedt & Soner, 1957.) 2 kronor. [38112 

Indian Council of Medical Research. Technical Report of the 
Scientific Advisory Board for the year 1956. Pp. xii+290. ew | 
Delhi: Indian Council of Medical Research, 1957.) R.1. 8112 

Proceedings of the New Zealand Ecological Society. No.3: Report 
of Fourth Annual Meeting, Christchurch, 18th to 20th August, 1955. 
Pp. 36. 3s. No. 4: Report of Fifth Annual Meeting Wellington, 
10th to 12th May, 1956. Pp. 48. 7s. 6d. (Wellington: New Zealand 
Ecological Society, 1956 and 1957.) j 3112 

Research Bulletin of the Panjab University. No. 103, (Zoology) : 
The Millipede Egg. By G. P. Sharma and O. B. Chhotani. Pp, 241-250. 
Rs. 2-5-0. No. 104, (Zoology): Spermatogenesis of Cicindela, with 
special reference to Acrosome-Formation, Centrosome and Nuclear 

esicle. By Vishwa Nath, B. L. Gupta and S. Mehta. Pp. 251-259. 
Rs. 1-80-0. No. 105, (Zoology): Mantodean Oothecae. By G. L. 
Arora and Indermohan Singh. Pp. 261-267. Rs. 1-0-0. No. 106, 
(Zoology): On a New Trypanosome from the Blood of an African 
Gecko emidactylus Brookii Angulatis Gray. By Manohar Singh 
Grewal. Pp. 269-281. Rs. 2-0-0. No. 107, (Mathematics): Partitions 
Into Exactly & Distinct Primes. By O. P. Gupta. . 283-290. 
Rs. 1-30-0. No. 108, onloryi Some Critical Observations on the 
Feeding Activity of the Desert Locust, Schistocerca Gregaria (Forskal), 
under Different Environmental Conditions. By Asket Singh. Pp. 
291-298. Rs. 1-0-8. No. 109, (Mathematics): An Analogue of a 
Problem of Mahler. By R. P. Bambah. rp 299-302. Rs. 1-12-0. 
No. 110, (Chemistry): Synthesis of Fat by Penicillium aurantio- 
brunneum from Nifferent Sucrose Concentrations at Different Periods 
of Incubation. By rie Singh and Pushpinder Nath, Pp. 303-307. 
Rs. 1-0-0. No. 111, (Chemistry): Heat of Wetting of Porous Solids 
in Relation to their Surface Area. By Balwant Rai Purt, Sukarma 
Mittal and Lekh Raj Sharma. Pp. 309-315. Rs. 1-16-0. No. 112, 

Zoology): Mitochondria and Golgi Bodles in the Spermatogenesis of 

eriplaneta. americana as Studied under the Phase-Contrast Microscope. 
By B. L. Gupta and P. Sehgal. Pp. 317-326. Rs. 1-90-0. No. 118, 
(Zoology): On Two New obec of the Genus Neodiplostomum Ralilliet, 
1919, and Discussion on the Validity of Neodiplostomum (Neodiplo- 
stomum) Rufeni, Chatterji, 1942. By N. K. Gupta. Pp. 327-336. 
Rs. 1-50-0. .No. 114, (Chemistry) : Diethylenetetra-Ammonium 
Sulphatocerate as Volumetric Reagent. 4: Direct Determinations 
with Indicators. By Balwant Singh. Pp. 337-839. Rs. 0-80-0. No. 
115, (Chemistry): Volumetric Studies in Oxidation-Reduction 
Reactions. Oxidation with Chloramine-T. Determination of Metals. 
By Balwant Singh and 8. K. Soni. Pp. 341-344. Rs. 0-90-0. 
(Hoshiarpur: Panjab University, 1957.) [3112 

Library Science and Scientific Method. By Dr. S. R. Ranganathan. 
(Reprinted from “The Five Laws of Library Science,” Edition 2.) 
Pp. il+-355-424. (Madras: Madras Library Association, 1957.) [3112 

British Guiana. Report on the Geological Survey Department for 
the year 1956. Pp. 32. (Georgetown: Geological Survey, 1957.) 
50 cents; 2s. 1d. [8112 

Chicago Natural History Museum. Fieldiana: Anthropology. 
Vol. 86, No. 8, (November 8, 1957): The Old Copper Culture and the 
Keweenaw Waterway. By George I. Quimby and Albert C. Spaulding. 
Pp. 189-201. (Chicago, Ill.; Chicago Natural History Society, 1957.) 
40 cents. [3112 

University of Helsinki: Institute of Meteorology. Papers, No. 83 : 
On the Observed Zonal and Meridional Circulations at Latitudes 
15° N and 30° Nin Winter. By P. A. Vuorela. Pp. 105-120. (Reprint 
from Geophysica, Vol. 6, No. 2.) (Helsinkl: University of Helsinki, 
Institute of Meteorology, 1957.) [3112 

Centro Brasileiro de Pesquisas Fisicas. Notas de Fisica. Vol. 2, 
No. 13: Studies on the Nuclear Photoeffect. By M. D. de Souza, 
Santos, J. Goldemberg, R. B. Pieroni, E. Silva, Ottavia A. Borrello, 
Suzanna $S. Villaca, and J. Leite Lopes. Pp. 20. Vol. 3, No. 21: 
On the Capture of Negative Muons by Light Nuclei. By J. Meite Lopes. 
Pp. 20. Vol. 3, No. 22: Scattering of Nucleons Nuclei In the 30-MeV 
Region. By L. R. B. Elton and L. O. Gomes. Pp. 18+9 figures. Vol. 3 
No. 23: Energy Spectrum of Ptons and Polarization of Muons and 
Electrons in the K 3y and Ke3 Decay. By 8. W. MacDowell. Pp. 
20+-6 figures. Vol. 3, No. 24: Note on the Interaction of Elementary 
Particles. By L. Leite Lopes. Pp. 16. (Rio de Janeiro: Centro Brasil- 
etro de Pesquisas Fisicas, 1957.) R [8112 

Bulletin of the American Museum of Natural History. Vol. 113, 
Article 6: Notes and Descriptions of Some Neotropical Muscidae 
(Diptera). By Fred M. Snyder. (New York: American Museum of 
Natural History, 1957.) 1 dollar. [3112 
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Sole Sales & Service Representatives for— 


Elcontro! Ltd. (North & Midlands) E.M.I. Electronics Ltd. (Midlands) 

W. G. Pye & Co. Ltd. (North & Midlands) Loma Metal Detectors Ltd. (North & Midlands) 
Isotope Developments Ltd. (North) Black Automatic Controls Ltd. (North & Midlands) 
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Southern Instruments Ltd. (North & Midlands) 


OUR A.I.D. APPROVED ENGINEERING DIVISION SPECIALISES IN THE 
MANUFACTURE OF PRECISION ELECTRONIC INSTRUMENTS & CONTROLS 


A. M. LOCK & CO., LTD. 


Prudential Bulldings, {73/4 High Street, 
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Tel.: MAIN 6744. Tel.: ViCtoria 3294, 
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Retirement Annuities GLASS 


(Finance Act, 1956) All Glass Requirements for Scientific 
Instrument Manufacturers and 
The “Old Equitable’s” new participating Research Workers 
plan gives the policy holder freedom to 
decide each year how much, within the 
terms of the Act, he will contribute as a 
premium. The Society pays no commis- 
sion and therefore quotes exceptionally 
favourable terms. 


@ SHEET’ & PLATE-GLASS—cut and 
ground to exact dimensions. 
LENSES, PRISMS & FISATS—to any 
standard of accuracy. 


MIRRORS—back silvered and front 


Enquire for details surface aluminised, etc. 


BLOOMING of optical components. 


The Equitable Life 


Assurance Society 


(founded 1762) 


€. J. WHILEMS, LTD. 
ILFORD OPTICAL WORKS 
FOREST ROAD, BARKINGSIDE, 
ESSEX 


19, Coleman Street, London, E.C.2 Telephone : HAlnault 5454-5 
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LECTURES AND COURSES 


UNIVERSITY OF BIRMINGHAM 
i DEPARTMENT OF ENGINEERING 
PRODUCTION - 
M.SC. COURSE IN OPERATIONAL 
RESEARCH 
M.SC. COURSE IN ENGINEERING 
PRODUCTION 
DIPLOMA COURSE IN THE PRINCIPLES OF 
ENGINEERING PRODUCTION AND 
í MANAGEMENT 
Applications are invited, for admission to the 
above one-year postgraduate courses in the session 
commencing in October, 1958. Admission as 
higher degree candidates is restricted to university 
graduates or non-graduates holding qualifications 
equivalent to a degree. Other suitably qualified 
applicants may be admitted to the Diploma course. 
Satisfactory ‘industrial experience is required in 
all cases. . Í 
Details of these courses and other information 
may be obtained from the Registrar, the Univer- 
sity, Birmingham, 15. 


pk RAUDE TOTU ERE 
CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 


DEPARTMENT OF PHYSICS 
SESSION 1958-59 : 
“SANDWICH ” COURSE IN PHYSICS 
The next course, suitable for students engaged 
in industry, will begin on September 22, 1958. 
Students attend for two terms full-time and one 
term part-time in each session. 


FULL-TIME COURSE IN PHYSICS 


The next course will begin on September 22, 
1958. Students must have the appropriate pre- 
liminary qualifications for registration as internal 
students for the B.Sc. Special Physics degree of 
the University of London. 

Particulars and application forms may be ob- 
tained from the Secretary, Physics Department, 








, Chelsea College of Science and Technology, 


Manresa Road, London, S.W.3. 


ana e maaana 
CHELSEA COLLEGE OF SCIENCE 


AND TECHNOLOGY 


MANRESA ROAD. S.W.3 
DEPARTMENT OF GEOLOGY 

Head of Department: W. E, Smith. M.Sc., F.G.S. 

An advanced evening course of six lectures on 
“ Hydrogeology and Water Supply ” will be given 
by Dr. J. Ineson on Friday evenings, 7 to 
8.30 p.m.. commencing May 2, 1958. The course 
is intended for geologists working on water supply 
problems and engineers with a basic knowledge 
of geology. 

Further particulars can be obtained from the 
Head of the Department of Geology. 


2 
OFFICIAL APPOINTMENTS 


UNIVERSITY COLLEGE OF 
NORTH STAFFORDSHIRE 


Applications are invited for Imperial Chemical 
Industries Fellowships tenable at the University 
College of North Staffordshire, . Fellowships may 
be awarded for the purpose of carrying out origi- 
nal research in chemistry or -physics for a period 
not exceeding three years. Applicants should 
preferably hold the degree of Ph.D. or have 
equivalent research experience. Annual stipend 


will depend upon age, qualifications and experi-. 


ence, but will be within the range £700 to £1,000 
together with F.S.S.U. benefits. , 

Applications (two copies), stating age, details 
of education, career, and qualifications, publica- 
tions, and an outline of the proposed research, 
together with the names of two referees, should 
be sent not later than March 31, 1958, to the 
Registrar, University College of North Stafford- 
shire, Keele, Staffs, from whom further inquiries 
may be made. 


may De matt. eee 
CHESTER BEATTY RESEARCH 


INSTITUTE 
INSTITUTE OF CANCER RESEARCH 
ROYAL CANCER HOSPITAL 

Graduate required for work involving applica- 
tions of ultra-violet and interference microscopy, 
etc., in biology. Person with some postgraduate 
experience in microscopy and/or biology preferred. 
The post is permanent and superannuable, and 
salary will be on a scale in accordance with age 
and qualifications. 

Applications, giving names of two referees and 
marked *“ EMFR.” should be sent to the Secre- 
tary, Chester Beatty Research Institute, Fulham 
Road, London, S.W.3, by April 19, 1958. 


AUSTRALIAN -NATIONAL 


UNIVERSITY 
RESEARCH SCHOOL OF PHYSICAL 
SCIENCES 


Applications are invited for a Research Fellow- 
ship in the Department of Nuclear Physics. This 
Department, under Professor E. W. Titterton, has 
three accelerating machines in operation— 
600 KeV. and 1.25 MeV. Cockcroft-Walton 
accelerators and a 33 MeV electron synchrotron. 
The main programmes of work involve light ele- 
ment and photodisintegration studies. The salary 
will be within the range £A.1,350 to £A.2,000. 
The appointment will be for three years, with a 
probable extension to the maximum of five years. 
For an overseas appointee the appointment could 
be taken up at any convenient time during the 
year 1958. Superannuation on the Federated 
Superannuation System for Universities pattern 
will be provided and reasonable travel expenses 
will be paid. 

Further particulars and information as to the 
method of application are obtainable from the 
Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, Lon- 
don, W.C.1. The closing date for the receipt of 
applications, in Australia and London, is April 
30, 1958. 


UNIVERSITY COLLEGE OF 


SWANSEA 

Applications are invited from Physicists with 
suitable experience, for a Senior Tutorship in the 
Department of Physics. University teaching ex- 
perience is desirable. Salary on the Lecturer 
scale, £900 to £1,650 per annum. Commencing 
salary will be at a point on the scale determined 
by qualifications and experience. Membership of 
F.S.S.U. and children’s allowance scheme. 

Further particulars may be obtained from the 
Registrar, University College of Swansea, Single- 
ton Park, Swansea, to whom applications (six 
copies), must be sent by April 8, 1958. 





QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 
MILE END ROAD, E.1 


Applications are invited for the post of 
LECTURER in the NUCLEAR ENGIN- 
EERING LABORATORY. The labora- 
tory is primarily engaged in postgraduate 
teaching and research. Preference to candi- 
in reactor physics or 

Salary scale £900 by 


dates experienced 

nuclear metallurgy. 
£50 to £1,350 (efficiency bar): £1,425 by £75 
to £1,650 plus London allowance £60 (initial 
salary according to qualifications and experi- 
ence) with F.S.S.U. participation and family 
allowance of £50 for each child. 


Details and application form (returnable 
by Apri! 8) obtainable from the Registrar. 


UNIVERSITY OF LEEDS 
DEPARTMENT OF PATHOLOGY 

Applications are invited from graduates in 
medicine or science (if the latter, preferably with a 
Ph.D. in one of the medical sciences) for appoint- 
ment to the Lyons Fellowship for Multiple Sclerosis 
and Allied Nervous Diseases of the annual value 
of £1,250 rising by £100 a year; the appointment 
will be for one year in the first instance, renew- 
able for two further years.. Under the direction 
of the Professor of Pathology the Fellow will take 
part in a combined programme of research on the 
biology of myelin and the experimental patho- 
logy of the demyelinating diseases. 

Applications (three copies), stating date of 
birth, qualifications and experience, together with 
the names of three referees, should reach the 
Registrar, The University, Leeds, 2 (from whom 
further particulars may be obtained), not later 
than April 14, 1958. 


UNIVERSITY COLLEGE OF 
SWANSEA 


Applications are invited for a Lectureship in 
the Department of Chemistry. Candidates must 
have special qualifications in physical chemistry 
Salary on the scale £900 by £50 to £1,350 by £75 
to £1,650 per annum. Commencing salary will 
be at a point on the scale according to qualifi- 
cations and experience. Membership of F.S.S.U 
and children's allowance scheme. 

Further particulars may be obtained from the 
Registrar, University College, Singleton Park 
Swansea, to whom applications (six copies) must 
be sent by Monday, April 14, 1958. 


UNIVERSITY OF LIVERPOOL 
NUCLEAR PHYSICS RESEARCH 
` LABORATORY 

Applications are invited for the following vac» 
cles: (a) Physicist or Engineer to co-operate 
the design and development of a large lig 
hydrogen bubble chamber and associated pla» 
for use in high energy nuclear physics resear 
Salary according to qualifications and experienc 
(b) Draughtsman to work with above. -Sal» 
range £700 to £900 per annum. 

Applications, in writing, quoting Reference D 
220(a) or 220(b), stating experience and qualific. 
tions, together with the names of two refere 
should be sent to the Registrar, the’ Universi 
Liverpoo!, 3. 


COMMONWEALTH BUREAU, OMEIN 


SOILS a 
ROTHAMSTED EXPERIMENTAL STATIO! 
HARPENDEN, HERTS 
f Scientific Assistant required for work in scient» 
information service involving abstracting and 
dexing. Good science degree, reading knowlec 
of two European languages (preferably other th 
French or German) and ability to write go 
English essential. Knowledge of soil science a 
plant physiology an advantage. Salary scale £5 
to £970 (bar) to £1,330 (bar) to £1,460. Ag 
qualifications and experience considered wh: 
fixing starting salary. Up to two increments f 
compulsory National Service and two extra incr 
ments after two years’ satisfactory service. Pr 

vision for superannuation. 
Apply at once to Director, stating age, quall 
cations and experience. 


IVERSITY OF WESTERN 


ONTARIO 
DEPARTMENT OF PHYSICS ' 
RESEARCH ASSOCTATESHIPS IN 
EXPERIMENTAL AND THEORETICAL 
PHYSICS 
Applications are invited for postdoctoral ar 
predoctoral Research Assoctateships in experimey> 
tal and theoretical chemical physics tenable i 
The Molecular Excitation Group from Augus. 
1958. The research interests of the group cove 
a wide range of excitation problems related 
combustion, radiation chemistry, astrophysics, apr 
atmospheric physics. : 
Further information may be obtained by writin 
by air mail to Dr. R. W. Nicholls, Departmet 
of Physics, University of Western Ontari 
London. Ontario. Canada. 


UNIVERSITY OF MANCHESTER 


There is a vacancy in the Computing Machin 
Laboratory for an Assistant for miscellaneot 
duties in connection with the preparation of wor 
for an electronic digital computer. Inter.B.Sc. c 
equivalent qualifications including mathematic 
required. Facilities available to attend approve 
courses of higher education. Salary in accordanc 
with the University’s scales. 

Applications should be sent to Dr. T. Kifburr 
The Department of Electrical Engineering, Oxfor. 
Road, Manchester, 13. 


Duere I aia Á 
UNIVERSITY OF. MANCHESTER 
1.C.I. FELLOWSHIPS 

Applications are invited for the above Researc 
Fellowships, founded by Imperial Chemical Inma 
dustries, Ltd., tenable in the University and avait 
able for research in Chemistry. Physics and allie 
subjects, ¢.g., Pharmacology, Engineering. Metal 
lurgy. The value of the Fellowships will be with. 
in the range of £700 to £1.000 per annum accor: 
ing to qualifications and experience. A 

Regulations governing the award of the Fellow: _ 
ships may be obtained from the Registrar, The 
University, Manchester, 13, to whom application: 


should be sent not later than April 30. 1958. 
ec ena e e 


UNIVERSITY OF MANCHESTER 


Applications are invited from suitably qualifieg» 
graduates tor posts in the Department of Electri 
cal Engineering as Lecturer or Assistant Lecturer 
Candidates should have some experience in any» 
of the branches of electrical engineering. The 
salary scales are as follows: Lecturer, £900 tc 
£1.650 per annum, Assistant Lecturer, £700 tc 
£850 per annum: initial salary and status accord: 
ing to qualifications and experience. Membershir 
of F.S.S.U. and children’s allowance scheme, 

Applications should be sent not later thar 
March 31, 1958. to the Registrar, The University, 
Manchester, 13. from whom further particulars 
and forms of application may be obtained. Over- 
seas applicants should send letters of application 
(no forms). as soon as possible, giving details of 
qualifications and experience, and should submit: 
the names of at Teast three persons to whom 
reference may be made. 
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CM. TWO CIRCLE 
, . METROVAC. 
OPTICAL GONIOMETER | ROTARY VACUUM PUMPS _ 
Illustrated is the 
Type S10. rotary 
vacuum pump 


Displacement: : 
1.0 litres/sec. 


TOES 


| cf | ee" : { EE es ee ae Please write for” 
eimproved | Ss “te tn oe. CU deils of other 
optical system : oy ek, z 

“eCrystals rapidly 

Jaterchanged -o C |. a ee 

eSimple and E a METROPOLITAN -VICKERS 


convenient to use i For fuli details l HECTAR AL GO AYOO TRARFORD PARK O WANCHEWIE :? 


eAvailable for write or telephone, ma , 
200/250 v. and TECHNE (CAMBRIDGE) LTD. An A.E.1l. Company 


100/120 v. supply DUXFORD - CAMBRIDGE OVER THIRTY YEARS EXPERIENCE IN 
Telephone: Sawston 2246 4 THE HIGH VACUUM FIELD NIPO 


Model 250 
(3250 RPM} ; l 
x 280 oni , Boe els have 
a 100 mt.  “stepless speed control Modei 50 
or Bo mi. aid «Model 250 has a (4600 R.P.M) 

“built-in electric speed indi- 15 mi. 

cator add electric brake as stame  — < 50 mi. 
dard, with an anstomatic timer 
available as optional equipment. : 
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“Speedivac” demountable vacuum pipe connections require just 
a few turns of the wrist and you achieve a permanently. rigid 


leak-proof pipe connection. No special tools are needed and the: 
are designed for the lowest pressure systems. All sizes. 


VALVING 


‘SPEEDIVALVES”—high vacuum diaphragm valves whic 
provide absolute vacuum tightness when closed. There is complet 
freedom from spindle leakage and they ‘incorporate a specia 
wear-resisting. diaphragm, 






GAS CONTROL NEEDLE VALVES—precision instrument- 


finished valves for the fine control of gas flows, 


MAGNETICALLY OPERATED VALVES-—designed for th 
automatic control of operational and protection device 
range available. d 


acilitate the design of rotary mo 
s Po itive vacuum sealing, aea 













The Council for Nature ‘ i 

Practice Foreshadowing Science. By G. E. Fussell . 

Principles of Analysis. By C. O. Harvey ; 

Reason and Controversy. By Dr. C. K. Grant 

-A New Approach to Electricity. By G. R. Noakes 

-The Solar Corona without an Eclipse. By Prof. R. 
Physics. By Dr. A. B. Pippard, F.R.S. 
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Low-Temperature 
“North American Snakes 


“Damage to Solids by Liquid Impact at Supersonic Speeds. By Dr. F. ? a 
Possible Use in High-Resolution Shadow-casting for the, — 


Simultaneous Evaporation of Platinum and Carbon for 
Electron Microscope. By D. E. Bradley 
Processing of Foods with lonizing Radiations. 


Obituaries : 


Prof. R. M. Davies. By l. C. Jones; Prof. Enrico Volterra i . ; . i ; ; : ioe 


Prof. T. Shimizu. By Prof. G. A. D. Haslewood ; 
New Fellows of the Royal Society i ; . . ‘ 
News and Views. å . . . . 


“Recent Advances in Nuclear Physics. By Dr. A. M. Lane 
‘Biochemistry of Glutathione . í . : : . 
National Oceanographic Council. By Prof. K. F. Bowden . 
< Opencast: Mining : i 


“Animat Health in Great Britain. 


* * 


By ‘Dr. G Lapage 
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THE COUNCIL FOR NATURE 


HIS year, which sees the celebration of the 

centenary of the Darwin—Wallace joint state- 
ment on natural selection, will also witness, more 
quietly, several consequences of that statement. 
Darwin’s emphasis upon observation in the field and 
the importance of searching the rocks for fossils, gave 
a new stimulus to natural history, and it must be 
more than mere coincidence that the decade following 
that statement and, afterwards, the publication of 
the “Origin of Species’’—saw the formation in Britain 
of an impressive number of naturalists’ societies, 
mechanics’ institutes and museums. Clearly, there 
was then a determination among ordinary people to 
examine for themselves the facts of Nature. 

The pendulum of public interest has swung many 
times since then, and may currently be said to incline 
more favourably towards archeology. None the less, 
many of the societies and field clubs so founded linger 
on, though in but few is there much evidence of the 
enthusiasm in which they were so bravely launched. 
Records testify to the passing away of several proud 
names and the cessation of journals that were once 
useful and of wide circulation. 

These facts are of importance, for it is clear that 
there is still need of their former activity. The state- 
ment that “all data in natural history are vanishing 
data” has seldom been so obviously true. The need 
to collect, collate and to conserve the materials of 
Nature is urgent. Even such tasks as the observation 
of the pollution of streams and the deterioration of 
roadside verges, well within the competence of local 
societies, are being neglected. Unfortunately, even 
among continuing bodies, activities seem to be 
desultory. Useful surveys are begun but fail to be 
maintained. It is true that there are some few 
notable exceptions in this depressing picture, and 
that there are ‘unions’ of scientific societies, regional 
affiliations which in some instances, as in the South 
Eastern Union, have organized programmes and an 
annual conference. 

Naturalists are not alone in facing these problems. 
After the Second World War, the archeologists took 
stock of their affairs and, after consultation with local 
societies, university extra-mural departments and 
other interested organizations, on a broad and 
democratic basis, formed the Council for British 
Archeology, now so ably led by Prof. W. F. Grimes. 
These and other considerations have suggested to the 
Society for the Promotion of Nature Reserves that 
something could be done equally for the propagation 
and revival of interest in Nature, for the formation 
of local nature reserves, and the encouragement and 
co-ordination of appropriate societies. 

As a result of these deliberations, a small working 
party was formed, including representatives of the 
Society for the Preservation of Nature Reserves, the 
Council for Field Studies, the Nature Conservancy, 
several societies and naturalists’ trusts, and plans 


were made for the formation of a Council for Nature. 
These plans were made public and were freely dis- 
cussed at a special meeting held in the rooms of the 
Linnean Society on February 19, and as a result a 
Council for Nature and a provisional committee were 
set up under the presidency of Lord Hurcomb and 
the chairmanship of Sir Landsborough Thomson. 
The immediate task of the committee is to consult 
the wishes and investigate the needs of local societies 
and regional organizations. 

This inauguration, which was thought by some to 
be rather premature, is in fact most opportune. The 
Carnegie United Kingdom Trust has recently evinced 
an interest in the amateur in field studies of arche- 
ology and natural history, and has discovered the 
difficulty of finding a representative body with which 
to discuss aims and methods. As a direct con- 
sequence, the British Association has accepted a 
grant from the Trust to undertake the preparation 
of a directory of cognate scientific societies. This work 
is in active progress, its committee endeavouring to 
steer a course between the eight hundred or so 
societies that are strictly relevant and the two 
thousand or more that have a tenuous connexion, 
usually a sporting interest, with some aspect of 
botany and zoology. There is no doubt that this 
directory will provide a valuable basis for consulting 
all the societies claiming activity in some field of 
Nature. . 

But societies, even giving them their full due, are 
not the only interested parties. There are national 
bodies, some of which have expressed a desire to 
co-operate fully with the new Council, that are con- 
cerned with much wider aims. The advance of 
science is frequently a mixed blessing: the claims 
of technology being made, and sometimes carried, 
at the expense of natural amenities. Reason- 
able compromise is often possible and occasionally 
takes place, but who can really speak for the whole 
body of naturalists ? With no active voice at the 
moment, representations made on reasonable grounds 
are sometimes feeble, often conflicting and frequently 
ill-argued. The Nature Conservancy, powerful and 
experienced and friendly to local interests, is none 
the less a government department, and is hampered 
in its! dealings with other government depart- 
ments. 

The Council for Nature has thus a primary function 
to fulfil: that of watchdog—but not necessarily that 
of unflinching opponent-—of all schemes alleged to 
spoil the countryside. It is important to stress that 
the Council will not exist as a purely restrictive body. 
The national parks of Britain, with all their problems 
caused by the access of some members of the public 
to places of beauty, may, welcome its aid. Public 
education and information may be found, in the long 
run, more rewarding than compulsion or interference 
with public freedom. The Council of Nature is, by 
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its origin, favourable to the interests of the amateur, 
the hiker, the photographer and the bird watcher— 
the general public of the parks. As yet, in Britain, 
we lack the service of guides and instructors, so 
commendably provided by the National Parks 
Organization of the United States. We would com- 
mend the American service to the new Council, and 
suggest that co-operation and some early exchange 
of staff would be rewarding. 

Education in Nature need not, however, begin 
either on the hillside or by the seashore. There is 
need for instruction in schools from members, say, of 
a special panel of lecturers. Courses for adults could 
be arranged in evenings in museums and colleges, 
clubs and societies. More general education by books, 
pamphlets, guide leafiets (as in the United States), 
by television and radio could do—and already is 
doing—much to make an intelligent and constructive 
approach to the study of Nature and to denigrate 
careless and destructive actions. 

Much of this day-to-day work cannot, of course, 
be done best by a central body, and much will 
depend and devolve upon local groups, trusts and 
societies; but it must be rationalized and co- 
ordinated. Consideration of surveys that should be 
undertaken by societies can be made, programmes 
devised, inaugurated and some continuity of effort 
guaranteed. This should make for efficiency and 
economy in general work on natural history. 

The foundation of local naturalists’ trusts, on the 
lines of those in Lincolnshire, will obviously be one 
of the objects deserving the Council’s support. 
Attention must also be paid to the lessening skills in 
certain aspects of amateur zoological and botanical 
work that seem to threaten accomplishment. Here 
instruction, encouragement and, perhaps, even sub- 
sidy can be given. 

It is obvious that a wide field of liaison with 
societies, trusts and local interests on one hand, and 
with the Nature Conservancy on the other, can be 
effected, and this the Conservancy would no doubt 
welcome. Legal services too, where necessary, can 
be organized. Close co-operation with the British 
Association, the Council for the Preservation of Rural 
England, the similar council for Wales, the Council 
for Field Studies, and university departments can be 
assured from their representatives on the provisional 
committee. Conservation is still in its youth in 
Britain. Much needs to be done to make its aims 
more clear to the general public and to remove that 
feeling of interference that the name seems to convey 
in some quarters. 

None of this work, least of all a journal devoted to 
its interests, can be done without adequate finance. 
The Society for the Promotion of Nature Reserves 
has generously promised to bear much of the expense 
of the inaugural years. When'the aims of the Council 
become more legally defined in its constitution and 
more clearly appreciated, it may be that one of the 
benevolent financial trusts may see in the new body 
the organization that naturalists and nature-lovers 
have long desired. What must be clearly emphasized 
is that the Council for Nature proposes to act as 
co-ordinator and agent, as protector, and not sup- 
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pressor, of local interests. There is room in it for all 
who love Nature and who respond to Emerson’s 
lines : 
“Hast thou named all the birds without a gun ? 
Loved the wood-rose, and left it on its stalk ?” 
The title of that poem might well be the motto of 
the Council for Nature itself—Forbearance. 
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PRACTICE FORESHADOWING 
SCIENCE 


Robert Bakewell 

Pioneer Livestock Breeder. By Prof. H. Cecil 
Pawson. Pp. xv+200+10 plates. (London: Crosby 
Lockwood and Son, Ltd., 1957.) 25s. net. 


ERY often old farming books propound theories 

or describe practices that seem to indicate that 
their writers had some inkling of the principles of 
modern science. It is extraordinarily easy to accept 
this conclusion, because it is very difficult to re-create 
in one’s mind the condition of knowledge at a given 
date. When e great innovator like Robert Bakewell 
has written nothing about his theories, and left no 
record of his practice, this difficulty becomes almost 
insuperable. 

Bakewell left the record of his success in the animals 
he produced—horses, cattle, sheep end pigs; but he 
was secretive about his methods. When Prof. H. C. 
Pawson discovered the letters published here for the 
first time, there was some hope that more would be 
revealed about the way in which Bakewell bred such 
fine animals, that made him so famous, both in his 
own day and in the esteem of posterity. In this 
respect the letters are disappointing, but they have 
provided a good reason for an attempt to write a 
monograph on this important man, about whom only 
a few brief periodical appreciations have been 
written in the past. The character of the man and 
some of his business methods are more closely 
delineated in these new letters. 

The additional resources provided by the fodder 
crops, introduced from the Low Countries in the 
seventeenth century, and developed in English 
farming in the eighteenth century, had provided a 
means of feeding better cattle. Before that time 
there were so-called breeds, but these animals .were 
all subjected to restricted nutrition in the winter, as 
indeed their owners were. The consequence was that, 
while almost every county claimed to have a breed 
of its own, the greatest distinctions that could be 
drawn were in colour, shape of horn, and perhaps 
size. Between the haphazard methods of breeding 
and poorness of feed all sank to a poverty line, and 
were brought to a low and equal level of comparative 
uniformity. 

With better feed, especially during the winter 
months, it became possible to maintain the animals 
in thriving condition throughout the year. If the 
best of them were selected for breeding, new stan- 
dards would be set up, and breeds defined. Enclosed 
pastures made it possible to select breeding 
material. 

Bakewell was not the first man to take advantage 
of these new developments, but he was one of the 
most distinguished. Being the tenant of enclosed 
fields, and having the natural flair that is the most 
valuable possession of a livestock breeder, he was able 
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to produce an outstanding race of Longhorn cattle, 
of New Leicester sheep and ‘black’ horses. The 
economic conditions of the time, too, encouraged his 
efforts, as those of others, because there was è rising 
demand for the meat-producing animal. 

Of necessity Bakewell was an empiricist, but he 
was of an original cast of mind, and Prof. M. McG. 
Cooper, who contributes to this book a modern 
evaluation of Bakewell’s work, estimates that his 
ideas were well over a century in advance of his time. 
So far as can now be learned, the main principles of 
Bakewell’s breeding system was a degree of in-breed- 
ing which some have thought excessive, combined 
with what is now known as the progeny test, some- 
thing largely neglected in the intervening century and 
a half. The results were so remarkable that Bakewell 
earned an international reputation in his own life- 
time, and was sought out by visitors from all over 
the world. He could not, of course, have explained 
what he did in terms of modern genetical science, but 
he used the observed results of careful experiments. 
No doubt intelligent farmers had been in the habit, 
when they could, of selecting their best animals to 
breed from in the hope that like begat like, but 
Bakewell led the way towards modern breeding. 
His new water meadows added to his supply of 
‘natural’ feeding stuffs. It is unfortunate, as Prof. 
Pawson says, that his records, if he ever kept any 
other than in his memory, have vanished, and that 
little is known of his early life. Nevertheless, this 


book forms a welcome addition to our knowledge of 


one of our greatest farming pioneers. The fact that 
it adds little to an exposition of his methods in a 
more explicit manner is no fault of the author; the 
necessary evidence does not, in fact, exist. 


G. E. FUSSELL 


PRINCIPLES OF ANALYSIS 


Quantitative Inorganic Analysis 

By Prof. G. Charlot and Denise Bézier. Translated 
by Dr. R. C. Murray. Pp. x+691. (London: 
Methuen and Co., Ltd. ; New York: John Wiley 
and Sons, Inc., 1957.) 84s. 


HE ehief aim of this unusual book seems to be 

to stimulate an interest in fundamental principles 
rather than to provide detailed descriptions of 
reliable analytical methods. The authors state that 
their book is no replacement for specialized 
works. 

In the first half of the book the theoretical aspects 
of chemical analysis‘are emphasized, particularly in 
relation to physico-chemical methods: the thirty- 
three chapters deal with a variety of subjects, includ- 
ing not only those usually found in works on chemical 
analysis but also, as examples, with statistical 
methods, determinations in solvents other than pure 
water, electrography, coulometry, and the use of 
radioactivity in analysis. Some practical details are 
included, though the treatment of some subjects, 
such as emission spectrophotometry, is very brief 
and the reader is left to use the many references 
provided. 

Part 2 of the book deals with the determination of 
sixty-five of the chemical elements and contains much 
succinct information, though here again the practising 
analyst will often need to refer to the many original 
papers and specialized books listed. 
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The authors have attempted to provide compre- 
hensive, though sometimes very brief and uncritical 
information and some blemishes are inevitable. As 
examples, one would hesitate to rely on ferrous 
ammonium sulphate for the standardization of 
dichromate, and one wonders why on p. 480 the 
gravimetric determination of manganese as pyro- 
phosphate is omitted, while the poor method based 
on weighing as trimanganic tetroxide is mentioned. 
There is no mention on p. 546 of the gravimetric 
method for the determination of potassium based ow 
weighing platinum after a chloroplatinate precipita- 
tion. One is surprised to read on p. 392 that the 
determination of bromide in the presence of chloride 
is difficult; no mention is made of the work of 
Haslam et al. (Analyst, 75, 343; 1950). 

However, despite its defects, the book should 
encourage the student of analytical chemistry to 
strive for a better understanding of his work and to 
explore the possibilities of new methods. 

C. O. Harvey 


REASON AND CONTROVERSY 


Methods and Criteria of Reasoning 

An Inquiry into the Structure of Controversy. By 
Rupert Crawshay-Williams. (International Library 
of Psychology, Philosophy, and Scientific Method.) 
Pp. viii+296. (London: Routledge and Kegan 
Paul, Ltd., 1957.) 32s. net. 


S its somewhat pretentious title indicates, this 

book deals with the various ways in which dis- 
agreements and controversies arise, and in which 
they can beresolved. Much of the argument expounds 
and applies ideas that have dominated recent philo- 
sophy ; unfortunately it is conducted in a repetitious 
manner, and in a terminology that does not conform 
to the standards of precision which it, itself, desider- 
ates. Some good points are made on the way, particu- 
larly concerning that fashionable shibboleth ‘ordinary 
language’. Mr. R. Crawshay-Williams explicitly 
confines himself to what he calls ‘testable’ statements ; 
he is not concerned with those which lack a, decision- 
procedure for their truth or falsity, although he 
rightly says that these may be illuminating or 
interesting in some ways. ‘This restriction of topic, 
quite legitimate in itself, involves a notion of testa- 
bility which is too simpliste. It is baldly asserted, on 
p. 258, that the only kind of evidence that can be 
adduced for any belief is ‘scientific’ evidence ; this 
view, which recalls the logical positivism of the 
twenties, now requires defence, and should not be 
taken for granted. 

If the word ‘science’ is given such a wide 
meaning that it becomes vacuous, the principle is 
trivial; if used in its proper sense, the principle 
should be stated in a way that faces up to recent 
criticisms of the verification principle, contemporary 
developments in ethics, and, indeed, the existence of 
history as a form of knowledge. Crawshay-Wiliams’s 
task is to show how, by redefinition and explication, 
we can render indeterminate, and hence controversial, 
statements into determinate and testable ones. He 
discusses examples of scientific controversy (‘Are 
viruses molecules or organisms ?’, ‘Is aphasia a pure 
or complex disorder ?’) in an interesting way which 
illuminates the conceptual tangles at issue, but which 
does not clarify or reinforce the main thesis. This is 
that the meaning of all descriptive statements is 
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relative to both the context in which they are made, 
and to the facts in question. No description can be 
complete, or true, in itself, that is, out of relation to 
our cognitive interests ; these determine the relevant 
area of fact, which in turn determines the truth or 
falsity of the description. Empirical discourse is 
described as a function of three variables : the subject 
matter (S), the description (D), and the context of 
the description (C). A complete analysis of an 
empirical statement is of the form ‘S is D in Ç’; 
‘the correctness of a description depends not only 
upon facts but also upon the context in which it 
occurs. If Smith arrives 0-5 sec. before Jones, we 
correctly say that they arrived ‘at the same time’ in 
the context of a party, but it would be wrong to say 
that they had dead-heated in the context of a race. 
This isimportant and true, but Crawshay-Williams’s 
account of it is not satisfactory. Misgivings can be 
indicated only briefly. (1) It is assumed that empiri- 
cal assertions are descriptions ; this is not so, because 
existential statements, which are certainly empirical, 
are not descriptions, and only in rare cases are they 
dependent on context (‘Is there a ghost in Hamlet 2’). 
Ordinary existential statements like ‘There is a fox 
in the covert’ seem to be complete, and true or false, 
without reference to context. (2) The words ‘sentence’ 
and ‘statement’ are used as if they were synonymous, 
or nearly so; there is a mistake here, and it leads 
Crawshay-Williams into muddles. He distinguishes 
between sentence-token and sentence-type (p. 213), 
statement and statement-typo (p. 72-3), and sentences 
and propositions (p. 85). The relations between all 
these are not explained, and hence there is an obscur- 
ity at the heart of the argument. (3) The words 
‘context’ and ‘criterion’ are distressingly vague. 
The former is used to mean. both ‘universe of discourse’ 
and ‘purpose’, while it is not clear whether ‘criterion’ 
is used to refer to the truth or to the meaning of a 
statement. It is regrettable that a book in this 
well-known series should contain elementary mistakes 
of grammar; three sentences conclude with the 
phrase “being paid attention to”. C. K. Grant 


A NEW APPROACH TO 
ELECTRICITY 


Currents, Fields, and Particles 

By Prof. Francis Bitter. Pp. xiv-+600. (Cambridge, 
Mass.: Technology Press of the Massachusetts 
Institute of Technology; New York: John Wiley 
and Sons, Inc.; London: Chapman and Hall, Ltd., 
1956.) 68s. 


HIS excellent book represents the second-year 

work of a two-year course developed by Prof. 
Bitter at the Massachusetts Institute of Technology, 
and ‘“‘based on atomic physics’. Sorted out into a 
more traditional sequence, the contents are similar 
to those of many books on electricity and optics 
available for this level, and the standard is at least 
as high. The arrangement and presentation are 
strikingly original, for the author has woven modern 
ideas into the whole of the book, so that the reader 
assimilates them as he goes through it instead of 
colliding with them towards the end. The general 
attitude of the author is like that of R. W. Pohl, to 
whom indeed he pays tribute, and the work carries 
the same persistent challenge to think in terms of 
fundamental physics as Pohl’s books did nearly 
thirty years ago. 
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The first four chapters centre on the electric field 
and the electrical structure of matter, ionic and 
electronic conduction, and the detailed behaviour of 
dielectrics. It is interesting here to see how fully 
Rutherford’s experiments on «-particle scattering, 
and, later, various uses of the RC circuit are dis- 
cussed; these embody most important points of 
principle. On the other hand, the oscilloscope, the 
Van de Graaff machine, the linear accelerator, and 
other rather technical applications are indicated or 
outlined only. The main object, the study of the 
interaction between electric field and charged particle, 
is pursued firmly without digression. 

The magnetic field is introduced (after a brief 
discussion of the unreliability of the magnetic dipole 
as a test object, and the rather too recent discovery 
of the utility of the proton for this purpose) in terms 
of the force experienced by æ moving charge. The 
experimental justification for this is that the cyclo- 
tron, the velocity-selector, and measurements of e/m 
are known to work. Here the more elderly reader, 
who has after a struggle abandoned magnetostatics 
and accepted Ampére’s experiments as a starting- 
point, is made to think very hard. Prof. Bitter is 
quite clear about the two main difficulties to be 
resolved. First, that the force between two current- 
carrying conductors is a very different matter from 
the force between two charged particles in motion ; 
and also that we have no direct experimental know- 
ledge about the field due to a single moving electron. 


‘He writes down the expression for the field due to a 


moving charge, and states that this is consistent with 
all experiments done using current-carrying con- 
ductors. This seems quite a revolutionary approach ; 
but after all, only one sound experimental link 
between charged particle and magnetic field is really 
needed, and the rest is a deductive chain. It is 
unlikely that teaching laboratories will ever replace 
their current-balances by cyclotrons, and of course 
the author’s treatment does not imply this kind of 
thing. The point is that the basic concept is taken to 
be the interaction between magnetic field and charged 
particle, rather than the force between pole and pole 
or between circuit and circuit. The determination of 
the ampere is explained clearly; and this chapter 
can be particularly commended for its presentation 
of what is at all levels one of the most difficult matters 
to teach. 

From the next three chapters, on electromagnetic 
induction, electrical oscillations and electromagnetic 
waves, a few instances only need be given of their 
quality. The detailed treatment of the energy 
relations in an inductor, the very full account of the 
Hall effect, and the opportunity taken in the section 
on resonance to explain electron resonance and 
nuclear magnetic resonance in materials, are examples. 

It would seem logical; and a great economy of 
effort, to treat light after the general properties of 
electromagnetic radiation have been mastered. 
Chapters 9 and 10, which deal with geometrical and 
physical optics, respectively, at first seem rather too 
elementary, for the electromagnetic theory is not, in 
fact, employed. But these chapters fit into the 
pattern of those that follow, when spectroscopic 
evidence for the location of energy-levels, the dif- 
fraction of particles, the black-body spectrum,” and 
other topics requiring a background of optical 
knowledge appear. The beautiful frontispiece, of 
spectra taken using @ grating crossed! with an 
échelle, is, incidentally, not explained “until the 
appendix. j 
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The final chapters, starting with a review of 
the experimental basis of atomic physics, cover 
wave mechanics, atomic structure and nuclear 
physics. 

The problems at the ends of the chapters them- 
selves make interesting reading, ranging from 
calculations on the Massachusetts Institute of Tech- 
nology cyclotron magnet and the interpretation of 
tables of experimental results to some very searching 
tests of a student’s capacity to handle complicated 
data. 

The book can be recommended with enthusiasm as 
an outstandingly clear explanation of fundamental 
principles in present-day terms. G. R. NOAKES 
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THE SOLAR CORONA WITHOUT 
AN ECLIPSE 


Die Sonnenkorona 

Von Prof. M. Waldmeier. Band 2: Struktur und 
Variationen der Monochromatischen Korona. (Lehr- 
bücher und Monographien aus dem Gebiete der 
Exakten Wissenschaften. Astronomisch-Geophysi- 
kalische Reihe, Band 5.) Pp. 353. (Basel und 
Stuttgart: Birkhauser Verlag, 1957.) 68.50 francs ; 
68.50 D.M. 


ap the early 1930’s a number of astronomers 
have followed Lyot in making regular daylight 
observations of the solar corona from suitable moun- 
tain-top observatories. Prominent among these has 
been Prof. M. Waldmeier, director of the Federal 
Observatory at Zurich, and to-day an acknowledged 
expert in this field. For nearly twenty years he has 
-carried out an extensive programme of such measure- 
ments, working at his Observatory’s mountain station 
above Arosa, and this is the second of a series of three 
books describing the results. The first two books are 
confined to little more than a description of the 
apparatus, the methods, and measures; the third 
will discuss the physics of the corona, presumably in 
a much more general way. 

Since there is often misunderstanding among those 
without special knowledge of this subject, it may be 
well to emphasize that normal coronagraph observa- 
tions, including Prof. Waldmeier’s, do not go more 
than about 5 minutes of arc from the edge of the 
Sun’s disk. Even with the most advanced electronic 
devices there is at present no possibility of measuring 
optically in broad daylight to more than a radius, 
say, 10-15 minutes of arc, from the solar limb. For 
everything beyond a few minutes of arc, out to the 
zodiacal light region, 25 deg. or so away, we must 
rely still on total solar eclipses and on radio 
astronomy. 

This volume, then, relates to the inner corona only, 
but within this restricted region the amount of in- 
formation provided is very considerable. Perhaps the 
most important feature of Prof. Waldmeier’s work is 
that he has observed systematically, with as standard- 
ized a.procedure as possible, over more than a whole 
sunspot period. This second volume concentrates 
on the brightness distribution within the corona in 
the light of a few bright spectrum lines, especially the 
green line, 5303A. of [Fe XIV], and the red line, 
6374A. of [Fe X]. These lines are not only the 
most convenient to measure; their considerable 
difference in ionization-level means that the relative 
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behaviour of the two gives us valuable information 
on temperature and electron-density variations. 

Prof. Waldmeier provides us lavishly with tables 
and diagrams, so that we may follow easily the large 
changes in brightness and shape of the corona through 
the sunspot cycle, and may see also the close local 
relationship with sunspots and fecule. A great deal 
of the work rests on simple intensity measurements at 
a given. height in the corona, but in addition there are 
estimates of the greatest height to which the corona 
could be detected against the sky and a number of 
measures of isophotes in 5303A. light, made using 
the 5350A. line from a thallium lamp for comparison. 
A series of sketches of coronal condensations are 
also given. These are somewhat rarer phenomena, 
usually with a life-time not exceeding one hour, and 
are associated with large, active, sunspot groups, 
and with typical spot prominences. 

Apart from the condensations, however, most of the 
coronal structure revealed in this work seems to be 
rather stable, with relatively small changes during 
intervals of a fortnight. It thus becomes possible, 
from what we see projected on the sky around the 
Sun, to construct a first approximation, to the three- 
dimensional corona and to compare what we get 
with the activity on the photosphere beneath, 
although the spots, faculz, ete., by which this activity 
ig assessed are observed near the centre of the disk, 
separated by a week from the related measurements 
of the corona. The book gives many charts with 
comparisons of this kind. 

This is very much an individual work. The 
measurements appear to have been made entirely 
by the author, single-handed. Literature references 
are to the author’s papers exclusively, and little 
attempt has been made here to relate the observations | 
to investigations by any other astronomer. Pre- 
sumably a more general discussion and synthesis will 
come in the third volume. Meanwhile we have in 
this and the first volume an impressive collection of 
measurements, of great importance for anyone who 
wishes to become better acquainted with the still 
poorly understood outer atmosphere of the Sun. 

R. O. REDMAN 


LOW-TEMPERATURE PHYSICS 


Handbuch der Physik 

Herausgegeben von S. Flügge. Band 14: Kälte- 
physik I. Pp. vi+349. 72 D.M. Band 15: Kälte- 
physik II. Pp. vii +477. 112 D.M. (Berlin : Springer- 
Verlag, 1956.) 


O find, in an encyclopedia of physics running 

to fifty volumes, that two should be devoted 
specifically to low-temperature physics raises the 
question whether nowadays it is a sufficiently distinct 
branch to justify separate treatment. Perhaps before 
the War an affirmative answer could have been given ; 
only a few laboratories were equipped to handle 
liquid helium, and they confined their attention 
almost exclusively to phenomena occurring at the 
lowest attainable temperatures. This attitude still 
persists in some laboratories, particularly the larger 
cryogenic laboratories in Europe, but it is beginning 
to seem a little out of date now that liquid helium is 
so readily available and its specialized techniques so 
easily assimilated. A more realistic taxonomy of 
physics is one which accepts solid-state physics as a 
major subdivision, comprising a wide variety of 
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topics such as, metals, semi-conductors, dielectrics and 
magnetic materials, and perhaps incorporating the 
liquid state into honorary membership. In this 
classification cryogenics is relegated to a com- 
paratively humble office as one out of many useful 
techniques, and this is surely as it should be. Elec- 
trical conduction at low temperatures is not, one 
hopes. to be sharply distinguished from electrical 
conduction at room temperature and upwards; and 
as our knowledge increases we may expect to see 
superconductivity (usually quoted as a typical low- 
temperature phenomenon) fit into place as but one 
aspect of the behaviour of metals. Similarly, although 
the interest of liquid helium essentially is derived from 
the fact that it remains liquid down to the lowest 
temperatures, its ultimate importance to physics 
does not so much lie in this as in the light it throws 
on the liquid state in general, and the fact that 
it provides both stimulus and critical tests for 
fundamental theories of the condensed state of 
matter. 

Thus the editorial policy which has singled out 
low-temperature physics for special treatment has 
encouraged the authors to take a narrow view of 
their topics, and unfortunately several of them 
appear to have accepted this limitation of their scope 
with something like enthusiasm. Indeed, so much 
labour has obviously gone into these exhaustive 


compilations of facts that it may seem ungrateful to . 


complain that the total effect is one of deplorable 
dullness. Yet there is indeed only one article, that 
by J. Bardeen on the theory of superconductivity, 
which can really be said to be exciting ; and this is 
distinguished from the rest chiefly because the author 
is not content to act as an impassive recorder of 
what is known, but is eager to explore those regions 
where the meaning of the observations is obscure. 
It might perhaps be contended -that speculation is 
out of place in this sort of ponderous compendium ; 
but surely the reader may be permitted to expect a 
mite of imagination in return for the very stiff price 
he must pay. All too often we have in these articles 
the mere body without a breath of the quickening 
spirit, and £8 a volume is too much to ask for a 
sarcophagus of physics. A. B. PIPPARD 


NORTH AMERICAN SNAKES 


Handbook of Snakes of the United States and 
Canada. 

By Prof. Albert Hazen Wright and Anna Allen 
Wright. Vol. 1: Pp. xviti+564. Vol. 2: Pp. ix+ 
565-1106. (Handbooks of American Natural His- 
tory.) (Ithaca, N.Y.: Comstock Publishing Associ- 
ates (Division of Cornell University Press), 1957.) 
14.75 dollars the two volumes. 


ERPETOLOGISTS must form a very small 

percentage of the population, for the aversion 
and horror inspired by snakes in the ignorant is very 
widespread. ‘“Because of his fear, his agricultural 
practices, his livestock, and his vehicles, man is the 
worst enemy of snakes. From senseless fear man. kills 
beautiful small ringnecks and useful large rodent 
eaters with a wantonness hardly believable.” But 


it will be a long time before he stops blindly following 


the biblical injunction to crush under the heel the 
allegorical satanic serpent. This exhaustive work 
gives an account of all the species of snakes found 
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in the United States and Canada, and forms a valuable 
handbook for herpetologists everywhere but particu- 
larly for those of the North American continent. 
Gathering material for this book has occupied the 
authors for many years, during which they have 
examined, handled and photographed living exam- 
ples of nearly all the species and subspecies, so 
that their descriptions are fully authoritative. 

An introductory chapter of thirty-one pages 
explains the plan of the work, and discusses the 
various topics considered under each species. The 
authors point out that until recently the emphasis of 
herpetologists has been almost solely taxonomic, and 
that other aspects of the subject have been studied 
more or less incidentally, “‘for example, most of our 
life-history studies are of captive specimens in our 
zoos’. ‘The primary purpose of this book is to 
present the living animal, but “herpetology needs 
field studies of life-histories, food, movements, 
habits, general ecology, associations, and colour 
phases”. The introduction includes maps showing 
the ranges of important plants, structural geology, 
forests and trees, the physical divisions of the 
continent, and the vegetation regions. These are 
most useful when used in conjunction with the 
numerous maps showing the range of individual 
species of snakes; “the types of rock masses together 
with the temperature and rainfall control the varied 
vegetative areas of the country and these in turn 
control the food and shelter on which the animal is 
dependent. We can to some extent associate certain 
species with distinctive soil and vegetative areas”. 
Several pages deal with courtship and reproduction, 
and include an account of the varied and often 
bizarre surface anatomy of the hemipenis. Finally, 
the authors “urge young naturalists to keep journals”, 
advice that cannot be too strongly emphasized. 
They note that both voluminous writers and “reticent 
superb field men, such as W. DeWitt Miller, have 
religiously recorded their observations”, and rightly 
say that these notes prove “very useful, however 
good your memory may be”. They might have added 
that even the best memory is unreliable for details, 
and that notes taken immediately are essential to 
any serious study. 

The description of each species and subspecies is 
divided into sections: vernacular.names, range, size, 
distinctive characters, colour, habitat, period of 
activity, breeding, food, field notes, and authorities. 
Each section is divided under various subheadings as 
information may be available. The nomenclature 
followed is mainly that of the second edition of 
Perkins’ “Key to the Snakes of the United States” 
and of the sixth edition of Schmidt’s ‘‘Check List of 
North American Reptiles’. The illustrations are a 
special feature of the book—distribution maps, 
line drawings of anatomical details and scale patterns, 
and above all the photographs. ‘The last show dorsal 
and ventral views of the whole animal, and larger 
views of the head and sections of the body, often in 
dorsal and ventral, as well as lateral, view, nearly 
always taken from the living snake. 

The pagination of the work runs continuously 
through the two volumes, the second of which con- 
cludes with a glossary and a copious index. There is 
a select bibliography of general works on North 
American herpetology and of check lists. Although 
the work appears to be complete in two volumes the 
introduction to the select bibliography states that the 
complete bibliography will appear in Volume 3; 
this is the only reference to a future third volume. 
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DROP of liquid striking against a solid surface 
: at high velocity may produce considerable 
. deformation and damage. Such damage can occur 
on the surfaces of aircraft during high-speed flight in 
-orain ; in this form it is referred to as ‘rain erosion’!. 
- Since 1945, when the problem of rain erosion first 
became apparent, its seriousness has imereased enor- 
- tnously with increasing speeds of aircraft and missiles. 
“Investigations into the mechanism of rain erosion 
have been carried out in the United States by Engel?, 
and in Great Britain by Jenkins’. 

We are making a study in this Laboratory of some 
of the basic aspects of liquid/solid impact at very 
high speeds. For this purpose a simple apparatus has 

been developed for projecting a small cylinder of 

liquid against a stationary solid surface. The cylinder 

“jg normally about 1 mm. in diameter and 2 em. in 

- length, the mass of liquid involved being approx- 

imately equivalent to that of a large raindrop. 

<- Impact velocities of up to 3,500 ft./sec. have been 

obtained. Under such conditions even the hardest 
surfaces will become deformed. 





Briefly, the apparatus consists of a small stainless < 


‘steel injector into which about 0-01 ¢.c. of liquid can 

be sealed by a neoprene disk. At the instant of firing, 
>a slug from a high-power air rifle rams the disk 
>o into the injector. The highly compressed liquid 
- -eseapes through a nozzle at the far end of the injector 
as a short high-velocity jet or cylinder. Information 
on the structure, velocity and behaviour on impact of 
-the liquid has been obtained by the Cranz—Schardin 


system of high-speed photography using a six-lens: 


i camera designed by Dr. J. 8S. Courtney-Pratt. In this 
manner it was possible to obtain six pictures of 
“oyarious stages in an event over a period of 25. usec. 



























typical of those produced by the apparatus. 


rapidly with distance. Because of this, targe 
from the nozzle. 
maintains an approximately uniform cross-section 
along its length. High-speed photoelastic pictures 
indicate that only the core is responsible for inducing 


occur between a liquid cylinder and a plane specimen 
‘surface struck perpendicularly. 


Deformation of Metals 


An example of the type of deformation which can 
oecur in a hard metal surface subjected to the impact 
of a water cylinder is given in Fig. 2a, together with 

the surface profile of the region in Fig. 2b. The 

metal in this case was a high-strength stainless steel. 
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< Fig. Lis a picture of a water jot of 1 mm. diameter 
produced by the apparatus and moving in air. ‘The 

nose velocity in this case is initially about 3,100- 
ft.iseec. The structure of this jet can be regarded Ae. 
friction is responsible for the mushroom of spray at — 
the nose of the jot; this type of break-up is quite 
small in the early stages of travel, but increases. 


imens are normally placed at a distance of $ imn. 
The cylindrical core of the jet 


tress in the target material; the associated spray | 
plays little part in the deformation process on impact. 
_ Aas a simplification then, the impact is considered to — 


DAMAGE TO SOLIDS BY LIQUID IMPACT AT SUPERSONIC SPEEDS 


By Dr. F. P. BOWDEN, C.B.E., F.R.S., and J. H. BRUNTON 
Physics and Chemistry of Solids Laboratory, Physics Department, Cambridge 


The main effect of the impact is to produce a shallow _ 
saucer-shaped depression in the surface, with the two 
additional features of a central pit, and a highly 


deformed annular region just inside the rim of the 


depression. The area of deformation corresponds 


closely to the area over which the spreading cylinder = 


exerts a pressure; this is, of course, considerably 


greater than its initial cross-section. The pressure is. 


assumed to be a maximum under the centre of the. 
collapsing cylinder, and to fall smoothly to zero at. — 
points where the liquid flow first becomes entirely 
parallel to the surface. These positions can be — 
determined from photographs taken during the — 
impact. Such a pressure distribution on the surface _ 
would give rise to a depression similar to that in _ 
Fig. 2b. For comparison, the depression formed in- 
aluminium under the same conditions is shown im- 
Fig. 2c ; the area of the surface affected is the same, 
but the depression is more than ten times as deep. — 
The central pit in Fig. 2a and b is probably due to 
the effect of the very high pressure in this region on 
an already existing flaw or pit in the surface. Such 
a pit acts as a stress raiser favouring further localized _ 
deformation. In a soft metal this effect may be- 
masked by the large overall flow. be OES 

The annular region of heavy deformation at the 
edge of the impact zone in metals has the appearance — 


Cof having been sheared open by water flowing at — 


very high speeds over it. The deformation marks con- — 

sist of alternate ridges and depressions running parallel 
to the rim ; in soft metals, flow channels are apparent _ 
in the depressions, indicating the manner in which 
metal has been sheared out to form the ridges. Such 





A series of four frames selected from a group of six 
showing a water jet moving in air at an initial velocity of 3,100 
ft/sec. The jet is travelling from left to right across two vertical 
marker wires 1 in. apart. The timing of each frame with respect 
to the first is shown in microseconds 


Fig. 1. 








Fig. 2. (a) Deformation produced in a stainless steel surface by 


the impact of a single water jet at 2,500 ft./sec. The surface 
contour of the deformed region is given in (6), and for comparison 
the deformation of aluminium in {e} 


a shear deformation of the surface would be most 
likely to occur at the boundary of the impact zone, 
where the velocity of the surface flow is greatest. If 
a shear mechanism is responsible for the rim deforma- 
tion, then this deformation would be expected to 
depend upon the viscosity of the liquid. Using 
aluminium targets and water/glycerol mixtures as 
- the deforming liquid, the intensity of the deformation 
near the rim was found to increase with the vis- 
cosity. 


- Deformation of Non-Metals 


=o Fhe failure pattern due to liquid impact in rigid _ 
-~ plastics, glasses and ceramics is quite different from- 
that observed in metals. 


ay = ‘Perspex’? was found to 
0: be a convenient material in this group to work with ; 
` besides being transparent, 

advantage that the state of stress in it during impact 


can be studied simultaneously by a photoelastic | 


method. 
Fig. 3 illustrates the surface damage in ‘Perspex’ 
due to the impact of a water cylinder at 3,000 ft. /see. 


The main feature of the damage is a ring crack. The- 


area of the surface inside the rmg is undamaged, 
and for a considerable distance outside the ring the 


surface is pitted with short straight circumferential. 


cracks. The star crack which can be seen in the 
centre of the photograph is below the surface. 





it has the additional- 
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Fig. 3. Surface deformation in ‘Perspex’ due to the impact of a 
water jet at 3,000 ft./sec. The ring-crack has a mean diameter 
of 3-5 mm, The central star erack is beneath the surface 


Fig. 4 is a cross-section through an impact zone m 
‘Perspex’. The central subsurface cracking consists 
of fracture planes lying approximately normal to the 
surface. The ring crack as seen in section meets the 
surface at an angle. Ring eracks produced at impact 
velocities of less than 2,000 ft./sec. often do not cut 
through to the surface. When this occurs, an annular 
depression remains in the surface above the crack ; 
probably the presence of the crack facilitates per- 
manent deformation of the area above it. 

The effect of repeated impact on ‘Perspex’ is shown 
in Fig. 5. The surface profiles were obtained using a 
‘Talysurf’ machine. The general behaviour is one of 
widening of the ring crack together with a spreading 
of subsurface cracks. After four or five impacts, the 
various fracture surfaces join up, and a large piece 
of ‘Perspex’ is dislodged from the surface. 

As in the case of metals, failure in ‘Perspex’ can 
be thought of as arising primarily from the dis- 
tribution of pressure under the jet, together with the 
deformation associated with rapid flow along the 
surface. Brittle failure may be expected to occur: 
preferentially on planes across which the tensile 
stress is a maximum. The Hertz theory’ of contact 
stresses can be used to predict the regions of high 
tensile stress in the ‘Perspex’ for the given distri- 
bution of pressure on the surface. Bearing in mind 
the limitations of the theory when applied to impact 
problems, it is possible to deduce that the maximum 
tensile stress occurs at the surface across the circular 





Fig, 4. A cross-section taken “reign an impact zone similar te 
that shown in Fig. 3, The shape of the ring-crack and the central 
Fone eof subsurface eraoring ean be = clearly seen 











Imm, 


- Big. ü. The effect of 1, 2, 8 and 4 impacts of a water jet at.2,000 

iy on the surface contours of ‘Perspex’, The damage is seen. 

te be concentrated in the ring-crack +t e central region remains 
comparatively intact until massive breakdown 6ceurs 


2 boundary defining the limits of the area under pres: 


ooo gure. Outside the boundary the. tensile stress 
_ decreases slowly with distance ; inside the boundary 
_ it falls abruptly to zero and becomes a compressive 









POSSIBLE 


disadvantage : the resolution obtained is seriousl 
limited by the aggregation of the shadowing material 
into discrete crystallites. In the case of the muel 


used gold/palladium alloy, these particles „may: : si 
' rials 





much as 40-50 A. in diameter. Mate 


_ Measure as 7 Sn a Ta 
2 as platinum and- uranium, which are used 3 


-such as plati 















from the back surface as a wave of tension, and the | 
- associated tensile stress effectively pulls a piece out — 


“cluster of cracks in the centre of the 


| l W * as great as the impact velocity. 
The rapid surface flow accentuates these _ 


- types of failure by opening up the fracture planes in — be deformed. 


the direction of flow, and in this way material is 


- eussions during this work, 


‘Engel, Olive, G., J. Res. Nat, Bur. Stand., 54, No. 5 (1956) 
+ Jenkins, D. C., Nature, 176, 803 (1955), ee 
“Hertz, H., “Miscellaneous Papers” (Macmillan, London, 189 


SIMULTANEOUS EVAPORATION OF PLATINUM AND CARBON FOJ 
USE IN HIGH-RESOLUTION SHADOW-CASTING | 
FOR THE ELECTRON MICROSCOPE E 
By D. E. BRADLEY 
Associated Electrical dustri, Ltd., Aldermaston 


P NONVENTIONAL methods for shadowing elec- 
á tron microscope specimens! have one grave... 








Fig. 6. Seabbing of the lower surface of a f-in. thick 
plate. The velocity of the jet peaa l the upper surface was 
3,000 ft./sec, The central zons of crac 

plate indicates a tendency to form a secondary sca 





The compression wave set up on impact is reflected — 


of this surface. The new surface so formed reflects 


¿the remainder of the compression wave, and. the — 


- process of scab formation tends to he repeated. An 


attempt to form a secondary scab is shown by the | 
plate. o cosan 

The fact that the impact of a water eylinder with | 

& velocity of 3,000 ft./sec. can deform materials as 


hard, for example, as tungsten carbide is not sur- . 


se _ prising if it is realized that the pressure developed on- 
stress. Such a stress distribution accounts olfectively 


for the pattern of surface cracking. The theory also. 
_ predicts that the ring crack should form part ofa — 
-conical rather than cylindrical surface. | ee 
Similarly, the tensile stress across the. central axis. 
normal to the surface attains a maximum value a 
little way below the surface; such a stress would 
explain the vertical planes of subsurface fracture in 


the surface by the liquid is well above the 


yield 
strength of most common metals, 


The associated _ 


_ Stress may be further magnified by the presence. of 
_ surface pits. In addition, there are the shear stresses _ 
< associated. with the high-speed flow of the collapsed _ 
cylinder over the surface. Flow velocities parallel to _ 


the surface were observed to be two to three times 
Any surface _ 
irregularity in the path of this flow would certainly — 


Since the present-day tendency is towards air — 


_ travel at very high speeds, it is clear that an under- _ 
-o oc standing of the mechanism ‘of deformation processes 
_ at these speeds is desirable, == 00 5 eR ete 


We are grateful to Dr. D. Tabor for helpful c 


~ 8 11.950), age ae A 
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a b 


Electron diffraction patterns of a platinum/carbon Bin : 
a, under normal operating conditions; b, recrystallized with very 
heavy electron bombardment (accelerating voltage 70 kV.) 


Fig. 1. 


=- required to obtain reasonable contrast. This thick- 
“mess causes a loss in resolution due to ‘pile-up’ on 
- the specimen’, resulting in the distortion of its shape. 
Clearly, a shadowing material of high atomic 
- number, which does not form aggregates, is required, 
Aggregation must not occur either during deposition 
- or under the influence of the electron beam. It has 
now. been found that the simultaneous evaporation 
of a heavy metal and carbon produces a film with 
the required properties. 


The technique deseribed here for achieving the 
- simultaneous evaporation avoids the difficulties which 


=o would be encountered if two separate sources were: 
employed. It is based on the method used for the- 


evaporation of carbon alone’. Instead of pure carbon 


- electrodes, however, rods containing a high per- 


S eentage of platinum (about 85 per cent w/w). are 


used. These rods are prepared in the laboratory by: 
an experimental process which involves bonding — 
together the two constituents in powder form. The | 
‘yoda are pointed by means of emery paper and 
A weak spring is fitted . 


mounted in metal holders. 


_ (instrumental magnifications of 40,000~-60,000) in the 
-experimental Metropolitan Vickers £.M.6, as devel- © 


Laboratory’. 


-th Several metals have been. i 
tried, and the most suitable found so far is platinum. J 
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Granulation of the platinum only 
occurs under electron bombardment many times 
more intense than is required for normal operation. 
Fig. 1b shows a diffraction pattern obtained from a 
film which has been deliberately recrystallized in this 
way. The sharp rings of platinum indicate fairly 
large crystallites, and these are shown clearly under 
dark-field conditions, selecting the two bright inner 


rings (Fig. 26). Evaporated platinum metal is shown 


under similar dark-field conditions for comparison 
(Fig. 2c). The electron diffraction pattern is similar 
to that shown in Fig, 1b. 

The platinum/carbon ratio of the deposit has not 
been measured; but comparison of the composite 
film with carbon films of equivalent thickness in. the 
electron microscope indicates that the platinum 
content is high. 

The preliminary examination of platinum/carbon 
shadowed surfaces in the electron microscope sug- 
gests that the method is extremely promising for high- . 
resolution shadow-casting. Typical results are shown 
in Figs. 3 and 4. An important point, the production. 





Fig. 8. Platinum/carbon replica (deposited at 45°) of an edge of 
a methyl orange.crystal. Tz 250,000} = =- ee 







to hold the points together in vacuo. On passing a jg 


heavy current, resistance heating at the points causes 
The 
resulting film, even when thin, is strong enough. to. 
It can, of course, be: 
deposited on previously prepared. specimens in the _ 


carbon and platinum to evaporate together. 
form a self-supporting replica. 


“normal way. 


. As deposited, the films are substantially non- 


: crystalline. This can be seen from the halos of the = 


a electron diffraction pattern shown in Fig. la. When 
a dark-field image, selected from the brightest halo 
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“Fig: 4. Platinum/carbon replica (deposited at 46°) of a cleavage | 
;: surface of a sugar crystal. (x 250 000)" s oleavaue 7 
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of extremely sharp shadows, is illustrated in Fig. 3, 
which shows @ platinum/carbon replica of an edge of 
a erystal of methyl orange. It is interesting to note 
that this shadow was obtained using a target distance 
of only 2-5 cm. (the distance for evaporated metal is 
8-15 cm.), indicating a point source. It will þe 
appreciated that there is a direct relationship between 
sharpness of shadows and resolution. 

The potentialities of the method can be estimated 
from Fig. 4, which shows a platinum/carbon replica 
of the surface of a sugar crystal. It can be stated 
conclusively that the background structure is not due 
to the granulation of the shadowing material. The 
reasons are: (1) that the structure varies consider- 
ably over the surface ; (2) that diffraction and dark- 
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field tests, applied as a control to each specimen, 
indicate the total absence of any granularity. A close 
examination of the original plates shows that this 
structure consists of minute protrusions some 20 A. 
in width. This work will be published in greater 
detail elsewhere. 

I wish to thank Dr. J. S. Halliday for his valuable 
advice, and also Dr. T. E. Allibone, director of the 
Research Laboratory, Associated Electrical Indus- 
tries, Ltd., for permission to publish this article. 

1 Williams, R. O.,and Wyckoff, R. W. G., J. App. Phys., 17, 23 (1946) . 
2 Bradley, D. E., Brit. J. App. Phys., 5, 65 (1954). 
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PROCESSING OF FOODS WITH IONIZING RADIATIONS 


UCH attention has been aroused in recent years 
by the possibility of using ionizing radiations 
in preserving foods. Serious investigations started 
about ten years ago, although the idea itself is 
considerably older. While it has been found quite 
feasible to sterilize foods with radiation, some 
undesirable changes usually accompany the process. 
Such changes depend markedly on the way in which 
the food has been treated, and research has been 
particularly directed towards finding the precise 
conditions which give the best products. The poss- 
ibilities and limitations of the method were discussed 
at & symposium held at Cambridge during September 
26-27. About twenty foreign visitors were among 
the hundred and twenty who attended, and the two 
principal British laboratories working in this field— 
the Low Temperature Research Station, Cambridge, 
and the Technological Irradiation Group, Atomic 
Energy Research Establishment, Harwell—were 
represented. 

The main attraction in using ionizing radiations 
to preserve foods is that the amount of radiation 
energy required to eliminate all food spoilage micro- 
organisms raises the temperature of the irradiated 
food by only a few degrees ; the preservation of food 
in the raw state is therefore possible. A major 
deterrent, however, is that the associated chemical 
changes, though small in total quantity, may have 
adverse effects on the quality of the food, and become 
evident as changes in the odour, flavour or texture. 
It is necessary, therefore, to find methods to minimize 
or mask these quality changes. Smaller amounts of 
radiation which are insufficient to cause noticeable 
changes can be used. Such treatments eliminate only 
a fraction of the micro-organisms present—the so- 
called pasteurization treatments—and additional 
treatment, such as heat or refrigeration, is necessary 
to prevent spoilage of the food due to the growth of 
the surviving micro-organisms. Some of the results 
obtained using these techniques were described at 
the symposium. In addition to these generally 
applicable methods, there are also uses where small 
amounts of radiation can be applied to achieve a 
more limited particular purpose, for example, to 
eliminate insects in grain or packaged foods, or to 
inactivate food-poisoning Salmonella organisms in 
frozen whole egg; these applications, too, were 
discussed. 


Much of the work on the irradiation of foods has 
been carried out in the United States, and British 
work is best considered against the background of 
American investigations. The Quartermaster Corps 
of the U.S. Army has sponsored the majority of this 
work and, not unnaturally, much emphasis has been 
placed upon military uses. The possibilities for 
civilian applications have, however, been kept clearly 
in mind. The present state of the work was out- 
lined in two American papers, one by A. W. Harvey, 
and the other by D. K. Tressler, B. H. Morgan, 
M. Simon and V. K. Peterson. ‘The dose of radiation 
necessary to achieve ‘commercial’ sterility in foods is 
considered to be in the range 3,000,000—6,000,000 
rads. A large number of foods have been examined 
after doses of this magnitude, and twenty-one have 
been considered promising. Objectionable flavours are 
usually found to decrease on cooking, and generally 
the flavour of the irradiated foods tends to improve 
after storage for several weeks or months at room 
temperature. To support the vast amount of labor- 
atory tests being conducted on irradiated foods, 
extensive animal feeding tests are in progress. These, 
so far, have not shown any harmful effects due to 
irradiation. Limited human feeding tests have also 
been made, again without showing adverse effects ; 
and troop feeding tests on a larger scale are planned. 
To provide adequate food processing and radiation 
facilities for supplying the necessary food, the U.S. 
Army intends to construct a food-processing plant 
equipped with gamma-ray and cathode-ray sources, 
each of which can treat about 1,000 tons of food per 
month. Much basic research is being carried out by 
contract with civilian laboratories. In many cases, 
where the contractor is interested in civilian appli- 
cations, the emphasis of this work is on the use of 
low-dose treatments. ‘The smaller quality changes 
produced in this way will probably be more accept- 
able to the domestic consumer, who sees the food at 
all stages in its preparation for the table. 

In Britain also, more attention has been given to 
pasteurization procedures, since most of the research 
has been aimed at civilian exploitation. R. S. Hannan 
described some of the results of a detailed examination 
of the response of chicken meat towards irradiation 
under a variety of conditions. With doses of 2,000,000 
rads or more, flavour changes were considered 
objectionable by most members of a taste panel; 
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with lower doses the degree of flavour change de- 
pended markedly on the conditions before and during 
irradiation, for example, its oxygen content, and 
whether it was frozen. Odour changes in raw minced 
chicken meat could be detected with doses as low as 
50,000 rads, but if such samples were afterwards 
cooked by steaming most people could only detect 
adverse flavour changes if the meat had been given 
doses of 250,000 rads. Whole chicken carcasses 
responded rather better: after doses of 500,000 rads 
or more, flavour changes were only just detectable 
in the roasted birds. Margaret J. Thornley said that 
bacterial counts on the minced chicken irradiated 
with 250,000 rads showed that it could be stored at 
5° C. several times longer than unirradiated control 
samples ; lower doses produced only a slight increase 
in storage life. Whole chicken carcasses, packed in 
‘Polythene’ bags and given 500,000 rads, could be 
stored at 3° C. for two to three times as long as control 
samples. The bacterial flora of irradiated chicken 
differed considerably from that normally observed. 
M. Ingram emphasized that selective elimination of 
some micro-organisms by irradiation could result in the 
eventual spoilage of the chicken taking an unusual 
course. Adequate refrigeration seems essential to 
prevent the growth of possibly harmful bacteria 
which might survive irradiation. 

A number of techniques have been suggested 
for minimizing the radiation damage to foodstuffs. 
Thus, for example, a low dose of irradiation com- 
bined with some heat treatment may be useful to 
sterilize foods. Freezing of samples before irradiation 
usually makes flavour changes less apparent, and the 
presence or absence of oxygen during and after 
irradiation is important. The use of such devices is 
being actively investigated. A very promising 
approach is to combine radiation with antibiotic 
treatment. This technique was used by J. Liston 
and J. M. Shewan in some experiments on the 
irradiation of fish. Cod and lemon sole suffered little 
adverse flavour change after doses of 500,000 rads, 
and the storage properties under refrigeration were 
improved. A much greater improvement in storage 
properties was achieved, however, when this dose of 
radiation was given after the fish had been dipped in 
& solution of chlortetracycline. 

The use of radiation to eliminate a specific harmful 
micro-organism was discussed in a paper by R. S. 
Hannan, J. Brooks and Betty C. Hobbs on the 
irradiation of frozen whole egg. This commodity, 
large quantities of which are imported into Britain, 
often contains Salmonella bacteria which cause food- 
poisoning. 500,000 rads, given to the egg in the 
frozen state, eliminates the Salmonella. The principal 
adverse change was a slight odour in the thawed raw 
egg, which was not usually detected in baked products 
made from the egg. l 

Another promising application is the use of radia- 
tion to eliminate insect infestation. This is easily 
achieved. by preventing reproduction of the insects 
with doses up to about 20,000 rads. Two methods 
of control exist: sterilization of all the insects or 
swamping of the female population by releasing a 


large excess of radiation-sterilized males. P. B. 


Cornwell described some experiments on the elim- 
ination of grain weevils and flour mill moths, using 
doses in the range 10,000-20,000 rads. Direct 
killing of these insects requires doses about ten times 
larger than this. If the economics of the process are 
favourable, there would appear to be little objection 
to the disinfestation of grain by this method. H. G. 
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Harvey and R. S. Hannan had examined the effects 
of low doses of radiation upon packaged foods (for 
example, cereals, dried fruits, etc.) to eliminate 
insects, and found that in nearly all the foods 
examined, doses of 40,000 rads produced no detect- 
able adverse changes. 

The use of radiation in the food industry naturally 
presupposes that adequate sources of radiation will 
be available. Not all types of ionizing radiations are 
suitable. Any which might induce radioactivity in 
the food would be unacceptable—this excludes 
neutrons and radiations of energy higher than about 
15 MeV. Others are excluded because of low peno- 
trating power or high cost. The most generally 
useful are gamma-rays, of high penetration, and 
cathode rays, with rather limited powers of pene- 
tration. 8. Jefferson, speaking on radioactive sources, 
said that large quantities of fission products will 
eventually be available for gamma-ray sources. For 
a number of years, however, cobalt-60, and smaller 
quantities of casium-137, are likely to remain the 
principal sources. At present the supplies of these 
are limited. M. C. Crowley-Milling, dealing with 
electrical machines as sources of radiation, said that 
cathode-rays of suitable energy are readily obtainable 
from linear accelerators now manufactured in Great 
Britain. Against the limited penetration of cathode- 
rays are the advantages of easy focusing, their avail- 
ability as and when required, and the high dose-rates 
obtainable. The cost of treatment can be calculated, 
and Mr. Crowley-Milling gave the following estimates : 
to treat foods with 1,000,000 rads costs 0-4d. per lb. ; 
to treat potatoes with 10,000 rads costs ls. 6d. per 
ton; and to treat grain with 50,000 rads costs ös. per 
ton. ‘These figures make due allowance for running 
costs, depreciation, percentage of energy utilization, 
etc., but do not include any handling costs. The 
costs of treatment with gamma-rays are more 
difficult to calculate, but, for some time at least, 
are likely to be higher than those quoted above. 
Costs of this magnitude do not appear to be pro- 
hibitively high. - 

Other topics discussed at the symposium included 
the prevention of sprouting of potatoes (papers from 
W. G. Burton and D. B. Powell); and, among the 
less-promising applications, the sterilization of milk 
(T. Horne), the prevention of mould growth in 
wrapped baked products (F. J. H. Ottaway), and the 
elimination of micro-organisms in damp grain (T. A. 
Oxley). 

The intensive investigations of the behaviour of 
food on irradiation have shown many gaps in the 
Inowledge of how non-irradiated food behaves. This 
has led to the initiation of much fundamental 
research, both in academic studies and applied tech- 
nology. As enzymes are not completely inactivated 
by the amounts of radiation necessary for steriliza- 
tion, it is important to know what action surviving 
enzymes might have on stored foods. The paper 
by R. Zender, C. Lataste-Dorolle, R. A. Collet, 
P. Rowinski and R. F. Mouton, of the Battelle Memorial 
Institute, Geneva, was therefore interesting, dealing 
as it did with autolytic changes occurring during 
storage of sterile muscle samples. It may be that 
some of the changes observed with irradiated meats 
may be due to autolytic processes rather than to 
radiation effects. Similarly, much research in radia- 
tion chemistry and biology has been stimulated. At 
the symposium, three papers were presented on 
radiation chemical aspects (by A. J. Swallow, 
B. Coleby and N. Uri), and a further paper dealt 
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with some chemical effects in irradiated meat (G. M. 
Wilson). These contributions indicated. that the 
theories of radiation chemistry are still far from 
adequate to explain the changes in such complex 
systems as foods. As R. S. Hannan pointed out, in 
nearly all cases, the easiest approach to a particular 
problem is an experimental one. In the miero- 
biological field there is obviously need for more 
information on how micro-organisms behave on 
irradiation, and particularly on the behaviour of 
those organisms which survive irradiation. If, 
ultimately, the idea of processing food with radiation 
is not exploited, the results of such researches as 
that of the Quartermaster Corps of the U.S. Army 
on the properties of packaging materials will be of 
great value to the food industry. 

ft will still be necessary to show that irradiated 
foods are acceptable from the medical point of view, 
even if the process is considered useful to the food 
industry and the corisumer. To yield information on 
this topic, animal feeding studies are being conducted 
at the Wantage Radiation Laboratory, and T. Horne 
gave details of these, and the plans for future work. 
The very careful and large-scale experiments being 


No. 4613 


NATURE 


879 


conducted by the Office of the Surgeon General of 
the U.S. Army should also be extremely valuable. 
To date, the tests have failed to show any harmful 
effects through eating irradiated foods. Some 
destruction of vitamins by irradiation has been 
noted but, in general, losses are no greater than with 
most other methods of food processing. 

The symposium confirmed the impression that hes 
been growing for some time, that radiation pro- 
cessing is unlikely to displace conventional methods 
of preservation. It does seem, however, that it will 
be a useful additional method, and there are clearly 
some applications of considerable potential use where 
it has special advantages. But, even with these, 
there still remains much more research to be done 
before the process can be exploited commercially. 

A fuller account of this symposium is available on 
application to the Superintendent, Low Temperature 
Research Station, Downing Street, Cambridge 
(L.T.R.S. Memorandum 312). l 

This article has been prepared as part of the pro- 
gramme of the Food Investigation Organization of 
the Department of Scientific and Industrial Research. 

B. COLEBY 


OBITUARIES 


Prof. R. M. Davies 


Rutstart Morgan Daviss, professor of physics in 
the University College of Wales, Aberystwyth, died 
suddenly on February 18, a fortnight after his fifty- 
fifth birthday. 

His death terminates one of the most interesting 
careers in the British university world. He was a 
native of the quarrying village of Corris, Merioneth- 
shire, and received his early education at the village 
school and at the grammar school at Dolgelley, where 
his scientific potentialities were recognized by Dr. 
John Griffith, one of the most remarkable of Welsh 
headmasters. In 1921 he entered the College at 
Aberystwyth, where he was destined to spend 
virtually the whole of his university career. He 
graduated with first-class honours in 1924, and was 
appointed assistant lecturer in 1926. 

His research career may be said to have com- 
menced at the Admiralty Signal School at Ports- 
mouth, where he spent the summer of 1925 and 
where he was introduced to quartz crystals and 
piezoelectricity. On his appointment to the staff at 
Aberystwyth he entered upon a research programme 
on the elastic properties of Rochelle salt crystals, as 
determined both stetically and dynamically. The 
circuitry of this problem led him to digress, at the 
instigation of a chemical colleague, into a determina- 
tion of the absolute dielectric constant of pure benzene 
at low radio-frequencies ; he also developed two types 
of moisture meter for use with granular materials, 
one of which was marketed commercially. 

These various research projects were pursued with 
characteristic vigour and determination, and gained 


him in succession the M.Sc. and D.Sc. degrees of his’ 


University. An opportunity to devote his whole time 
and energy to research, and in particular to his early 
field of interest, elasticity, came in 1939 with the 
award of a Leverhulme Research Fellowship, with 
which he proceeded to Cambridge to work with Sir 
Geoffrey Taylor. 


Su Geoffrey soon recognized in him not only one 
of the few academic physicists interested in the 
mechanical properties of materials, but also one who 
was, in addition, gifted with a penetrating mind, 
experimental skill of a high order, and an infinite 
capacity for hard work. The association of the two 
men, started in 1939, persisted through the years; 
it produced, during the war period, a wealth of 
results, embodied in official reports, which were of 
the greatest value in the war effort, both in attack 
and in defence, and it was later to inspire much of 
the work of the research school which Davies estab- 
lished at Aberystwyth, whither he returned in 1945 
and where he was appointed professor in 1946. 

The research work at Aberystwyth was concerned 
with transient stresses and the propagation of stress 
waves in solids, and with detonation pressures and 
shock waves in gases. Much of this work arose from 
Davies’s investigation, carried out in Cambridge and 
published in the Transactions of the Royal Society in 
1948, of the Hopkinson pressure bar, originally 
devised in 1914 and largely neglected. The resur- 
rection of the pressure bar as a modern instrument 
of research into transient - high-pressure phenomena, 
was typical of Davies’s flair for rediscovering near- 
forgotten techniques; he had read deeply in the 
classical researches of the past, and nothing gave him 
more pleasure than to revive, from some forgotten 
paper by Kelvin or Rayleigh or Reynolds, some 
argument relevant to a modern problem. 

The nature of this extensive research programme, 
of a type rare in British universities, inevitably 
brought to Aberystwyth many visitors from many 
lands, and to Davies himself many invitations to 
address conferences and symposia, and to join tech- 
nical committees of various Ministries. In this way 
he very greatly enlarged his field of activity and 
became widely known as one of the leading authorities 
in his particular subject. 

In 1956 he was invited to accept a visiting pro- 
fessorship at the California Institute of Technology 
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at Pasadena. During seven months in the United 
States, he visited many American universities and 
research institutes and delivered numerous dis- 
courses; in quite characteristic fashion, he scorned 
American public transport, and drove his own car, 
acquired in New York on his arrival and disposed of 
there on. his departure, across the American. continent, 
over a total distance of 16,000 miles. Shortly after 
his return, Davies was again invited to visit the 
United States, to address the annual meeting of the 
American Institute of Mining and Metallurgical 
Engineers, held. in New York in February this year ; 
he had agreed to do so, and to visit other centres 
to renew contacts made during the previous year, 
but he died during the week of the meeting. 

Research, though energetically and enthusiastically 
pursued, by no means represented the sum total of 
his activity. He was a teacher of unusual quality, 
and his lectures were invariably prepared with 
meticulous care and presented with superb lucidity. 
He was, in addition, a gifted administrator; his 
department was most efficiently organized, and he 
was, for a period, vice-principal of his College. He 
had also numerous other interests quite unconnected 
with his academic work. He was an accomplished 
musician with a particular interest in church music, 
and was organist and choirmaster in his own church 
at Aberystwyth and at the church which he attended 
at Cambridge; he had in his early years been an 
active cross-country runner and retained throughout 
a lively interest in all kinds of sport, his last hobby 
being yachting ; and in his rare moments of relaxa- 
tion, he was an avid reader of detective fiction. 

In all the many facets of his life, he had an essential 
good-nature and personal charm which brought him 
a host of friends, varying immensely among them- 
selves, but united by their regard for his warm 
humanity and patent sincerity. The key to his 
character undoubtedly lay in*the fact that his roots 
remained firmly fixed in his native Welsh soil, and 
he carried into the wide world the virtues implanted 
in him by the devout, unhurried and unpretentious 
atmosphere of his upbringing. I. C. Jonus 


THE sad news of Prof. R. M. Davies’s sudden death 
came as a shock to his many friends in the United 
States. He had been invited to lecture at the 
American. Institute of Mining and Metallurgical En- 
gineers Symposium on High-Speed Stressing of Solids 
in New York City on February 17. It was with great 
disappointment that we heard that, due to illness, it 
was necessary for him to cancel that visit. 

He had been in the United States twice, once 
during the Second World War and again for the 
academic year 1956-57, when he was a visiting pro- 
fessor and lectured at the California Institute of 
Technology and at Rensselaer Polytechnic Institute. 
During this last visit, in addition, in his travel from 
coast to coast, he gave lectures at various universities 
and technical institutes. 

Prof. Davies was a superb teacher, and all those 
who had the fortune to attend his lectures will never 
forget the excellence and brilliance of his presentation. 
As a result of his research, especially in the field of 
' stress waves in solids, he leaves important and per- 
manent contributions. 

Those who knew R. M. Davies during the Second 
World War, when he was working under Sir Geoffrey 
Taylor at Cambridge for the Ministry of Supply, will 
always remember the very happy combination of 
‘G. I.’ and ‘R. M.’. His loss is particularly felt by the 
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many who enjoyed his friendship and appreciated his 
warm personality, his deep Welsh sense of humour and 
the interest, helpfulness and understanding he always 
showed toward other people. These friends will 
realize that with the passing of R. M. Davies a very 
dear part of their lives has forever ended. 

ENRICO VOLTERRA 
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Prof. T. Shimizu 


TAYEI Suimizu, who died suddenly on January 30, 
was well known as the founder of the chief Japanese 
school of studiés on steroids and especially bile acids. 
He was a pupil of the late Heinrich Wieland from 
1920 until 1923, and again from 1929 until 1931, and 
from him returned to Japan with an enthusiasm in 
this field which proved lifelong. 

Shimizu was born in Tokyo in 1889 and graduated 
from Kyoto University Medical School in 1915. He 
began his studies on bile acids there, under the late 
Prof. T. Araki. After his return from Germany in 
1923, Shimizu was appointed professor of bio- 
chemistry at Okayama Medical School: he became 
president of this School in 1949 and, in 1952, president 
of Okayama University. He was elected a member 
of the Japan Academy in 1950, and in 1951 a member 
of the German Academy of Sciences. 

Much of Shimizu’s scientific contribution consisted 
in the persistence and skill with which he and his 
pupils followed up the observation of Hammarsten 
(1898), who found the steroid alcohol, seymnol, in the 
bile of sharks. This ought, perhaps, to have stimulated 
a much wider search for unusual bile salts, but it 
was not until Shimizu began his work that such a 
search was seriously undertaken. It was then pursued 
with remarkable zeal: for example, 4,000 toads were 
-used to collect 5 litres of bile ; from this were obtained 
interesting alcohols, finally carefully described by T. 
Kazuno (Hoppe-Seylers Z., 266, 11; 1940) and the 
bile acids trihydroxysterocholenic and trihydroxy- 
zsosterocholenic, Co.H,,0;, characterized by Shimizu 
and T. Oda (Hoppe-Seylers Z., 227, 74; 1934), and 
by Shimizu and T. Kazuno (Hoppe-Seylers Z., 239, 
67; 1936). In later work, Y. Okasaki (J. Biochem. 
Tokyo, 36, 65,77 ; 1944) collected 1-5 litres of bile from 


` 100,200 specimens of a newt, Diemyctylus phyrrho- 


gaster. An account of the work of Shimizu’s school 
up to 1935 was included by him in a comprehensive 
book (“Über die Chemie und Physiologie der Gallen- 
siuren’, Muramato, Okayama, 1935), which he 
dedicated to Prof. Araki on his seventieth birthday. 
K. Ohta (Hoppe-Seylers Z., 259, 53; 1939) reviewed 
the work at Okayama on fish bile, and later writers 
have summarized the Japanese contributions up to 
1955 (for example, Physiol. Rev., 35, 178; 1955). 

The discoveries of Shimizu and his pupils have 
widened greatly the scope of chemical and physio- 
logical study of bile salts, and have stimulated a new 
awareness of the interest of biochemical species 
comparisons in this as in other fields. 

In June 1957 Shimizu paid his last visit to Wieland, 
and also visited England for the first time for nearly 
forty years. He then, in spite of an indifferent 
command of English, read a paper on some of the 
work now being done by one of his former pupils, 
S. Hayakawa. He spent some time in the United 
States before returning to Japan. 

Tayei Shimizu was a man of broad vision, good 
humour and modesty of character. His memory is 
held in affection by his friends and former pupils 
everywhere. G. A. D. HASLEWOOD 
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NEW FELLOWS OF THE ROYAL SOCIETY 


T a meeting of the Royal Society on March 20, 
the following were elected to fellowships : 


MICHAEL ABERCROMBIE, reader in embryology in 
the University of London at University College, 
distinguished for his researches in embryology, tissue 
culture, and wound healing. 


Dr. E. P. ABRAHAM, senior research officer at the 
Sir William Dunn School of Pathology, University of 
Oxford, distinguished for his work on the isolation 
and chemistry of antibacterial substances. 


Dr. J. R. BAKER, reader in cytology in the Univer- 
sity of Oxford, distinguished for his researches on the 
chemistry of the cell. 


ProF. J. A. Brrou, professor of organic chemistry 
in the Victoria University of Manchester, distin- 
guished for his studies on the structure and biogenesis 
of natural products. 


Pror. SATYENDRANATH Boss, vice-chancellor of 
the Visva-Bharati University, Santiniketan, India, 
distinguished as the discoverer of Bose-Einstein 
statistics. 


Dr. P. W. Brian, head of the Department of 
Microbiology, Akers Research Laboratories, Imperial 
Chemical Industries, Ltd., distinguished for his re- 
searches on microbiology and plant pathology. 


Epiru BÜLBRING, demonstrator in pharmacology 
in the University of Oxford, distinguished for her 
work on smooth muscle and on the action of 
adrenaline. ` 


Dr. R. K. CALLOW, research chemist at the National 
Institute for Medical Research, London, distinguished 
for his work on steroid chemistry. 


Dr. F. DrxEy, director of Overseas Geological 
. Surveys, London, distinguished for African geological 
researches, particularly in tectonics, geomorphology 
and ground-water hydrology. 


Pror. P. P. EwaLD, head of the Department of 
physics in the Polytechnic Institute of Brooklyn, 
distinguished for his outstanding contributions to the 
science of X-ray optics. 


Pror. F. J. FENNER, professor of microbiology in 
the Australian National University, Canberra, dis- 
tinguished for his work on microbiology, particularly 
the pathogenesis and epidemiology of mousepox and 
myxomatosis. 


Dr. W. H. GLANVILLE, director of the Road 
Research Laboratory, Department of Scientific and 
Industrial Research, Harmondsworth, distinguished 
for his researches on reinforced concrete and on road 
construction. 


Pror. A. E. GREEN, professor of applied mathe- 
matics in the University of Durham (King’s College, 
Newcastle upon Tyne), distinguished for important 
. contributions to the mathematical theory of elasticity 
and hydrodynamics. 


Pror. A. Happow, professor of experimental 
pathology in the University of London and director 
of the Chester Beatty Research Institute (Institute 
of Cancer Research, Royal Cancer Hospital), dis- 
tinguished for his investigations into the chemo- 
therapy of malignant disease. 


Dr. G. Hiaman, reader in mathematics in the 
University of Oxford, distinguished for his contribu- 
tions to the theory of groups. 


Pror. A. Sr. G. J. McC. HUGGETT, professor of 
physiology in the University of London at St. Mary’s 
Hospital Medical School, distinguished for his 
investigations on the physiology of reproduction and 
on the transfer of materials from mother to foetus. 


Pror. H. C. Lonevzt-Hieerms, John Humphrey 
Plummer professor of theoretical chemistry in the 
University of Cambridge, distinguished for his appli- 
cation of mathematics to problems in physical 
chemistry. 


Pror. B. Lyrxucoz, professor of organic chemistry 
in the University of Leeds, distinguished for his con- 
tributions to the chemistry of natural products. 


Pror. S. K. Mirra, professor of physics and director 
of the Institute of Radio-Physics and Electronics, 
University of Calcutta, distinguished for his researches 
in many branches of upper atmosphere physics. 


Dr. C. H. MORTIMER, secretary of the Scottish 
Marine Biological Association and director of the 
Marine Laboratory, Millport, distinguished for his re- 
search upon lakes and lake-deposits, and the chemical 
and physical conditions which control life in them. 


Pror. R. S. NyHoxrm, professor of chemistry in the 
University of London at University College, disting- 
uished for his contributions to inorganic chemistry, 
especially for his studies of complex compounds of ° 
the transition elements. ie 


Pror. G. D. ROCHESTER, professor of physics in 
the University of Durham (Durham Colleges), dis- 
tinguished for his researches on the cosmic radiation, 
and particularly for his contributions to knowledge 
of the unstable elementary particles. 


Pror. O. A. SAUNDERS, dean of the City and 
Guilds College and head of the Department of 
Mechanical Engineering in the Imperial College of 
Science and Technology, University of London, dis- 
tinguished for his contributions to the study of heat 
transfer and to the development of the internal 
combustion engine. 


Pror. J. E. Smirx, professor of zoology in the 
University of London at Queen Mary College, dis- 
tinguished for his researches on the principles of 
nervous organization as exemplified by lower 
animals. 


Dr. W. B. Tura, formerly keeper of the her- 
barium and library at the Royal Botanic Gardens, 
Kew, distinguished for his experimental and deserip- 
tive work on flowering plants of Britain and the 
Near East. 


-.. University College Hospital. 
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Animal Physiology at Cambridge : 
Dr. Ivan de Burgh Daly, F.R.S. 


Ivan DE BureH Dary, who is retiring from 
directorship of the Agricultural Research Council 
Institute of Animal Physiology, Babraham, studied 
medicine in Cambridge and at St. Bartholomew’s 
Hospital and qualified as a physician in 1918 after 
serving in the R.N.A.S. He worked as a Beit 
Memorial Research Fellow at University College, 
London. He was professor of physiology in Bir- 
mingham (1927-32) and Edinburgh (1933-47), before 
going to Babraham as the first director of the Agri- 
cultural Research Council’s Institute of Animal 
Physiology in 1948. In Starling’s department he 
became interested in the physiology of the circulation 
and his skill as an engineer enabled him to construct 
elaborate apparatus for perfusing blood through 
isolated organs from dogs and recording the effects 
of drugs and of nervous stimulation on the dis- 
tribution of blood and the resistance to flow. He is 
especially interested in the complex circulation in 
the lungs and is the leading authority on this subject. 

During the past ten years he has been mainly 
responsible for the formation of the Institute at 
Babraham, with a distinguished staff of more than 
thirty scientists and ideal facilities for work on the 
physiology of larger animals than those normally 
studied in the physiological departments of medical 
schools. Under his leadership the Institute has 
grown rapidly and continues to grow. Scientists with 
wide experience in physiology, biochemistry and 
pathology have joined forces and are doing funda- 
mental work on sheep, cows and pigs. His wisdom 
in resisting demands for the quick solution of problems 
of immediate practical importance is becoming more 

apparent as time goes by. 


Prof. J. H. Gaddum, ERS. 


’ oe Joun Henry Gappum, who is to succeed Di. I. 


=S ‘de B: Daly as director of the Institute of Animal 
." Physiology, qualified in medicine at Cambridge and 
In 1925 he went to the 
Wellcome Physiological Research Laboratories at 
Beckenham, where he worked with the late Dr. J. W. 
"Trevan, and left in 1927 to join Sir Henry Dale at 
the Medical Research Council Laboratories. At 
Hampstead he worked on the liberation of acetyl- 
choline-like substances and established in col- 
laboration with W. Feldberg that the nerve impulse 
in the superior cervical ganglion is transmitted by 
acetylcholine. He also developed methods for the 
bioassay of thyroid hormone and became interested 
in the interpretation of quantal bioassays ; this was 
a matter of some difficulty as the log dose—percentage 
mortality curve was sigmoid in shape. He introduced 
the idea of plotting the normal equivalent deviation 
against the logarithm of the dose used, thus obtaining 
æ straight line. To avoid the use of a negative 
quantity it was later suggested that the normal 
equivalent deviation + 5 should be called the 
‘probit’ and this probit figure should be plotted 
against the log dose. Gaddum’s pioneer work in this 
subject was published in a Medical Research Council 
report in 1933. After occupying chairs at Cairo and 
University College, London, in 1942 he was appointed 
to the chair of materia medica in the University of 
Edinburgh in succession to the late Prof. A. J. Clark, 
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where he has added great distinction to the Depart- 
ment during the past sixteen years. 

Gaddum has been interested in a wide field of 
pharmacological experiment, particularly in respect 
of the pharmacologically active substances obtained 
from tissue extracts. He has done a great deal to 
elucidate the substances liberated when autonomic 
nerves are stimulated. This work started with 
acetylcholine and noradrenaline, and he has con- 
tinued it with 5-hydroxytryptamine and substance P. 
He has been interested in the antagonism of 
5-hydroxytryptamine by lysergic acid diethylamide, 
and recently he has edited a monograph on poly- 
peptides which stimulate plain muscle. He has been 
responsible for the statistical analysis of many 
bioassay procedures, and has written the appendix 
to “The British Pharmacopceia’”’ on the mathematical 
basis of bioassay ; he has also written a very popular 
text-book of pharmacology, now in its fourth edition. 
He has been a member of the Committee of the 
Medical Research Council from 1948—51 and a Fellow 
of the Royal Society since 1945. His appointment as 
director of the Agricultural Research Council’s 
laboratories at Cambridge will give a great stimulus 
to the study of pharmacology in connexion with 
agricultural problems. 
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Materia Medica at Edinburgh : Dr. W. L. M. Perry 


THE appointment is announced of Dr. W. L. M. 
Perry to the chair of materia medica in the University 
of Edinburgh in succession to Prof. J. H. Gaddum, 
who is leaving Edinburgh to become director of the 
Agricultural Research Council Institute of Animal 
Physiology at Babraham. Dr. Perry, who graduated 
in medicine at St. Andrews in 1943, joined the 
scientific staff of the Medical Research Council at the 
National Institute for Medical Research in 1947, hav- 
ing completed a tour of duty in the Colonial Medical 
Service in West Africa. In his first research, Dr. 
Perry collaborated with Dr. F. Hawking in work 
which revealed the indirect mode of chemotherapeutic 
action of proguanil. Thereafter, he turned to subjects 
on the borderline between physiology and pharmaco- 
logy, publishing a number of papers on transmission 
in the autonomic nervous system, and at the same 
time developing an interest in the principles and 
technique of biological assay, to which subject he 
made notable contributions. In 1951, Dr. Perry was 
appointed director of the Division of Biological 
Standards at the National Institute for Medical 
Research; in this position he has carried with 
apparent ease a burden of work and responsibility 
which, especially during the past two years,,has been 
unexpectedly heavy because of the involvement of 
the Division in the safety testing of poliomyelitis 
vaccine. Dr. Perry thus goes to Edinburgh having 
behind him an unusual breadth of scientific and 
administrative experience; with the return to 
laboratory research that his new post will permit, it 
can be confidently anticipated that he will not only 
uphold but also add to the distinguished traditions 
of the chair of materia medica in Edinburgh. 


Viking Fund Medals for 1957 


THe 1957 Viking Fund Medals and prizes of 1,000 
dollars each for outstanding contributions to an- 
thropology have been awarded to Drs. Raymond A. 
Dart, James B. Griffin and Margaret Mead. Dr. Dart 
was elected by the American Association of Physical 
Anthropologists as medallist in physical anthropology. 
He is dean of the Faculty of Medicine at the University 
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of the Witwatersrand. Since 1925, Dr. Dart has dis- 
covered many specimens of a sub-human. creature, 
Australopithecus prometheus. He postulated that this 
proto-man belonged to the hominid rather than the 
ape family, and that Africa, not’ Asia, was the birth- 
place of man. In 1955, Dr. Dart discovered Australo- 
pithecus buried with crudely-worked tools of a Pebble 
Culture. Dart’s theory was thereby accredited and his 
find recognized as the most primitive creature known 
to date that can be called human. Dr. Griffin, 
director of the Museum of Anthropology and professor 
of anthropology at the University of Michigan, was 
cited by the Society for American Archeology for 
his great influence in promoting the aims of scientific 
archeology, and for his unsurpassed knowledge of 
the form, range and distribution of artefact styles in 
North America. Dr. Mead was selected as the 1957 
medallist in’ general anthropology by the American 
Anthropological Association. She is associate curator 
of ethnology at the American Museum of Natural 
History, and has done more than any other single 
individual to introduce anthropology to the American 
public. A prolific writer, among Dr. Mead’s most 
popular books are “Coming of Age in Samoa”, 
“Growing Up in New Guinea’, “Malo and Female” 
and “New Lives for Old’. 

The Viking Fund Medals and awards originated 
upon the suggestion of Dr. Axel L. Wenner-Gren, 
the Swedish industrialist who endowed the Founda- 
tion now bearing his name. Since 1946, the Wenner- 
Gren Foundation has provided the medals and 
prizes of 1,000 dollars, which are awarded to the 
general anthropologist, archeologist and physical 
anthropologist who has made a significant contri- 
bution to his field. 


Train Control on Railways in Britain 


In replying to a debate on automatic train control 
on March 7, on an adjournment motion moved by 
Mr. P. C. Goodhart, Mr. G. R. H. Nugent, Parliament- 
ary Secretary to the Ministry of Transport and Civil 
Aviation, said that in the past 46 years, 698 formal 
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difficulties were encountered. The routes carrying 
the greatest train frequency and speed would receive 
the earliest attention, and installation is in no way 
retarded by capital restrictions. 


Millenary Celebrations of Al-Mas‘udi 


‘Tyr millenary of Al-Mas‘udi, the tenth century 
Arab geographer, traveller and encyclopedist, was 
recently celebrated at the Muslim University, Aligarh, 
under the joint auspices of the Institute of Islamic 
Studies, Aligarh, and the Indian Society for the 
History of Science. About thirty papers were 
received from all parts of the world, including Britain, 
Egypt, France, Holland, India, Iran, Lebanon and 
the United States 

Mr. A. A. A. Fyzee, vice-chancellor of the Univer- 
sity of Jammu and Kashmir, devoted his presidential 
address to the need for studies of the humanities in 
the university, particularly in view of the tech- 
nological changes in progress in India. He stressed 
that the aim was not to produce theologians, which 
has been the dominant tendency in the past, “but 
to produce men of understanding and intelligence, of 
balanced judgment and critical appreciation of the 
past”. Prof. M. S. Thacker emphasized the col- 
laboration that had existed between the Arab 
countries and India in the search for knowledge. 
After giving a general survey of Al-Mas‘udi’s contri- 
bution in the field of science, he suggested the great 
need for a scientific study of the available material, 
particularly from the point of technology and its 
relation with the intellectual attainments of the age. 
Prof. N. Ziadeh discussed the geographical, climato- 
logical and certain social details of Sham (Syria) 
given by Al-Mas‘udi, and Dr. M. Shafi dealt with his 
geographical contributions, particularly in the field 
of human geography, which Al-Mas‘udi did much to 
establish on scientific lines. In a general survey of 
science at the time of Al-Mas‘udi, Mr. A. Rahman 
emphasized its characteristic features, namely, its 
association with the concept of God as the driving 
force of the universe, and its relation to the Greek 


philosophical outlook. It is proposed that the con- p.. 
in which 1,599 people were killed. Of these accidents, tributions shall be published in the form of a com > ~ 
automatic train control could probably have avoided memorative volume. 1," oa oe wi 
Il per cent and 31 per cent of the fatalities. Track , ae ae an a Es, 
circuiting is a further safety device which serves Society for Visiting Scientists ee a 
primarily to record that a train is in a particular : 
sector of the track, and with colour light signals, which 


inquiries had. been made in Britain into rail accidents 


Tue report of the secretaries on behalf of thé e"; 
Council of the Society for Visiting Scientists to thes | 3 
are easier to see, especially at night and in fog, and can J 
be linked with automatic train control and track cir- 
cuits and the control board in the signal box, could 
make a big contribution to traffic safety but without 
eliminating the human element. Automatic train 
control was started on the initiative of the Great 
Western Railway in 1905, but the equipment of the 
main lines of Britain was not completed until 1930, 
- and the non-contact magnetic Hudd system evolved 
in the 1930’s and tried on the London, Midland and 
Scottish Railway was not finally approved by the 
Minister of Transport until 1947. In 1948, the British 
Transport Commission decided to make a wide ex- 
tension of automatic train control, colour light signals 
and track circuits: the Great Western system was 
regarded as unsuitable for electric lines and its heavy 
mechanized parts were unsuitable for permanent 
and universal adoption. The Commission is also 
convinced that a non-contact magnetic system 
superior to the Hudd system could be found ; but 
although full-scale trials have been carried out since 
1950 on the east coast line, as was expected, many 


tenth general meeting on December 19 records con- 
tinued restriction, for financial reasons, of the 
Society’s activities, although the Overseas Science 
Students’ Association continues to flourish. . The 
Society has now nearly 2,900 members, from sixty- 
five countries, but only one reception could be held 
during the year, for participants in the symposium of 
the Royal Astronomical Society and the Royal 
Meteorological Society on ‘‘Planetary Atmospheres 
and Convection in Rotating Fluids’. The Society’s 
information service is constantly growing, helped by 
generous gifts of periodicals and reference books, but 
only limited success attended an attempt to increase 
the income from industry. Five most successful dis- 
cussion meetings were held during the year, dealing 
respectively with “The Effects of Low Temperatures 
on Mammals and their Tissues” ; “The Widening Field 
of Application of Electronic Computers”; ‘““Taste 
and Smell’; “Water Quality Problems in the United 
Kingdom” ; and ‘Science and Furniture”. The lively 
discussion which characterized all the Society’s 
meetings is further indication of the value of its 
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work and of the desirability that adequate financial 
support should enable it to make its full contribution 
in assisting scientific co-operation and understanding. 


The Parapsychological Association 


Tne formation of the Parapsychological Associa- 
tion, an international professional group of research 
workers in the field of extrasensory perception and 
psychokinesis, has been announced. The objects of 
the Association are to advance parapsychology as a 
science, to disseminate knowledge of the field, and 
to integrate the findings with those of other branches 
of science. Full membership is restricted to those 
with doctorate degree training or equivalent. The 
founding officers are: President, R. A. McConnell 
(Biophysics Department, University of Pittsburgh) ; 
Vice-President, G. R. Schmeidler (Psychology Depart- 
ment, City College of New York); Secretary, R. 
White (Parapsychology Laboratory, Duke Univer- 
sity); Treasurer, R. J. Cadoret (Duke University) ; 
. Members of Council, M. Anderson (Duke University), 
K. Osis (Parapsychology Foundation of New York) 
and W. G. Roll (University of Oxford). 


Conference on High Energy Nuclear Physics 


More than 200 scientists from twenty-six nations 
have been invited to participate in the 1958 Annual 
International Conference on High Energy Physics, 
organized by the European Organization for Nuclear 
Research (CERN), in Geneva during June 30-July 5. 
Participation at the 1958 Conference is by invitation 
only. Among the 226 scientists invited so far, more 
than a hundred have already accepted, among them: 
Prof. W. Heisenberg, of Germany; Prof. Leprince- 
Ringuet, of France; Prof. E. Amaldi, of Italy ; 
Prof. Hideki Yukawa, of Japan; Prof. P. Scherrer 
and Prof. W. Pauli, of Switzerland ; Sir John Cock- 
croft and Prof. P. M. S. Blackett, of the United 
Kingdom; and from the United States, Dr. C. N. 
Yang, Dr. T. D. Lee, Dr. J. R. Oppenheimer and 
Prof. L. W. Alvarez. During ten plenary sessions in 
the auditorium of the Physics Institute of the Univer- 


^ sity of Geneva, papers will be presented on nucleon 
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Expositions. The British section is being organized 
by the Nuclear Energy Trade Associations’ Con- 
ference, which represents all major British firms 
concerned with atomic energy. People interested in 
attending the Conference as observers should apply 
for passes not later than April 19. Representatives 
from industrial firms who are working in the atomic 
energy field should apply to Mr. M. H. L. White- 
house, Nuclear Energy Trade Associations’ Con- 
ference, 32 Victoria Street, London, S.W.1, and all 
others to Mr. J. C. Walker, United Kingdom Atomic 
Energy Authority, 11 Charles II Street, London, 
S.W.1. The United Kingdom representatives on the 
United Nations scientific secretariat for the Con- 
ference will be Mr. F. Hudswell and Mr. W. B. 
Woollen (Atomic Energy Research Establishment, 
Harwell) and Mr. T. E. F. Carr (Medicel Research 
Council). 
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Isotope Courses at Harwell 


A COURSE on radioisotopes, designed to give senior 
executives in industry an appreciation of the possible 
applications of those materials, will be held at the 
Harwell Isotope School during September 23-26. 
Two similar courses have been arranged for April 
15-18 and July 8-11 for members of the Institute of 
Directors only. The course consists of lectures on 
the elementary principles of work with radioactive 
isotopes with the emphasis on their application as 
tools in industry and research. The lectures will be 
given in as non-technical a manner as possible by scien- 
tists experienced in the field; they will be supple- 
mented by visits to a reactor and to the laboratories 
of the Isotope Division at Harwell and at the Wantage 
Radiation Laboratory near Harwell. The lectures 
and demonstrations will be given in the Cockcroft 
Hall at Harwell. Further information can be obtained 
from the Registrar, Isotope School, Atomic Energy 
Research Establishment, Harwell. 


City and Guilds of London Institute : Fellowships 


Tne Council of the City and Guilds of London 
Institute have conferred .the Fellowship of the 


‘‘structure; the nucleon and its interactions with 
“. pidns, photons, nucleons and anti-nucleons; funda- 
«mental theoretical ideas ; strange particle production 
and interaction ; invariance principles and selection 
7 rules, and weak interactions. The conference pro- 
ceedings, including original papers presented, will be 
‘<¢published by CERN. 


Institute (F.C.G.I.) upon the following past students 
of the City and Guilds College or Finsbury Technical 
College in recognition of their distinguished con- 
tributions to industry or the professions in which 
they are engaged: D. H. Alexander, principal, 
College of Technology, Belfast; W. A. Coates, 
retired, former director of Metropolitan-Vickers Elec- 


Second Geneva Conference on Peaceful Uses of 
Atomic Energy 


THE second International Conference on the Peace- 
ful Uses of Atomic Energy is to be held in Geneva 
during September 1-13, under the auspices of the 
United Nations (Nature, 180, 217; 1957). The 
president of the Conference is to be Prof. F. Perrin, 
of the Commissariat à l'Energie Atomique de France, 
and the secretary-general, Dr. S. Eklund, of Sweden. 
Two atomic energy exhibitions will be held in Geneva 
during the Conference. The first will be a scientific 
exhibition under the auspices of the United Nations, 
at the Palais des Nations. A United Kingdom 
exhibit, 5,000 sq. ft. in extent, is being arranged by 
the U.K. Atomic Energy Authority, to include a 
model of the thermonuclear research apparatus, 
ZETA. The other exhibition, which will be com- 
mercial, is the International Exhibition on the 
Peaceful Uses of Atomic Energy, at the Palais des 


trical Co., Ltd. ; G. H. Hopewell, managing director, 
Foster Wheeler, Lid.; F. C. Wright, managing 
director, Standard Telephones and Cables, Ltd. 


The Night Sky in April 


FULL moon occurs on April 4d. 08h. 45m. v.7., 
and new moon on April 10d. 03h. 23m. The following 
conjunctions with the Moon take place: April 5d. 
04h., Jupiter 2° N.; April 9d. 02h., Saturn 3° S.; 
April 13d. 13h., Mars 7° §.; April 15d. 00h., Venus 
4° S. There will be an annular eclipse of the Sun on 
April 19, invisible at Greenwich. Mercury is favour- 
ably placed for observation during the first week of 
the month, setting at 20h. 20m. on April l; its 
stellar magnitude on that date is + 0-5. Later in 
the month, Mercury is too close to the Sun for 
observation. Venus is a morning star, visible low in ~ 
the south-east before sunrise. It rises at 4h. 10m., 
3h. 50m. and 3h. 25m. on April 1, 15 and 30, respec- 
tively ; its stellar magnitude is about — 4-0. During 
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the month its distance from the Earth increases from 
58 to 80 million miles and the visible portion of the 
apparent disk from 0-450 to 0:600. Mars rises at 
4h. 00m., 3h. 30m. and 2h. 50m. at the beginning, 
middle and end of the month, respectively. It is 
visible low in the south-east before sunrise, but 
conditions are not very favourable; its stellar 
magnitude is + 1:0. Jupiter rises at 20h. 05m., 
19h. 00m. and 17h. 45m. on April 1, 15 and 30, 
respectively, and sets at 4h. 20m. on April 30; it is 
visible throughout the night. Opposition is on April 
17; the planet is near Spica. The stellar magnitude 
of Jupiter is — 2:0, its distance from the Earth on 
April 15 being 410 million miles. Saturn rises at 1h. 
05m., Oh. 10m. and 23h. 10m. at the beginning, 
middle and end of the month, respectively; it is 
east of 0 Ophiuchi. Its stellar magnitude is + 0:6 
and it is at a distance of 890 milion miles from the 
Earth on April 15. Occultations of stars brighter 
than magnitude 6 are as follows, observations being 
made at Greenwich: April 6d. 04h. 20-5m., œ Lib. 
(D); April 25d. 20h. 34-9m., 68 Gem. (D). D refers 
to disappearance. The Lyrid meteors are active 
during April 20-22. Conditions are very favourable ; 
the radiant is near right ascension 18h. 04m., 
declination + 33°. 
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Announcements 


Tae Council of the Royal Microscopical Society 
has made the following elections to honorary fellow- 
ship of the Society : Dr. Edwin H. Land, president 
of the Polaroid Corporation, Cambridge, Massachu- 
setts, in recognition of his contributions to micro- 
scopy; Dr. Maria Rooseboom, curator, National 
Museum for the History of Science, Leyden, in 
recognition of her valuable work in connexion with 
the history of microscopy. 


THe Council of the Iron and Steel Institute has 
announced the following awards for 1958: Bessemer 
Gold Medal for 1958, to Mr. W. F. Cartwright (Steel 
Company of Wales, Ltd.); Sir Robert Hadfield 
Medal for 1958, to Mr. W. C. F. Hessenberg (British 
Iron and Steel Research Association) ; Ablett Prizes 
for 1957, £50 each to Mr. C. E. H. Morris and Mr. 
R. N. Dale (Steel Company of Wales, Ltd.), for their 


paper, “Planning the Conversion of a High-lift 
Slabbing Mill to a Universal Mill” (J. Iron and Steel 
Inst., April 1957). : 


Dr. B. R. NisHawan, director of the National 
Metallurgical Laboratory, Jamshedpur, has been 
given the award of ‘Padma Shri’ by the President of 
the Republic of India, in recognition of his excep- 
tionally distinguished services in the field of science 
in India. 


Mr. J. D. Hanpysipz has been appointed con- 
troller of research, National Institute of Industrial 
Psychology, with effect from April 1. 


Tue Institution of British Agricultural Engineers 
is able to offer, through the generosity of Shell Mex 
and B.P., Ltd., a number of bursaries for award to 
candidates eligible for entry to the final-year course 
of study leading to the examination in July 1959 for 
the National Diploma in Agricultural Engineering. 
_These bursaries are normally available in units of 
£50, but their disbursement may be varied at the 
discretion of the Examination Board. The conditions 
governing the award may be obtained from the 
Secretary of the Institution of British Agricultural 
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Engineers, 6 Buckingham Gate, London, 8.W.1. The 
closing date for receiving completed applications is 
May 1, 1958. 


Tue Physical Society is holding a conference on 
“Nuclear Physics” at the Cavendish Laboratory, 
Cambridge, on April 10-11. Further information 
can be obtained from the Secretary, The Physical 
Society, 1 Lowther Gardens, Prince Consort Road, 
London, §8.W.7. 


Tax 1958 National Symposium of the U.S. Institute 
of Radio Engineers Professional Group on “Microwave 
Theory and Techniques” will be held at Stanford 
University, Stanford, California, during May 65-7. 
Further information can be obtained from Glenn H. 
Keitel, Publicity Chairman, 1958 PGMTT National 
Symposium, 601 California Avenue, Palo Alto, 
California. . 


THE 1958 International Conference on Semi- . 


conductors, sponsored by the International Union of 
Pure and Applied Physics, will be held at the 
University of Rochester, New York, during August 
18-22. Further information can be obtained from 
M. H. Hebb, P.O. Box 1088, Schenectady, New York. 
Abstracts must be received by May 1. 


A ONE-DAY conference on statistical sampling in 
industry, organized by the Birmmgham Group of 
the Industrial Applications Section of the Royal 
Statistical Society, will be held at the Birmingham 
College of Technology on May 7. Further information 
can be obtained from D. Goldberg, Lamp and 
Lighting Co., Ltd., Melton Road, Leicester. 


An informal discussion on “The Structure and 
Physical Chemistry of Nucleic Acids and Nucleo- 
proteins” will be held in the Department of Chemistry, 
University of Birmingham, on September 17-18, 
under the auspices of the Colloid and Biophysics 
Committee of the Faraday Society. Papers on the 
following topics will be read : nucleic acids (especially 
ribonucleic acid), synthetic polynucleotides, nucleo- 
proteins. 
others who wish to take part should notify Dr. A. R.. 


Peacocke, Department of Microbiology, University of 


Birmingham, Edgbaston, Birmingham 15, to whom 
titles of papers should be sent before June 1. 


Members of the Faraday Society and. 


= 


Tae essay subjects for this year’s Endeavour Prizes: 3A. na 


of the British Association for the Advancement of 
Science will be as follows: education for an age of 
science ; rockets and satellites and their scientific 
significance ; photography and cinematography in 
science; chemicals from petroleum; Darwinism 
to-day ; the measurement of time. The essays must 
be sent in by June 1 and should not exceed four 
thousand words. Competitors must be less than 
twenty-five years old, and the prizes will be 50, 25 
and 15 guineas, with two special awards of 5 guineas 
to those less than eighteen. Further information can 


>be obtained from the Assistant Secretary, British 


Association for the Advancement of Science, Burling- 
ton House, Piccadilly, London, W.1. 


ERRATA. Referring to the article entitled ‘‘Non- 
Conservation of Parity’ in Nature of February 15, 
Prof. A. Salam writes: “p. 448 (1d), column 2, 
line 5, for ‘right’ read ‘left’; (e) for subscript ‘Z’ 
read ‘R’. I am grateful to Dr. J. R. Holt for pointing 
out these errors”. 


r 
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RECENT ADVANCES IN NUCLEAR PHYSICS 


NEW series of meetings has been inaugurated 

at the Royal Society at which normally three 
Fellows will be invited to present statements on 
topics of current interest. Unlike the usual meetings 
for the reading of papers and the discussion meetings 
which are held periodically, the proceedings at these 
new meetings will not be published and the speakers 
will be free to treat the subject in a broader and 
perhaps more speculative manner than would be the 
case if their words were to be printed in the Society’s 
Proceedings and Transactions. 

The subject of the first meeting, held on February 
20, was “Recent Advances in Nuclear Physics”. 
Each of the three speakers, Profs. D. H. Wilkinson, 
W. E. Burcham and R. E. Peierls, spoke for half an 
hour. They chose to discuss aspects of what is prob- 
ably the most significant advance made in the past 
twelve years, namely, the discovery that the motions 
of nucleons inside a nucleus are not strongly cor- 
related but are largely independent of each other. 
In nuclear structure studies discussed by Prof. 
Wilkinson, this phenomenon has led to the estab- 
lishment of the ‘nuclear shell-model’, in which, as a 
firsts approximation, nucleons in a nucleus move in 
an overall common potential V. The counterpart of 
the shell-model in nuclear reaction studies is the 
‘optical model’ described by Prof. Burcham. 

Prof. Wilkinson spoke specifically on ““The Struc- 
ture of Light Nuclei”, using the sholl-model to 
interpret the considerable body of data that has 
accumulated on nuclear-level schemes, transition 
probabilities, and magnetic moments. In applying 
the model, one introduces two types of forces acting 
on the nucleons over and above the common potential 
V. The first type of force is that acting between pairs 
of nucleons. By direct analogy with Coulomb forces 
acting between pairs of electrons in an atom, these 
forces tend to couple the orbits of the nucleons 
together to produce L-S coupling. The second type 


-~ “ig that which couples the spin of each nucleon to its 


orbit (like the Thomas force in the atom) and tends 
to produce j¥ coupling. In the presence of both 
types of forces, the coupling situation in & nucleus 
is described as intermediate and is characterized by 
the ratio of the effective strength of the inter-nucleon 
forces to the spin-orbit forces. This ratio is the most 
significant parameter available when attempting to 
fit observations. 

Prof. Wilkinson showed an extensive series of 
slides representing the work of many people and 
containing comparisons of experimental data on 
various light nuclei with the predictions of the shell- 
model. The agreement is impressive, especially in 
such cases as carbon-13 and nitrogen-13, where the 
observed values of five different kinds of data are 


fitted with the same value of the parameter. A: 


satisfactory feature of the fits is that the “best values’ 
of the effective strengths of the two types of 
forces vary smoothly with mass numbers and are 
in reasonable agreement with theoretical predio- 


_ tions. 


Prof. Burcham discussed “The Optical Model and 
Nuclear Reactions’. The optical model attempts to 
incorporate features of both the ‘compound nucleus’ 
model of nuclear reactions, and the shell-model of 


nuclear structure. Corresponding to the latter model, 
the effects of a nucleus on the motion of a bom- 
barding nucleon can. be represented by a real potential 
V, which merely deflects it. Compound nucleus 
formation, which occurs as a result of a collision in 
which the incident nucleon loses energy to a target 
nucleon, may be included by adding to V an imaginary 
iW. In the manner well known in optics, such a 
term represents absorption. Small values of W cor- 
respond to small absorption, that is, there is little 
probability of formation of compound nuclei ; 
jarge values correspond to lerge absorption and 
large probability of formation of compound nuclei; 
moderate values correspond to intermediate situations 
in which the number of nucleons passing through the 
nucleus compares with the number that are absorbed 
into the compound nucleus. For any given values of 
V and W, one may calculate the absorption, shape- 
elastic and total cross-sections, and if a spin-orbit 
potential is included, the polarization of elastically 
scattered nucleons. Comparison with observation 
then enables the potentials to be determined. 

At low energies (less than 5 MeV.) total cross- 
sections for neutrons exhibit variations with energy. 
Peaks occur at energies corresponding to single- 
particle resonances in the real potential V, and the 
fact that such peaks are observed at all means that 
W must be rather small (about 2 MeV., which is 
much less than the value of V, ~ 40 MeV.). 

Observations at higher energies up to 1,000 MeV. 
suggest that W imcreases with energy up to 100 
MeV., then flattens off and increases again af energies 
greater than 400 MeV., where absorption due to 
meson production is important. In contrast, V 
appears to decrease steadily until it becomes zero 
near 350 MeV. (This may be shown directly by use 
of the optical theorem stating that the total cross- 
section is equal, apart from known constant factors, 
to the imaginary part of the forward-scatterimg 
amplitude. ‘The observed values of the total and 
forward scattering cross-sections at 350 MeV. show 
that the real part, which is proportional to V, must 
be very small.) 

The optical model has proved to be very useful for 
the analysis of nuclear cross-sections, just as the 
shell-model is useful for mterpreting data on nuclear 
structure. For many years, it was argued that the 
type of nucleon motion envisaged by the shell-model 
ig in such contrast to the strong short-range nuclear 
forees that the model could not possibly be valid. 
Acceptance of the model has come only with its 
convincing success in applications. : Now that the 
applicability of the shell and optical models in 
practice is so well confirmed, much attention has 
been given to the theoretical problem of under- 


“standing why the models work. Prof. Peierls devoted 


his talk, “The Theoretical Basis of the Shell-Model 
and Optical Model’, to this matter. 

It appears that the basic reason why nuclear forces 
are not nearly as effective in nuclear matter as one 
might guess is the action of the Pauli Principle. A 
system of Fermi particles with no interactions in its 
lowest state has one particle in each of the single- 
particle momentum states up to the Fermi level. 
When interactions are introduced, even though they 
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may be strong and of short range, they will not 
seriously modify the state, since all collisions with 
small momentum transfers are forbidden. Unfor- 
tunately, such an approach, using interactions con- 
taining sufficient exchange forces to produce satura- 
tion, gives too little binding-energy. The source of 
this discrepancy appears to be the fact that nuclear 
saturation arises only partly from exchange forces, 
another cause being the infinitely repulsive core in 
the nuclear interaction. The presence of this core 
means that shell-model wave-functions cannot poss- 
ibly be correct when any two nucleons are separated 
by Just the range of the core. Nevertheless, since 
the range of the core is considerably smaller than the 
mean inter-nucleon spacing, they are expected to be 
correct otherwise. Mathematical techniques have 
been developed for taking account of the effects of 
the cores in the wave-functions, and it is believed 
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that one has, in principle, a reliable scheme for com- 
puting nuclear properties, especially binding-energies, 
using realistic nuclear forces. The main trouble, in 
practice, is the great labour involved in calculation. 
This reduces to reasonable magnitude only when 
considering large hypothetical systems in which 
surface effects are negligible. An important by- 
product of such calculations is the estimation of the 
nuclear potential, V, as a function of the momentum 
of a nucleon. This emerges in an iteration procedure 
in which one assumes values for V, then calculates 
new values and continues until convergence is 
obtained. It can be identified with the real part of 
the potential of the optical model, and so the cal- 
culations predict this quantity as well as the nuclear 
binding energies. 

The meeting ended after the speakers answered a 
few questions from the audience. A. M. LANE 


BIOCHEMISTRY OF GLUTATHIONE 


To Biochemical Society arranged a symposium 
on glutathione, organized by Dr. E. M. Crook 
and held on February 15 at the Senate House, 
University of London. As indicated by Prof. R. H. S. 
` Thompson’s opening remarks, the subject is attractive 
in bringing together a wide range of disciplines : 
purely chemical and analytical studies, plant and 
animal biochemistry, and pharmacology, toxicology 
and general biology. 

The metabolism of glutathione in plants is notable, 
as described by Dr. L. W. Mapson-(Low Temperature 
Research Station, Cambridge), for the well-defined 
systems which catalyse both oxidation and reduction 
at its sulphide group. Glutathione reductase has 
been, found in most organisms in which it has been 
sought. More characteristic of plants than animals 
is dehydroascorbie acid reductase, which catalyses 
the interaction of reduced glutathione with the 
oxidized form of ascorbie acid. The reduced ascorbic 
acid formed can be oxidized by established routes, 
and about a quarter or a half the oxygen uptake of 
preparations of germinating pea cotyledons may 
proceed by this route, providing an example of the 
respiratory function envisaged for glutathione by 
Hopkins and others. However, attempts to demon- 
strate the generation of high-energy bonds during 
these changes have so far been unsuccessful. 


Glutathione in Animal Tissues 


In animal tissues there appears relatively little 
scope for this route of oxidation; but oxidation by 
purely chemical routes, for example, by exchange 
with other disulphides, can readily occur. This and 
other aspects of the chemistry of glutathione were 
surveyed by Dr. F. A. Isherwood (Low Temperature 
Research Station, Cambridge); thus transacylation 
also oceurs spontaneously between the thiol group of 
glutathione and S-acyl compounds. Oxidation and 
. mercaptide formation at the glutathione thiol group 
form the basis of two analytical methods for gluta- 
thione described in detail by Dr. C. G. Thomson 
(Institute of Psychiatry, London), who compared 
results with these methods with those obtained 
using glyoxalase. A considerable measure of agree- 


ment was found when these techniques were applied 
to blood and to cerebral tissues. Each tissue, 
however, presents its own problems in fixation, 
extraction, and the presence of substances likely to 
interfere in assay, as was evident also from discussion. 

Reviewing glutathione in animal tissues generally, 
Dr. P. C. Jocelyn (University of Edinburgh) described 
recent studies of its synthesis. Synthesis proceeds 
through y-glutamyleysteine and is catalysed by two 
distinct synthetases in tissues including erythrocytes 


„and liver. In the liver, the synthesis appears to be 


affected by growth hormone and adrenaline; the 
extent to which vitamin B,. is involved in the main- 
tenance was also appraised. Although glutathione 
has been suggested as a substrate in tho further 
synthesis of proteins, experiments on incorporation 
of amino-acids into ovalbumin, and other lines of 
evidence, have failed to support the idea. 

In neural tissues, Prof. H. McIlwain (Institute of 
Psychiatry, University of London) deseribed the 
determination of glutathione in the brain fixed rapidly 
in situ, and its maintenance during in vitro experi- 
ments. Assimilation, synthesis, and breakdown of 
glutathione in cerebral tissues proceed at relatively 
slow rates, as also does its acylation. Deacylation is 
more rapid, especially of an acetylglycyl glutathione. 
Enzyme catalysis of the oxidation of glutathione has 


not been found, but the tissue possesses a very active 


glutathione reductase which forms the main route of 
oxidation of reduced triphosphopyridine nucleotide. 
This system operates at nearly maximal rate at the 
low concentrations of oxidized glutathione and of 
reduced triphosphopyridine nucleotide which are 
native to the tissue. Indeed, its operation would 
appear to be the main factor in securing the great 
preponderance of the reduced form of glutathione 
normally found in vive, and to be necessary if gluta- 
thione is to perform the role so often ascribed to it, 
of maintaining thiol enzymes and coenzymes in their 
active, reduced, forms. Participation of glutathione 
in cerebral carbohydrate metabolism is well estab: 
lished, and change in level of blood glutathione has 
been reported to be associated with mental disease. 
Administration of large quantities of glutathione to 
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man. with the intention of altering mental status has 
displayed the relatively small central effects produced 
in this way, in distinction to the marked effects of 
other thiols on the nervous system. Blood con- 
stituents are, however, altered by the administration 
of such quantities. 

Analogues of glutathione have been found to occur 
naturally in the lens of the eye. Their isolation was 
described by Dr. S. G. Waley (Nuffield Laboratory of 
Ophthalmology, Oxford); they differ from gluta- 
thione at its cysteinyl residue, ophthalmic acid being 
y-glutamyl-«-amino-n-butyrylglycine, and norophth- 
almic acid the alanyl derivative. They appear to be 
produced in the lens by the system which synthesizes 
glutathione, for competition can occur when substrates 
for more than one product are provided. Glutathione 
synthesis is affected also by the X-irradiation which 
induces cataract ; after exposure, the glutathione con- 
centration in the lens falls, but causal relationship 
between this change and the cataract is still under 
investigation. A further. intriguing product isolated 
from the lens is S-sulphoglutathione, which can be 
formed from sulphite and oxidized glutathione. 


Radiation Damage ; Glyoxalase 


In reviewing relationships between thiols and radia- 
tion damage generally, Dr. D. B. Hope (M.R.C. Radio- 
biological Research Unit, Harwell) described the 
inactivation of thiol enzymes brought about in vitro 
by irradiation. This has not been observed in vivo, 
so the enzymes involved are in some way pro- 
tected, and attempts have been made to enhance the 
normal protection by administered substances. 
Glutathione to a small extent protects mice from 
the lethal effects of X-irradiation, but cysteamine, 
dithiocarbamates, and other compounds are more 
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effective; they have in common the property of 
lowering the body temperature of animals. 

Interesting points regarding glyoxalase came from 
several contributors. This is the system converting 
methylglyoxal to lactic acid, in which coenzyme 
status for glutathione was first established, and which 
once appeared to constitute the main route of glycoly- 
sis in many organisms. Its displacement from this 
role was exemplified in cerebral tissues: lactic acid 
formation from methylglyoxal, though rapid, is 
inadequate to account for the high rates at which 
lactic acid was afterwards found to be produced 
from glucose. That the glyoxalase system com- 
prises two enzymes, adumbrated by F. G. Hopkins 
in his posthumous paper with E. J. Morgan, is gener- 
ally agreed. Perhaps surprisingly, the immediate sub- 
strate for glyoxalase I is still debated, Dr. Waley’s 
evidence favouring the hemimercaptal between 
glutathione and methylglyoxal. In this system in 
the lens, ophthalmic acid acts as a competitive 
inhibitor. Glyoxalase I yields S-lactoylglutathione, 
the substrate of glyoxalase II. However, a prepara- 
tion from cerebral tissues is reported to hydrolyse 
at least one other substrate more rapidly than 
glyoxalase intermediate : this is S-acetylglycylgluta- 
thione. Hydrolytic enzymes have also been found in 
mouse liver which are specific to S-acyl derivatives of 
glutathione. 

Concluding remarks by Dr. ©. P. Stewart (Univer- 
sity of Edinburgh) emphasized these and other aspects 
of the biochemistry of glutathione in which further 
investigation is still required. He indicated how 
studies of radiation damage, and the S-sulphogluta- 
thione from the lens, offer hints on compounds 
intermediate in the conversion of —SH to —S.S— 
glutathione, & process likely to involve two stages. 
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NATIONAL OCEANOGRAPHIC COUNCIL 
ANNUAL REPORT 1956-57 . 


HE report of the National Oceanographic Council 

for 1956-57 (pp.`v+34. Cambridge: At the 
University Press, 1957. 65s. net) describes the work 
carried out by the National Institute of Oceanography 
during the year ending March 31, 1957. The activities 
cover the two main fields of marine physics and marine 
biology, and follow the broad objectives set in previous 
years. 

In marine physics, the technique of determining 
deep currents by tracking a neutrally buoyant float, 
drifting freely at a predetermined depth, has been 
exploited further. The most significant piece of work 
was the discovery of a southerly-flowing deep current, 
at depths greater than 2,500 m., beneath the Gulf 
Stream. This was achieved in the course of a joint 
expedition by R.R.S. Discovery II, and the U.S. 
research vessel Atlantis to an area about 150 miles 
off the coast of South Carolina. Other measurements 
of deep currents were made during the year in the 
Faeroe-Shetland Channel, off the Sogne Fjord, and 
in a region north of Madeira. 

Waves and swell have been one of the Institute’s 
main interests since its inception, and during the past 
year or two increasing attention has been given to 
their effects on the rolling, pitching and heaving of 
ships. The work on this subject has attracted much 


interest among scientists and engineers concerned 
with ship motion, in Great Britain and in the United 
States. A series of theoretical papers has also been 
published, treating the statistical properties of waves 
as those of a random, moving surface. Other studies of 
waves include their relation to microseisms and the 
relation of both to the movements of storms generat- 
ing them. Turning to waves on a longer time-scale, 
basic research with a bearing on storm surges has 
been continued, both by mathematical models and 
by electrical analogue techniques. 

The productivity of oceanic waters is one of the 
Institute’s major objectives in marine biology, and 
advances have been made in instrumental and 
operational techniques for this purpose. An example 
of this is provided by work on the quantitative 
sampling of zooplankton from water layers at various 
depths. Research at sea on organic productivity 
included three weeks observations in one position, 
600 miles west of Portugal, during the autumn of 
1956. Repeated measurements were made from 
Discovery II of the light energy, rate of photosyn- 
thesis and the standing crop of phytoplankton and 
zooplankton. 

Another broad field of investigation concerns the 
oceanic distribution of marine organisms. Compre- 


March 29, 1958 


hensive studies have been made of the distribution of 
various species of the plankton fauna in the Southern 
Ocean and in the Benguela Current. An interesting 
feature is the tendency for populations of different 
species of zooplankton to be segregated in concentric 
circumpolar zones. A technique for obtaining under- 
water photographs of squid has been developed and 
used successfully at depths of 300-1,000 m. 

Work has been continued on the distribution and 
life cycles of whales, a knowledge of which is required 
in formulating international regulations. An investi- 
gation is being made of two alternative methods of 
age determination in baleen whales: by the lamina- 
tions in the ear plugs and from the accumulated 
corpora albicantia in the ovaries. A comprehensive 
paper has been published on the biology of sperm 
whales, and a study of ambergris is in progress. 
Work is also being done on the geographical distribu- 
tion of the various species of whale and their move- 
ments between one ocean area and another. 

R.R.S. Discovery II was kept in full commission 
throughout the year, although for three months she 
was on hire to the Admiralty and so not employed 
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HE Opencast Coal Bill, which had an unopposed 

second reading in the House of Commons on 
January 22, is a complicated Bill which replaces the 
powers at present exercised under Defence Regula- 
tions by a system of planning control, acquisition 
and compensation incorporating some of the main 
points made in the Franks report. It provides that 
no opencast operations can take place without the 
permission of the Minister, who will, in his consent, 
insert conditions ensuring that damage is reduced to 
the minimum, and, when agricultural land is affected, 
that the land be restored to a reasonably fit state 
for agriculture. 

It is intended to proceed wherever possible by 
agreement, and the compulsory rights order when 
used will give the Coal Board the right for a maximum 
of ten years to use the land for opencast mining. 
In moving the second reading, the Paymaster- 
General, Mr. R. Maudling; said there would be a 
continuing need for opencast coal for a considerable 
period: about 160 million tons of coal had been 
produced by this method from 109,000 acres, 13-5 
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on the Institute’s research programme. For six 
weeks in July-August 1956 the ship was lent to the 
Department of Geodesy and Geophysics of the Univer- 
sity of Cambridge, for a cruise to the Mid-Atlantic 
Ridge, which included seismic studies and measure- 
ments of heat flow through the sea bed. 

The Institute has continued to be directed by Dr. 
G. H. R. Deacon with Dr. N. A. Mackintosh as deputy 
director. Its total staff is about eighty (excluding the 
officers and crew of Discovery II), of whom thirty-six 
are in the scientific and experimental officer grades. In 
addition, seven visiting scientists from overseas were 
working in the Institute during the year. The expen- 
diture on the year’s work amounted to £193,000, of 
which £78,000 was for running Discovery II. The 
main source of income was £110,000 in grants from 
the United Kingdom Government. Commonwealth 
Governments contributed £9,000. The Treasury has 
decided to increase its grants to £175,000 per annum 
for the next five years and this should go a long 
way towards ensuring the further development of 
the Institute’s research programme. 

K. F. BOWDEN 


MINING 


million tons of this in 1957, and the need was 
generally but reluctantly accepted by the House; 
though Mr. Maudling, and Mr. A. Robens for the 
Opposition, alike recognized the damage done to 
amenity and agriculture and our duty to hand 
on the land in a better and not a worse condi- 
tion. 

While Mr. G. Nabarro condemned opencast mining 
generally but supported the Bill, Mr. M. Philips Price 
and Mr. R. Speir pressed more specifically for safe- 
guards and greater attention to amenity both in min- 
ing and in restoring the land. In replying on the de- 
bate, the Parliamentary Secretary to the Ministry of 
Power, Sir Jan Horobin, urged that, given the need for 
opencast mining, while the provisions of the Bill were 
not perfect, they were probably the best we could 
make. The vital question of amenity had not been 
overlooked and would be permanently in the minds 
of the Ministers who had to administer the Act. 
Improvements could possibly be made during the 
Committee stage and compensation would no longer 
be arbitrary. 


ANIMAL HEALTH IN GREAT BRITAIN 


NYONE interested in the health of domesticated 

animals and in their transit to and from Great 
Britain should read the “Report on the Animal 
Health Services in Great Britain 1956” (H.M.S.O., 
London, 6s. net), which includes a report on proceed- 
ings under the Diseases of Animals Act, 1950. The 
outstanding features of the report are, on the debit 
side, the high incidence, during 1956, of foot and 
mouth disease and anthrax, and the increase of fowl 
pest ; but these liabilities were offset by the steady 
progress of the Ministry of Agriculture’s scheme for 
the eradication of tuberculosis from cattle in Great 
Britain, by the demonstration by the Ministry’s 
veterinarians in the Isle of Wight that warble fly 


disease can be substantially reduced by co-opera- 
tion between the veterinarian and the farmer, and 
by the evidence provided in the report of the very 
wide range of research that is being devoted to the 
diseases of domesticated animals. 

The year 1956 was the worst year for foot and mouth 
disease since the widespread outbreaks of 1951 and 
1952. In 1956 there were 162 outbreaks, but these 
were confined to England and Wales. Of the 162 
outbreaks, thirty-two, which had no known connexion 
with other outbreaks, were attributed either to swill 
or to imported meat, bones or meat wrappers, and it 
was concluded that the disease came from the 
Continent. It was necessary to slaughter 10,547 
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cattle, 13,123 sheep, 4,793 pigs and 42 goats, and 
compensation paid amounted. to £824,658. 

Anthrax also increased during 1956, although the 
average mortality from this disease continued to be 
very low. The disease was very widespread and 
Yorkshire was especially severely affected. Circum- 
stantial evidence suggests that the outbreaks were 
caused by imported concentrated foodstuffs, though 
the infection could not be traced to any particular 
ingredient of these. 

Swine fever, on the other hand, showed a decline 
of nearly 50 per cent, during 1956, when there were 
only 741 outbreaks, the lowest figure since 1950: In 
November 1956, the Swine Fever (Infected Areas 
Restrictions) Order came into force, the object of 
which is to make possible the speedy imposition of 
restrictions on the marketing and movements of 
pigs in areas in which swine fever is prevalent. Fowl 
pest increased during 1956 and involved the destruc- 
tion of 1,205,181 birds and 1,005,023 hatching eggs 
at a cost of £1,371,710 in compensation. Of the 956 
outbreaks of this disease, 550 occurred among the 
dense poultry population of Lancashire, while 121 
occurred in Lincolnshire and 84 in Essex; but 
twenty-one English counties and the whole of Scotland 
were free from this disease. 

A review of suggestions for the control of warble 
fly led to the conclusion that, until a dressing can, be 
found that will kill the maggots of this fly while they 
are in the bodies of cattle, the only method of control 
is to achieve greater compliance with the Warble 
Fly (Dressing of Cattle) Order of 1948, and a cam- 
paign for this purpose was conducted, which included 
the showing of a film and announcements by poster, 
in the Press and on the radio. The fine summer of 
1955 favoured the laying of eggs by the warble fly 
on the hairs of cattle, and measures were taken to 
meet the expected increase in ‘warbles’ which occurred 
in 1956. There are in the Isle of Wight about 600 
herds of cattle, and the report shows that, as a result 
of the work of the Ministry’s veterinarians, the 
numbers of herds in the island completely free from 
warble infestation were 97 in 1954, 374 in 1955 and 
500 in 1956, with a corresponding reduction each 
year in the numbers of individual animals affected. 
A considerable degree of control has thus been 
effected by means of effective dressings applied at the 
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right time and by co-operation between the veterin- 
arians and the farmers. 

An important section of the report describes the 
good progress that has been made towards the 
complete eradication of tuberculosis from British 
cattle. The Tuberculosis (Attested Herds) Scheme, 
started in 1935, is entirely voluntary, and the report 
shows that, by the end of 1956, there were 7 million 
attested cattle in Britain, representing 67 per cent 
of the total. A map shows the attested areas in 
the west of Scotland, the Lake District and south 
and mid-Wales as they existed on January 1, 1957, 
and the areas in which free tuberculin tests have been 
available in 1955 and 1956. These include north 
Wales, an area south of the Lake District and the 
counties between the Devon border and the east 
coast of Kent. The testing of cattle is supported by 
veterinary detection of tuberculous cows Liable to 
infect the milk supply, though these are now rarely 
found. 

Another section of the report describes the work 
being done on the incidence of Brucella melitensis, 
which causes human Malta fever in the Mediter- 
ranean area. This organism has been found either 
in milk or in the aborted foetuses of cows, on forty-two 
farms in Britain, but there is no evidence that it has 
ever caused human illness in the United Kingdom. 
The slaughter of cattle infected with it has therefore 
been discontinued. It is not known why this organism, 
which is a near relative of Brucella abortus, the cause 
of contagious abortion in cattle (Bang’s disease), 
should cause human illness in the Mediterranean area 
but not in Britain. 

The very detailed regulations designed to protect 
animals in transit to and from the United Kingdom 
are emphasized in the report, which discusses, with 
valuable statistics, the export and import of horses, 
asses, mules, pigs and cattle. A Government inquiry 
into the export of cattle to the Continent was initiated 
in 1957, from which developments may be expected 
in the next report. 

The report also describes the wide range of research 
that is going on at the Ministry’s centres of research 
and veterinary investigation. This research includes 
studies of every disease or infection that may be 
encountered in Britain and some that are found 
elsewhere. G. LAPAGE 


VoL. 181 


REDUCTION OF ORGANIC HYDROPEROXIDES BY MICRO-ORGANISMS 
AND ANIMAL TISSUES 


By Dr. D. M. UPDEGRAFF and Dr. F. A. BOVEY 


Minnesota Mining and Manufacturing Co., Saint Paul 6, Minnesota 


URING the course of investigations of the bac- 
tericidal and bacteriostatic action of organic 
hydroperoxides, it was observed that 0-01 per cent 
solutions of several hydroperoxides, including t-butyl, 
p-menthane and cumene hydroperoxide, in nutrient 
media, inhibited the growth of Escherichia coli and 
Bacillus subtilis only temporarily. Analysis of the 
cultures showed that the hydroperoxide had dis- 
appeared less than 24 hr. after growth began. The 
known peroxide-decomposing enzymes, catalase and 
peroxidase, are not reported to decompose the per- 
oxides employed here, but only methyl and ethyl 


hydroperoxides in addition to hydrogen peroxide 
itself, and it therefore appeared to be of interest to 
investigate this reaction further. 

The concentration of hydroperoxide in bacterial 
cultures was determined directly with a manual 


' polarograph, using a voltage of 1-0 V. vs. sat. calomel 


electrode ; calibration curves showed that the waves 
for all the peroxides employed were fully developed 
at this voltage. Bacteria were grown on the surface 
of tryptone—glucose—yeast extract agar, harvested 
in 0-1 M pH 6:9 phosphate buffer, centrifuged 
down, and resuspended in fresh phosphate buffer. 


March 29, 1958 





No, 4613 
= 
ri 
x 
3 
g 
0 20 40 60 80 100 
Time (min.) 
Fig. 1. 


Decomposition of organic py areperoxides by E. coli. 

O, t-butyl hydroperoxide; ©, p-menthane hydroperoxide; 

©, cumene hydroperoxide (2 x 10° cami); @, cumene hydro- 
peroxide (10% cells/ml. 


Plant and animal tissue homogenates were prepared 
in the same buffer by means of a Virtis homo- 
genizer. 

Determinations of catalase activity were also 
carried out on these same suspensions, suitably 
diluted when necessary, by measuring the rate of 
disappearance of hydrogen peroxide polarographically 
at 1-6 V. As hydrogen peroxide is decomposed by 
catalase, the oxygen produced gives a wave which 
almost exactly replaces that of the disappearing 
hydrogen peroxide, and it was therefore ordinarily 
necessary to sweep out the oxygen with a stream of 
nitrogen before measuring the hydrogen peroxide 
wave. If this was not done, the current at 1-5 V. 
underwent little or no change. In many cultures, 
however, the endogenous uptake of oxygen was at 
least as fast as the decomposition of hydrogen per- 
oxide by catalase, and in these circumstances, 
nitrogen sweeping could be omitted.. Peroxidase 
activity was measured similarly in the presence of 
0-04 M pyrogallol; this measurement is grossly 
inaccurate unless the peroxidase activity is at least 
comparable to the catalase activity, since the two 
enzymes compete for the hydrogen peroxide. If the 
catalase and peroxidase activities are comparable, 
the peroxidase activity is given approximately by 
the increase in the rate of disappearance of hydrogen 
. peroxide when pyrogallol is added. When endogenous 
respiration is very small or zero, peroxidase activity 
can also be measured as the apparent rate of decrease 
of the hydrogen peroxide wave at 1:5 V. in the 
presence of pyrogallol, for oxygen is not produced 
when hydrogen peroxide is decomposed by per- 
oxidase. Since the measurement of peroxidase 
activity is often rather uncertain, the reporting of a 
zero activity only meahs that it was too small to be 
measurable by these means, and also that no visible 
purpurogallin colour developed in the culture on 
adding pyrogallol. 

Control experiments established that beef-liver 
catalase (Armour), even in concentrations as high as 
0-075 K.U. per ml., does not decompose the organic 
hydroperoxides employed in this study, either in the 
presence of cells (made inactive by heating) or in the 
buffer alone. However, 10-* times this concentration 
of the same catalase preparation rapidly decomposed 
hydrogen peroxide. Likewise, horseradish peroxidase 
has no effect in buffer or cell suspensions containing 
0:04 M pyrogallol, or in cell suspensions without 


pyrogallol. 
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In Table 1 are presented the rates of decomposition 
of cumene hydroperoxide, purified by preparation of 
the sodium salt, by 17 species of bacteria, yeasts, 
moulds, preparations of mammalian tissue, and plant 
tissue. The bacterial activities are reported as moles 
per minute per cell (x 101%), whereas the activities 
of the other systems are given only qualitatively. 
Catalase activities are reported in all cases, and per- 
oxidase activities for eleven systems. Fig. 1- illus- 
trates the rate of decomposition of cumene, t-butyl 
and p-menthane hydroperoxides by Escherichia coli 
suspensions. Initial peroxide concentrations were 
usually made approximately 6:5 x 10-4 M. The 
rates are neither exactly zero nor first order, but are 
intermediate and vary somewhat with the peroxide 
concentration and the cell count. It can be seen 
that cumene hydroperoxide is decomposed by four- 
teen of the seventeen species of bacteria tested, by 
the yeasts and by the animal tissues, but not by the 
mould, Aspergillus niger, or the plant tissues. Catalase 
activity is usually accompanied by cumene hydro- 
peroxide-decomposing activity, but this is not 
necessarily so, as these three last-mentioned examples 
show. On the other hand, no clear evidence was 
obtained that cumene hydroperoxide-decomposing 
activity can occur without accompanying catalase 
activity, although there is no quantitative correlation 
between these activities. Consequently, anaerobic 
organisms, which usually show no catalase activity, 
show likewise no activity toward cumene hydro- 
peroxide. A possible exception is the obligate 
anaerobe Veillonella gazogenes, which shows very 
strong cumene hydroperoxide-decomposing activity 
and only very weak catalase activity. This last 
observation strongly suggests that the cumene 
hydroperoxide-decomposing system has little or no 
effect on hydrogen peroxide. 


Table 1. CUMBNE HYDROPEROXIDE DECOMPOSING ACTIVITY IN 


MIORO-ORGANISMS AND ‘TISSUES 





Activity, mol./min./cell x 1078 


` Cumene 
Organism or tissue hydro- 
peroxide | Catalase Per- 
decom- activity oxidase 
posing activity 
activity 
1. Micrococcus pyogenes var. 
aureus — 4 8 0 
2. Escherichia coli - 5 50 0 
3. Erwinia carotovora 0:9 5'3 0 
4. Bacillus subtilis 7 6-2 0 
5. Streptococcus faecalis 0 10 0 
6. Leuconostoc mesenteroides 0 0 0 
7. Pseudomonas aeruginosa 4 4 1 
8. Serratia Marcesens 2 24 0 
9. Alcaligenes viscosus 4-2 5 — 
10. Alcaligenes faecalis 1-1 2°7 5'3 
11. Aerobucter aerogenes 0-47 7:5 — 
12. Neisseria catarrhalis 0:83 4°] — 
13. Proteus morganii 0:45 86 — 
14. Micrococcus lysodeikticus 2°3 — 
15. Veillonella gazogenes 6:3 = 


16. Propionibacterium pento- 
saceum 18 


+ 
weak 
+ 


17. Clostridium perfringens 0 0 
18. Saccharomyces cerevisiae strong strong 
19, Saccharomyces caris- 

bergiensis strong strong 
20. Candida albicans strong strong 
21. Aspergillus niger 0 strong 
22. Beef liver (fresh) strong strong 
23. Pigeon liver (acetone 

powder) strong strong 
24, Hog kidney (acetone 

powder) strong strong 
25. Hog pancreas (acetone 

powder) strong strong 
26. Spinach (fresh) strong 
27. Oak leaves (fresh) 0 strong 


+ Not tested by us, but known from the literature to be positive, 
— Not known. : 
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Cumene hydroperoxide (mol./L/min. x 10°) 





Fig.2. Effect of pH on rate of reduction of cumene hydroperoxide. 


©, ascorbic acid in 0:1 M phosphate buffer; @, E. colt and 


glucose in 0-1 M phosphate buffer 


It appears likely that the hydroperoxide-decom- 
posing activity of animal cells is to be attributed to 
ascorbic acid, which is known to be widely dis- 
tributed in mammalian tissues, and which is capable 
of rapidly decomposing cumene hydroperoxide even 
when both are at low concentrations. Curve I of 
Fig. 2 shows the initial rate of reduction of cumene 
hydroperoxide, initially 0:00056 M, by initially 
0-00095 M ascorbic acid in 0:1 M phosphate buffer, 
as a function of pH. (Trace amounts of copper are 
required to achieve an appreciable rate; it is well 
known that the autoxidation of ascorbic acid likewise 
requires copper.) This behaviour is in contrast to the 
broad bell-shaped curve of dependence of the rate of 
decomposition, by F. coli on pH (Curve II, Fig. 2). The 
activity of mammalian cells is also distinguished 
from that of bacteria or of yeast in being undiminished 
by heating for 10 min. at 100° C.; the activity of 
E., cols and of baker’s yeast is destroyed by heating 
to 70° for 1 min. 

The activity of E. coli was found to be dependent 
on the presence of cofactors found in yeast extract. 
Tt has been observed that ‘old’ cells of Æ. colt, that 
_is, those harvested after more than 24 hr. growth, 
show greatly reduced or no activity toward hydro- 
peroxides, but that activity can be restored by the 
addition, of a dilute solution of yeast extract. More 
than fifty different substances of biochemical interest 
were then tested, and their potencies in restoring 
activity, measured as initial rate of cumene hydro- 
peroxide decomposition, were determined. Many 
carbohydrates were active, including mannitol, 
glucose, galactose, mannose, sucrose, arabinose, 
fucose, glucosamine, glucuronic acid, glucurono- 
lactone, galacturonic acid, ribose, rhamnose, acetyl- 
-amino glucose, fructose, dextrin and glucose-1- 
phosphate. Sodium formate and hydrogen were also 
active. Compounds tested and found inactive in- 
cluded the following carbohydrates and related 
compounds: «-methyl glucoside, «-methyl manno- 
side, lactose, pentaerythritol, 2,3-butylene glycol, 
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trimethylene glycol, sorbose, dulcitol, sorbitol, 
glucose-6-phosphate, fructose-6-phosphate, fructose- 
1,6-diphosphate, phosphoglyceric acid, dihydroxy- 
acetone, dehydroascorbic acid, glycerol and sodium 
pyruvate; also inactive were: all the known B 
vitamins, cysteine, reduced glutathione, and all the 
common amino-acids normally occurring in proteins. 
In buffer alone, only ascorbic acid, of all the com- 
pounds tested, was capable of decomposing cumene 
hydroperoxide in the dilute solutions in which they 
were tested. 

Experiments in which glucose was added to an 
‘old’ and inactive Æ. coli suspension showed that 
approximately 2:7 moles of peroxide were reduced 
per mole of glucose added. The added carbohydrate 
does not thus take a merely catalytic role, but is 
consumed at a rate which is of the samo order of 
magnitude as that of the peroxide. In pH 6-9 buffer 
alone, one mole of ascorbic acid was found to reduce 
two moles of cumene hydroperoxide. ; 

The effective substances are those which can be 
readily fermented by F. colt, but it is not clear 
whether the Embden—Meyerhof glycolytic system is 
involved in view of the very broad pH range over 
which rapid reaction of cumene hydroperoxide can 
be observed. It appears possible that bacteria and 
many other organisms and tissues contain an enzyme 
system capable of converting fermentable carbo- 
hydrates to an intermediate form which can react 
rapidly with organic hydroperoxides. Ordinarily, 
this intermediate mey occur in equilibrium at very 
low concentrations, and its existence may become 
evident only when organic hydroperoxides or other 
strong oxidizing agents are present. In this con- 
nexion, the dienol glucose reported by Nath and 
Bhattathiry may be recalled. 

The activity of formate and of molecular hydrogen _ 
may be attributed to the hydrogenlyase and hydro- 
genase systems, respectively®. The fact that hydrogen 
and formate give a lower rate of cumene hydro- 
peroxide reduction than some of the carbohydrates 
is probably attributable to the extremely low 
solubility of hydrogen in water. Formate could be 
rapidly converted to hydrogen and carbon dioxide, 
and some of the hydrogen might be lost from the 
cell into the nitrogen atmosphere above the 
liquid. 

The reduction of organic hydroperoxides might be 
accomplished by an enzyme system of broad pH 
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Table 2. 


RELATION BETWEEN CARBOHYDRATE FERMENTATION AND 
COFACTOR ACTIVITY 






Fermentation of Cofactor activity of 
Organism carbohydrate listed carbohydrate listed 
Glu- Gly- Ino- Glu- Gly- Ino- 
cosa cerol | sitol cose cerol | sitol 
Micrococcus 
pyogenes A A 0 + + (8) 
Alcaligenes 
aecalis oO 0 (E Q oO (8) 
lealigenes 
PisCOSUS (8) (B) O (6) 0 O 
Pseudomonas 
aeruginosa D 0 Q O O 0 
Proteus 
morganii AG ? 0 + + oO 
Aerobacter 
aerogenes AG ? AG + 0 + 
Escherichia 
coli AG O O + 0 (0) 
Saccharomyces 
cerevisiae A — — Oo | ~ ~ 





A, acid (or carbon dioxide) only produced; G, hydrogen gas pro- 
duced; ?, fermentation reaction variable or not known 
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range capable of producing formate or hydrogen 
from carbohydrate, accompanied by a system (hydro- 
genlyase or hydrogenase) capable of transferring 
hydrogen from formate or molecular hydrogen to the 
hydroperoxide. Such & system could only be active 
in carbohydrate-fermenting, hydrogenlyase-positive 
organisms such as Æ. coli and the other Enterobac- 
teriaceae. Yeasts and non-carbohydrate-fermenting 
bacteria such as Alcaligenes faecalis and Pseudomonas 
aeruginosa must reduce hydroperoxides by quite a 
different mechanism. In support of this suggestion, 
experiments were performed with a number of micro- 
organisms, as shown in Table 2. It will be noted that 
in every case where an organism was known to 
ferment a given carbohydrate, that carbohydrate 
served as & cofactor for the reduction of cumene 
hydroperoxide. Conversely, where a carbohydrate 
was known not to be fermented, no cofactor activity 
was found. Micrococcus pyogenes produces acid but 
no gas from glucose and glycerol, and hence shows 
no hydrogenlyase activity ; nevertheless, these com- 
pounds show cofactor activity with M. pyogenes. 
Probably, as in the case of methylene blue reduc- 
tion, a wide variety of different mechanisms may be 
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found, in different types of organisms and tissues, for 
the reduction of organic hydroperoxides. 

The significance of organic hydroperoxides in the 
metabolism of bacteria is uncertain. Probably they 
do not ordinarily play an important part. However, 
Imolik® has suggested that the initial product of the 
oxidation of hydrocarbons by bacteria is a hydro- 
peroxide. It further appears likely that organic 
peroxides may play a part in the offects produced by 
high-energy radiation. Thus, Scholes, Weiss and 
Wheeler were able to detect hydroperoxides in 
ribonucleic and deoxyribonucleic acids exposed to 
ultra-violet radiation, and the formation of organic 
peroxides in proteins exposed to high-energy radiation 
has been reported®. We suggest that the peroxide- 
decomposing system we have described may be 
important in protecting the cell against radiation- 
induced damage. 

1 Nath, M. O., and Bhattathiry, E. P. 3L, Nature, 176, 1233 (1956). 
* Gest, H., Bact. Rev., 18, 43 (1964). 

* Imelik, B., C.R. Acad, Sci., Paris, 226, 2082 (1948). 

t Scholes, G., Weiss, J., and Wheeler, C. M., Nature, 178, 167 (1956). 


5 Latarjet, R., and Loiseleur, J., C.R. Soe. Biol., 186, 60 (1942). 
Alexander, P., Fox, M., Stacey, K. A., and Rosen, D., Nature, 
178, 846 (1954). 


THE AGROTYPE CONCEPT IN TEA TAXONOMY 
By Da. W. WIGHT 


Scientific Department, Indian Tea Association, Tocklai Experimental Station, Cinnamara 


i) Box special taxonomic problems posed by the 
tea plant are not generally known, nor was their 
satisfactory resolution apparent when they were first 
investigated at Tocklai. A classical system of nomen- 
clature does not deal adequately with the cultivated 
tea plant}. 

Populations of tea bushes, nominally referred to? 
as Camellia sinensis L., which are used for the manu- 
facture of tea, have a life of half a century or more. 
In India they are raised from seed produced in 
orchards of phenotypically mixed trees of the cross- 
bred. origin described by Hunter and Leake’. This 
origin probably stems from earlier species hybrids’. 
A seed orchard is perennial, and thus genetically 
similar progenies of various ages come to be widely 
dispersed among numerous tea estates ; but the 
orchard itself may have been forgotten or destroyed. 
The relative frequency of phenotypes differs greatly 
between progenies of disparate orchards. 

Shoots from all bushes in a population are plucked 
and manufactured in bulk. Provided that the overall 
impression of ‘quality’ is satisfactory and the gross 
yield sufficiently high, wide phenotypic variation 
affecting inter alia yield and quality may be tolerated, 
and may possibly be a safeguard against excessive 
incidence of pests and diseases. There are big yield 
(and quality) differences between disparate progenies, 
yield per unit ground area being an essential criterion 
of agricultural efficiency. 

Pure lines have not been used and are likely to 
have an impracticably low vigour: first-generation 
crosses between clones are. known‘, but have not 
come into general use. There is accordingly great 
practical need for an efficient method of defining and 
discriminating between the mixed populations in 
current cultivation. Without this, it is impossible to 
investigate satisfactorily the influence of cultural 


practices and local conditions on yield, while even 
the most precise analysis of tea made from undefined 
populations is necessarily restricted in meaning. 

Both quality of the made tea and yield of plucked 
shoots from which the tea is made differ between 
phenotypes ; but in practice each of these attributes 
of individual phenotypes is automatically integrated 
into a single population value by the normal processes 
of bulk manufacture, and the integrated value 
becomes the yardstick by which the effect of manures 
and cultural treatments is measured. Investigation 
would be facilitated if there were important differ- 
entiating features of the phenotypes that could be 
integrated into a single numerical value by which the 
population could be given position in a taxonomic 
QITay. 

To connote the concept of an integrated or average 
phenotype numerically defined, we have for some 
years used the term ‘agrotype’, originally proposed 
by Gregor® in connexion with the typification of crop 
plants. _He suggested that crop populations (agro- 
types) should be defined by stating the mean velues 
and the variability of the characters, imeluding 
characters of agricultural importance, chosen for 
typification. 

A population average is possible provided the eon- 
stituent individuals can be given numerical values 
corresponding to their expressions of the typifying 
feature. The condition is readily satisfied by number 
of unit organs exhibited, frequency of stamens, for 
example, or frequency of a specified type of cell. 
Where such a frequency is the only criterion of a 
phenotype employed, the agrotype of a population is 
simply defined by the mean frequency with its 
standard error. 

The purpose of the present article is to show that 
frequency of calcium oxalate crystals in a specified 
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region of the plant is a valuable criterion for the 
typification of tea populations. The crystals are in 
fact druses, and as only one druse occupies the lumen 
of a cell as seen in cross section, crystal frequency is 
a frequency of unit organs (cells) characterized by a 
particular set of chemical reactions. 

Crystal frequency has been defined as total number 
of crystals in the phloem parenchyma of a complete 
cross-section of the leaf petiole’. Statistical analysis 
by Barua’ shows that errors of counting can be kept 
within narrow limits. Crystal frequency has been 
shown +o differ significantly between clones raised 
from. seedlings of chance origin® ; and in view of the 
-cross-bred nature of commercial tea seed orchards, it 
seems likely that every tea seedling has its charac- 
teristic crystal frequency. Further, different tea 
populations in cultivation have been shown to differ 
significantly in mean crystal frequency". 

Other mean attributes of a population have been 
shown to be related to the mean crystal frequency. 
There is a positive correlation with the number of 
standard shoots that can be obtained by repeated 
cropping or plucking*. This relation is subject to 
large seasonal and sampling errors. A similar but 
closer relation (shown. in Fig. 1) holds between mean 
crystal frequency of a population and mean surface 
area of a bush (r = + 0:74: P < 0-01). The values 
shown in Fig. 1 are of relative area, square of the 
bush radius in feet (mean of two diameters). ‘The 
Indian system of pruning and plucking results in a 
flat horizontal surface®, and the method indicated has 
been shown to give @ satisfactory measure of relative 
bush area. 

The foregoing observations show that crystal 
frequency is indicative of a nature of growth (growth 
form) that must have an important bearing on the 
yield of a tea plantation: they suggest that crystal 
frequency may be closely related to a frequency of 
important genes. 


In order to study the inheritance of the factors- 


determining crystal frequency, it has been necessary 
to examine cross-bred progenies, since satisfactory 
progenies by self-pollination are difficult to obtain. 
Six cross-bred progenies were obtained by controlled 
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Table 1. CRYSTAL FREQUENOY OF PROGENIES: JUNE 1956 










Crystal 

Parents Number of frequency of 

Mating plot repeats | a mean plant 

Q ő of progeny | of the progeny 
1 19/29/13 x 19/35/2 7 101-3 
2 19/35/2 x 19/31/14 2 99-6 
3 19/29/18 x 19/31/14 5 100 -8 
4 19/87/2 x 19/39/7 5 60 -0 
5 19/37/2 x 19/86/15 2 50-3 
6 24/7 x 24/6 3 58:8 
7 19/86/15 x 19/39/7 5 89:2 


pollination within pairs of parents indicated in 
Table 1. The parents originated as seedlings from 
commercial orchards the cross-bred nature of which 
has already been noted. Depending on the amount 
of experimental seed obtained, varying numbers of 
progeny plots, each of twenty-four seedlings, were 
established. Mean crystal frequencies for each 
progeny were determined by taking one leaf from 
each of five seedlings, chosen at random, in each 
plot, in accordance with the sampling method used 
in earlier investigations’. Analysis of variance showed 
the progenies to differ significantly in respect of mean 
crystal frequency (P < 0-001). Seedling differences 
within progenies” were found to be significant 
(P < 0-001) when tested against the variation shown 
by replicate microtome sections of the same leaf. 
The more stringent test, against field variation of 
vegetative replicates of the seedlings, has not yet 
been carried out, but real differences between seed- 
lings would undoubtedly be expected. 

Estimates of parental crystal frequency, given in 
Table 2, were obtained by sampling vegetative 
replicates, one leaf being taken from each of twelve 
plants, chosen at random, within a set of forty-eight 
vegetative replicates that had been produced from 
each parent. 

At the time of the crystal counts the progenies 
were all the same age, 6 years, and the vegetative 
replicates of the parents were all 9 years old except 
for mating 6 (8 years). Parents at the time of 
vegetative propagation were all 30 years old except 
for mating 6 (10 years). All parental clones had 
received a common treatment, similarly all progenies ; 
but there had earlier been differences of pruning and 
plucking between parents and progenies. Practical 
management of the plots had made it impossible to 
avoid a difference of about three months between 
the age (following’annual prune) of parental shoots 
and those of their progeny; but it is our experience 
that this would have a negligible effect on the 
relative crystal frequencies. 


Table 2. CRYSTAL FREQUENCY OF PARENTS DETERMINED FROM 
VEGETATIVRLY PROPAGATED REPLICATES IN May 1956 


Name of 
orchard and 
year of seed 

origin of 

parent 


Bhatkhowa, 
19 


Subong, 1917 
Cinnamara, 


Mean 
crystal 
frequency 


Location of 
orchard 
lat. N. long. E. 


Parent Standard 


error 
4-64 


4-63 
3°91 


2°77 


3:95 
5:12 


2°78 
1-78 


19/37/2 


19/35/2 
19/29/13 


19/39/7 
19/31/14 
24/6 


98°8 


128-1 
117-9 


48-5 


1089 
77-4 


40:6 
26-4 


26°40’ 


24 55 
26 45 


26 40 


27 15 
27 25 


27 25 
27 30 


89°80’ 


92 50 
9415 


94 25 


95 25 
95 30 


95 30 
95 35 


1917 
Huloonguri, 

191 
Jaipur, 1917 
Bazaloni, 

193 
Dazniont, 


938 
1917 


24/7 


19/86/15 Jadoo, 
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Table 3. CRYSTAL FREQUENCIES OF PARENTS AND PROGENY ` 









Mean value of the 
two parents 







Mean value of the 
progeny 


The mean crystal frequencies of the two parents 
for each mating and the mean frequencies of their 
progeny are given in Table 3 and the correlation is 
shown in Fig. 2. The correlation coefficient of + 0-98 
(P < 0:001) shows that the crystal frequencies of 
progenies can be predicted from their parents with 
some precision. More recent observations on matings 
indicate that the relation continues to hold for 
matings between parents of even lower crystal 
frequency than any shown in the figure. 

The foregoing observations show that the frequency 
of calcium oxalate crystals is an important method 
of defining tea agrotypes. Such agrotypes do not 
bear a simple relation to the varietal types of classical 
nomenclature; but in our experience crystal fre- 
quency is a necessary definition of tea plants for 
many theoretical and practical purposes. It is of 
similar importance as a definition of the processed 
shoots sold as dry tea. The frequency of calcium 
oxalate crystals fixes the position of individuals and 
populations on a scale which has a genetic basis. 
Use of such a scale simplifies investigation of problems 
connected with heterogenous populations. 

I am indebted to Dr. J. W. Gregor and his staff 
when at Craigs House, Corstorphine, for many 
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Progeny value 





Parental value 
Fig. 2 


helpful discussions on the nature of plant populations, 
and to Prof. E. J. Maskell for valuable comments on 
presentation of the paper. 


1 Roberts, E. A. H. R., Wight, W., and Wood, D. J., New Phytol, (in 
the press). 

3 Wight, W., and Barua, P. K., Nature, 179, 506 (1957). 

3 Hunter, H., and Leake, H. Martin, “Recent Advances in Agri- 
cultural Plant Breeding”, 181 (London, 1983). 

4 Wight, W., World Crops, 8 (7), 263 (1956). 

š Gregor, J. W., Ann. Appl. Biol., 20 (2), 205 (1933). 

* Wight, W., and Barua, D. N., Curr. Sci., 23 (3), 78 (1954). 

7 Barua, D. N., Curr. Sci., 25 (8), 249 (1958). 

e Wight, W., and Barua, D. N., J. Hap. Bot., 6 (16), 1 (1955). 


INTERMEDIATES AND COMPETING REACTIONS IN THE 
PHOTODESTRUCTION OF INDOLEACETIC ACID 


By PETER M. RAY* and GEORGE M. CURRYT 


Biological Laboratories, Harvard University 


HE changes in ultra-violet spectrum during 


photodestruction of aqueous solutions of indole- 


3-acetic acid by monochromatic ultra-violet light of 
280 mu, in air, have been followed in parallel with the 
decrease in Salkowski reaction intensity and in Avena 
coleoptile growth-promoting activity. The changes 
in spectrum lagged behind the disappearance of 
indole-3-acetic acid, as estimated by either of the 
latter methods, in such a way as to indicate the 
accumulation of an intermediate having an ultra- 
violet spectrum similar to that of the acid. This 


intermediate, which will be called M, appears to be’ 


stable in the absence of radiation, and it undergoes 
further photodestruction to give the spectrum shown 
in curve 3 of Fig. 1. When indole-3-acetic acid 
labelled with carbon-14 in the 2-carbon of the indole 
ring was irradiated, the tracer appeared in part in & 
chromatographic spot (M’, ref. 1) of Ry somewhat 
greater than indole-3-acetic acid, and which gave a 
weak pink nitrite reaction. The amount of material 


* Society of Fellows, Harvard University. 
+ National Science Foundation Postdoctoral Fellow. 


in this spot (as estimated from its radioactivity), at 
different times during the course of the reaction, 
corresponded approximately with the amount of M 
which was calculated, from the spectrophotometric 
changes, to be present; it disappeared by the time 
all the indole-3-acetic acid had been destroyed. The 
chromatographically detected intermediate M’ may 
thus be the substance M indicated by the spectro- 
photometric observations, though this remains to be 
proved. It appears to be the same as substance ‘E’ 
detected chromatographically by Fischer? in the 
photo-oxidation of indole-3-acetic acid which he 
regarded as indole-3-glycolic acid. In our hands, 
however, synthetic indoleglycolic acid ran at an Rr 
lower than indole-3-acetic acid’; the intermediate 
M’ appears to be neither indoleglycolic nor indole- 
glyoxylic acid. Its identity is not yet established. 
The spectrum of the final product (Fig. 1, curve 3) 
shows unmistakable similarity to the spectrum of 
indole-3-carboxaldehyde (indolealdehyde) shown in 
curve 2 (Fig. 1). This compound could readily be 
detected on chromatograms of the reaction product}, 
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Fig. 1. 
3-acetic acid (curve 1), indo 
photodestruction products of indole-3-acetic acid (curves 3 and 4) 
and indoleglycolic acid (curve 5). Curve 3, irradiation of indole- 
3-acetic acid at 280 myz (90 min., 5,600 a ep or for 4 min. at 
10 cm., from an unfiltered General Electric H8503 100-watt 
mercury lamp (quartz). Curve 4, irradiation of indole-3-acetic 
acid at 302 mz (180 min., 16,800 ergs/sec.) or for 95 min. at 10 em., 
from an unfiltered General Electric AH-5 250-watt mercury lamp 
(glass). Curve 5, irradiation of indoleglycolic acid for 4 min. at 
10 em. from the #85C8 lamp. Photodestruction was carried out 
using 1:7 ml. of solution in a quartz cuvette of 1-cm. light path, 
as described previously (ref. 6) except that slit-width was 3:0 mm. 


Ultra-violet spectra É ‘9 x 107" M solutions) of indole- 
e-3-carboxaldehyde (curve 2), and 


and the spot of colour corresponded with a peak of 
radioactivity when 2-labelled indole-3-acetic acid was 
used as substrate. ` Although these observations 
confirm the finding of Fischer? that indolealdehyde is 
a product, it can be seen from curve 3 (Fig. 1) that 
other light-absorbing materials than indolealdehyde 
were present in the product, and that taking these 
into account, indolealdehyde could have been formed 
at most in about 25 per cent yield from indole-3- 
acetic acid. The remaining products ran close to 
indolealdehyde on chromatograms, and were presum- 


ably neutral substances also. They were not products . 


of photodestruction of indolealdehyde, because the 
latter itself was relatively little affected by a radiation 
dose sufficient to convert an equal amount of indole- 
3-acetic acid entirely into the products of curve 3 
(Fig. 1). They appear to be formed from M along 
with indolealdehyde. 

Irradiation of synthetic indoleglycolic acid gave the 
spectrum shown in curve 5 (Fig. 1). This indicates 
a considerably higher yield of indolealdehyde than 
from indole-3-acetic acid, perhaps approaching 50 per 
cent of stoichiometric, but there are evidently other 
light-absorbing materials present. Comparison of 
curves 3 and 5 (Fig. 1) indicates that were indole- 
glycolic acid an intermediate in photo-oxidation of 
indole-3-acetic acid, it could be formed initially only 
in partial yield. No direct evidence for its occurrence 
in photo-oxidation of indole-3-acetic acid has been 
obtained. 

It was found, surprisingly, that when the wave- 
length of irradiation was varied, the spectrum of the 
final product also varied, even though phenomena 


NATURE 


Indole-3-acetic acid ——> M —— N 


March 29, 1958 


VoL. 181 


indicative of the formation of M were still observed. 
The spectrum. of the product formed by irradiation at 
302 my or 313 my (curve 4) is almost identical with 
that of the enzymatic oxidation products of indole-3- 
acetic acid?. At 289 mu and 297 mu, spectra inter- 
mediate between curves 3 and 4 resulted. Neither 
of these products was convertible into the other by 
irradiation at any wave-length, so neither of them 
constitutes an intermediate step in the formation of 
the other. However, when irradiation intensity at 
280 my was decreased, a portion of the final products 
also appeared in the form of curve 4. The proportion 
of the latter product formed at different irradiation 
intensities corresponded closely with what could be 
predicted from the kinetics of competing light- and 
dark-reactions acting on @ second intermediate, N : 


kt A indolealdehyde + 


kl kal other products 


N ' 
kN B (enzyme 
reaction products) 


Curve 3 corresponds to a light intensity J so great 
that essentially all of N is decomposed by the light- 
reaction governed by k, The extinction of N is 
evidently negligible at 302 mu and 313 mp, where 
indole-3-acetic acid still absorbs slightly and undergoes 
photodestruction, so that only B is formed. That N 
is not indoleglycolic or indoleglyoxylic acid is 
shown by the fact that these are stable, under the 
present conditions, in the absence of radiation. It 
was found afterwards that the difference in reaction 
products described above can be obtained simply by 
comparing the effects of mercury lamps with quartz 
(curve 3) and glass (curve 4) envelopes. 

These observations indicate that the photo- 
oxidation process is complex, and preclude its being 
formulated simply as a stepwise conversion of indole- 
3-acetic acid into indoleglycolic acid, indoleglyoxylic 
acid, and indolealdehyde. At the same time they 
indicate a much closer chemical relationship between 
photodestruction and enzymatic oxidation of indole- 
3-acetic acid than has hitherto seemed likely, and 
complement nicely the recent finding of Stutz> that 
the enzymatic reaction can be diverted to the forma- 
tion of indolealdehyde when cytochrome c and a 
cytochrome oxidase preparation are present in 
addition to ‘indole-3-acetic acid oxidase’. 

We wish to thank Prof. K. V. Thimann for his 
interest in this work, Dr. Bruce B. Stowe for synthesis 
of indolealdehyde and indoleglyoxylic acid, and 
Dr. M. D. Armstrong for the sample of indoleglycolic 
acid. The work was supported in part by grants to 
Prof. K. V. Thimann from the American Cancer 
Society on recommendation of the Committee on 
Growth, and from the National Science Foundation 
(NSF-G182). 


1 Rp Values in poprouanar 28 per cent ammonia: water, 10 :1:1 
(of. Stowe, B. B., and Thimann, K. V., Arch. Biochem. Biophys., 
51, 499: 1954): indole-3-acetic acid, 0-26; M’, 0-38; Ehrlich- 
and 2,4-dinitrophenylhydrazine-positive product of indole-3- 
acetic acid photodestruction, 0:74; indolealdehyde, 0-75; indole- 
glycolic acid, 0-18; tndoleglyoxylic acid, 0°26. 

3 Fischer, A., Planta, 48, 288 (1954). 

3 This has been found also by Bentley, J. A., et al., Biochem. J., 64, 
44 (1956), and by Greenberg, J. B., Galston, A. W., Shaw, 
K. N. F., and Armstrong, M. D., Science, 125, 992 (1957). 

4 Ray, E a and Thimann, K. V., Arch. Biochem. Biophys., 64, 175 
(1956). 

5 Stutz, R. E., Plant Physiol. (in the press). 

6 Curry, G. M., Thimann, K. V., and Ray, P. M., Physiol. Plantarum, 
9, 429 (1956). 
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STUDIES OF UROCANIC ACID 


By ROBERT H. FEINBERG* and Pror. DAVID M. GREENBERG 
Department of Physiological Chemistry, University of California School of Medicine, Berkeley 


Intermediate Products in the Enzymatic 
Degradation of Urocanic Acid 


ROCANIC acid (§-imidazoleacrylic acid) is the 
first intermediate formed in the catabolism of 
histidine to glutamic acid by mammalian liver’. The 
only other intermediate which has been well charac- 
terized is N-formiminoglutamic acid. 

In order to study how the imidazole ring is opened, 
purified beef liver urocanase was allowed to act on 
«-4C-urocanic acid (prepared enzymatically from 
«-4C-histidine). The enzyme was purified 30-fold 
by a procedure which included adsorption with 
bentonite, precipitation with ammonium sulphate 
and fractional extraction of the ammonium sulphate 
precipitate. The enzyme activity was assayed by 
the spectrophotometric method of Tabor and Mehler?. 

Upon fractionation of the radioactive incubates, 
evidence was found for the formation of two products, 
one having an ultra-violet absorption peak at approx- 
imately 264 my (I), and the other (II) having an 
end-absorption. Comparison by paper chromato- 
graphy showed that neither of these products was 
N-formiminoglutamic acid (Table 1), nor was N- 
formiminoglutamic acid found in any of the incuba- 
tion mixtures, even when the incubation was allowed 
to proceed until no urocanate remained. 

Spots of I and IL on paper gave no colour when 
sprayed with Pauly’s diazo reagent or with alkaline 
ferricyanide-nitroprusside reagent (an amidine test)*. 
Compound IT was found to give a delayed ninhydrin 
reaction upon prolonged heating. It can be separated 
from I and purified by paper electrophoresis at pH 4-6 
(Table 1). At this pH it is negatively charged, while 
I is approximately 





Table 1. RELATIVE ZONAL MOVEMENT WITH CHROMATOGRAPHY AND 
ELECTROPHORESIS ON PAPER 


Electro- 
phoresis 
pH 4-6 


Chromatography 


Solvent 4 | Solvent B 
Substance Ruro | 


Ruro Rpic 
0, 0:05 
0-82 


Urocanic acid 
N-formiminoglutamic acid 
Formylglutamic acid 
Glutamic acid 

a a 


II 


COCOCCOrH 
DD ovon 
HRODNA 





Solvent A, propanol-1N acetic acid (8:1); solvent B, ¢-butanol— 
formic acid-water (14:3:38 
Electrophoresis medium: 02 M triethyl ammonium acetate. 
Ruro and Rpto are movements relative to urocanic acid and picrate, 
respectively 


Formation of I was found to parallel the dis- 
appearance of urocanic acid, with no observable time 
lag. The ultra-violet absorption of I rapidly dis- 
appeared when it was mixed with crude liver extract. 
Neutral solutions of I are unstable at room tem- 
perature. Aged solutions of I contained large 
amounts of IT. 

The ultra-violet absorption, electrophoretic be- 
haviour and instability of I lead us to propose that 
it is 4,(5)-imidazolone-5, (4)-propionic acid’ (see 
scheme of reactions). ‘The formation of formyliso- 
glutamine by non-enzymatic hydrolysis is consistent 
with this proposal. 

The reactions shown below account for our findings. 
They are similar to the proposals of others‘. 

This work was aided by a research grant from the 
National Cancer Institute (CY-3175), United States 
Public Health Service. 


neutral. Synthetic O COOH 
formyl -L-isoglut- N—C | H H | 
amine was not sep- J N— HN=C—N—CH 
arable from JI by 40 | Vz 
paper chromato- Ne HC | H: 
graphy (with two —C +H,0 +H.O | 
solvents), or by H | ee N—CH — > CH, 
paper electrophoresis CH pean H l EAr d dön 
(Table 1). Con- | H: 
CH 

sequently, II appears her o. 
to be formylisoglut- a N-Formimino-1- 
amine. ae glutamic acid 

Iso lation offormyl.- Urocanic acid Imidazolone propionic 
D,L-isoglutamine as anid 
a product of urocan- 
ase action was re- | Ratt 
ported by Oyamada‘. +H,0 | enzymatic 
Formy!-u-isoglut- Gon, 
amine has been syn- H H 
thesized and found O—C_N—CH 
to be microbiologic- | 
ally inactive®.*®. Thus, CH, 
probably it is not l 
on the enzymatic a 
pathway. 

* Present address: Palo COOH 
Alto Medical Research 


Foundation, 333 Channing, 
Palo Alto, California. 


Formyl isoglutamine 
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We are indebted to Dr. H. Tabor, National 
Institutes of Health for a sample of N-formimino- 
glutamic acid, and to Drs. A. Miller and H. Waelsch, 
of the College of Physicians and Surgeons, Columbia 
University, for a sample of formyl-u-isoglutamine. 


1,Tabor, H., in “Amino Acid Metabolism’, ed. W. E. McElroy and 
B. Glass, p. 378 (Johns Hopkins Press, Baltimore, 1955). 


? Tabor, H., and Mehler, A. H., Methods in Enzymol., 2, 228 (1966). 


> Berry, H. K., Sutton, H, E., Cain, L., and Berry, J. S., Univ. Texas 
Publ. No. 6109, Biochem. Inst. Studies 4, 28 (1951), 


1 Oyamada, Y., J. Biochem. (Japan), 36, 227 (1944), 
* Borek, B. A., and Waelsch, H., J. Biol. Chem., 205, 459 (1963). 


* Kraml, M., and Bouthillier, L. P., Canad. J. Biochem. Physiol., 84, 
788 (1956). 


7 Akamatsu, S., J. Japan. Biochem. Soe., 17, 75 (1948). 


Dye Reduction by a Metabolite of Urocanic 
Acid 

Miller and Waeisch? have reported that mixtures 
of urocanate with cat liver urocanase reduce such 
hydrogen acceptors as 2,6-dichlorophenol, indophenol 
and ferricyanide. This led them to propose a step 
involving oxidized urocanate and reduced enzyme as 
an intermediate of urocanase action. 

Our preparation of partially purified beef urocanase 
when incubated with urocanate and the above dye 
reduced the dye at a higher rate than Miller and 
Waelsch reported. Further investigation showed that 
the dye reduction proceeded rapidly and non- 
enzymatically in neutralized trichloracetic acid 
deproteinized incubation mixtures in which urocanate 
was exhausted. Potassium ferricyanide was used in 
spectrophotometric studies to show that addition of 
this hydrogen acceptor caused an immediate reduc- 
tion in the 264-mu peak of imidazolone propionic acid 
presumed to be present in the mixtures. 

The rapid reduction of dye by imidazolone pro- 
pionic acid indicates that this metabolite is susceptible 
to oxidation as well as hydrolysis. This suggests that 
imidazolone propionic acid may be an intermediate 
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Fig. 1. Effect of addition of ferricyanide on the absorption of 
incubation mixtures of nrocanic acid at 264 mu. 
The incubation mixture contained 0:56 mole of urocanate, 40 
pmoles of phosphate buffer, pH 7:1, and 2 mgm. of purified 
urocanase In total volume of 2-9 ml. Urocanate was exhausted 
at about 40 min. (inline designated by O). At the polnts indicated 
by arrows, 0-1 ml. (0:05 smole) of potassium ferricyanide was 
added; @, same with no ferricyanide added; A, same with 
urocanate omitted. Readings are against enzyme blank at25° C. > 


of the oxidation of urocanic acid described by 
Ichihara et al.*. 

Our results do not bear out the proposal of Miller 
and Waelsch that an oxidation product of urocanic 
acid is an intermediate of urocanase action. 

This work was aided by research grants from the 
National Cancer Institute (CY-3175 and C-2869C), 
United States Public Health Service. 


1 Miller, A., and Waelsch, H., Biochem. Biophys. Acta, 24, 447 (1957). 
2? Ichthara, K., Itagaki, S., Suzuki, Y., Uchida, M., and Sakamoto, Y., 
J. Biochem. (Japan), 43, 408 (1958). 


DEALKYLATION OF N-ALKYLAMINES BY MODEL SYSTEMS 
By JAMES R. GILLETTE, JAMES V. DINGELL and BERNARD B. BRODIE 


Laboratory of Chemical Pharmacology, National Heart Institute, National Institutes of Health, Public Health Service, 
U.S. Department of Health, Education and Welfare, Bethesda, Maryland 


MAJOR pathway of drug metabolism is the 
oxidative dealkylation of N-alkylamines to 
yield a primary amine and an aldehyde. This 
reaction is catalysed by enzyme systems in liver 
microsomes and requires both reduced triphos- 
phopyridine nucleotide and oxygen}. Since micro- 
somes oxidize reduced triphosphopyridine nucleotide 
to yield triphosphopyridine nucleotide and peroxide- 
like material, it has been suggested that the per- 
oxide moiety participates in the dealkylation of 
drugs as well as in thoir oxidation along other meta- 
bolic pathways’. However, a clear pictur of the 
precise mechanism of dealkylation is not yet evident. 
Unpublished work in this laboratory has shown 
that the demethylation of monomethyl-4-amino- 
antipyrine by liver microsomes was inhibited by 
a,«’-dipyridyl, suggesting the possibility that iron 
participates in the reaction. Furthermore, prelimin- 
ary studies demonstrated that methæmoglobin and 
a hydrogen peroxide generating system catalysed 


the demethylation of monomethyl-4-aminoantipyrine. 
These findings have led us to investigate the action 
of a number of iron-containing model systems in the 
hope that some insight into the mechanism of micro- 
somal dealkylation might be obtained. 

The present communication describes studies with 
monomethyl-4-aminoantipyrine, N-methylaniline and 
their dimethyl congeners which demonstrate that a 
number of iron-containing model systems promote 
the demethylation of the alkylamines at physiological 
pH and temperature, and that deallcylation may 
occur by a number of mechanisms. 

Three hemoproteins—methemoglobin, cytochrome 
c and horseradish peroxidase—wore incubated with 
the amines in the presence of hydrogen peroxide 
generated by means of glucose and glucose oxidese 
(‘Notatin’). Demethylation, as measured by the 
amount of formaldehyde trapped by semicarbazide}, 
was catalysed by all three systems. As the reaction 
did not oecur in the absence of the hydrogen peroxide 
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Table 1. DEMETHYLATION OF MONOMETHYL-4-AMINOANTIPYRINE 
(MMAP) AND 4-AMINOANTIPYRINE (AAP) BY MODEL SYSTEMS 


Formalde- 
hy 


Formalde- 
h de 
from AAP 


yde 
from MMAP 
Methæmoglobin (1*4 x 1075 M) (umoles) 
In air 0-0 
Pius H,O, generating system 
Cytochrome e (6:2 x 107° M) 
In air 
Plus H,O, generating system 
Horat aoil peroxidase (1 x 107° M) 
n air 
Plus H,O, generating system 
Hæmatin (1 x 107! M) 
In air 
Plus H,O, generating system 
FeCl, (6 x 107? M) under nitrogen 


(moles) 
0-0 





Experimental conditions. (A) Porphyrin systems. 10 “moles sub- 
strate, 1 ml. of 0'2 M phosphate buffer, pH 7-4, 60 moles semi- 
carbazide and water to a final volume of 5 ml. were incubated in a 
Dubnoff metabolic shaker for 1 hr. at 37° O. under air. The hydrogen 
peroxide generating system consisted of 500 moles of glucose and 
0:5 mgm. of glucose oxidase (‘Notatin’). The reaction was terminated 
by addition of 15 ml. of 6:67 per cent trichloracetic acid. After 
removal of protein by centrifugation, aliquots of supernatant were 
assayed for formaldehyde by the chromotropic acid method of 
MacFadyen (ref. 8) as described in previous paper (ref. 1). (B) Ferric 
chloride system. 10 “moles substrate and 30 “moles of ferric chloride 
in 5 ml. of water were incubated for 0'5 hr. at 25° O. under nitrogen. 
Aliquots of reaction mixture were assayed directly for formaldehyde, 
system it may be concluded that the systems func- 
tioned as peroxidases. 

Heematin also catalysed the demethylation of the 
amines. It is of interest that the porphyrin could 
act both as a peroxidase and as an oxidase. For 
example, at low concentrations of hematin (about 
2 x 10" M) hydrogen peroxide was required for 
appreciable activity. In contrast, at high concen- 
trations (1 x 10-3 M) of hematin, dealkylation did 
not require hydrogen peroxide. Since no activity 
was observed anaerobically it was concluded that 
hematin at the higher ‘concentration functioned as 
an oxidase. 

The amines, with the exception of dimethylaniline, 
were also demethylated by inorganic iron when more 
than stoichiometric amounts of ferric chloride were 
used. Of particular note was the finding that this 
system was as active anaerobically as aerobically, 
showing that ferric ions served as electron acceptors 
in & dehydrogenase-like mechanism. 

The effects of the various model systems'on mono- 
methyl-4-aminoantipyrine are summarized in Table 1. 
Results of @ similar nature were obtained with the 
other amines. It is of interest that formaldehyde 
was also formed when 4-aminoantipyrine was the 
substrate, indicating that the dealkylation of mono- 
methyl-4-aminoantipyrine and dimethyl-4-amino- 
antipyrine resulted in part from removal of the 
N-methyl group from the pyrazoline ring. 

The results presented here indicate that iron- 
containing model systems can promote dealkylation 
by three types of oxidation : 


(1) A peroxidase reaction : 
oxidas 
R—NH—CH, + H,O, ~~ 





R—NH—CH,OH. 
+ H,O 

R—NH—CH,OH ——- R—NH, + HCHO 

(2) An oxidase reaction : 


R—NH—CH, + 40. ZAM, R_NH—CH,OH 
R—NH—CH,OH ———- R—NH, + HCHO 
(3) A dehydrogenation reaction : 
R—NH—CH, + 2Fe'+ — RN=CH, + 2Fe?+ + 2H+ 
RN=CH, + HOH R—NH—CH,OH. 
R—NH—CH,OH R—NH, + HCHO 
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A hydroxymethyl intermediate has been postulated 
as an intermediate in the dealkylation of methyl- 
amines‘. Our studies have provided evidence in 
favour of the formation of such an intermediate. 
When monomethyl-4-aminoantipyrine was incubated 
with the methemoglobin system in the absence of 
semicarbazide, both formaldehyde and the primary 
amine were formed; on the other hand, in the 
presence of semicarbazide only a trace of the primary 
amine appeared (Table 2). These results could be 
explained by postulating the formation of a hydroxy- 
methyl derivative which is stable in the incubation 
mixture when semicarbazide is absent, but would 
yield 4-aminoantipyrine when the reaction is stopped 
by the addition of trichloracetic acid. In the 
presence of semicarbazide, however, the hydroxy- 
methyl intermediate would react, as formed, to yield 
formaldehyde semicarbazone and 4-aminoantipyrine. 
But 4-aminoantipyrine as well as aniline has been 
found to be very unstable in the various peroxidase 
model systems whether or not semicarbazide was 
added. ‘This would explain the failure to find the 
primary amine in the incubation system which 
contained semicarbazide, since removal of form- 
aldehyde would expose the free amine to destruction 
by the peroxidase systems. 


Table 2 EFFECT OF SEMICARBAZIDE On ACOUMNULATION OF 4-AMINO- 
ANTIPYRINE (AAP) FORMED FROM MONOMETHYL-4-AMINOANTIPYRINE 


AAP Formaldehyde 
formed formed 
(umoles) (zmoles), 
Methsmoglobin (1-4 x 10-5 M) plus 
H,0O, generating system 
without semicarbazide 2°3* 2°8* 
with semicarbazide 0:2 1-9 


Incubation conditions: 10 “moles substrate, 1 ml. of 0-2 Jf phos- 
phate buffer, pH 7:4, the hydrogen peroxide generating system (500 
#moles glucose and 0:5 mgm. glucose oxidase) and water to a final 
volume of 5 ml. were incubated with and without 60 wmoles of semi- 
carbazide for 1 hr. at 87° C. in an atmosphere of afr. The reaction 
was terminated by addition of 15 ml. of 6-67 per cent trichloracetic 
acid. After removal of protein by centrifugation, aliquots of super- 
natant were assayed for 4-aminoantipyrine as described in a previous 
paper (ref. 1). 


* Semicarbazide added at end of incubation period just before 
addition of acid. 

Previous studies’ have shown that hydroxylation 
of aromatic rings and cleavage of ethers can be 
brought about by a model system consisting of 
ascorbic acid, oxygen and inorganic iron chelated 
with ethylenediaminetetracetic acid. Evidence was 
adduced that the actual oxidant may be an unstable 
complex of hydrogen peroxide with the chelated iron. 
Since the methemoglobin protein system also forms 
a hydrogen peroxide complex’, it is possible that a 
hydrogen peroxide complex is also involved in the 
dealkylation of the alkylamines. Studies on the 
action of both types of model systems on other 
oxidative pathways of drug metabolism are being 
continued. 

The material in this communication has appeared 
in @ thesis by James V. Dingell in partial fulfilment of 
the requirements for the degree of master of science 
in the Department of Chemistry, Georgetown Univer- 
sity, Washington, D.C. 


1La Du, B. N., Gaudette, L., Trousof, N., and Brodie, B. B., J. Biol. 
Chem., 214, 741 (1955). 

1 Gillette, J. R., Brodie, B. B., and La Du, B. N., J. Pharm. and Exp. 
Therap., 119, 582 (1957). 

> MacFadyen, D. A., Watkins, H. D., and Anderson, P. R., J. Biol. 
Chem., 158, 107 (1945). 

1 Fish, M. S., Johnson, N. M., Lawrence, E. P., and Horning, E. C., 
Biochim. et Biophys. Acta, 18, 564 (1955). 

* Udenfriend, S., Clark, C. T.. Axelrod, J., and Brodie, B. B., J. Biol. 
Chem., 208, 731 (1954). Brodie, B. B., Axelrod, J., Shore, P. A., 
and Udenfriend, S., J. Biol. Chem., 208, 741 (1954). 

* Dalziel, K., and O’Brien, J. R. P., Biochem. J., 56, 648 (1954). 
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The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Determination of Orbital Characteristics of 
an Earth Satellite from Single-Station 
Radio-Transit Observations 


E MERIDIAN transit radio observations have been 
made of the Satellite 1958«% by means of a modified 
Minitrack Mark II interferometer located at the 
Sohio Research Laboratories east of Cleveland, Ohio 
(lat. 41° 26-3’ N., long. 81° 32’ W.). Because of the 
generally low altitude of the satellite at this station, 
the horizontal dipoles were replaced with commercial 
Yagi antennas, following a suggestion of G. W. 
Swenson, jun., of the University of Ilinois. The 
completed system acts as a compound interferometer 
in that two pairs of Yagis are separated by 2-5 wave- 
lengths from each other and 55 wave-lengths from 
the other two pairs. This was done to minimize lobe 
ambiguities. The antenna system deviates about 
0:3 deg. from the true east-west base-line as de- 
termined by solar transit observations. The receiving 
system consists of æ low-noise preamplifier, triple- 
conversion receiver, WWV time-marking circuit and 
a dual-channel recorder which was kindly loaned by 
the Brush Instrument Co. More than 120 transits 
have been observed to date. Fifty-six transits between 
Feb. 15 and Feb. 27 were selected for further analysis, 
as the multiple interferometer was in operation during 
that time. 

The time between successive meridian passages (the 
synodic period) was found to give a considerable 
amount of information on the orbital characteristics of 
the satellite. In the interval between the sidereal and 
synodic periods the satellite covers about 30 deg. of 
arc in its orbit. The time to cover a given arc depends 
on the orbital angular velocity, which is a function 
of the period, eccentricity and true anomaly. The 
length of the arc depends on the time interval, the 
longitude of the node and the inclination. Values 
for the period, p ; R.A. of ascending node, 2; argu- 
ment of perigee,  ; eccentricity e 
and inclination è at epoch (Feb. 1, 





0358 vu.T.) were adopted from EROU. 
Harvard Announcement Card 1393.  mmutes 
The inclination was afterwards 
found to require correction. The or 
instantaneous values of p, Q and 

œ at the time of observation 

depend on the time-rate of change is 


of the period, the regression of 
the node and the advance of 
the line of apsides respectively. 
The 56 transits gave 43 observed 
values of the synodic period. 
These were compared with values 
' of the corresponding synodic 
periods computed on an JBM 650 


for various values of 6, Q, @ and t. 
The change in the eccentricity had 
a minor effect on the angular 
velocity in the time-interval con- 
sidered, and a mean value was 
used. 

The following values were ad- 
` opted on the basis of minimizing 
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the sums of squares of the residuals :’ 


ọ = — 0:0209 + 0-0007 min./day 
Q = — 4-242 + 0-025 deg./day 
& = + 6-255 + 0-018 deg./day 
i = 82:08 +018 deg. 
[xo sm = 0-18 min. 
F n 


The ‘errors’ or lack of fit refer to the change in the para- 
meter necessary to change &(O—C)* by 0-01 min.?, 
while keeping the other three parameters constant. 
The rate of change in period implies that the life- 
time of the satellite will be of the order of two years. 

The observed and computed synodic periods are 
plotted against the mid-point in Eastern Standard 
Time (E.S.x.) of the observation in Fig. 1. As 23 
periods are only slightly less than two days, observa- 
tions separated by this interval may be closely 
compared. ‘The major change in the orbit during 
that time is due to the regression of the node. This 
causes the synodic periods west of the north point 
of the orbit (earlier in the day) to become shorter 
because of the shortening length of are in the orbit. 
Correspondingly, periods east of the north point will 
lengthen because of the increasing orbital length of 
arc. Periods near the north point will be changed 
only slightly. On Feb. 15, the north point crossed 
the meridian at about 1530 E.s.7., shifting to about 
1130 E.S.r. by Feb..27 due to the regression of the 
node. Clearly some systematic residuals remain; a 
further analysis is planned to improve the parameters. 
The accuracy of the present results cannot compare 
with those determined from many Minitrack stations, 
at which direction cosines of the satellite itself are 
found. What is of interest is the information attain- 
able from meridian observations at a single station. 

A detailed account of the observations and inter- 
pretation will be published elsewhere. The project 
was under the direction of A. L. Jones. The design of 
the system and recording of the observations were due 
to R. W. Burhans, P. S. Fay, Warren Jackson and 
many others of the Sohio Research Staff. Inter- 
pretation of the data was carried out by Gordon 
Grant. David Frazier was in charge of the IBM 650 
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AND 


DETERGENTS 


VOLUME II 
by 
A. M. SCHWARTZ, J. W. PERRY and J. BERCH 


1958 860 pages 26 illustrations 7 tables 132/- 


This book supplements and extends the previous volume entitled Surface Active Agents: Their 
Chemistry and Technology. The two constitute a set, with volume I covering a field up to 
the beginning of 1947 and volume 2 devoted to developments during the period 1947-1956. 
During the past decade, progress has been particularly rapid in product formulation and in 
the scientific investigation of such important fundamentals as the physical chemistry of 
surfactant solutions and the mechanism of detergency. Although, relatively speaking, 
a smaller proportion of the total effort in this field has been directed to the synthesis of 
molecules having surfactant properties, nevertheless, recently developed new types, such 
as the synthetic polymeric surfactants, have already achieved considerable practical 
importance and widespread acceptance. l 





SURFACE ACTIVE AGENTS: 
Their Chemistry and Technology, Volume I 
By A. M. SCHWARTZ and J. W. PERRY 
- 1949 590 pages 51 illustrations 4 tables 96/- 





Reviews of Volume I 


«The authors have assembled in a very satisfactory manner the present knowledge of surface- 
active agents, and, although this branch of chemistry is expanding rapidly, their book will be 
much appreciated by all workers in the field....” R. Matalon in NATURE. 

“Considering the magnitude of the task, the authors are to be congratulated on their 
achievement...” A. E. Alexander in SCIENCE PROGRESS. 

“This book will be welcomed by the large number of scientists who use surface active 
agents in one way or another and the authors are to be congratulated on producing the first 
critical account of a subject whose literature consists mainly of patents. . .. ° Transactions of 
the Faraday Society. 
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computations. Special acknowledgment is due to the 
Standard Oil Co. of Ohio for supporting this spare- 
time activity. 
. GORDON GRANT 
Warner and Swasey Observatory, 
Case Institute of Technology, 
Cleveland 6, Ohio. 
A. L. JONES 
R. W. BURHANS 
P. S. Fay 
Davip FRAZIER 


Chemical and Physical Research Division, 
Standard Oil Company (Ohio), 
4440 Warrensville Center Road, 
Jleveland 28, Ohio. 
March 3. 


Electron Micrographs of Monolayers of 
Stearic Acid _ 


Ar the second International Congress of Surface 
Activity held in London durmg April 1957, we 
presented results of a study with film balance and 
electron microscope of monolayers of n-hexatriacon- 
tanoic acid!. This compound shows small islands 

-irregular in size and shape at low surface pressures 
(15 dynes/em.), a continuous monolayer with discon- 
tinuous uncovered areas at intermediate pressures 
(25 dynes/em.), a continuous homogeneous mono- 
layer at high pressures (40 dynes/em.), and long flat 
structures two molecules thick after collapse. 

Monolayers of other compounds have since been 
examined: stearic, arachidic, n-hexacosancic and 
n-dotetracontanoic acids give, as expected, mono- 
layer structures much like those of n-hexatriacon- 
tanoic acid; n-octadecyl aleohol and cholesterol 
show related structures. Of principal interest is the 
behaviour of stearic acid at low surface pressures. 
It is the classical compound in monolayer research ; 
but because of the small thickness of its monolayer 
it is more difficult to study in the electron microscope 
than n-hexatriacontanoic acid. 

Monolayers of stearic acid were successfully trans- 
ferred from the film balance at surface pressures as 





Fig. 1. Monolayer of stearic acid at 3 dynes per em. 
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Fig. 2. Monolayer of stearic acid at 10 dynes per om, 


low? as 3 dynes per cm, An electron micrograph of — 
such a sample is shown in Fig. 1. The direction of 
shadow-casting is indicated by an arrow; shadows _ 
appear as light areas. Many small islands, irregular 
in shape and about 1000 A. in diameter, are observed. 
Shadow widths establish that the islands are about 
25 A. or one molecule thick. Close examination reveals _ 
that the spaces between islands actually contain 
many small structures. Presumably, smaller aggro» _ 
gates and individual molecules beyond the limit of 
the electron microscope may also be present. = 


At greater surface pressures, less area remains ~ 


uncovered. Fig. 2 is an unusual micrograph of a” 
stearic acid monolayer transferred from the film 
balance at 10 dynes per cm. : 
circular geometry of many of the islands, diameters of 
which range from 3000 to 50,000 A. In related mono- 
layer studies, approximately circular islands, circular 
holes, and circular platelets on top of monolayers 
have been observed. poe 
Circular islands that resemble flattened liquid. 


droplets are somewhat surprising when one considers 


that the melting point of stearic acid is 69°C. and | 
that the experiments were conducted at 25°C. 
However, forces at an edge of a ‘two-dimensional’ 
monolayer may be analogous to forces in the surface 
of a ‘three-dimensional’ system. Just as spheres 
with minimum surface energy appear in bulk liquid: 
systems, circular disks may be expected in mono- 
layers with sufficient mobility. Possible effects of - 
droplets forming in the water film sandwiched tem- 
porarily between the monolayer and the collodion 
support used in transfer must also be considered ;- 
new transfer techniques now under study may resolve 
such effects. Experiments at higher temperatures 
should help define the role of surface mobility in the . 
formation of monolayer islands. 

Herman E. Rims, JUN. 

Wayne A. KIMBALL 

Research Department, 
Standard Oil Co. (Indiana), 
Whiting, Indiana. Jan. 10. 


* Ries, jun., H. E., and Kimball, W., A., Proc. Second Internat. Cong 
Surface Activity, 1, 75 (Butterworths Selentific Pub., London- 
1957). See also Res and Kimball, J. Phys. Chem., 50, 94 (1955). 

* For the complete Ligier wy 
Cook, H. D., J. Colloid Sei., 9, 535 (1954). 
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Effect of Hydrogen o atio 
Characteristics of um 


Ir ig well known that when iodide titanium - 
containing more than 10 p.p.m. by weight of hydro- | 


gen is slowly cooled from 300° C. to room tempera- 
ture, a second phase, titanium hydride, is precipitated 
in the alpha-titanium matrix. | 
X-ray and microscopical studies on single crystals 
have revealed that the precipitate is in the form of 
platelets, which lie mainly along the {1010} slip 
planes. It is therefore natural to associate the pre- 
cipitation with dislocations on the {1010} system, 
especially as preferential precipitation occurs in 
regions of high plastic strain. If it is assumed that 


a {1010} dislocation can dissociate as postulated by | 


Churchman!', the stacking fault structure associated 
with this dissociation requires only small additional 
movements of the titanium atoms to arrange these 
as the titanium atoms in either of the published 
structures for titanium hydride*’. 


Evidence that hydrogen atoms do segregate 


“around dislocations is provided by the observation of 


a very rapid strain ageing phenomenon in titanium 
during tensile experiments at 250°C. Calculations 
“yeveal that of the common impurities only hydrogen 
could diffuse at a fast enough rate to explain this 
effect. Experiments were carried out on both single 
` erystals and polycrystalline titanium, which had pre- 
viously been hydrogenated, the oxygen and nitrogen 
content being less than 0-01 weight per cent. 
Little or no strain age-hardening was observed, 
and the work-hardening was of a parabolic nature 
with no significant increase in flow stress due to the 
presence of hydrogen. This differentiates the present 
deformation characteristics from those caused by 
0-1 weight per cent oxygen plus nitrogen, where 
there is a very low linear rate of work hardening with 
an increased flow stress*. This difference suggests 
there is some fairly weak barrier to dislocation move- 
ment in titanium containing only low amounts of 
oxygen and nitrogen. Examination of the possible 
dislocations in the hexagonal lattice shows that two 
dissociated {1010} dislocations on intersecting planes 
ean combine to form a stable barrier of the Cottrell- 
Lomer type?*, which could hinder subsequent slip. 

Embrittlement under impact-testing conditions 
occurs by the propagation of cracks which are 
associated with the hydride platelets. These cracks 
are caused by interference of the hydride phase with 
subsequent slip and twinning processes. 

The above results will shortly be published in 
greater detail elsewhere. ` 

I wish to thank Dr. A. T. Churchman for his 
encouragement and many valuable discussions. 


E. SMITH 


Research Laboratory, 
Associated Electrical Industries, Limited, 
Aldermaston Court, 
Aldermaston. 

Feb, 24. 


1 Churchman, A. T., Proe. Roy. Soc., A, 226, 216 (1954). 

* Lenning, G. A., Craighead, C. M., and Jaffee, R. I., J. Metals, 8, 367 
(1954). 

* McQuillan, A. D., Proe. Roy. Soc., A, 204, 309 (1950). 

4 Chrétien, A., Freundlich, W., and Bichara, M., C.R. Acad. Sei., Paris, 
238, 1423 (1954). 

’ Jaffee, R. I., Watertown Arsenal Lab. Report No. WAL 401/245 
(1954). 

Churchman, A. T., deta Met., 3, 1, 22 (1955). 

? Cottrell, A. H., Phil. Mag., 48, 645 (1952). 

§ Tomer, W. M., Phil. Mag., 42, 1327 (1951). 


either in the grain boundaries or present as inclusions 












grain boundaries in vacuum-cast beryllium contair 
ing 0-3 per cent oxide by weight. By contrast, othe 
workers? have since been unable to detect such oxide 


in metal of comparable purity. It is still generally - 


agreed, however, that the brittleness of beryllium ==- i 


is probably associated with some impurity, and our 
current results support the origmal claims by Sloman. _ 

Our beryllium specimens were fabricated from 
electrolytic flake beryllium which had been vacuum- 
cast {~ 1,400°C.). The ingots were extruded. at- 
about 1,000° C. to form both rod and tube of about. 
1 in. diameter and by analysis were found to contain 
approximately 0-25 per cent beryllium oxide. by 
weight. Our electron-diffraction study shows that 
specimens prepared from four different batches of 


such beryllium contain variable amounts of the oxide; o ee = : 
which is probably concentrated at grain boundaries < 


it is clearly in the form of relatively large crystals 
(greater than 500 A. in diameter). It has been shown? 
that beryllium oxide is crystalline when formed or 
heated at temperatures above about 280°C., and 


develops as relatively large crystals (greater than. ; a3 
about 500 A. in diameter) when the metal is heated  - 


in air above 600° C. for half an hour or more. The | 
beryllium oxide in the present case must therefore 


have been formed at, or subjected to, temperatures | 


in excess of 600° C., probably above 800° C., during 
the electrolytic preparation, vacuum casting or 
extrusion. 

The beryllium oxide is distributed throughout the 
material, as the following example shows. A l-in. rod 
was turned down to 1 em. diameter, and flat surfaces 
of transverse and longitudinal sections were prepared 
by grinding, followed by abrasion on emery papers 


down to grade 0000, then on fine (34) diamond powder. =: 


The final distorted surface layer was removed by 
electropolishing*, which further smoothed the surface 
and showed the grain size to be about 40u. Etching 
the surface in 10 per cent aqueous sulphuric acid for 
30 sec. dissolved the metal preferentially at about 
100 A. thickness per sec., but a beryllium oxide 
surface produced by heating another such sample of 
the metal in air (for example, at 400° C. for half an 
hour) was passive in the solution. Fig. 1, obtained by 
electron diffraction after etching the metal, shows 
arcs due to the beryllium (which we found has a 





Fig. 1 
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pronounced <210> fibre texture with the orientation 
axis parallel to the rod axis), and in addition strong 
sharp rings indicating randomly orientated beryllium 
oxide crystals of at least 500 A. in diameter. Such 
oxide was found repeatedly after re-surfacing in the 
manner described. 

When. preparing single-crystal surfaces in this way, 
clear Kikuchi-line and spot patterns were obtained 
with no sign of sharp diffractions from oxide. ‘Thus 
the oxide observed on the polycrystalline surface was 
not produced as a result of the method of surfacing. 
Clearly, therefore, in the case of the hot-extruded 
material described above, the preferential solution of 
the beryllium by the etchant must have left the oxide 
crystals projecting above the metal, thus increasing 
their relative contribution to the diffraction pattern. 

Further investigations, particularly of the penetra- 
tion of oxygen into beryllium at high temperatures 
and the existence of oxide films in coarse and fine- 
grain vacuum-cast metal, are in progress. 

We wish to thank Mr. G. C. Ellis and Dr. A. Moore 
for the provision of specimens and for helpful dis- 
cussions. One of us (V. D. Scott) is on detached duty 
from the Atomic.Weapons Research Establishment, 


No. 4613 


Aldermaston ; we are indebted to the Director of 

. this Establishment for permission to publish these 
RERE V. D. Scorr 
H. WILLMAN 


Ai Physical Chemistry of Surfaces Laboratory, 
Chemical Engineering Department, 
Imperial College of Science and Technology, 
London, S.W.7. 

Feb. 22. 


1Sloman, H. A., J. Inst. Metals, 49, 365 (1932). 

3? Kroll, W., Metallwirtschaft, 18, 725 (1934); Metal Indust., 47, 29 
(1935); Metals and Alloys,” 8, 349 (1937). Kaufmann, A. R., 
Oo P., and Lillie, D. W., 'Trans. Amer. Soc. Metals, 42, 785 

3 Kerr, I. S5., and Wilman, H., Inst. Metals, 84, 379 (1955-58). 
Kerr, I. S., Acta Cryst., 9, $79 (1956 ). 
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Kinetics of the Trigonal-to-Cubic Transition 
in Crystals of Cesium Nitrate on Muscovite 


It is well known! that the epitaxial orientation of 
cubic cesium nitrate on muscovite is 


CsNO, (100) [010] = muscovite (001) [010] 
whereas the orientation of trigonal cesium nitrate is 


CsNO, (1121) [1010] = muscovite (001) [010], [130] 
and [130] 


From ‘a general point of view, the possibility of 
obtaining definite orientations on definite crystallo- 
graphic planes means that, of the many possible 
arrangements, there are some for which nucleation 
is more probable. In the language of statistical 


thermodynamics, this probability isp = exp( — i 


Consequently nucleation which gives rise to 
epitaxial crystals corresponds to a value of AF less 
than that for other possible arrangements. The inter- 
face between epitaxial crystals and the substrate 
crystal presents a smaller discontinuity than any 
other possible arrangement. In other words, this 
smaller discontinuity corresponds to both a smaller 
interfacial free energy and a smaller elastic strain 
energy. 

Any polymorphic transformation undergone by the 
oriented crystals will involve an increase in this free 
energy. A shift of the equilibrium temperature, with 
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respect to that of non-epitaxial crystals, may be 
foreseen. If the transformation takes place between 
phases of which only one is epitaxial, the shift will 
be large. If both phases are epitaxial, the shift will 
be in general smaller, and its direction will indicate 
the more stable epitaxy. 

We have made simultarteous observations of the 
kinetics of the polymorphic transformation of cesium 
nitrate from trigonal to cubic, on crystals of the same 
size obtained by evaporation of the same solution, 
(i) on a glass substrate and (ii) on a crystalline sub- 
strate (muscovite), in order to correlate the two pro- 
cesses. The two supports were placed in a Weigand 
heating apparatus? fitted to a Leitz microscope, so 
that the crystals oriented on the mica and the non- 
oriented crystals on the glass were in view sim- 
ultaneously. The temperature of transformation was 


‘clearly defined by the disappearance (or appearance) 


of birefringence on heating (or cooling) uniformly 
(2 deg. C. per min. at first). We have established, 
in many experiments, that on heating, the birefring- 
ence appears first in the crystals on the glass sub- 
strate, and on cooling it appears later. The interval 
between the appearance of the birefringence in the 
two cases has never been more than 45 sec. 

The difference in behaviour described above is quite 
small in comparison with that observed in other 
experiments. For example, for the transformation 
NaBr—>NaBr.2H,0, in which only one phase (NaBr) 
is epitaxial on galena, the time difference with 
respect to sodium bromide unoriented on glass is 
almost two hours. In this case the hydration brings 
about an appreciable increase of the interfacial dis- 
continuity. In the case of cesium nitrate, however, 
the interfacial discontinuity varies little from one 
phase to the other. The direction of the variation 
indicates that the epitaxy of the trigonal phase is 
more stable and more probable. 

We have recently shown’ that the preponderant 
factor in determining the interfacial discontinuity is 
the amount of difference in symmetry. For cesium 
nitrate, the change in the dissymmetry is almost 
negligible and shift in equilibrium is minimal. 

E. FERRONI 
M. Coccutr 
Institute of Physical Chemistry, 
University of Florence. 
1 Ferroni, E., and Cocchi, M., Z. Kristallogr. (in the press). 
2 Angew. Chemie, 49, 243 (1986). 
3 Cocchi, M., and Ferroni, E., Z. phys. Chem. (in the press). 


An Electronic Mechanism of Addition 
Reactions 


A RECENT communication from Mr. Lakhbir Singh? 
seems to require a reply based rather more firmly 
on conventional theoretical chemistry. He refers to 
the decrease in reactivity of acetylene compared to 
ethylene, and implies that this shows that an increase 
in the number of z-bonds leads consequently to a 
decrease in reactivity. Duchesne? has, however, 
pointed out that the greater reactivity of ethylene 
compared to acetylene is due to the fact that the 
torsional oscillations in ethylene uncouple the 
m-electrons, whereas this cannot happen in acetylene.. 
Singh also describes allene as “very much strained’. 
It is difficult to see why this should be so, unless 
reliance is placed on the Baeyer? strain theory. In 
modern terms the central atom may be described as 
having two s-bonds in an sp-hybrid, with two 
p-orbitals available to form two x-bonds, the planes 
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of which are at right-angles to each other. The low 
reactivity in cumulenes compared to polyenes can 
be attributed to the small effect of torsional oscille- 
tions on the environment of the central atoms. 


Mr. Lakhbir Singh’s arguments concerning the- 


effect of electron-attracting and repelling groups can 
easily be replaced by the usual arguments involving 
hyperconjugation, and there is no need to postulate 
that the c-electrons are all-important. If in addition 
reactions the attack is on the c-electrons, it is difficult 
to seo why there is any difference in reactivity be- 
tween unsaturated and saturated compounds. In 
these and in benzene derivatives, Mr. Lakhbir Singh 
does not apparently distinguish between inductive 
and electromeric effects. 

In his explanation, Mr. Lakhbir Singh apparently 
ignores the fundamental principle that the total 
electronic wave function must have the symmetry 
of the nuclear framework. His p-orbitals inclined 
at an angle are certainly not m accordance with this 
principle. He also suggests that “the distortion of 
the c-electron orbits would be unsteady and non- 
uniform”. This view seems to ignore the principle 
of stationary states. 

It may well be, as he remarks, that the “quantum 
mechanical approach has not succeeded in solving 
this problem”, but any explanation must not be 
contrary to the fundamental principles of quantum 
mechanics. 

D. W. DAVIES 

10 Varo Terrace, 

Stockton-on-Tees. 

1 Singh, Lakhbir, Nature, 181, 110 (1958). 
2 Duchesne, J., Bull. Class. Sct. Acad. Roy. Belg., 38, 197 (1952). 
Svon Baeyer, A., Ber., 18, 2277 (1885). 


The Pigment of Micrococcus lysodeikticus 


Waite culturing cells of Micrococcus lysodetkticus', 
white cells, resistant to lysozyme, were often produced 
in liquid media containing relatively high carbo- 
hydrate. Resistant cells remained Gram-positive 
and were not lysed by lysozyme in the presence of 
ethylonediaminetetraacetic acid?. Optimal concen- 
trations of cultural sodium chloride for growth 
improved the yellow colour of the organisms?. 
‘These observations suggested a relationship of the 
yellow pigment to the polysaccharide substrate of 
lysozyme. 

Extraction of the pigment directly from dried 
organisms! with petroleum ether (b.p. 40-60° C.) 
provided a lipid extract and poor pigment yield. 
‘The pigment failed to migrate on MgO-‘Celite’ (1 : 1) 
and disappeared rapidly from this adsorbent. The 
folowing method, however, gave good quantities of 
pigment. M. lysodeikticus was grown at 28° ©. in 
250-ml. shake flasks, each containing 100 ml. medium®. 
After 48 hr., cells were centrifuged and washed with 
0-85 per cent saline. The equivalent of 4-2 gm. cel 
dry weight was used in a typical experiment. Cells 
were suspended in 50 ml. 0°85 per cent saline and 
150 ml. 44/15 phosphate buffer, pH 6-3. 40 mgm. 
Armour egg white lysozyme were added and lysis 
was carried out for 1 hr. with occasional shaking ; 
400 ml. cold acetone were added. Extraction was 
continued for 48 hr. (5° C.) with frequent shaking. 
The clear yellow supernatant was decanted and 
filtered by gravity (Whatman No. 1). Extraction 
was repeated with acetone. The second extract was 
more highly coloured. This was combined with the 
first fraction and evaporated to dryness in a stream 
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VISIBLA SPECTRA OF FRACTIONS A AND B IN VARIOUS 
RGANIO SOLVENTS . 
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Table 1. 








Fraction Solvent Emax. (mg) 
A Petroleum ether 


(b.p., 40-60° C.) 468 440 414 (829) 
B a 470 440 410 
A Carbon disulphide 494 462 440 = 376 
B ii 490 460 378 
A Calolum carbonate 477 447 
B = 470-80 440-50 





of air at 26° C. The residue was extracted with 
100 ml. petroleum ether, concentrated .to 3 ml. 
(25° C.) and transferred to a lem, x 12 em. activated 
calcium carbonate column. (The non-extractable 
residue contained a yellow-orange pigment which was 
also insoluble in carbon disulphide but soluble in 
water. This has not been studied further.) The 
eluant was petroleum ether. Two yellow bands 
migrated on the calcium carbonate column‘, a fast- 
moving component, A (distribution coef. is about 
1:9) and a low-moving component, B (distribution 
coef. is about 2:7). The distribution coefficient was 
calculated as K = vol. of eluant flowed into column 
+ fraction of column-length migrated by the band x 
gm. of adsorbent. Band A was eluted with petroleum 
ether. Band B was obtained by extruding the column 
and extracting the yellow segment overnight with 
absolute ethanol at 5° ©. 

Characteristic Emax, for the carotenoids are shown 
in Table 1. Although we have not seen reports 
concerning the pigments of M. lysodetkticus, Sobin 
and Stahly* have isolated carotenoids from several 
other species. Those species which have two yellow 
carotenoid alcohols similar to the pigments from 
M. lysodetkticus are Sarcina lutea and M. flavus. 
These pigments are dissimilar from a carotenoid from 
M. aquivivus, M. maripuniceus and M. infimus”. 

This investigation was supported in part by a 
Research Grant (#-1119 C), National Institute of 
Allergy and Infectious Diseases, National Institutes 
of Health, Public Health Service. 
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Bacterial Oxidation of Lactose and 
Melibiose 

DURING an investigation of bacteria isolated from 
blocks of whale meat, two distinct strains of paracolon 
bacteria (Bla, urease-positive; and C6, urease- 
negative} were obtained, the sugar metabolism of 
which was interesting. Tested in the normal way 
with Durham tubes, these organisms produced acid 
from lactose within 5-12 days at 30°C. and were 
accordingly recorded as late lactose fermenters. 
Tested by Hugh and Leifgon’s! method, both strains 
fermented celiobiose, maltose, sucrose, trehalose, 
galactose, glucose, mannitol and sorbitol, producing 
acid and gas anaerobically within 48 hr. at 30°C. 
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Lactose, melibiose and glycerol, however, were not 
fermented but oxidized, that is, acid was produced 
from these sugars within 48 hr. under aerobic con- 
ditions only. l 

In shaken, aerobic cultures at 30° C. of strain Blz, 
containing 2 per cent (w/v) of lactose or melibiose, 
all reducing power disappeared within 48 hr. Paper 
chromatograms of culture filtrates, using n-propanol/ 
ammonia (70:30) as solvent and sprayed with 
ammoniacal silver nitrate or thymol blue, showed 
respectively spots corresponding to lactobionic acid 
and melibionic acid (prepared by the method of 
Levene and Jorpes*), which were absent from control 
cultures without sugar. Comparison of the sizes of 
the spots with those of known concentrations of the 
acids suggested that the conversion of sugar to acid 
had, in each case, been nearly quantitative. 

Confirmatory evidence of the identity of the acids 
was obtained by subjecting the filtrates, after passage 
over ‘Zeo-Karb 225’, to hydrolysis with N hydrochloric 
acid at 100° C. for 2 hr., removing the acid with silver 
oxide and running the resultant solutions on paper 
using the same solvent. On spraying with ammoniacal 
silver nitrate, spots corresponding to galactose and 
gluconic acid, absent from the original filtrates, were 
obtained. The acids present in the original culture 
filtrates have therefore been provisionally identified 
as lactobionic and melibionic. 

It seems that this paracolon strain is able to 
oxidize lactose and melibiose to lactobionic and meli- 
bionic acids respectively. The oxidation of lactose 
by paracolon bacteria}, and the oxidation of lactose 
and maltose to the corresponding acids by oxidative 
Pseudomonas*®:* and Achromobacter® spp. have been 
reported, but so far as is known, this is the first 
recorded instance of the production of melibionic acid 
from melibiose. The wider use of the Hugh and Leif- 
son technique would probably reveal more cases of 
this kind. This work emphasizes the inadequacy of 
the traditional fermentation tube technique in which 
both aerobic and anaerobic conditions exist. 

I wish to thank Dr. F. A. Isherwood and Mr. F. C. 
Barrett for their help and advice. 
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Role of Oxygen in the Formation of 
a-Amino-butyric Acid by a Staphylococcus 


THE formation of «-amino-butyric acid by animal 
cells has been studied!.*, but little is known of the 
method of its formation by staphylococci’. 

Tt has been shown here, using shaken flasks, that 
the formation of «-amino-butyric acid by staphylo- 
cocci is a function of the amount of oxygen available 
to the culture. It has been confirmed that the acid 
can. be derived from threonine and it has been shown 
that, presumably by a similar process, alanine can be 
formed from serine. 

The organism used was the V8 strain of staphylo- 
coccus employed by Gladstone and van Heyningen*. 
The culture medium, consisting of “Bacto Casamino- 
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acids’, 2 per cent; yeast diffusate, 20 per cent ; 
sodium lactate, 0-75 per cent; sodium glycerophos- 
phate, 2 per cent ; and mineral salts was the same as 
that used by Gladstone and van Heyningen. The 
organisms were grown at 37°C. in 500-ml. conical 
flasks plugged with cotton wool, the oxygen solution- 
rate being varied by varying the volume of medium 
in the flask. When shaken on the bottom shelf of a 
Kantorowicz® shaker the flask containing 1/5 its 
volume of liquid gave an oxygen solution-rate 
determined by sulphite oxidation® of 29 m-moles 
O,/l./hr. and the flask containing 1/20 its volume of 
liquid gave a value of 75 m.moles O,/l./br. 

Changes in amino-acid composition of the medium 
during growth were followed by two-way chromato- 
graphy. 

While no new amino-acids appeared during growth 
in the flasks containing 1/20 their volume of medium, 
a fresh acid appeared early in the logarithmic growth- 
phase in the flasks containing 1/5 their volume of 
medium. This was shown to be «-amino-butyric acid. 

Cells from flasks with the lower oxygen solution- 
rate incubated with threonine formed «-amino-butyric 
acid; with serine, alanine was formed, while with 
aspartic acid, glutamic acid or methionine, no new 
material appeared. Cells from flasks with the higher 
oxygen solution-rate similarly treated produced no 
changes. 

When. nitrogen was substituted for air in sealed 
flasks with 1/20 vol. medium, «-amino-butyric acid 
was formed during growth. When both sodium 
lactate and sodium glycerophosphate were omitted 
from the medium, the staphylococci still grew well. 
It was shown that growth in such a medium in the 
flasks containing 1/5 vol. medium failed to produce 
w-amino-butyric acid, whereas with lactate and 
glycerophosphate present it was formed. Replace- 
ment of air by nitrogen when lactate and glycero- 
phosphate were absent from the flasks containing 1/5 
vol. medium brought about formation of «-amino- 
butyric acid. 

When glucose or glycerol was substituted for lactate 
and glycerophosphate on an equimolar basis, «-amino- 
butyric acid was still formed during growth in flasks 
containing 1/5 vol. medium. The use of pyruvic acid, 
malic acid, formic acid, succinic acid or «-keto-glutaric 
acid as a substitute for lactate and glycerophosphate 
failed to bring about «-amino-butyric acid formation. 
Addition of pyruvic acid to the lactate-containing 
medium in the flasks with the lower oxygen solution- 
rates suppressed the formation of a“-amino-butyric 
acid. 

It would seem from these results that the formation 
of «-amino-butyric acid by this staphylococcus is due 
to the use of threonine as a hydrogen acceptor under 
conditions of low oxygen supply, serine presumably 
functioning in a similar manner. 

P. B. RuEY 
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An Alternative Pathway for the Degradation 
of Cholic Acid by Micro-organisms 


Since the publication of the first report on the 
microbiological degradation of cholic acid (I) to 
7a-hydroxy-3 : 12-dioxo-A*-bés-norcholonic acid (VII) 
by Strepiomyces gelaticus 1164, additional investiga- 
- tions have been continued and two possible pathways? 
for cholic acid degradation have been proposed. 

S. gelaticus 1164 can grow on a medium containing 
the 6¢s-nor acid (VII) as the sole source of carbon. On 
the other hand, Streptomyces rubescens? is able to 
utilize cholic acid as the sole source af carbon as well 
as S. gelaticus 1164, but ig unable to utilize this 
bis-nor acid. 

Though interpretation of such experiments is not 
simple, we suggest that cholic acid degradation by 
S. rubescens proceeds through an alternative pathway 
different from that found with S. gelaticus 1164. 

Recently, it was found! that S. rubescens, cultured 
in a medium containing cholic acid as the sole source 
of carbon, produced various intermediates such as 
Tæ : 12«-dihydroxy-3-oxo-A‘-cholenic acid (If), 
7a-hydroxy-3 : 12-dioxo-A*-cholenic acid (IV), 
12«-hydroxy-3-oxo-A‘**-choladienic acid (V), 3:12- 
dioxo- A‘4.°-choladienic acid (VI) and some unidentified 
compounds different from the 6is-nor acid (VII). 

Considering the structures of these intermediates, 
an oxidative pathway of cholic acid by S. rubescens 
may be deduced as follows (Fig. 1), though the acid II 
has not yet been isolated. 


COOH 
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S. rubescens cultures in a cholate medium give a 
light absorption peak at 246 mp at the earlier incuba- 


tion period, and a parallelism between an increase © 


of the optical density and the incubation period is 
observed. After the optical density at 246 mp reaches 
its maximum, it decreases in parallel with continua- 
tion of the incubation, and, simultaneously, a new 
peak at 290 mu appears; finally, both the peaks at 
246 and 290 my disappear at an almost equal rate 
at the end of the incubation period. 

These findings may be interpreted as follows: an 
appearance of a peak at 246 mp in the cholate culture 
begins with the conversions I > II > IN — IV; a 
decrease of the optical density at 246 mu and an 
appearance of a peak at 290 my are due to the conver- 
sion ITI —> V or IV —> VI; and further degradation of 
V or VI accelerates the conversion IIL — V or 
IV + VI. This process will finally lead to the dis- 
appearance of both the peaks at 246 and 290 mn. 

Much of the representation of our proposed path- 
way for cholic acid degradation by S. rubescens is still 
largely hypothetical. However, the isolation and 
identification of the acids V and VI in this expori- 
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ment demonstrate for the first time @ micro- 
biological introduction of the A*.5-3-ketone structure 
into the cholane nucleus of cholic acid. 
Further study on the proposed pathway is in 
progress and will be reported in detail elsewhere. 
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Uridine Diphosphate Amino-sugar 
Compounds from Staphylococcus aureus 
inhibited by Penicillin 

In 1952, Park? showed that three uridine diphos- 
phate amino-sugar compounds were accumulated in 
Staphylococcus aureus inhibited by penicillin. Com- 
pound I contained no amino-acid residue. Compound 
IL contained one alanine residue and compound IL 
contained a peptide which was composed of one 
glutamic acid, one lysine and three alanine residues. 
Recently, Strominger indicated that, even though in 
much smaller amount, these compounds are contained 
also in normal cells*, and that the amino-sugar 
component is 3-O-carboxyethyl glucosamine’, which 
is known as one of the main components of cell walls*. 

We have found a variety of similar uridine diphos- 
phate amino-sugar compounds, some of which 
contained aspartic acid and glycine. Cells of S. 
aureus strain 209 P treated with penicillin were 
extracted with trichloracetic acid. After removal 
of trichloracetic acid, barium hydroxide and suff- 
cient sodium hydroxide were added to the extract to 
adjust the pH to 9, and the precipitate was removed. 
To the concentrated supernatant, ethsnol was 
added to 50 per cent by volume and the precipitate 
was separated. More ethanol was added to the 
supernatant to make it 90 per cent and the preci- 
pitate was separated. Each precipitate was frac- 
tionated by ion exchange chromatography with 
“Dowex 1’ in the chloride form. The fractions with 
the same peak of optical density at 260 mu were 
pooled, concentrated by adsorption on ‘Norit’ and 
subsequent elution with ammoniacal ethanol, and 
were analysed for components. After hydrolysis with 
6 N hydrochloric acid at 120° for 6 hr. in a sealed 
tube, amino-acids were separated and estimated by 
two-dimensional paper chromatography with butanol/ 
acetic acid/water (4: 1 : 5) and phenol/m-cresol/borate 
buffer pH 9-3 (25: 25:7) as solvent systems®. The 
result of paper chromatography on fractions con- 
taining appreciable amounts of all the three com- 
ponents, uridine, N-acetyl-amino-sugar and amino- 
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Preparation | Fraction No.* | Elution medium | - Alanine | 
| i | {0-0LN HCI ~ | ++ | ++#tł +++ 
: 0-01 N NaCl ae ge! 
2 | f0-01.¥ HCI m fo ++ | ++ | sa e 
0-01 N Natl Eo o | 
ae | 3 0-01 N HC) Peo i T i a Se 
7 l | 1001X NaCl | ! S | Ra 
| Precipitated at 0-50 per | 4 | [0-01 N HOI pop. d an oF | fa a ee 
| eent ethanol 0-01 y aa | n cas l | l a 
| 0-05 y NaCl | | | Si 
| 6 0-01 N HCl + | + + = ee 
0-1 N NaCl | | gee ee 
| 7 | Ld NHO tt | thet re trace | 
| i | £0-01.N HCl + + + _ | soit 
tas | | 0-01 N NaCi 
| eent ethanol S 2 008 N Naci | : ta ft a 
4 cent ethanol | . 05 N NaCl | So i : 
g: | 0-01 NV HCl | of l trace trace mn m 
| ee | ody NaCl | eae 
ide t $ : 


* This represents peak and shoulder of absorption at 266 my. 


acids, is shown in Table 1; the amounts of samples 
were adjusted to give about the same amino-sugar 
< content. When normal cells were treated similarly, 
- mouch smaller amounts of amino-acid-containing 
<- uridine derivatives were obtained, in which the same 
‘species of amino-acid residues were detected as in the 
-= ease of the ponicillin-treated cells. 

=c The result suggests that there may be a number 
“of compounds containing some of the five amino- 
- acids in various combinations. Further attempts to 
separate each fraction into components are in progress. 
In connexion with the present results, it is to be 
noted that alanine, lysine and glutamic acid have 
been found in cell walls of Gram-positive miero- 
organisms as the main components*.“*, whereas 
glycine has been discovered in cell walls of Staphy- 
-c dococet* and aspartic acid in cell walls of Lactobacilli, 
_ This is additional evidence for Stromingen’s hypothe- 
--gis* that these uridine diphosphate amino-sugar 

-.@ompounds are possible precursors of cell walls. 
-_ Further details of this work will be reported 


elsewhere. 
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An Antibiotic produced by a Bacillus sp., 
active against Haemophilus pertussis 


. Astra of Bacillus (probably B. subtilis) has been 
found to produce an antibiotic effective against 
© H. pertussis and Neisseria spp. The antibiotic 
spectrum is somewhat unusual, and although attempts 
at purification achieved little, the following is a 
summary of the results'. ; 

The antibiotic is produced in highest concentration 
` (titre 1 in 128 against N. meningitidis) in aerated 
=o culture at 22° in a medium containing horse-meat and 

o potato extracts. Growth in a synthetic medium 
based on that of Hills et al.* yielded an antibiotic of 











O-ACID DETECTION BY PAPER CHROMATOGRAPHY 


on They were analysed for nucleoside components N-acetyl-amino-sugar cee 
and amino-acid components, and the only fractions containing all three components in appreciable amounts have been included, eo 







Lysine | Glutamic acid Aspartic acid 





investigated. The antibiotic was extracted from the Be 
enriched medium by extraction with n-butanol èt = 
pH 4-5. Removal of the butanol and extraction with 
n-hexane yielded an amorphous brown powder > 
(petrin) containing most of the activity {titre lin. 
125,000 against N. meningitidis). arias 
Extraction of petrin with a number of organic _ 
solvents yielded several fractions, all with the same 
activity, and with the same composition as determined 
chromatographically. l 
Paper chromatography of petrin, using a chloro- 
form/n-butanol/water (46 : 4:50) solvent mixture, = = 
indicated the presence. of at least three fractions:  ž 
(a) antibiotic, (6) hemolytic, (c) fluorescent in ultra-  ž : 
violet light. Active material could not readily be _ 
extracted from the paper. ARE 
Emulsion formation precluded the use of a Craig 
countercurrent extraction apparatus, but by repeated 
centrifugation a ten-tube distribution was accom- ~ 
plished. The principal antibiotie-containing fraction _ 
did not contain nitrogen. A smaller antibiotic- . 
containing fraction did contain nitrogen. pL pa E 
The L.D50 for 20-gra. mice injected intraperitoneally 
was 5 mgm. Es 
A summary of the antibiotic spectrum of petrin is = = = 
given in Table 1. eee 












Table 1. ANTIBIOTIC SPROTRUM OF PETRIN cesta Beat aces 
Organism Dilution of antibiotic occ nae s 
growth at inhibition atc. 
N. meningitidis 156,000 125,000: 
N. gonorrhoeae 75,000 60,000: 
N. catarrhalis 5,000 1,000: 
H. pertussis 125,000 100,000: 
H, influenzae i 50,000 25,000 
H. parapertussis S 100,000 50,000 
C. diphtheriae 25,000 %, 000: 


No inhibition at 1/200 of E. coli, A. aerogenes, Sh. sonnei, Sh. flexnes 
Salm. typhi, Ps. pyocyanea, Prot. vulgaris, Kieb. pneumoniae, Sia 
albus, Staph. aureus, Clostridium spp., Candida albicans, Aspergul 
niger, Penicillium nolatum. ee 


The physical and chemical properties of petrin are 
soluble in water above pH 4-5; stable at roo 
temperature in the range pH 4-5-11; boiling | 
pH 8-0 reduced the activity by 66 per cent in 10 min 
thereafter it remained constant for 50 min. ; stab 
to pepsin and trypsin; stable to dry heat (100° 
adsorbed on to charcoal but not readily eluted | 
partially soluble in chloroform, ethanol ; insoluble in 
acetone, ether. me 

Comparison of petrin with 26 other antibiotics. 
attributed to B. subtilis, and 29 antibiotics attributed. 
to other members of the Bacillaceae, indicated that. 
petrin has not previously been described. P 
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Flavofungin, a New Crystalline Antifungal 
Antibiotic: Origin and Biological 
Properties 


Dure the systematic study of actinomycetes 
antagonizing fungi pathogenic in man, a species of 
Streptomyces (SA-IX/1).was found from desert sand 
that markedly inhibits growth of Cryptococcus neo- 
formans and Trichophyton mentagrophytes used for 
sereening'. In laboratory deep fermentation, besides 
the antifungal antibiotic, an antibacterial one was 
produced also by this species. A natural stable 
variant (SA-IX/3) differing morphologically from 
the original strain isolated was selected that is capable 
of producing increased quantities of the antifungal 
and decreased quantities of the antibacterial agent. 
This proved to be a new species and has been named 
Streptomyces flavofungini. The antifungal, crystalline 
antibiotic (Fig. 1) was isolated as a uniform product 
from the mycelium and fermentation fluid of this 
_asporogenic, chromogenic variant. From its colour 
and effects, the new antifungal agent has been called 
‘flavofangin’. 

Pure flavofungin has no influence upon growth of 
Streptomycetes and common bacteria ; but the growth 
of B. subtilis and of a few strains of M. pyogenes var. 
aureus is inhibited by relatively high concentrations 
of more than 100 ugm./ml. Marked inhibition is ex- 
erted tn vitro upon the growth of pathogenic and non- 
pathogenic yeasts and yeast-like fungi, dermato- 
phytes, and also of saprophytic and plant pathogenic 
fungi ; inhibitory concentrations are shown in Table 1. 
Assays were carried out by serial dilutions in Czapek— 
Dox, Sabouraud, Jensen and mush media. Its 
diffusion into agar is rather slow. 

In aqueous suspension, given per os or subcutane- 
ously, in dosages up to 250 mgm./kgm., to the mouse, 





o Fig.1. Flavofungin crystals 














and procaine’. 
work ethyl butyrate was used as the substrate. ani 
method‘. 


z liberated in 24 hr. In agreement with other workers 


sharp contrast to the increase in esterase activity — 
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_ Aspergillus clavatus l 0s eae 
| Penicillium chrysogenim - 8. 
Penicillium norum hybrid 8 

Penicillium sp. (two strains) 10-20 
Seopulariopste sp, ~ 15 
Cephalosporium sp. 15 
Monosporium apiosper mum 15 
Helminthosporium. sp. 16 

Trichoteceum roseum 15 
Muastigocladium sp. 10 

Yeasts and yeast-like fungi 
Candida athicans (three strains) 4-5 
Candida kruset 8 
Candida tropicalis 15 
Saccharomyces cerevisiae (three strains} 3-20 
Saccharomyces niger 2 
Cryptococcus neoformans 2 
Torula utilis l 10 
Hansenula anomala a $ 16 
Rhodotorula ap. l 2 
Torulopsis puleherrima 2 
Pathogenic fungi 

Trichophyton mentagrophytes 20 
Trichophyton tonsurans (two strains) 8-20 
Trichophyton. rubrum (two strains) 10 
Trichophyton gypseum (two strains) 2 
Trichophyton sulfureum 8 
Epidermophyton kaufmann-wolf (three strains) 15-20 
Eipidermophyton inguinale 10 
Microsporum canis g 
Microsporum gupseum $ 
Achorion quinckeanum % 
Ceratinomyces 10 
Phialophora verrucosa 20 
Histoplasma capsulatum 10 
Sporotrichum schenkit 10 
Hormodendrum compactus 8 
Nocardia asteroides 20 
Geotrichium sp. 20 


no acute or late symptoms were evoked; L.D650 is 
25 mgm./kgm. in aqueous suspension given by the- 
intraperitoneal route. 

In the feces of mice fed with Candida albicans, 
no colonies, or only a few, can be demonstrated 
after having received flavofungin per os, in marked 
contrast to untreated controls. 

Flavofungin is strongly bound to serum proteins, 
but can be liberated. 

According to its chemical, physical and biological 
properties, flavofungin is not identical with formerly ` 
known antifungal antibioties*. Its isolation and chem- 
ical properties will be described in detail elsewhere, 

J. URI 

Department of Pharmacology, 

University Medical School, 

Debrecen. 
I. BÉKÉSI 

Antibiotic Research Institute, 

Hungarian Academy of Sciences. 


t Uri, J., Pharmazie, 12, 194 (1957). 


* Uri, J., Arzneim.-Forsch. (in the press). 


Effect of Heparin on Pathologically ` 
Decreased Serum Esterase in Carcinoma > 


PuasMA and serum esterolytic activity may be. _ 
considerably decreased in pathological conditions: 
The substrates most often used for the determination 
of esterolytic activity are acetylcholine’, tributyrine 
Decreased activity is found mos 
often in cirrhosis of the liver and carcinoma. In ow 














esterase activity was determined by the. titrimetris 
The values are given in ml. of 0-05 N 
sodium hydroxide required to neutralize the aci 


we found low values, especially in some forms of 
carcinoma and cirrhosis. These low values are imo- 
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Table 1. EFFECT OF HEPARIN ON THE ESTERASE ACTIVITY OF SERUM 
IN CARCINOMA 


No. 4613 


Rise of ester- 
ase activity 
after heparin 
injection 
(per cent) 


Esterase act- 
ivity (ml. 0:05 
N sodium 
hydroxide) 


Diagnosis 


Bronchtogenic carcinoma 


Carcinoma of the stomach 

Carcinoma of the stomach 

Adenocarcinoma of the 
kidney 

Bronchtlogenic carcinoma 

Bronchiogenic carcinoma 

Bronchiogenic carcinoma 


Average in 25 controls 





after administration of heparin. Five minutes after 
intravenous injection of heparin in amounts of 100 
units per kgm. body-weight, the increase reached as 
much as 780 per cent (Table 1). 

This increase is much greater than in normal 
persons, in whom esterase activity has an average 
value of 3-16 ml. 0-05 N sodium hydroxide’ with a 
dispersion of 2-00-4-85, by our method. There is a 
definite increase after administration of heparm in 
normal persons’, but it rarely exceeds 70 per cent 
and we found no increase greater than 100 per cent. 

No explanation can at present be given for the 
great increase of the pathologically low values of 
esterase in carcinoma. There are, however, the 
following possibilities : (1) that there is an esterase 
inhibitor in the blood of the patients which is inact- 
ivated by heparin; (2) that heparin washes out from 
the tissues into the blood stream an esterase which, 
in carcinoma, is not, or is only partly, damaged and 
which is able to break down ethyl butyrate. 

J. SKOREPA 
S. NovAx 
H. Toporoviéové 
Fourth Medical Clinic, 
Charles University, 
Prague. 
Dec. 20. 


1 Maier, E. H., Dtsch. Med. Weehr., 81, 1674 (1956). Williams, H. M., 
non R. V., and Wetstone, H. J., Gastroenterology, 88, 58 

2 Lagerlöf, H., Acta Med. Scand., 120, 407 (1045). 

2 Ozyzyk, A., Z. inn. Med. (Leipzig), 11, 1085 (1956). 

4 Cherry, I. S., and Crandall, L. A., Amer. J. Physiol., 100, 266 (1932). 


5 Skořepa, J., Todorovitové, H., and Novak, Š., Clin. Chim. Acta, 
2, 157 (1957). 

8 Skořepa, J., and Todorovitové, H., Paper delivered at the 15th 
Regular Meeting Czech Medical Society, Prague (May 23, 1955); 
Experientia, 12, 228 (1956). 


Effect of a Lethal Electric Shock during 
Hypothermia 


In our experiments we applied direct current at 
220 V., or alternating current, through a resistance 
with which the potential could be varied between 
10 and 220 V. The current passing through the 
animals was registered by milliammeter. Copper 
electrodes were attached to the forelegs of mice 
weighing 20-25 gm., the shaved limbs of which had 
been moistened by a solution of sodium chloride. 
The mice were cooled by Giaja’s method. The 
temperature of the colon was registered by a therm- 
istor thermometer. 

Table 1 summarizes our results, from which it can 
be seen that hypothermia has a protective action. 
Increasing the potential enabled the hypothermic 
animals to withstand a higher current. We found 
that with a direct current hypothermic animals with- 
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stood a current lethal for controls at only 150 V.; 
whereas with alternating current, the lethal current 
was obtained at a potential of 120 V. Histological 
examination of the mice which were killed by the 
electric current revealed no essential or characteristic 
changes in the nervous system or in the heart. | 


Table 1. EFFECT OF ELECTRIC SHOCK ON NORMAL AND ON HYPO- 


THERMIC MICE 


Current passed 


through the 
animals 
(mean value) 


Dead/ 
shocked 


Colonic 


Current temperature 


62 m.amp. 
100 m.amp. 
40 mM.amp. 
56 m.amp. 


g 

Direct current Š 
9 

100 m.amp. g 
ő 

g 


(80 V.; 10 sec.) 


118 m.amp. 
40 mM.amp. 
55 M.amp. 


Alternating current 
(80 V.; 10 sec.) 





The conductivity of males under normal conditions 
is 7-8 x 10-4 ohm”; in a hypothermic state it is 
5 x 10-* ohm (decrease, 36 per cent). ‘The con- 
ductivity of control female mice is 12-5 x 10-* ohm”, 
that of cooled females 7 x 10-4 ohm! (decrease, 
44-1 per cent). Putting the mean temperature of 
mice as 20° C., the thermal coefficient of male mice 
is 1-86 per cent/degree, that of female mice is 2-2 per 
cent/degree, which corresponds very well with the 
thermal coefficient of ion activity. Therefore the 
main reason for the decrease in conductivity is prob- 
ably the change of ion activity with temperature. 

Full details of this work will be published in Acta 
Physiol. Hungaria. 

T. SZILÁGYI 
K. BENKÖ 
H. CSERNYÁNSZKY 
Institute of Pathophysiology, 
and 
Institute of Physics, 
Medical University, 
Debrecen, Hungary. 
Sept. 7. 


Effect of Muscular Activity prior to 
Venepuncture on the Respiration of 
Leucocytes in vitro 


DuRING an investigation of the respiration of 
human leucocytes we noticed that moderate exercise 
by the donor prior to venepuncture seemed to be 
associated with a high rate of leucocyte oxygen 
consumption. Determination of the oxygen con- 
sumption of leucocytes (resuspended in a modified 
Krebs No. 2 buffer) was made by the direct method 
in Warburg respirometers at 37°C. Results were 
expressed as moles oxygen consumed per hr. per 107 
leucocytes, so that the effect of any variation in 
total white cell count was eliminated. 

Wo therefore compared the oxygen consumption 
of white blood cells taken before and after exercise 
from six normal subjects. All were members of the 
clinical or laboratory staff, aged 18-29 years. The 
subjects were fasting, and had rested on a bed for 
80 min. before the first blood sample was obtained 
by venepuncture. A moderate walking exercise last- 
ing 3-4 min. was then performed. Leucocytes obtained 
by venepuncture 5 min. after the walking exercise 
showed increased oxygen consumption 36-71 per 
cent above the control value before exercise (‘Table 
1). Estimations of the subjects’ oxygen consumption 


i 


910 


Table 1. 


Before exercise 





White blood cell 


oxygen 
oonsumption* 


Estimated 
surface area 
{m.?) 


Subject’s oxygen 


Subject consumptiont 


+ moies oxygen/hr./10? leucocytes. 


(using @ Benedict—-Roth apparatus) confirmed that 
exercise had been moderate. Differential white cell 
counts were made before and after exercise: there 
was no significant alteration in the count. 

The possibility that the change in leucocyte oxygen 
consumption was due to venepuncture was con- 
sidered. Blood samples were taken from three normal 
subjects, with a similar time interval between samples 
as before, but without exercise. The change in oxygen 
consumption between first and second samples was 
— 11, + 5 and — 3 per cent. 

We conclude from these results that: (1) a sub- 
stanco may appear in the blood as a result of moderate 
exercise which has the property of stimulating the 
metabolic rate of the leucocytes n vitro; (2) in 
previous work on respiration of leucocytes the effect 
of preceding muscular activity was not taken into 
account, and this may explain some of the discordant 
results reported. 

SHEENAH K. Bisser 


Department of Biochemistry, 
W. D. ALEXANDER 


Clinical Chemotherapeutic Research Unit 
of the Medical Research Council, 
Western Infirmary, 

Glasgow, W.I. 


Effect of Acetylcholine on the Membrane 
Resistance and Threshold of Atrial 
Muscle Fibres 


THERE is substantial indirect evidence that 
acetylcholine increases the conductance of the atrial 
muscle membrane probably by increasing the per- 
meability to K+ and CI- 1.2. In addition, acetylcholine 
has an. effect.on the sodium -carrying system’. These 
two actions form the basis of a hypothesis suggested 
by us? for the possible explanation of the excitatory 
and inhibitory actions of acetylcholine on atria 
described by Burn‘. 

It seemed vital to determine what effect acetyl- 
choline had on the membrane resistance and on the 
threshold. We have attempted the following experi- 
mental techniques to examine this problem. (a) One 
microelectrode was used for stimulating and record- 
ing; (6) a double-barrelled microelectrode was used 
and (c) two microelectrodes (stimulating and record- 
ing) were inserted into the same muscle fibre. All 
methods proved extremely exacting. Indeed, Traut- 
wein, Kuffler and Edwards! discarded methods (a) 
and (c) and used a method employing external 
electrodes which demonstrated changes in the mem- 
brane resistance and time constant. They were not 
able to determine changes in the threshold. In the 
present work method (a) was abandoned, method 
(b) is being further developed and method (c) was 
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Percentage increase in oxygen 


After exercise consumption 





White blood celi 


Subject’s oxygen 


oxygen 
consumption 


consumption White blood cells Subject 


t ml. oxygen/min. 


found to be entirely successful in only one of twenty 
experiments. 

In view of the implications of the findings, we are 
reporting the results of this single experiment. 

Two microelectrodes were inserted into a single 
muscle fibre of rabbit right atrium driven electrically 
at a rate of 3-6/sec., current being passed through 
one electrode and the resultant membrane potential 
changes recorded through the other. Square pulses 
of depolarizing current applied through the stimulat- 
ing microelectrode between every eighth—ninth ex- 
ternally applied stimuli produced membrane changes 
of the form shown in Fig. 1. Acetylcholine 10-* 
reduced the amplitude and time constant of rise of 
this potential. 

This is interpreted as being direct evidence of a 
fall in membrane resistance. There was no con- 
comitant change in membrane resting potential or 
maximum rate of depolarization. At the same time 
the threshold was decreased, that is to say, the 
membrane had to be depolarized to a lesser extent 
to initiate an extra response. A slight increase in 
current was required to stimulate. This was due to 
the fact that the decrease in threshold did nob 
entirely compensate for the fall in membrane 
resistance. 

The decrease in threshold could be due to a direct 
effect on the sodium-carrying system. Alternatively, 
it is conceivable that if the membrane time constant 
were of the game order or slightly greater than that of 
the inactivation of the sodium-carrying system, then 
a reduction in time constant of the membrane to a 
value lower than that of the sodium inactivation 
could result in a decrease in threshold. 

We are endeavouring to confirm these findings 
with the doubje-barrelled microelectrode technique ; 
but as they further support our recently suggested 
hypothesis? it does seem that in considering the 





Fig. 1. 
before and one after the application of 10-* acétyicholine to 
isolated rabbit right atrial muscle. A recording and a stimulating 
electrode are inserted into the same cell. The changes in mem- 


This consists of two superimposed photographs, one 


brane p plication of a current pulse via 
the stimulating electro own between the eighth—-ninth 
action potentials. The amplitude of the responses are just sub- 
threshold (the larger is before the acetylcholine was applied). 
It can be seen that the acetylcholine has decreased the time con- 
stant of the membrane and decreased the threshold, the duration 
of the two action potentials being decreased at the same time, 
(Photograph retouched to correct losses in photography) 


otential folowing ue 2 
e is 
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effects of acetylcholine on atrial muscle one must 
take into account not only its effects on membrane 
resistance (K+ permeability and rate of repolarization) 
but also the possible direct—indirect effects on 
depolarization mechanisms. 

This research project was supported by the Life 
Insurance Medical Research Fund of Australia and 
New Zealand. 


No. 4613 


Epwarp A. JOHNSON 
P. A. ROBERTSON 


Department of Pharmacology, 
University of Sydney. 
Dec. 24. 


1 Trautwein, W., Kuffer, 8. W., and Edwards, C., J. Gen. Physiol., 40, 
135 (1956). 

1 Harris, E. J., and Hutter, O. F., J. Physiol., 188, 68P (1956). 

3 Johnson, E. A., and Robertson, P. A., Nature, 180, 1483 (1957). 

‘ Burn, J. H., “Functions of Autonomic Transmitters” (Wiliams and 
Wilkins Co., Baltimore, 1956). 


Sites of the Physiological Breakdown of 
the Red Blood Corpuscles 


Ir erythrocytes labeled with iron-59 in their 
hæmoglobin are transfused from a donor rabbit to a 
sister animal, and, after a lapse of some hours, the 
labelled iron is located in the depot iron fraction, 
in the ferritin and hemosiderin of organs, we 
can conclude that erythrocytes were broken down in 
these organs. 

Since the plasma contains no radioiron, the only 
source of iron-59 present in the depot iron fractions 
is radioiron liberated from the transfused labelled 
red corpuscles. 

This line of thought induced us to replace red 
corpuscles contained in 20 ml. of rabbit blood with 
the corresponding amount of washed red blood 
corpuscles all labelled with iron-59 from a sister 
animal. 

The results of one of our experiments are given in 
Table 1. 


Table 1. DISTRIBUTION OF IRON-59 IN THE DEPOT IRON (FERRITIN + 
HÆMOSIDERIN) OF ORGANS 


Total 
depot 
{ron 
(mgm.) 


Total radio- | Depotiron 
activity of | radioactivity | Percentage 
depotiron | per gm. organ | distributed * 
(c.jmin.) | (c./min./gm.) 


9,830 154 


Organ 


Liver 
Spleen 2,340 
Red bone 

marrowt 9 86,500 
Kidneys : _ 4,800 
Lun j 9,250 


Small 
intestine 4,800 





* Total radioactivity of the depot iron of all organs investigated = 
100 per cent. 

+ The total amount of the red bone marrow was assumed to comprise 
1-1 per cent of the body-weight. 


It is seen that the depot iron-59 content of 1 gm. 
of spleen is higher than that of an equal amount of 
any other organ studied. Considering the total 
organs, however, the red bone marrow contains more 
iron-59 than any other organ investigated. In seven 
other experiments the ratio of the depot iron-59 
content of the red bone marrow and the spleen varied 
between 6 and 50, the corresponding ratio of the red 
bone marrow and liver figures being 0:6-9. 

In view of the fact that the spleen of the rabbit 
is very small, its weight being only 1/35 that of 
the red bone marrow, we cannot expect the ratio 
of the amount of erythrocytes broken down in the 
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bone marrow and the spleen to be as high in other 
mammalian species as it is in the rabbit. Our results 
suggest, however, that even in man presumably a 
third or more of the number of erythrocytes terminat- 
ing their physiological life-cycle is broken down in 
the bone marrow. 

Miescher! published results similar to those reported 
here. He transfused red corpuscles labelled with 
chromium-5] into rabbits and found that, after a 
lapse of 25-35 days, about 30-75 per cent of the 
chromium-51 was located in the bone marrow, 28- 
49 per cent in the liver and 6-40 per cent in the 
spleen. The finding of Miescher that the spleen 
accumulates a larger percentage of the chromium-5l 
than found by us is possibly due to a large part of the 
chromium-51 leaking out from intact erythrocytes. 
A part of this chromium may accumulate in the 
spleen. We arrived to the same conclusion as 
Miescher concerning the importance of the bone 
marrow for the physiological breakdown of the red 
corpuscles. In this connexion it is of interest to recall 
that Mann et al.? found that the main part of the 
bilirubin is formed in the bone marrow. 

The interest taken by Prof. G. Hevesy in this 
investigation is gratefully acknowledged. 


G. V. EHRENSTEIN 
D. LOCENER 


Institute of Organic Chemistry 
and Biochemistry, 
University of Stockholm. 
Dec. 17. 
1 Miescher, P., Rev. d'Hématol., 11, 248 (1956). 


2 Mann, F. C., Sheard, C., and Bollmann, J. L., Amer. J. Physiol., 
78, 384 (1926). 


Anticholesterol Activity of «-Lipoic Acid 


SINCE «-lipoic acid is known to affect lipid meta- 
bolism, we have investigated the effect of this acid 
on the lipid content of plasma, liver and aorta from 
rabbits which had been fed on a diet containing an 
excess of cholesterol’. Rabbits weighing 2:5-3 kgm. 
were divided into four groups, each containing five 
animals. Group A, the control group, received a 
diet of ordinary commercial rabbit food. Each 
animal in groups B, C and D received this diet, 
supplemented for seven days with 1 gm. daily of 
cholesterol mixed with 9 gm. of shredded carrot. 
Group B received no further treatment. Group C 
received daily intramuscular injections of «-lipoic 
acid (5 mgm./kgm. of the sodium salt in saline). 
Group D received the same treatment as C, except 
that the injections were not started until the day 
after the high cholesterol diet had been stopped. 
After fifteen days from the start of the experiment, 
the animals were killed by bleeding, and samples of 
blood, liver and aorta were taken aseptically and 
weighed. Total lipids, phospholipids and neutral 
lipids were determined by the method of Bloor’, and 
cholesterol by the method of Schoenheimer and 
Sperry’. 

The results (Table 1) show that the high cholesterol 
diet alone (group B) caused a clear-cut increase in 
plasma total lipids and cholesterol, and a less marked 
increase in plasma phospholipids and neutral lipids. 
The liver lipids showed a similar behaviour, but here 
the increase was larger for cholesterol and neutral 
lipids than for phospholipids. The aorta cholesterol 
was also increased, but phospholipids and total 
lipids were not much changed. 
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Table 1. LIPID CONTENT FROM TISSUES FROM RABBITS FED ON A NORMAL DIET (GROUP A), ON A HIGH CHOLESTEROL DIET (GROUP B) AND ON A 
HIGH CHOLESTEROL DIET AND TREATED WITH a-LIPOIO ACID (GROUPS O AND D) 
Values are given in gm./100 gm. or ml., as means + standard error 
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Phospholipids 
3°79 + 0-51 
0 
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Treatment with «-lipoic acid from the beginning 
of feeding with the high cholesterol diet (group C) 
limited the increases in the lipids of the plasma, liver 
and aorta to a much smaller extent. When the treat- 
ment with «-lipoic acid was started at the end of the 
high cholesterol feeding (group D) it produced a 
similar though somewhat smaller effect. Even so, 
the plasma cholesterol values were only about half 
those of animals which had received cholesterol but 
no «-lipoic acid. 


L. ANGELUCOIL 
E. MASCITELLI-CORIANDOLI 


Research Department, 
National Biochemical Institute, 
Rome. 


1 Duff, G. G., and Meissner, G. F., Amer. Med. Assoc. Arch, Pathol., 
47, 329 (1954). 


2 Bloor, W. B., “Biochemistry of the Fatty Acids” (Reinhold, New 
York, 1948). 


* Schoenheimer, R., and Sperry, W. M., J. Biol. Chem., 106, 745 (1984). 


Effect of Testosterone Propionate upon 
the Incorporation of Labelled Glycine into 
Homogenates of Mouse Kidney 


It was shown recently! that the rate of incorpora- 
tion of glycine-1-44C into kidney slice protein of 
AjJax mice treated with testosterone propionate 
was significantly higher than into slices from un- 
treated animals. The maximum increase (35-80 per 
cent) appeared 48 hr. after beginning daily injections 
of 1 mgm. testosterone propionate, after which the 
difference between the treated and control series 
gradually disappeared. A study of some of the char- 
acteristics of this response revealed that the difference 
in incorporation-rates was greatest at low glycine 
concentrations, and diminished when the glycine 
concentration of the incubation medium was raised 
to 4-8 mM. It was postulated that under these 
conditions the effect of this steroid was to facilitate 
the intracellular accumulation of glycine from a 
relatively glycine-deficient environment. 

As a test of the above hypothesis, experiments were 
conducted to compare the effects of testosterone 
propionate upon incorporation of glycine by slices 
and homogenates of mouse kidney. Female A/Jax 
mice (from Jackson Memorial Laboratories, Bar 
Harbor, Maine) were given two injections of testo- 
sterone propionate (0-1 ml. of a solution contain- 
ing 10 mgm./ml. in sesame oil) 24 hr. apart, and 
killed 24 hr. after the second injection. The kidneys 
were removed and weighed; one was sliced and 
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the slices incubated for 2 hr. in Krebs—Ringer 
phosphate containing isotopic glycine. The other 
kidney of a pair was homogenized in nine times 
its weight of the same medium previously cooled 
to 0°, and the homogenate incubated for 30 min. 
The bath temperature was 38-4°. After incubation, 
the slices were removed, blotted and processed as 
described previously!. The reaction in the flasks 
containing homogenate was terminated by the 
addition of 2/3 volumes of 25 per cent (w/v) tri- 
chloracetic acid. The precipitate was redissolved in 
dilute alkali and reprecipitated four more times with 
5 per cent trichloracetic acid. Before the last pre- 
cipitation, 10 mgm. non-radioactive glycine was 
added to ensure removal of adsorbed glycine. The 
protein precipitated by trichloracetic acid was washed 
successively in water, acetone, a mixture of chloro- 
form, ethyl ether and ethanol (1:1: 2), and benzene, 
and finally plated for counting from benzene. Each 
sample was counted long enough to limit the counting 
error to & maximum of 5 per cent. 


Table 1. EFFECTS OF TESTOSTERONE PROPIONATE UPON INOOR- 
PORATION INTO KIDNBY SLIOES AND HOMOGENATES* 


No. | Kidney weight 
of | percentage of 
mice | body-weight 
Untreated 18 1°22+0:085 | 0-087+0-006 
Treated 1°65 40-042 | 0'188 +0006 
Increase 


(per cent) 36 57 


Incorporation-ratet 
Slices 


Homogenates 





*The medium used for these experiments contained 1-19 mM 
glycine, specific activity 0-17 mc./mM. 


t Micromoles of glycine carbon incorporated per gm. protein per hr. 
Average + standard error. ; 


Results obtained in two experiments, in which a 
total of 35 animals was used, are summarized in 
Table 1. It is clear that although incorporation into 
mouse kidney homogenate is less than one-tenth as 
rapid as incorporation into slices, the two processes 
are stimulated to approximately the same degree by 
administration of androgen. That the effect of testo- 
sterone propionate is specific for incorporation into 
kidney protein is indicated by the results in Table 2, 
wherein it may be observed that incorporation by 
mouse liver homogenate is unaffected by testosterone 
propionate. 

As noted above, earlier experiments with kidney 
slices showed that the effect of testosterone propionate 
upon incorporation decreased with increasing glycine 
concentration. Thus, in one series of experiments, the 
average increases in incorporation-rates for treated 
animals were approximately 47 per cent and 13 per 
cent for concentration ranges of 0-:125-1-0 mM and 
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Table 2. EFFEOTS OF TESTOSTERONE PROPIONATE UPON INCORPORA- 
TION INTO KIDNEY AND LIVER HOMOGENATES* 


~~ 


Incorporation ratet 


Kidney 


0-036 +0 -008 
00680 -006 


Liver 


0-020 +0 002 
0-020 rit ‘001 


Untreated 
Treated 
Increase (per cent) 





* Kidneys and liver from each group of animals were pooled in 
three lots and homogenized; two to three samples of each pool were 
pat a 0:5 hr. at 38-4°. Glycine concentration: 1:07 mM, 0-2 
#c./m1, 


t alleromoleg of glycine carbon incorporated per gm. protein per hr. 
ve, + » ‘ 


Table 8. RESPONSE oF MOUSE KIDNEY HOMOGENATES TO TESTO- 
STERONE PROPIONATE AT VARIOUS GLYCINE CONCENTRATIONS 


Glycine con- Incorporation rate* 
centration 
Untreated Treated 


0:027+0°001 (5 
0-049+0-004 (5 
0:087 -+0-006 (18 
0-112+0-010 A 

0:157 +0025 (5) 


Increase 
(per cent) 


0-232 +0025 (B 





* Micromoles of glycine carbon incorporated per gm. protein per hr. 
Ave. + S.E. Numbersin parentheses indicate the number of kidneys 
used for each concentration. 


4-0-8-0 mM, respectively. In contrast, the effect of 
testosterone propionate upon incorporation in homo- 
genates is not significantly affected by changes in 
glycine concentration within these limits (Table 3). 
Our results do not support the hypothesis that 
stimulation of glycine incorporation by androgen is 
mediated through an effect upon a concentrative 
process operating at the level of the cell membrane, 
since such an effect should be inoperative in cell- 
free systems. An analogous process, functioning at 
the subcellular particulate level, is not excluded, 
however. In view of the considerable difference 
between incorporation-rates found for slices and 
homogenates, as well as the difference in the effect 
of substrate concentration upon the response to 
testosterone propionate, there remains the possibility 
that another androgen-sensitive, concentration-de- 
pendent component of the incorporation process 
disappears upon homogenization. Further experi- 
mentation, involving studies of the effects of testo- 
sterone propionate upon intracellular amino-acid 
levels, may provide an answer to this problem. 
Other anabolic steroids, including testosterone, 
androsterone, methyl testosterone and methylandro- 
stenediol, also increase the rate of incorporation into 
mouse kidney homogenates. Hydrocortisone, on 
the other hand, was distinctly inhibitory, while 
deoxycorticosterone was devoid of appreciable 
effect. l 
This research was assisted by @ research grant 
(4-1891) from the National Institute of Arthritis 
and Metabolic Diseases, United States Public Health 
Service, Bethesda, Maryland. 


-EDWARD H. FREDEN 
Epwarp H. COHEN 


Arthritis Research Laboratory, 
Boston Dispensary, and 
Department of Biochemistry, 
Tufts University Medical School, 
Boston, Mass. 


1 Frieden, E. H., Laby, M. R., Bates, F., and Layman, N. W., Endo- 
erinol., 60, 290 (1957). 
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Ribonuclease Activity and Ribonucleic 
Acid Content of Homologous Human 
Normal and Cancer Cells = 


A RELATIONSHIP between the level of ribonuclease 
activity and ribonucleic acid content has recently 
been found to exist in the human placenta! and in 
hyperplastic bone marrow of the mouse*; such a 
relationship has also been shown to exist in different 
normal organs of the mouse*, as well as different 
epitheliomas in mice or rats’. On the other hand, 
results obtamed with solid‘ and ascites tumours® 
suggest that cancerous epithelium might have less 
ribonuclease activity than a normal one. We have 
undertaken a study of the properties of the human 
uterine cervix, from which homologous normal and 
cancerous tissues can easily be obtained. 

In the present work, superficial biopsies of the 
uterine cervix epithelium were removed from human 
uteri presenting a stage I or II carcinoma. In each 
case, & biopsy was also taken from nearby normal 
tissues of the same cervix. Each sample was homo- 
genized in distilled water. An aliquot was treated 
with 0-15 N sulphuric acid for 1 hr., and used for 
the estimation of ribonuclease activity. Another 
sample was used for the determination of nucleic 
acids and protein content by the methods already 
described’. 

The results obtained with these samples, together 
with samples taken from non-cancerous patients, are 
shown in Fig. 1. It can be seen that there is a sig- 
nificant correlation between ribonuclease activity and 
ribonucleic acid content (per unit of protein) for 
normal and cancerous tissues. The correlation is, 
however, different in the two cases ; for the same ribo- 
nucleic acid/proteinratio in both cases, theribonuclease 
activity /protein ratio is lower in cancer cells. It can 
also be seen that, as a rule, the tumour cells contain 
more ribonucleic acid per unit of protein than the 
normal cells; they show less ribonuclease activity 
than the homologous normal control cells. These 
results, although they are difficult to evaluate owing 
to the heterogeneity of the material used, suggest 
that ribonuclease probably plays an important part 
in cellular ribonucleic acid metabolism. 

In respect of cancer cells, it should be noted that 
exogenous ribonuclease produces a marked inhibition 
of the growth of spontaneous mammary carcinoma 
in O+ mice? and of certain experimental tumours’, 
while it has no effect on the normal tissues of the 
host. There may be a correlation between these 
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Fig. 1. Relations between ribonuclease activity (measured at 
pH 5) and ribonucleic acid content of homologous normal and 
cancerous epithelium in the human uterine cervix. Upper curve, 
normal epithelium; lower curve, cancerous epithelium. Black 
signs, normal tissues; white signs, cancerous homologous tissues. 
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findings and the fact that activity of ribonuclease is 
lower in neoplastic than in normal tissues. 
Since the action of exogenous ribonuclease on 
ascites tumour cells in vivo and in vitro® begins with 
a stimulation of ribonucleic acid synthesis and an 
increase in pyrimidine metabolism, endogenous ribo- 
nuclease activity might be related to a selective 
orientation of the metabolism of ribonucleic acid ; 
if so, the decrease of ribonuclease activity observed 
in the cancerous uterine cervix might correspond to 
different ribonucleic acid metabolisms in normal and 
in cancer cells. 
L. LEDOUX 
S. BRÄNDLI 

Laboratoire de Morphologie animale, 

Université Libre de Bruxelles. 
J. C. Du PAEPE 
Clinique C. De Paepe, 
Bruxelles. 
1 Brody, 5., Biochim. Biophys. Acta, 24, 502 (1957). 
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‘Retention of Sodium-22 in Rat Bone 


THREE groups of male rats, of about 50, 150 and 
300 gm. body-weight respectively, were placed on a low 
sodium diet, and 5 uc. sodium-22 chloride per kgm. 
body-weight injected intraperitoneally on day 1. On 
days 3 and 5 a further injection of 2 pe. per kgm. was 
given, and on day 7 all were replaced on the stock diet 
(0:5 per cent sodium). Six female rats each weighing 
250 gm. were mated on day 1, and the diet and 
sodium-22 administered as above; three were replaced 
on. the stock diet on day 14 and the others maintained 
on the low sodium intake until term. Approximately 
each 10 days, commencing on day 11, one male from 
each group was bled from the tail to obtain a plasma 
sample ; humeri and femora were then removed and 
scraped as clean as possible and weighed. The four 
bones from. each animal were placed in 0:05 M silver 
nitrate in 5 N nitric acid, and after standing in the 
cold for some deys the mixture was heated at 100° C. 
to effect complete solution of organic matter. This 
method was designed to avoid formation of volatile 
organic compounds containing chlorine’. 

Total sodium was measured by EEL flame photo- 
meter, sodium-22 was counted with a scintillation 
counter, and chloride was measured by Volhard’s 
method*. The sodium in the extracellular fluid of 
the bone was then calculated from plasma sodium 
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and chloride and bone chloride, and its radioactivity 
from the plasma radioactivity. These values were 
subtracted from the total sodium and radioactivity 
found in the bones to obtain an estimate of the true 
bone sodium and radioactivity. From tables‘ 
estimates wore obtained of the total bone-weight of 
the rats at the various times, and from these and the 
radioactivity measurements estimates have been 
made of the percentage retention of sodium-22 in 
the total skeleton (see Table 1). While on the low 
sodium diet, the rats gained weight less rapidly than 
the tables suggested, so that the estimates of total 
bone activity may be slightly too high, especially for 
the first two times. In some large rats the bones of 
which were analysed 24 hr. after injection about 
10 per cent of the administered dose was initially 
deposited in the skeleton. 

Only two females of each group delivered litters, 
and the young were allowed to grow to about 100 gm. 
body-weight. Then the blood and bones of six young 
from each group were treated as above, pooling all 
the samples in each of the two groups.’ When the 
mothers had been exposed to the sodium-22 and 
low sodium diet during only the first two weeks of 
pregnancy, the mean retention of the isotope in the 
four bones of each offspring two months later was 
10-5 uc. (P < 0-01); this corresponds to approxi- 
mately 0-005 per cent of the dose administered to the 
mother per feetus. When the mothers had been kept 
on the low sodium diet throughout pregnancy, the 
mean retention of sodium-22 in the four bones of the 
offspring was 3 x 10-5 uc. (P < 0-001), or approxi- 
mately 0-015 per cent of the dose per fetus. There 
was no demonstrable sodium-22 in the plasma of any 
of these offspring at death. 

It is impossible to draw any detailed conclusions 
from these preliminary figures, but some sodium-22 
was laid down relatively permanently in the growing 
bones of the rats—more in the younger animals the 
growth-rate of which was higher. This would appear 
to be about 0:5-1 per cent of the administered dose, 
or of the order of 5-10 per cent of the fraction orig- 
inally laid down in the bone at the end of 24 hr. The 
specific activity of the plasma declined far more 
rapidly as expected, with a half-period of about 
three days in the large rats and one and a half days 
in the small ones. Whether the whole of the isotope 
would ultimately have been lost, as suggested by 
accumulation experiments®, cannot be decided from 
the above figures. ~ 

How relevant these findings with rats (the bones 
of which were still growing during the entire experi- 
mental period) are to adult humans is not known, but 
certainly the growing bone of the child may be 
expected to behave in a similar manner. 

The above work was performed during the tenure 
of a Nuffield. Foundation Dominion Travelling 
Fellowship at the Department of Chemical Pathology, 
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Initial body- 50 gm. 
weight 
Bone activity ~ 
(muc./ Per cent 
of dose 


Estimated total 
adie weight 


Time killed 
(days) 


Estimated total 
bone-weight 
(gm.) 





150 gm. 


Estimated total 
bone-weight 
(gm.) J 


Bone activity 
(myc./ Per cent 
gm.) of dose 


Bone activity 
(myc./ Per cent 
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Lesions in the Hypertensive Rat Kidney 
produced by Hydralazine 


Tas use of hydralazine (l-hydrazinophthalazine) 
for the control of human hypertension was followed 
by the recognition of serious and undesirable side- 
effects. The similarity of some of these effects to 
disseminated lupus erythematosus led to the inves- 
tigation of the influence on the normal dog of toxic 
doses of this drugi.?. These experiments failed to 
provide satisfactory evidence for the production in 
the dog of an experimental model of disseminated 
lupus erythematosus. 

To reproduce more closely the conditions under 
which the desired changes are found clinically, 
increasingly large amounts of hydralazine have been 
given by single daily intramuscular injection to rats 
previously subjected to æ regime shown to cause 
systemic hypertension. The regime comprised left 
nephrectomy, the subcutaneous implantation of 
100 mgm. of slowly absorbed deoxycortone acetate, 
and the substitution for drinking water of 1 per cent 
sodium chloride. The development of hypertension 
was suppressed by the hydralazine injections, each 
injection being followed by an abrupt fall in blood 
pressure succeeded by a linear rise continuing 
throughout the following 24 hr. 

In these circumstances the intact kidneys of the 
treated animals were found to contain a surprisingly 
large number of focal glomerular lesions. The lesions 
were usually confined to one segment of the glomerular 
tuft, and varied from focal necrosis, with aneurysmal 
capillary dilatation, to segmental replacement fibro- 
sis; they were not accompanied by arterial or 
arteriolar changes. 

In control animals subjected to the same hyper- 
tensive regime and injected daily with an inert fluid 
the tubular effects of deoxycortone were recognized 
but were accompanied only by glomerular enlarge- 
ment and seldom by the characteristic glomerular 
lesion seen when larger amounts of deoxycortone are 
more rapidly absorbed. Similar deoxycortone effects 
were also present in the hydralazine-treated animals. 

Hydralazine may therefore influence the integrity 
of the rat glomerulus under certain carefully defined 
conditions. The effect is indirect, and is observed 
neither in the normal animal nor in the animal from 
which one kidney has been removed but which has 
received no deoxycortone. The glomerular damage 
clearly cannot be satisfactorily explained in terms of 
sustained hypertension, nor is it likely to be a result of 
the gradual rise in blood pressure which is the sequel 
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of the acute hypotension following each daily injection 
of hydralazine. It is, however, possible that the 
damage may be directly related to the daily hypoten- 
sive episode. 

The production of these lesions in the rat glomerulus 
is considered to be of importance, partly because their 
recognition provides the first satisfactory evidence of 
a damaging effect of hydralazine upon the kidney in 
experimental hypertension, and partly because of the 
suggestion that episodic hypotension may be the 
immediate causative agent. In addition, the experi- 
ment provides some evidence for the suggestion that 
glomerular lesions due to deoxycortone can be dis- 
tinguished from those due to variations in blood 
pressure, and thus that the glomerular effects of 
deoxycortone are not necessarily due to hyper- 
tension. 


D. L. GARDNER 


Department of Pathology, 
University of Edinburgh, 
Teviot Place, 
Edinburgh. 
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Determination of Transaminase Activity 
of Serum Protein Fractions separated by 
Paper Electrophoresis 


Tur electrophoretic mobility of glutamic—oxalacetic 
acid transaminase in blood serum has been found to 
be between those for œ,- and B-globulins?. In our 
experiments? the glutamic-oxalacetic acid trans- 
aminase was associated mainly with a,-globulins. This 
communication deals with this transaminase and 
glutamic—pyruvic acid transaminase and their rela- 
tions to serum protein fractions. : 

Blood sera of six patients with characteristic 
activities of both enzymes were studied. 0-2-ml. 
samples of sera were electrophoretically separated on 
Whatman No. 1 filter paper strip (14 em. X 35 cm.) 
in 5 hr. Barbital buffer of pH 8-6, ionic strength 0-1, 
was used with a voltage of 350 V. and a current of 
0-5-0-8 m.amp. per cm. The marginal sections (3 cm.) 
were stained for proteins with bromthymol blue. 
The middle section of paper was cut into correspond- 
ing protein fractions and tested for their trans- 
aminase activity. The method for simultaneous 
determination of glutamic—oxalacetic acid and glut- 
amic—pyruvic acid transaminases with an incubation 
mixture containing glutamate, oxalacetate and 

yruvate was used. The action of enzymes was 
followed by determining the formation of L-aspartic 
acid and u-alanine, which have been estimated by 
the ninhydrin method after electrophoretic separation 
from aliquots of the incubation mixture’. In other 
experiments the middle section was, first of all, cut 
longitudinally into two identical parts and ` these 
were afterwards divided into strips containing the 
single protein fractions. One part of these strips 
was incubated with «-ketoglutaric and L-aspartic acid 
(both kindly supplied by the California Foundation for 
Biochemical Research, Los Angeles) and the other 
one with «-ketoglutaric acid and L-alanine. The 
activities of the glutamic—oxalacetic acid and glut- 
amic-pyruvic acid transaminases in single protein 
fractions were assayed by hydrazone methods*,’. 

The distribution of transaminases on blood serum 
protein fractions is presented in Table 1. 
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The results show that in the pathological sera used 
the activity of glutamic—oxalacetic acid transaminase 
is mainly bound with «,-globulins, and that of glut- 
amic-pyruvic acid transaminase with B-globulins. 
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Relationship between Porphyrin and 
Isoniazid Resistance of Mycobacterium 
avium 


It has been reported that a decrease in catalase 
activity is observed when tubercle bacilli acquire 
isoniazid resistance!, and later it was demonstrated 
that hemin is required for growth by some of these 
resistant strains*. We have found that the amount 
of a red fluorescent substance in sensitive strains of 
M. avium (Jûchô, Takeo and 607) is smaller in strains 
resistant to isoniazid: while the sensitive organism 
contained 5-5 mgm. red compound/kgm. bacteria, 
those which were resistant to 250, isoniazid con- 
tamed only 2-1 mgm. compound/kgm. bacteria. The 
sensitive and resistant strains discussed in this com- 
munication were cultured in a glycerin—bouillon 
medium containing no isoniazid. 

The red fluorescent substance was extracted with 
acetone from the organism. The acetone extract 
was concentrated en vacuo and the concentrate was 
diluted with two volumes of water, then extracted 
with ether. The ether extract was evaporated in 
vacuo and the residue was purified by the conventional 
methods for porphyrin extraction. The red material 
thus obtained had absorption maxima at 624, 597, 
568, 529, 495 mu (in ether solution); relative in- 
tensities 495 > 529 > 568 > 624 > 597. The paper 
chromatographic analysis of this compound gave 
evidence that the compound was coproporphyrin III 
ester, a 4-carboxyporphyrin ester*-®. The hydro- 
chloric acid number of the hydrolysis product was 
0-09. 

Todd: has isolated coproporphyrin IL tetramethyl 
ester from M. karlinski and also reported the presence 
of the same porphyrin in M. stercoris and M. smegmatis. 
The present porphyrin was shown to be identical 
with that of M. smegmatis by paper chromatography. 
On account of the low yield we could not obtain the 
red substance in a crystalline state, but the above 
evidence indicates that the substance is copro- 
porphyrin. IIT tetramethyl ester. 

We have added the free coproporphyrin obtained 
by the method described above to the medium of the 
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Table 1 


Glutamic-oxalacetic acid transamin 








Diagnosis B activity associated with serum protein oe 
Yy a a a a 
Globulins “| Albumins Globulins “| Albumins 

Infectious hepatitis (2 cases) 

Obstructive jaundice (metastatic 2 7 82 2 7 8 1 3 

carcinoma) 

Acute myocardialinfarction (8 cases) 7 12 75 5 1 23 8 8 
Range of values (0—8) (4-17) | (67-89) | (0-10) (0—10) (5-12) | (41-90) | (2-36) | (0-21) (0-19) 
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isoniazid-resistant M. avium (250y resistant Jûchô 
strain) and measured the catalase activity by the 
method of Euler and Josephson’. The value thus 
obtained was 1-236; on the other hand, the value 
for the resistant bacterium cultivated without copro- 
porphyrin was 0-115. Thus the value was more than 
ten times greater in the presence of the porphyrin 
but no difference in the degree of resistance resulted. 
This evidence suggests that there is no decisive rela- 
tion between isoniazid resistance and the lack of 
catalase activity of the bacteria. 

We are greatly indebted to Profs. Y. Hirata, K. 
Hotta and T. Mori for valuable advice. We are also 
grateful to T. Shoda for invaluable assistance and 
to Prof. Y. Yamamura, who kindly measured the 
catalase activity. 
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The Latent Period after Infection with 


Tobacco Mosaic Virus and Virus Nucleic 
Acid 


Tue process of infection by plant viruses is not 
so well known as that for animal viruses and bacterio- 
phages. The main reasons are that tissue cultures 
are not yet available in which all cells can be uni- 
formly infected and that the methods for determina- 
tion of the activity are not sensitive enough. Experi- 
ments of this kind have been carried out with total 
plants or pieces of leaves. Siegel et al.1 studied the 
early events of infection with tobacco mosaic virus 
by an indirect method, measuring the ultra-violet 
sensitivity of infective centres in Nicotiana glutinosa. 
An increase in ultra-violet resistance occurred 5 hr. 
after infection at 20°C. This time can be considered 
as the lag phase. Other results to demonstrate the 
increase of virus concentration directly are obscured 
by the fact that the adsorbed virus which has not 
penetrated and therefore does not participate in the 
infection is not removed from the surface of the 
leaves? ; further, the methods of determination were 
not sensitive enough’. 
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For the detection of small amounts of viruses the 
bioassay is by far the best method. Using the local 
lesion test on Nicotiana glutinosa we found that a 
minimal concentration of 1012-10-13? gm. tobacco 
mosaic virus/ml. was detectable. 25 leaves powdered 
with ‘Carborundum’ were used for each dilution. It 
seemed probable that the minimal infective dose is 
smaller in plants reacting with systemic symptoms. 
Young plants of Nicotiana tabacum (Samsun) were 
inoculated with tobacco mosaic virus solutions, again 
adding ‘Carborundum’. The effect was variable, but 
using & considerable number of plants, we found a 
50 per cent infection with a dilution of 10-18 gm. 
tobacco mosaic virus/ml. We applied 5 ml. per plant 
and this dose is equal to 10 virus particles (Table 1). 
This test is rather laborious and several precautions 
were necessary to avoid misleading results. The test 
may only be used for qualitative purposes. 
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Table 1. INFECTIVITY OF DILUTIONS OF TOBACCO MOSAIC VIRUS ON 
N. tabacum, CONTROLS WERE INOCULATED WITH PHOSPHATE BUFFER 


— 


Infected plants 
Total number 


Tobacco mosaic virus 
conc. (gm./ml.) 


Percentage infected 


Control 





By these methods of bioassay and other methods 
we have investigated the process of infection in young 
plants of Nicotiana tabacum (Samsun). We inoculated 
three leaves of each plant with 10-8 gm. tobacco 
mosaic virus/ml. in 0:1 M phosphate buffer, pH 7-2. 
The leaves were previously dusted with ‘Carbor- 
undum’. In order to remove the adsorbed virus 
particles, the leaves were rinsed with water and then 
with diluted tobacco mosaic virus antiserum. The 
infected plants were maintained in a thermostat at 
23° C. and had constant illumination. After certain 
intervals the primarily infected leaves of groups of 
five plants were harvested. The homogenates of these 
samples were tested on Nicotiana glutinosa, as 
described above. By means of a reference curve, the 
amount of virus per gm. leaves was calculated from 
the number of local lesions. 

A typical experiment which is easily reproducible 
is shown in Fig. 1. After the latent period, multi- 
plication is rapid, but it slows down when a concen- 
tration of about 10-7 gm. virus/ml. is reached in the 
tissue. For determining the latent period the curve 
must be extrapolated to the time when the first 
complete virus particle appears in the leaf. This 
corresponds to a concentration of 7 x 10-17 gm. 
tobacco mosaic virus/gm. leaf. The extrapolation 
led to a latent period of about 30 hr. Even with the 
very sensitive test in Nicotiana tabacum, we never 
found an infective virus particle before the end of 
the latent period. In the first 30 hr. the virus con- 
centration is probably less than 10-18 gm./ml. This 
indicates that there is a true latent period after 
infection. The latent period in Nicotiana tabacum 
seems to be much longer than that in Nicotiana 
glutinosa as found by the ultra-violet method?. 

Gierer and Schramm‘ showed that the ribonucleic 
acid isolated from tobacco mosaic virus by phenol 
extraction is infectious. Therefore it is probable that, 
in the cell, the external virus protein shell has to 
be removed before multiplication can start. If this 
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Fig. 1.. Increase of virus concentration after Infection with 
tobacco mosaic virus (x—x—x) and virus ribonucleic acid 
(@—@—@) In Nicotiana tabacum 


removal is a slow process, the latent period should be 
reduced after infection with the isolated virus ribo- 
nucleic acid. We infected tobacco plants with 
ribonucleic acid solutions of the same infectivity as 
in the previous experiments with tobacco mosaic 
virus. Sometimes the ribonucleic acid and tobacco 
mosaic virus experiments were run parallel in the 
same thermostat. From Fig. 1 it can be seen that the 
increase of the activity of the virus occurs 10-12 hr. 
earlier than after infection with the virus. This 
is evidence that the release of ribonucleic acid from 
the virus takes several hours. However, it is not clear 
why the ribonucleic acid itself has such a long latent 
period. The events in this remaining latent period 
require further study. It should be mentioned that, 
by extraction of the virus particles from the leaves, 
the virus ribonucleic acid and other precursors can 
be destroyed by enzymes. Our experiments confirm 
the results of Siegel et al.!, who also observed a 
reduction of the lag phase in infection with ribo- 
nucleic acid. 
G. SCHRAMM 
R. ENGLER 


Max-Planck-Institut für Virusforschung, 
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Lysis of Fungal Mycelia by Bacterial 
Enzymes 


Many investigations have been published? on lysis 
of bacterial cells by microbial enzymes, but there 
seems to be few references to the lysis of fungal 
mycelia by microbial enzymes. A bacterial strain 
which caused visible lysis of Aspergillus oryzae 
mycelia has been isolated from soil. This strain 
belongs to the Bacillus circulans species ; it is Gram- 
negative, with spore:-forming rods (spore: oval, 
terminal to subterminal), motile with peritrichous 
flagella, it reduces nitrate, is negative to acetyl- 
methylearbinol, and produces acid from glucose with- 
out evolving gas. 

When this strain was inoculated into a flask culture 
of A. oryzae (in Czapek—Dox medium), which had 
been. previously shaken for -24 hr. at 30° C., almost 
all the mould mycelia disappeared after 80 hr. 
shaking at 30°C. The culture fluid was centrifuged 
at 7,0009 for 30 min. to remove bacterial cells grown 
in the mixed culture, and a pale brownish supernatant 
was obtained. 
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Fig. 1. lytic action of the enzyme on living mycelial cells. 

1 gm, of the living mycelial cells was suspended in 20 ml. of the 

lytic enzyme solution, and the mixture was incubated at 37° C. 

@—@, Amino-acid; ©—O, saccharide; @---—@, amino-acid 
(control); ©-~— ©, saccharide (control) 


The supernatant was brought to 0-7 saturation 
with ammonium sulphate and stored in an ice-box 
overnight. The precipitate was collected by centri- 
fugation and dissolved in M/50 tris-buffer (pH 6:8). 
‘The solution was dialysed against the same buffer 
for 48 hr. at 4°C. 1 gm. (wet weight) of living 
mycelial cells of A. oryzae was suspended in 20 ml. of 
this enzyme solution and incubated at 37°C. About 
5-ml. portions of this mixture were sampled at l-hr. 
intervals, and the hexose and amino-acid liberated 
were determined by the anthron method? and by 
Stein and Moore’s method respectively. As control, 
the boiled (100°C., 5 min.) enzyme solution and 
living mould cells were used. Fig. 1 shows the 
experimental results. 

The cell walls of the mycelia were then used as 
the substrate, instead of living mycelia. The cell 
walls were prepared as follow: mycelia were disrupted 
by use of a Waring blendor, and disrupted mycelia 
were then treated with a crystalline bacterial protease 
(100 ugm./ml.). This mixture was filtered and the 
residual cell material (cell walls) was washed with 
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Fig. 2. Lytic action of the enzyme on the cell walls of A. oryzae. 
25 mgm. of the coll walls was suspended tn 10 ml. of the lytic 
enzyme solution, and the mixture was incubated at 37° O. 
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water. The cell walls thus obtained were dried 
in vacuo over calcium chloride. 

The course of degradation of the cell-wall material 
by the crude enzyme preparation from B. circulans 
is shown in Fig. 2, from which it seems that this 
enzyme acts on the cell walls directly. When treated 
with this enzyme, the rough surface layer seen before 
treatment disappeared, and a granular layer not 
visible before treatment appeared in the electron 
microscope (see Fig. 3). 

This enzyme did not liberate either hexosamine 
or amino-acid (as detected by paper chromato- 
graphy), but liberated a saccharide which was pre- 
cipitated with 50 per cent alcohol. Paper chromato- 
graphic methods were used in attempting to identify 
the saccharide, but the spot remained at the origin. 
Hence it seems that the saccharide is a polymer 
of hexoses. The polysaccharide was then hydrolysed 
with 75 per cent sulphuric acid and neutralized with 
barium carbonate and chromatographed with pyri- 
dine/ethyl acetate/water (1:2:1). Glucose and 
galactose were identified in the acid hydrolysate. 

It was further confirmed that this enzyme acts on 
the living mycelial cells of A. aojae KS., Pen. purpuro- 
genum var., and Mucor M-5 but not on Rhizopus 
R-1-8. 

We thank Prof. K. Sakaguchi, Dr. M. Amaha and 
Dr. M. Nomura (University of Tokyo) for their 
encouragement and guidance. 


Koxi HORIKOSHI 
SIrGEJI IrDA 


Department of Agricultural Chemistry, 
College of Agriculture, 
University of Tokyo, 

and 
Scientific Research Institute, Ltd., 
Bunkyo-ku, Tokyo. 
Nov. 5. 
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Enhancement of Mouse-virulence of 
Group A Streptococci by Bactericidal 
Resorcinols 


ir seems to be generally agreed that agents capable 
of enhancing the virulence of bacteria, particularly 
mucins, do so by interfering with the defences of the 
host?-°, Recently, it was shown‘ that broth or pep- 
tone injected intraperitoneally into W-Swiss mice 
even l hr. after a non-lethal saline suspension of 
group A streptococci converts the non-lethal dose 
into an LD100, the time-lag pointing again to an 
action on the host. The present communication brings 
further evidence in this respect; it also shows that 
substances bactericidal in vitro can act as virulence- 
enhancing agents in vwo. 

The resorcinols were the 4-n substituted allyl 
derivatives, ethyl, propyl, butyl, amyl and hexyl 
resorcinol®, The intraperitoneal injection of 0-5 ml. 
of a 0:1 per cent saline solution of these compounds 
is without marked effect on mice. 

Two strains of group A streptococci were used, 
one type 12, the other type 22; the LD100 was 
0-5 ml. of a 10-2 saline dilution of culture, the culture 
itself containing about 2 x 107 viable cells per ml. 
The organisms were grown in broth consisting of 
2 per cent ‘Oxoid’ peptone, 0-8 per cent ‘Oxoid Lab. 
Lemco’ broth powder, 0:2 per cent glucose and 0:2 per 
cent sodium bicarbonate made up in distilled water, 
sterilized by Seitz filtration and tubed in 4-ml. lots 
in $ oz. screw-capped Bijou bottles. 

Two types of experiment were carried out. First, 
18-hr. old cultures of streptococci were diluted 1 in 10 
in 0-1 per cent solutions of the various resorcinols 
and kept, with occasional shaking, at room tem- 
perature, 24°, for 30 min., a 10-1 saline-dilution of 
culture serving as control; thereafter W-Swiss mice 
were injected intraperitoneally with 0-5 ml. of the 
suspensions from which viable counts were made’ ; 
all control animals and all animals injected with 
the ethyl and propyl resorcinol suspensions of 
organisms died. There were no deaths in the groups 
injected with the organisms exposed to butyl, amyl 
and hexyl resorcinol. The butyl, amyl and hexyl 
suspensions were found sterile whereas the ethyl, 
propyl and saline suspensions still contained approx- 
imately the same number of viable organisms. 

In the second group of experiments the organisms 
were not exposed in vitro to the action of the resor- 


Table 1. EFFEOT OF 4-n ALKYL-SUBSTITUTED RESORCINOLS ON 


MOUSE-VIRULENCE OF GROUP A STREPTOCOCCI 


Deaths in groups of 16 mice 
inoculated with the following 


Strain culture dilutions* 


Alkyl resorcinol 


Cumming 
Type 22 


None-saline 
control 
Ethyl 
Propyl 
Butyl 
Amyl 
Hexyl 


1965 
Type 12 





+ Mice injected intraperitoneally, first with 0:5 ml. of the stated 
saline dilutions of culture, then with 0-5 ml. of saline or of a 0:1 per 


cent saline solution of an alkyl resorcinol. 
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cinols: instead, mice were first injected intra- 
peritoneally with 0-5 ml. of 10-2-10-° saline dilutions 
of culture and immediately afterwards with 0-5 ml. 
of a 0-1 per cent saline solution of the resorcinols ; 
control animals were given intraperitoneally 0-5 ml. 
of the saline dilutions of culture followed by 0:5 ml. 
of saline. Under these conditions the resorcinols 
proved to be not disinfectants but virulence-enhancing 
agents and a 100- to 1,000-fold decrease of the LD100 
was observed (Table 1). 

Thus it has been shown that the same substance 
can act both as a bactericide and as a virulence- 
enhancing agent, depending on the conditions of the 
experiment, and that in the alkyl resorcinols examined 
virulence-enhancing activity parallels bactericidal 
activity. The experiments rule out a true enhance- 
ment of virulence of the infecting organism and 
demonstrate that the action of the resorcinols is on 
the host. 

JOHN CAMERON 


Clinical Chemotherapeutic Research Unit 
of the Medical Research Council, 
Western Infirmary, 
Glasgow. 
Dee. 20. 
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A Possible Source of Error in the Chemical 
Detection of Indolyl Acetic Acid 
in Plants 


DuRING investigations on the growth substances 
of fruits of cacao and bananas (Musa spp.), it was of 
interest to find that a substance was present in seeded 
bananas which gave a pink colour with ferric 
chloride/perchloric acid or p-dimethyl amino-benz- 
aldehyde/hydrochloric acid, corresponding to the Rr 
of indolyl acetic acid and to the zone of bioassay 
using the wheat coleoptile straight-growth test. 
Subsequent experimentation showed that although 
the straight-growth response was probably due to 
indolyl acetic acid, the colour reaction was not. The 
technique of extraction and bioassay was essentially 
similar to that of Bennet-Clark and Kefford! with 
some minor modifications. Duplicate samples of the 
acid fraction from seeded banana fruit extracts were 
developed by the descending method on Whatman’s 
3 MM or No. 1 chromatography paper in ¢sopropanol/ 
ammonia/water (10:1:1). Synthetic indolyl acetic 
acid was developed as a marker. One sample was 
bio-assayed by the wheat straight-growth test and 
the other sprayed with ferric chloride/perchloric acid 
(1 ml. 0-05 M ferric chloride + 50 ml. 5 per cent 
perchloric acid). 

The ferric chloride/perchloric acid spray, on heating, 
developed a pink or pinkish-purple spot on the 
chromatogram corresponding to both the zone of 
growth activity after bio-assay and to the indolyl 
acetic acid marker. The top half of the chromato- 
gram (Rr < 0-5) was usually streaked with oxidized 
polyphenolic substances which could be detected 
visually without treatment by the brown colour and 
confirmed by diazotized p-nitraniline. It was found 
that if synthetic indolyl acetic acid was spotted into 
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the brown area, dried and afterwards heated with 
ferric chloride/perchloric acid, the final colour 
development was not the more typical pink but 
pinkish-purple, similar to the colour developed with 
the banana extracts. The evidence from the RF 
behaviour, colour reactions with ferric chloride/per- 
chlorie acid and bio-assay activity therefore suggested 
that the banana auxin was probably indolyl acetic 
acid. 

However, in a detailed series of extractions from 
bananas of different ages it was noted that in some 
experiments the colour reaction with ferric chloride/ 
perchloric acid could be obtained but without the 
corresponding growth activity after bioassay. Luck- 
will? has pointed out the necessity of using more than 
one developing solvent in order to confirm the 
presence or absence of indolyl compounds in plant 
extracts, and of the necessity of critical bioassay. 
Afterwards the acidic fractions of seeded bananas 
were run in 70 per cent alcohol and butanol/acetic 
acid/water (4:1:5). In 70 per cent alcohol the 
results were essentially similar to that found with the 
isopropanol solvent except that the growth activity, 
indolyl acetic acid marker and pink spot developed 
by ferric chloride/perchloric acid were found in the 
region of Rp 0-55. However, in butanol/acetic acid/ 
water the zone of the growth activity and indolyl 
acetic acid marker were found consistently at Ry 0:96, 
whereas the coloured: product developed with ferric 
chloride/perchloric acid appeared at 0:79-0:80. This 
evidence indicated that indolyl acetic acid was present 
in seeded bananas but it was not responsible for the 
colour reaction with perchloric acid. 

In order to confirm the presence of indolyl acetic 
acid, duplicate samples from the extracts of seeded 
bananas were first run in zsopropanol/ammonia and 
the zone of growth activity from one chromatogram, 
determined by bioassay of the other, was eluted with 
ether. The ether extract was concentrated under 
reduced pressure and re-chromatographed on What- 
man No. 1 paper, using distilled water as the develop- 
ing solvent. Tho zone of growth activity appeared 
at Ry 0:9, corresponding very closely to the indolyl 
acetic acid marker at Ry 0-89. The evidence from 
the Rr values of the banana auxin in the various 
solvents mentioned provides evidence that it is either 
indolyl acetic acid or an indole compound very 
closely allied to it. 

The nature of the unknown compound which gave 
the pink colour with perchloric acid was of interest, 
particularly as the Ay behaviour was similar to 
indolyl acetic acid in two different solvents, one of 
which is commonly used for the separation of the 
acidic auxins. 

Simmonds? has shown that leucoanthocyanidins 
are present in banana fruits. It was found that the 
unknown compound, after spraying with 10 per cent 
hydrochloric acid in butanol, gave a pink colour on 
heating but not inthe cold. Furthermore, on spraying 
with vanillmfhydrochloric acid (L gm. vanillin 
dissolved in 15 ml. of concentrated hydrochloric acid 
+ 35 ml. butanol), a pink colour was developed with- 
out heating. The hydrochloric acid and the vanillin 
reactions, modified from a method described by 
Bate-Smith*, are together indicative that the com- 
pound responsible for the colour reactions is almost 
certainly a leucoanthocyanin. Although straight- 
growth promoting activity is not associated with the 
leucoanthocyanins, it is very possible that if a range 
of both temperate and tropical fruits is examined 
for indolyl compounds by paper chromatography and 
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straight-growth bio-assay, confusing colour reactions 
with conventional chemical sprays may be found in 
the presence of mobile leucoanthocyanins. 

R. NicHois 


VoL. 181 


Regional Research Centre, 
Imperial College of Tropical Agriculture, 
Trinidad. 
Jan. 3. 
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Root Diffusates of Solanum tuberosum 
and Digitalis purpurea 


THE hatching factor of the potato root eelworm 
has been shown to possess certain affinities with the 
cardiac glycosides! due, presumably, to the unsatur- 
ated lactone ring it is thought to contain*®. The 
factor is contained in diffusates from the roots of 
growing potato plants’; but it has recently been 
shown that it can also be obtained from their leaves‘. 
On the other hand, although the presence of cardiac 
substances in the leaves of the foxglove has been 
known. for centuries, diffusates from their roots do 
not appear to have been examined: I have now 
found that such solutions have many of the properties 
of the potato root diffusates. 

(1) Perfusion of tho isolated frog heart shows that 
both potato and foxglove root diffusates possess 
cardiotonic activity. 

(2) Colorimetric assay with either alkaline picric 
acid or 3,5 dinitro benzoic acid, methods used for 
cardiac glycosides®.*, give reasonable agreement with 
heart assay. (In the case of the potato root diffusate, 
the colorimetric methods show promise for assessing 
hatching activity, as will be shown in full elsewhere.) 
With the benzoic acid reagent, both diffusates give 
an absorption peak at à 385-390 mu as shown in 
Fig. 1; digitoxin also gives this peak, which, so far 
as I am aware, has hitherto not been recorded: but 
it, and Digitalis tinctures, give other peaks too, not 
shown by the diffusates. 

(3) Proctor et al.? have recently shown that digi- 
toxin behaves as a peroxide in solution: solutions of 
both diffusates show peroxide activity after concen- 
tration in a Towerg’s evaporator. In the case of 
potato root diffusate the treated solution is relatively 
at least as active in stimulating hatching as the 
original. 
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Pig i. 3,5 Dinitro benzoic acid reagent, and potato root 
ffusate (@), foxglove root diffusate (@), and digitoxin (©) 
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The diffusates probably contain a variety of sub- 
stances, so that any conclusion must necessarily be 
provisional ; moreover, none of the above points is 
critical evidence on its own. But, collectively, and 
together with the chemical evidence of Todd and his 
colleagues for the possible lactone structure of the 
hatching factor?, the evidence is all consistent with 
the view that the two diffusates contain substances 
which have a chemical affinity with each other and 
with the cardiac glycosides. 

Cardiac glycosides have been shown to influence 
sodium—potassium transport®11, and this property 
has also been demonstrated to be possessed by 
simpler lactones!*. We have no direct evidence, as 
yet, that the hatching factor has this capacity, but, 
judging from the influence of ions on its activity, this 
does not appear to be unlikely. If this is so, one 
wonders whether the production of substances of this 
sort by plant roots may not be connected with the 
transport of ions by the roots themselves. 

I am grateful for the tolerance and help of my 
chemical colleagues and for the facilities they have 
placed at my disposal. A grant from the Nuffield 
Foundation, is gratefully acknowledged. 

C. ELLENBY 

Department of Zoology, King’s College, 
University of Durham, Newcastle upon Tyne. 
Dec. 9. 
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Immune Reactions to Trichostrongylus 
colubriformis Infestation in Sheep 


In infestation of sheep with Trichostrongylus 
colubriformis both the intake of larve and infestation 
with adult worms stimulate the production of anti- 
bodies. These can be detected by means of a comple- 
ment fixation test with an. antigen prepared from 
ground larvee?, 

During studies on the immune reactions of sheep 
to infestation with T. colubriformis it was found that 
after challenge of infested sheep with a further dose 
of larve, the body-weights of some remained static, 
or even declined, although the fecal worm-egg count 
was virtually negative and the serum titre remained 
at a high level. Several such sheep were slaughtered 
and although very numerous adult T. colubriformis 
were recovered from the small intestine, few eggs 
were present in the females. In one case, from which 
approximately 20,000 worms were recovered, the 
serum titre had risen to 1/40 three weeks after 
challenge with 20,000 larve and remained at 1/40 
or 1/80 until the lamb was slaughtered nine weeks 
later. During this period the worm-egg count never 
exceeded 400 per gm. fæces. 

Further experiments revealed that the worms had 
reached maturity in the normal time, but that the 
females produced very few eggs. It was apparent 
that, in these cases, there is a suppression of egg- 
production associated with a sustained high serum 
titre, and that the worm-egg count is not then a 
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reliable indication of the degree of infestation. A 
similar phenomenon. has been noted by Roberts? in 
infestations of cattle with Haemonchus placet. 
D. F. Stewart 
H. MoL. GORDON 
Division of Animal Health and Production, 
Commonwealth Scientific and 
Industrial Research Organization, 
McMaster Animal Health Laboratory, 
Parramatta Road, 
Glebe, New South Wales. 
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Dependence on Light of the Reversible 
Uptake of Inorganic Phosphate by 
Hydrodictyon 


In the colony-forming green alga, Hydrodictyon 
reticulatum, uptake and metabolism of phosphate 
have been followed up by ordinary analytical methods 
(fractionation by the conventional trichloracetic acid 
technique, determination of phosphates with a 
modified procedure of Fiske and Subbarow’). The 
predominant feature in the changes of the phosphate 
fractions during @ long-term culture with intermittent 
illumination (12 hr. light : 12 hr. darkness) is a marked 
increase in the large cells of the alga of the inorganic 
phosphate-level during the time of illumination. A 
comparable light-dependent accumulation of ions 
has been reported for other objects (reviewed 
by Brauner’), most recently for chloride by van 
Lookeren-Campagne®. In the case of Hydrodictyon, 
however, the accumulation of inorganic phosphorus 
in the light is reversible‘, since the low level of intra- 
cellular phosphate is completely restored during the 
dark time. This is shown in Fig. 1. The changes of 
the inorganic phosphorus have been found in the cells 
and, at the same time, in the surrounding nutrient 
solution. The differences in the phosphorus-level are 
not directly induced by pH changes in the medium. 

Photosynthetically active red and blue light is more 
effective in phosphate accumulation than is green 
light of equal energy (Schott glass filters). Absence 
of carbon dioxide prevents the light-dependent 
accumulation almost completely. Persistent high 
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photosynthesis is beyond its 
linear dependence on light in- 
tensity. Thus we assume that 
phosphate accumulation and 
maintenance in the cell will be 
only exhibited at the expense 
of a certain surplus amount of 
energy available additional to the requirement of 
the photosynthetic mechanism proper. 

Apart from the shifting of the inorganic phos- 
phorus-level, reversible or irreversible changes in the 
different phosphate fractions of the algal cells during 
times of darkness and illumination are comparatively 
small, so far as they can be observed by usual 
analytical methods. The questions concerned will be 
discussed elsewhere’. Here it must suffice to say 
that polyphosphates, distributed between the frac- 
tions respectively soluble and insoluble in trichlor- 
acetic acid, can be increased by long illumination 
without additional carbon dioxide*. On the other 
hand, we did not obtain any evidence for an effective 
formation and utilization of polyphosphates in the 
balance of. energy of the cells during changes in 
illumination and darkness and in the course of 
photosynthetic periodicity’. Labile phosphates of all 
kinds seem to be especially sensitive toward a lowering 
of the external supply of phosphorus. 

This work was aided by the Deutsche Forschungs- 
gemeinschaft. 

A. PIRSON 
A. KunL 

Botanical Institute, 
University of Marburg, 

Germany. Jan. 8. 
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Effect of Stereoisomeric Tartrates on 
Root Elongation in Lepidium 


Ir was shown by Tetjurew! that free organic acids, 
especially malic and citric acids, exert an inhibitory 
effect upon seed germination. 

Evenari? is of opinion that the inhibition by 
organic acids is not caused by the hydrogen-ion con- 


Fig. 1. Length of cress roots after 24, 36, 47 and 64 hr. in various concentrations of the 
different stereoisomeric tartrates. 
Each point on the figure represents the average of fifty seeds. The seeds were harvested 
in 1955 and tested in December 1957. Below: germination percentages after 64 hr, in 


Abscissa: concentration of tartrate, moles per litre. 


the different solutions 


centration alone, but that “it is mainly by their 
intrinsic natures as specific acids that they are 
inhibitors”. This view is supported by the results 
of some experiments reported here, demonstrating 
the specific influence of different sterecisomeric forms 
of tartaric acid upon early stages of root elongation 
in cress (Lepidium sativum L.). 

The technique was as follows. The different tartaric 
acids, analytical grades, were obtained from A. G. 
Fluka, Switzerland. As a precaution against micro- 
biological contamination and chemical decomposition, 
the test solutions were made up the day they were 
to be used. 

The seeds were germinated in Petri dishes on six 
layers of filter paper moistened with 10 ml. of 
neutralized tartaric acid. The initial pH value of 
the solution was adjusted to 6-0~7-0 by the addition 
of sodium hydroxide. No buffer was used. Twenty- 
five seeds were placed in each Petri dish and 
the dishes were placed in a dark-room at 
21:5 + 0-5°C. 

The lengths of roots were measured to the nearest 
mm. ‘The results were expressed as germination 
percentages and average length of root, disregarding 
ungerminated seeds. The latter were considered 
only for the calculation of the germination percent- 
ages. This procedure was chosen because certain 
treatments, such as irradiation by light of various 
wave-lengths (unpublished results), seem to influence 
only the germination percentage, the average length 
of root of those seedlings that did develop bemg 
unaffected. Other treatments, such as the addition 
of tartaric acids as described below, seem to influence 
only the average root-length and not the germ- 
ination percentage. 

The three stereoisomeric tartrates and the racemic 
DL-tartrate proved to have quite different and specific 
effects on the elongation of cress roots (Fig. 1). 

p(+)-tartrate, the naturally occurring isomer, has 
no inhibitory effect at the concentrations tested. 

L(—)-tartrate has little or no inhibitory effect dur- 
ing the first 36 hr. of germination. After 47 hr. L(—)- 
tartrate shows some inhibitory effect, and at 64 hr. 
the inhibition is considerable. 
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| Mesotartrate is inhibitory from 36 hr, and onwards, 
.. and consistently more inhibitory than 1L({—)-tartrate. 
LOOO pu-tartrate, which is the racemic mixture of D(+)- 
tartrate and L(—)-tartrate, was slightly stimulatory 
at low concentrations. At higher concentrations, it 
= proved, unexpectedly, to be more inhibitory than the 
-S -L(~) form given alone, and at the highest concentra- 
=>. tion even more inhibitory than the mesotartrate. 
‘These effects might be related either to the meta- 
=o bolism of natural organic acids in the plant or to the 
ZO action of growth substances, or to both. A discussion 
of the results must, however, be postponed until 
>o further evidence has been obtained. 
oe TORBJÖRN AASHEIM 
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‘Recurrence’ of Macroderma gigas Dobson 


Ir is now fifty-eight years since E. R. Waite! 
<- employed the above title to record what he believed 
to be the second specimen of this bat, remarkable 
alike for being the largest member of the suborder 
< Mierochiroptera, for its carnivorous habits and for 
_ © grotesque appearance. Waite’s specimen came. from 
the Pilbarra district of the North Western Division 
of Western Australia, 1,600 miles from the locus of 
Dobson's type, and provided an enormous extension 
of range; but he overlooked the fact that the species 
had been obtained in the Macdonnell Ranges of 
Central Australia in 1890 and again in 1894, ) 
Since Waite wrote, a belief in the great rarity of 
— the species and its near extinction has grown and 
has been fostered in popular writing by dwelling upon. 
the abundance of ita mummies in caves of the arid 
-o north of South Australia. These relics, however, are 
probably in large part sub-fossil, and recent field 
work has tended to show that the living animal is 
much more numerous and widespread than was 
believed. Tate? in 1948 obtained @ series at Johar- 


- <gen’s Caves near Rockhampton in coastal Queensland, 


near Olsen’s Caves which had yielded it twenty years 


before, and Douglas’, Robinson! and Ride, W. D. L.. 


























(personal communication), have shown that it persists 


in at , UNYA 
Wost Kimberley Divisions of Western Australia. I 


_ James Range at about lat. 24° 6’ 5. and long. 
2° 49 E. In addition numerous reports from inter- 


anks or otherwise destroyed are strongly suggestive 
of Maeroderma. | 
It has been claimed that the chief food of the 








‘the accounts of the aborigines are conflicting. 
‘some parts of the country they regard this bat with 
it on entering its roosts. | pa 

The Central Australian material is in close agree- 
-ment with the type as described and with the de- 
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--coalesces directly with the Laminaria portion, wherea 
least three localities in the North West and 
A 
m now able to add three new sites in the Northern _ 
‘erritory : (1) the tableland scarp in the Macallum. 
reek area at about lat. 13° 16° S. and long. 130°. 
-E..; (2) caves on the Field River near the eastern. 
dge of the Arunta desert at about lat. 23° 34° S. 
d long. 137° 53’ E.; (3) the Ellery Creek gorge in- 


‘the Laminaria. portion is rather narrow-—u 
6 em. wide—and its upper half is reduced to 
- geattered remnants attached along the margir 
Alaria portion. : } 





nediate localities of ‘white flying foxes’ drowned in 


“species consists of smaller bats. I have obtained no 
new evidence of this from personal observation, and. 
In 


aversion and state that men have been attacked by 


-giceated material from South Australian caves ; but: 
it. may be noted that the general pallor which has 
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earned it the modern vernacular term ‘ghost bat’ is 


not an invariable feature. I have examined Queens- 

land specimens in which the dorsal pelage is a deep © 
brownish drab (about Ridgway’s ‘hair brown’) and... 
the ventrum a decided plumbeous in place of snowy 
white and with a corresponding darkening of integu. 
ment; the cranial characters are normal. ae 
H. H. FINLAYSON 







South Australian Museum, 
Adelaide. 
Jan, 13. 
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A Chimera of Alaria and Laminatla 
found in Nature Eea 


A cHIMÆRA of two kelps belonging respectively 
to Alaria and Laminaria was recently collected by = 
one of us (M. IL.) on May 18, from among a mass of = 
seaweed which drifted ashore in the neighbourhood. > 
of the Marine Laboratory for Biological Education, 
Hokkaido Gakugei (Arts and Science) University, 
situated at Shirikishinai Village, Oshima Province, 
in Hokkaido. The frond of this chimera is formed — 
by tho complete lengthwise and lateral adhesion of 
two half-fronds each representing one of the two — 
quite distinct genera of Laminariales, ea ee 

Our specimen, unfortunately, has lost its stipe and = 
holdfast ; it is 197 em. in length and 13:7 cm. in. 
width at the broadest portion. The frond is strongly 
curved inwardly along the margin of the Laminaria 
portion, thus indicating that this portion is markedly | 
inferior in rate of frond-growth in length as compared — 
with the Alaria portion. This latter portion is pro- =< = 
vided with a complete smooth midrib, upto 15mm. — 
wide and up to 3 mm. thick, and a complete lateral 
half of the membranous frond, up to 8-5 em. wide > 
and up to about 0-5 mm. thick, which is sprinkled 
with eryptostomata. Hairs emerging from the 
cryptostomata are densely infested with colonies of 
Liemophora lyngbyei (Kütz.) Grunn. In the. lower 
part of the specimen the midrib of the Alaria portio 






























in the upper part it is separated from the latter 
arrow membrane representing the other later 


half of the Alaria frond (Fig. 1). On the other ha 


} The Laminaria portion i 
as thick as a normal frond of Laminaria growi 
same locality (up to 3 mm. thick near the outer 
where the frond is thickest). It is worth men 
that the transition from the thin Alaria portior 
thick Laminaria portion is so smooth that. th 
shows a very gradual increase in thiekn 
transverse section through the border betwe 
membranous part belonging to Alaria a 
coriaceous part belonging to Laminaria. 

sporangial sori are borne on both surface 
upper part of the Laminaria portion near t 
between the two parts, in longitudinal narre 
0-1-2-0 em. broad (Fig. 1). After a firtl 


ination of several other characters, the constituen 
of this chimera are concluded to be referable re- — 
spectively to Alaria crassifolia Kjellm. and Laminaria ~ 
angustata Kjellm. a ee 
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Table L VERE of Plasmopara viticola (Coes STRAIN) 














ZOOSPORES 
Zoospore body | Flagella | 
Length Width Long | Short 
(023. | (u) | {u) (a) 
10-3 8-6 20-6 | 12-0 | 
12-0 10-3 17-2 
10-3 8-6 20-6 | 
13-8 8'6 20-8 | 
12-0 10°83 155 | 
12-0 10-3 20-8 | 
Mean 11-7 9-5 | 19-2 
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* Too curled to measure 


them to be measured easily under the light micro- 
scope. For electron microscopy the zoospore sus- 
pension was fixed, as above, on a ‘Parlodion’ film 
covering @ 200-mesh electron microscope screen and 
allowed to dry. 

Measurements of the zoospore body and flagella . 
are listed in Table 1. The short flagellum tended to 
remain coiled whereas the long flagellum remained 
extended (Fig. la). Electron micrographs showed 
cilia of about ly in length on the short flagellum 
(Fig. 1b), but never any on the long flagellum. In 
both flagella long parallel strands of more dense 





ae i Fig 1. Middle portion of the specimen showing a zoosporangial 
RES sorus (8) on the Laminaria portion 


This sort of chimwra derived from two different 
genera of kelps has hitherto been unknown to science, a 
go far as we are aware. On the other hand, two ` 
examples of malformation in Laminaria probably 
“due to coalescence of fronds between two individuals 
_ of one and the same species have lately been reported 
< from Hokkaido!. The origin of the chimera reported 
= here may be attributable to the lateral coalescence 
_ of two postembryonal plants at their damaged 
margins of the transition zone between the stipe 
-and the frond, where the meristematic tissue for 
growth in length is situated in both the genera 
ae concerned, as in all Laminariales. 
-< The assistance of Y. Oiwa for photographs and 
-preparations is gratefully acknowledged. b 
Jun TOKIDA 
Hirxorr Oumr 
Seaweed Research Laboratory, 
Hokkaido University, 
Hakodate. 





ee Minoru IMAsHIMa 
i Marine Laboratory for Biological Education, 

ae Hokkaido Gakugei University, 
Shirikishinai, Hokkaido. 


-3 Hasegawa, Y., and Fukuhara, E., Mon. Rep. Hokk. Reg. Fish. Lab., _ 
cco. 18 (2), 19 956). Tokida, J., and, hmi, H., Collecting and | 
‘Breeding, 18 (4), 118 (1958). 








- Zoospore Morphology of the California 
Strain of Plasmopara viticola 


ZOOSPORES were obtained from the sporangia of =>- 
the California straint? of Plasmopara viticola (B. and 
C.) Berl. and De T. growing in Vitis californica _ 

Benth. and V, girdiana Munson leaves. Germination =- | 
occurred in distilled water at 10°-16°C. Active sus- Be wh _ Bisetron H lig - Danni Kg ale ebro 
pensions of zoospores were fixed by exposure for flagella. Shadowed with uranium (x 2,030); b, short flagellum 
30 sec. to the vapour of a 2 per cent osmic acid solu- of a.at higher magnification showing cilia; shadowed with uranium 


i ; PEER 5 g 14, a +; ¢ zoospore with retracting flagella 
tion. Fixation darkened the flagella and permitted (x et o ti digit "en por g flagella showing 





ee  Snshadowed (x &2 200) 
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material enclosed in a less dense mattix 9 were PER 


(Fig. 1b). 
The mean dimensions of the zoospore body (Table 
1) are similar to those illustrated by Arens? for 
_ P. viticola (13u x 9-4u). The inequality in the length 
of the two flagella has been noted* ; but no figures 
have been published giving their relative dimensions. 
In most cases where they have been illustrated no 
marked difference in their lengths has been shown‘. 
_.The one exception is Arens?, who illustrates a long 
flagellum of 41 and a short one of 264. The mean 
< rabio of long to short flagellum, 1-79, is considerably 
greater than that for Arens’s zoospore, 1-58. Lack 
f comparative data does not allow the attachment 
f any taxonomic significance to the relative length 
of the two flagella ; however, this may be of import- 
‘ance. 
oo. "The presence of the whiplash and _ tinsel-type 
-flagella is one of the chief morphological features of 
_ the biflagellate series of the Phycomycetes’. The 
possession of these flagellar types by the California 
strain of P. viticola is the first reported for the 
:: Peronosporaceae and brings this family into con- 
-i formity with the lower Peronosporales*.’. 
< Goospores with retracting flagella seen under the 
electron microscope (Fig. le) show that the swellings 
at the ends of the flagella are not the result. of coiling 
as was reported for Phytophthora infestans’. Even 
. though the long flagellum has retracted to half its 
normal length, there is no more than a portion of a 
loop of the dense flagellar core in the terminal swelling 
or ‘knob’. Apparently, as the flagellum retracts the 
_ dense internal structure disintegrates and the dis- 
organized material collects in the enlarging swelling. 
<= I wish to thank Dr. Herbert Gold, of the Depart- 










ment of Plant Pathology, University of California, - 


: Berkeley, where this work was done, for help with 
_ the electron microscopy. 
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< Behavioural Changes in Animals after 
intracisternal Injection with Adreno- 
corticotrophic Hormone and Melanocyte- 
Stimulating Hormone 


A A FEW pharmacodynamic effects of adrenocortico- 
rophic hormone do not stem from its adrenocorti- 
tropic properties’.*. The crisis of muscular hyper- 
onus (acts of stretching) observed in dogs, cats, 








loses of this hormone are probably another example 
pharmacological effects independent of its adreno- 
orticotropic properties. Although the behavioural 
thanges following the intracisternal injection of many 
ther hormonal preparations were investigated, the 
odification of muscular tonus mentioned above is 
btained only with small doses of adrenocortico- 
trophic hormone or melanocyte-stimulating hormone. 
‘The term intracisternal injection indicates the 
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C Table 1. 


“the onset of one overlaps the end of the preceding one 
. This lasts for 24 hr. and more, ending with complete 
< recovery. 


-o stimulating hormone (1 mgm. fegin, ) into the o 


rabbits and rats injected intracisternally with small 


: E placement, al liquor ia from k “pistona 





STRETCHING CRISIS FOLLOWING INTRACISTERNAL IN- 

































JECTION INTO DOGS 
i i i 
| Animals with 
5 stretching 
| Substance | Source Dose crisisjtreated 
animals 
| Adrenocorticotrophic 
| hormone a 0-12 Lv./kem. 26/26 
| Adrenocorticotrophic 
; hormone g 0-06 1.tU./kgm. 0/2. 
| Melanocyte-stimu- | 
lating hormone b 0-01 mgm./kgm. 11/11 
| Melanocyte-stimu- i l 
lating hormone | b 0-005 mgm. kgm. 879 
| Melanocyte-stimnu- l 
i lating hormone i À 0-003 mam. /kgm, 2710 
| STH | | c | 1 mgm kgm. 0/3 
| Thyroid-stimulating | 
| hormone d 3 1.0U./kgm, 0/2 
| Total post-hypophys- | ie 
| jal preparation | g 0-25 mgm./kem. 0/3 
| Oxitocin | f | 38 .0./kgm. 0/3 
| Chorionic gonado- | j 
tropin o f 0-5 mgm./kem, 0/2 
Pregnant mare serum 
gonadotropin g 0-5 mgm. kgm. g2 
| Insulin 0 A 1 Lr. /kgm Q4 
EEIN PES ENAA TEA A i TEN, IENA 
Sources: (a) Cibacthen Ciba; (6) beef preparation 732179: 


Armour (5 x 10° U./gm.}; (e) Armour, lot 369-766, no adrenocortice 
trophic hormone activity; (d) Ambinon Organon: (e) Postipofiaan 
Richter: (f) Horm: (g) Vister: : (h) Allen and Hanburys. i 


magna with saline in which the various drugs under 
investigation are dissolved. The volume of these | 
injections never exceeded 2 ml. in dogs, 1 ml. in cats | 
and rabbits and 0-1 ml. in rats. The pH of the > 
injected solutions was made as close as possible to oe 
physiological values. RE RE Pa 
From Table 1 it can be seen that in the dog these ee 
two hormones were the only ones to induce thè — 


peculiar crisis of increasing muscular tonus spreadin co 


to many different muscular groups and resulting ina’ 
generalized act of stretching. In the dog the stretch. 
ing crisis, illustrated in Fig. 1, appears within 1-2.hr - 
after the intracisternal injections as a recurrent series _ 

with intermissions of complete recovery and normal 
muscular tonus. 4-5 hr. after the injection not only 
does the crisis persist but the time between subsequent 
stretching acts becomes shorter and shorter so tha 
















This phenomenon appears strictly depe 
- ent on the method of administration, for the infusic 
`of comparatively large amounts of melano 


carotid artery is ineffective. 


Fig. 1. ae happy crisis in a dog Traon in ected 
g PE NE eT ormone j 








seen in cats, rabbit 
and rats under the same conditions. However, a few 
characteristics may help in differentiating the symp 


Stretching crises may also be 


toms caused by the two hormones in different animal 
When melanocyte-stimulating hormone is _ 
injected into the cisterna magna of rabbits a short — 
period of convulsions precedes a state of catatonic- 
ike stupor. Within 1 hr. the latter is interrupted by. — 
e stretching crisis often accompanied by yawning. — 
-A complete recovery occurs within 4-5 hr. Catatonic- - 
"> like stupor occurs in rats, together with scratching 
movements of unusually long duration. In cats the- 
< gtretching crisis follows a period of either drowsiness ` 
: Other symptoms may be” 
associated with the intracisternal injection of these. 
It is important to mention that —. 
-as follows. The wax layer of the epicuticle of the 
last few segments of the abdomen of albino nymphs 


__ species. 










or eatatonic-like stupor. 


wo hormones. 


7 neither rectal temperature (in rabbits) nor blood- 
. reducing substances (in dogs) vary. In dogs eosino- 







‘penia and ptyalism and in rabbits a slight arterial 
< hypotension may occur. 
-The liquor drawn while the behavioural changes 
are in progress does not cause either the isolated 
guinea pig ileum or the isolated rat uterus to contract. 


secant 
ee Res ` 
et aa 


ally to another dog evokes the symptoms described 
above. In the latter case the latent period is not 
= ghortened as one would expect. The latent period 
‘lasts longer after injecting either hormone into the 


-Tumbar subaracnoidal space of dogs, but the symp- 


-o soms remain unchanged. 
=- o Since in dogs adrenalectomy does not curtail the 
muscular hypertonus caused by intracisternally 
-injected adrenocorticotrophie hormone, this effect 
<o cannot be due to its adrenocorticotropic activities. 
“Moreover in dogs the intracisternal injection of a 
-> number of drugs causing eosinopenia (histamine, 
OL; 48/80, 1; 
| -epinephrine, 0-02 ; l-ephedrine, 2 ; d-amphetamine, 
1: mgm./kgm.) is not followed by behavioural 


ae changes similar to those described above. Finally, 


chlorpromazine and reserpine injected into the 


cee cisterna magna of dogs do not evoke a stretching» 


=e erisis. 


= The possible explanations of the mechanism of 
this pharmacological activity of adrenocorticotrophic — 
re lack 
“experimental support. N evertheless as a working: 
hypothesis I suggest that the polypeptide chain 
o C eommon to both hormones is either directly or 


-CO hormone and melanocyte-stimulating hormone 


>> fndirectly involved. 
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-Induction of Melanin Patterns and of | 
Hardening as Separate Processes in the 
Cuticle of Albino Locusts with Internally. 
0. o Absorbed Phenol Substrates 
“ae cuticle of the albino strain of Schistocerc 
gregaria is more or less colourless because of a com 
plete absence of melanin and apparent utilization ¢ 
gq phenol substrate in the hardening process whicl 
~ does not give rise to a coloured scleroprotein. oo. 
“When. protocatechuic acid was added to thi 







i hemo Wt 


: Nevertheless the same liquor if injected intracistern- . 


serotonin creatine sulphate, Oiz- 
extensive pattern than tyrosine. 


end of the abdomen below the surface, the phenol 
substance passes through the dewaxed cuticle of the | 


os and-forward to the head region where the melani 
W. FERRARI = ee E 

Ia "When solutions of protocatechuic acid and- 
oi hydroxyphenylalanine were used, melanin was on 












place ; the outer region of the albino cuticle, normall 
= colourless, had been tanned to an amber colour 
When catechol was used, the melanin deposits wer 
















. - The results therefore show, first, that the immersion 








y i 
di 


substances, however, failed to do so when phenyl- >: 
thiourea, a blocking agent of tyrosinase, was also 
added. T 
In view of a phenolase enzyme being present in = 
the albinos, it seemed likely, therefore, that the intro-. > 





duction of different phenol substrates into their =- 
‘hemolymph and tissues might lead to changes in > 
the cuticle. a 
‘numerous disadvantages'!-4, and in this case they = 


Injection techniques, however, incur + 


would be liable to invalidate at once any results that me s : 
might be obtained. e 
An immersion technique was therefore carried out © 


was first removed by rubbing it off with cotton wool. 
soaked in chloroform. An albino thus treated (from 
now on referred to as a ‘dewaxed’ albino) was then = 
placed in a ring of ‘Plasticine’ fixed to the rim of à 
test tube so that the dewaxed end of its abdomen — 
was dipped below the surface of the phenolic solution 
to be tested. Solutions of tyrosine, catechol, dihy- _ 
droxyphenylalanine and protoeatechuic acid of NJ20 
strength were used. Controls consisted of using- 
albinos with their wax coating untouched and ‘de- 
waxed’ albinos either dipped in saline, or simply — 
suspended in air. The test albinos were kept in 
position for periods ranging from 24 to 48 hr. ee 
‘Dewaxed’ albinos dipped in catechol or tyrosine, 
as just described, developed a pattern of brown to __ 


‘black pigment in their cuticles. This pigment could 
not be removed with acid~methanol, ethyl alcohol or 


acid-ethanol, which showed it tobemelanin®. Catechol, 
however, was responsible for a far more intense and 
This pattern first __ 
developed in the dorsal region and posterior margins 


of the cuticular plates of the abdomen ; it then spread _ 


forward to the thorax and the head and the colour 
slowly intensified. Moreover, the pattern laid down __ 
resembled that of the normal strain of the same insect. 
The controls remained unaltered, and from this itis 
evident that when the ‘dewaxed’ albinos are: sus- 
pended in a phenol solution with only the dewaxed 































end of the abdomen into the hemolymph and tissues _ 


pattern is relatively well developed. 


deposited in the albino cuticle. In the light of oth 
work’, this is surprising in the case of dihydro: 
phenylalanine. An examination of sections of + 
cuticles of albinos treated with these two substanc 
however, revealed that extra hardening had take 


also. confined to the outer region of the cuticle. 
was most significant, however, that the catechol |} 
not caused the cuticle to turn amber colour whe 
melanin had not been deposited. Catechol, the. 
seemed to be exclusively concerned with melanizati 
and protocatechuic acid and dihydroxyphenylalanin 
with sclerotization. 3 








technique described demonstrates that phenol sub-: 
strates originating in the hemolymph and tissues of | 
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an insect must reach the outer 
region of the cuticle before 
they can be oxidized in the 
presence of an activated phen- 
olase. Secondly, that melan- 
ization and hardening can be 
induced to take place as sep- 
arate processes utilizing differ- 
ent substrates. Thirdly, that 
catechol is exclusively con- 
cerned with melenization, and 
protocatechuic acid and di- 
hydroxyphenylalanine with 
sclerotization. 

We are as yet uncertain why 
dihydroxyphenylananine was 
not also utilized for the form- 
ation of melanin, as it is 
supposed to do®. However, in 
view of the recent finding of 
catechol. in insects’, it is likely, 
on the basis of the results 
reported here, that it could 
be a natural substrate for melanization in insect 
cuticles. 

Work on this problem is still in progress and it is 
hoped to publish a fuller account in due course. 
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Distant Hybrids from Parents with Reduced 
immunological Reactivity 


Ir they hatch out at all, there is usually a high 
incidence of malformation in hybrids between 
guinea, fowl hens and domestic fowl cocks!-*. Adult 
hybrids have been described only twice‘. 

I wished to verify whether a distant cross of the 
above combination was favourably influenced by a 
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‘measures described above. 
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—w artificial insemination 


9 —— of application of antigen 


d e tine ofapplication of antigen E 
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Fig.1. Course of mean agglutinin titresin four parent birds in both experimental crossings 


decrease in the reciprocal immunological reactivity 
of both the parent birds. The-results support this 
assumption, as I obtained four hybrids which have 
survived into maturity. 

Procedures influencing the immunological reactiv- 
ity of experimental animals (decrease of antibody 
production to erythrocytes of the other parent 
species—Fig. 1) and results of subsequent crossing 
using artificial insemination are compared in Table 1 
with my own control results and those of other. 
authors. The fertilization percentage in both experi- 
mental crossings far exceeds that of the control 
guinea fowls. Surprisingly, 4 of the 9 hybrids which 
hatched out have survived into maturity ; they are 
now 14-16 months old. 

In the control hens, as distinct from the experi- 
mental birds, the fertilization percentage displays a 
high degree of individual variability (11-74 per cent). 
In order to stabilize the frequency ratio n/N (n = 
number of fertilized eggs, N = number actually laid), 
the transformation of the random variate was used 
and Student’s test was afterwards applied. Although 
the test cannot be regarded as absolutely conclusive 
in the present case, it nevertheless is -almost signi- 
ficant at the 5 per cent level (P < 0-05). It appears, 
therefore, that the results can be ascribed to the 
In view of the high 
individual variability, a larger number of parent 
birds should be used in future work, and an attempt 
should be made to determine the cause of a high 


Table 1. RESULTS OF DISTANT CROSSING 


Crossing 


Control re 1 


Control (ref. 2 

Control (ref. 3) (2 9, 2 3) 

Control (5 9,2 ¢ 

2 9, long-term a istration of fowl blood during 
maturity (1-0 ml. three times a week) 

1 6, tntra-embryonalinjection of guinea fowl blood 
(0-2 ml. on the 11th day of incubation) + long 
administration of guinea fowl blood from birth 

4 9, controls 

2 ¢,{ntra-embryonalinjection + long-term admin- 
istration of guinea fowl blood from birth* 


Fertilized | Hatched | Survived to 





Number of: Percentage to previous columns 


Chicks Survival to 


Fertilization | Hatching | maturity 


maturity 


* One of these two males is the same as that in the preceding cross. 
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fertilization percentage in some control guinea fowl 
hens. 

In my view, even the negative results of Ryle and 
Simonsen! do not conflict with this working hypo- 
thesis. They investigated the possibilities of distant 
crossing (domestic hen and turkey cock and vice 
versa), as a criterion of immunological tolerance. In 
most of the birds, however, they tested immunological 
tolerance following the intra-embryonal injection of 
foreign blood by the immunity response of the 
inoculated birds. The provocation of immunity in 
weakly tolerant birds may, in my opinion, have had 
an unfavourable effect on distant crossing. 

The histological examination of the gonads of 
four hybrids from both experimental crossing, which 
died during hatching or just before or afterwards, 
showed that all were males. The seminiferous 
tubules were normally developed, but did not contain 
spermatogonia, so that the hybrids would evidently 
have been sterile. 

The serological analysis showed no hybrid sub- 
stance’? in our hybrids apart from the common and 
specific antigens for both parent species. 

I thank Mr. V. Matoušek, of the Institute of 
Hygiene and Occupational Diseases, for carrying out 
the statistical analysis. 

Marta VoJTÍŠKOVÁ 
Institute of Biology, 
Czechoslovak Academy of Sciences, 
Department of Experimental 
Biology and Genetics, 
Prague 6. i 
Dec. 23. 


1 Marchlewski, J. H., Bull. Inst. Acad. Pol., B-II, 127, 181 (1937). 
2 Owen, R. D., J. Ezp. Zool., 88, 187 (1941). 

? Vojtíšková, M., and Kníže, B., Fol. Biol. (Praha), 2, 84 (1956). 
“Guyer, M. F., J. Exp. Zool., 7, 723 (1909). 

* Sasaki, K., Z. Züchtung, B, 88, 361 (1937). 

° Ryle, M., and Simonsen, M., Nature, 177, 487 (1956). 

? Irwin, M. R., Proc. Soc. Exp. Biol., 29, 850 (1982). 


Environmental! Conditioning of Flax 


EXPERIMENTS carried out over a number of years 
have shown that remarkably large differences can 
be produced in the weight of flax plants as a result 
of the effect of the environment on previous genera- 
tions of plants. In one experiment, all eight com- 
binations of nitrogen, phosphorus and potassium 
fertilizer treatments were applied to forty plants of 
an inbred, self-fertilizing variety in the damp, dull 
season of 1954. The progeny, which were grown 
under a uniform set of fertilizer treatments, were cut 
at ground-level at maturity and weighed. The differ- 
ences in the weights of the progeny (C, 1955) due 
to the parental treatments are shown in Table 1. 
Some types are as much as two and three times the 
weights of others and, with the exception of the 
nitrogen plot, they are closely correlated with the 
weights produced by applying the fertilizers directly 
to the plants (Table 1, C, 1955). 

The differences were undiminished in the second 
generation grown in 1956 (O, 1956), although the 
seed obtained from the first generation was of the 
highest quality in weight, appearance and germina- 
tion, and the C,/C, correlation was virtually com- 
plete (r = 0-97). In another test on the second 
generation grown in 1956, 960 plants descended from 
plants receiving nitrogen and potassium two genera- 
tions earlier weighed 0-85 cwt., and an equal number 
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descended from plants receiving phosphorus and 
potassium weighed 2-63 cwt.—three times as much. 
The difference of 1:78 cwt. had a standard error of 
4-1 Ib. Again there was no difference in seed weight, 
germination capacity or energy, and the plants 
themselves within each type were highly uniform. 
Large differences have also been observed in the 
third generation and there is evidence from young 
plants that they occur in the fourth generation. 

The experiment was repeated by applying the same 
set of fertilizers in the warm, sunny season of 1955, 
but this time the effect on the progeny grown in 
1956 was much less (Table 1, C, 1956), although the 
differences were still significant and, apart from the 
nitrogen plot which was exceptional before, sub- 
stantially the same. Evidently seasonal factors are 
as important as nutrition. This was also demon- 
strated by another experiment in which plants from 
seed collected in 1955 were, for comparable fertilizer 
treatments, twice the weight of plants from seed 
collected in 1956, when the two sets of plants were 
grown. together in, 1957. 


Table 1. WEIGHT IN LB. OF EIGHTY PLANTS. 8.p. 
SIGNIFICANT DIFFERENCE FOR P = 0:05 


NPK NK N PK P K Nil ap.xt 
Co 1955 11:4 118 44 61 96 10:4 89 73 3°3 
QC, 1955 111 95 37 121 113 84 78 59 1-2 
QO, 1956 17° 15°9 65 18-7 16°55 142 12-4 8-1 3°3 
O, 1956 116 92 82 78 109 93 82 82 2:2 


The inheritance of such large differences to at 
least the fourth generation is likely to be due to 
cytoplasmic change rather than to maternal effects, 
and this is supported by other experiments. (i) Plants 
were grown from seed from capsules collected at 
varying stages of ripeness. Plant weight increased 
logarithmically with decrease in seed weight to the 
limit where the seed was so small that no germination 
occurred. (ii) Forty plants of two conditioned types 
which were reciprocally grafted retained their identity 
in both stock and scion. (iii) Reciprocal crosses 
between two conditioned types resembled the female 
parents more than the male, but there was also clear 
evidence of transference of effect through the pollen 
in both directions. (iv) The conditioned types do 
not produce the same relative dry weights when 
grown in the field in the summer as in a warm green- 
house under the lower light intensity and shorter 
day of winter. Presumably the types are adapted 
to different environments. _ 

One of several reasonable hypotheses which can 
be put forward at this stage is that, with relatively 
high temperature and low light intensity, cell division 
can proceed rapidly ; but the number of cytoplasmic 
self-duplicating particles falls, due to a shortage of 
photosynthetic products, the utilization of these 
products being also influenced by mineral supply. 
The altered cytoplasm stimulates the nucleus to 
synthesize different substances, or different amounts 
of the same substances, to establish a new equilibrium 
between nucleus and cytoplasm. The new equilibrium 
could be at least as stable as the old, and the new 
plant type to which it gives rise would have the 
appearance and constancy of a distinct genotype. 
Such a cytoplasmic — nuclear interaction may further 
simulate genetic change by the nuclei themselves 
having an effect on the difference between reciprocal 
crosses of environmentally conditioned types, the 
pollen nucleus complementing any small effect of the 
pollen cytoplasm. In short, plants may remain 
differentiated as a whole over several generations 
in addition to the normal differentiation of parts 
of plants within a generation. Temperature/light 
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relations will probably play an important part in 
further investigations. 

A detailed account of these studies on flax, and 
on other organisms, will appear in due course. This 
work was aided by a grant from the Agricultural 
Research Council. 

A. DURRANT 
Department of Agricultural Botany, 
University College of Wales, 
Aberystwyth. 


‘Purple Pericarp’ : a Monofactorial 
Dominant in Tetraploid Wheats 


A NUMBER of varieties of tetraploid wheats originat- 
ing from Abyssinia have purple- or violet-coloured 
grains, due to the presence of an anthocyanin in the 
cells of the pericarp. As part of a programme of 
hybridizations undertaken for the production of 
tester stocks carrying useful marker genes, a white- 
grained eligulate variety of Triticum durum Desf. 
(from Cyprus) was crossed with a purple grained 
variety from Abyssinia, T. durum var. arrasetia 
Hochst. (=T. dicoccum var. arraseita Perc.). Although 
the F, family raised was only small, it is felt that the 
results should be put on record because they indicate 
that the purple pericarp colour is inherited as a 
simple monofactorial dominant. 

The F, plants, when allowed to mature normally 
(Table 1), bore purple grains like the male parent. 
Of 44 F, plants harvested, the ears of 28 bore purple 
grains, 12 ears had non-coloured grains and 4 could 
not be classified owing to discoloration, immaturity, 
etc., of their grains. 





Table 1 
Grains Observed | Calculated | Deviation | (0 — CY 
(0) (C) (0 — 0) 0 
Purple : 28 30 — 2 0°18 
Non-coloured 12 10 +2 0:40 
Total 40 40 0 0-53 





With x = 0-53, for 1 degree of freedom, P = 0-5-0-3, showing 
a good agreement with a 3:1 ratio. 


The only relevant report in the literature appears 
to be that of Caporn!, who studied the progeny of a 
cross T. polonicum x T. durum var. arrasetia (T. 
eloboni’) made by Biffen. In this case the F', consisted 
of 28 plants with fully purple grains, 8 with the 
colour restricted to longitudinal streaks and 136 with 
non-coloured grains. In the F, some of the non- 
coloured grained plants gave streaked grained plants 
and non-coloured grained ones. 

Although Caporn’s puzzling results may perhaps 
be due to the introduction of additional factors 
affecting pericarp colour from the T. polonicum 
parent, it is felt much more likely that the streaked 
and impure non-coloured grained plants resulted from 
a shading effect of the closely investing long glumes 
caused by the polonicum gene or genes. In support 
of this possibility, it should be mentioned that 
although the ears of the F, plants of the present cross 
normally bear purple grains as noted above, it was 
observed that if the ears are enclosed in black paper 
while maturing, only non-coloured grains are 
produced. 

Hence, in the light of the results now presented, and 
despite the observations of Caporn, it is suggested 
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that the purple pericarp colour occurring in Abys- 
sinian tetraploid wheats is inherited as a monofac- 
torial dominant character. 
B. C. SHARMAN 
Botany Department, 

Bedford College, 

Regent’s Park, 

London, N.W.1. 

Jan. 8. 


, 1 Caporn, A. St. C., J. Gen., 7, 259 (1918). 


Atypical Forms of Tubercle Bacilli 
(Strain B.C.G.) 


ATYPICAL forms (granules, globules, spore-like 
bodies) of M. tuberculosis have been observed by many 
investigators since Koch’s time’-*. In the present 
investigation the B.C.G. strain of M. tuberculosis 
grown on “Tween’—agar blocks was studied by means 
of the light- and phase-contrast microscope. 

Many of the bacilli multiplied by simple transverse 
fissidn. Some, however, branched into filaments. 
Granules appeared in these forms : in some instances 
a sufficient number of granules appeared to fill the 
entire rod (Fig. 1). The granules increased in size. 
Some which measured 0-24 in diameter when first 
seen were 1-3 or more in diametér (Fig. 2). Other 





Figs, 1-7. - Phase-contrast photographs. (x 1,400) 





re Bi 


Figs. 8-15. Serial photographs of a developmental process over 

a period of 70 days. At the beginning, 8, 9 and 11 were taken in 

& bright fleld. 16, photograph of a hydrochloric acid/fuchsin 
stained smear. (x 1,400) 


granules looked like empty rings and resembled 
spores (Fig. 3). Besides angular bodies arising from 
the fusion of single rods (Fig. 5), a considerable 
number of free globules could be observed (Fig. 4), 
more or less similar to large bodies or protoplasts of 
Enterobacteriaceae!*-4, and also protoplasts of aerobic 
spore-forming bacteria‘. 

It was considered important that granules and 
globules of different sizes may arise from the con- 
jugation of two or more individual rods (see arrows 
in Figs. 2, 6). Conjugation of rods without the 
subsequent formation of globular bodies, as previously 
described’, was also observed (Fig. 7). 

In some instances the ‘large bodies’ could be seen 
to break into rods (Figs. 8-15). Although this alone 
would point to their abundance in nuclear material, 
the application of different nuclear staining methods 
seems to confirm this point (Fig. 16). 

Lhe assumption that in the process of fusion of 
different rods into large bodies, genetic material 
might be assembled, and that their breaking up into 
rods would result in a redistribution of this material, 
makes further investigations necessary. 

We are indebted to Dr. S. Vas, McGill-Montreal 
General Hospital Research Institute, for his valu- 
able advice in microphotography. 


STEPHEN E. JUHASZ 
Eprra M. Manxrewi0z 


Laboratories of the 
Royal Edward Laurentian Hospital, 
Montreal. 
Jan. 15. 
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Strain Sensitivity of Albino Rats to 
Reserpine 


Dougie work on the effects of reserpine on chromaf- 
fin tissue, it became apparent that albino rats of 
Sprague-Dawley and Wistar strains differed markedly 
in their sensitivity to reserpine. This phenomenon 
has been investigated by observing the loss of catechol 
amines by the adrenal medulla in response to intra- 
venous injections of 1, 5, 10 and 16 mgm./kem. of 
the drug. 

Male rats weighing 200-250 gm. (Wistar) or 
250-300 gm. (Sprague-Dawley) were used in groups 
of 8 or 10. 24 hr. after an injection of reserpine the 
animals were killed by a blow on the head. The 
adrenal glands of two animals were fixed after 
bisection in either formol—dichromate (neutral form- 
alin 10 per cent, potassium dichromate 3 per cent) or 
potassium iodate followed by 10 per cent formalin’. 
Dichromate-fixed material was embedded in parefiin 
wax and sectioned at 6u. Material treated with 
iodato was sectioned at 35u on the freezing microtome. 
Some sections were examined unstained, others were 
counterstained with either hematoxylin or sudan 
black. The remaining adrenal glands obtained from 
each group of animals were pooled and weighed : 
pressor amines were extracted’, purified on alumina’, 
and assayed by the method of Euler and Hamberg. 

The results are summarized in Tables 1 and 2. A 
positive chromaffin reaction is given by cells which 
contain either adrenaline or noradrenaline while a 
positive iodate reaction is only given by noradrenaline- 
containing cells’. In the present work the results 
obtained by assay correlate well with the histochemi- 
cal findings. 5 mgm./kgm. of reserpine administered 
to Sprague-Dawley strain animals produces the same 
degree of depletion of medullary catechol amines 
(almost complete) and the same constitutional dis- 
turbances as does 15 mgm./kgm. given to Wistar 
rats. Doses of 10 mgm./kgm. and more given to 
Sprague-Dawley animals result in convulsions and 
death. Constitutional disturbances include drowsi- 
ness, lachrymation and diarrhoea. 

The degree of catechol amine depletion is dependent 
upon the dose of reserpine employed. In partially 
depleted glands the relative proportions of adrenaline 


Table 1 






Reserpine Chromafiin Todate 

Rats (mgm./kgm.) reaction reaction 
Sprague-Dawley 0 
n 5 
»” 10 
Wistar 0 
, 1 
' 5 
» 10 
»9 15 





G, Generalized reaction: P, patchy reaction. 


Table 2 


Be- 
serpine 
(mgm./ 

kgm.) 


Total catechol amine 


vem per 
gm./adrenal 


Depletion 
(per cent) 


pgm. 
per rat | (per cent) 


Hi a 


bor 


2°0 
5-0 
1-5 
8-0 
1-5 
8:0 
1:4 
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and noradrenaline remain normal, noradrenaline 
forming about 16 per cent of the total amine, and 
there is no evidence of a selective loss of either amine 
such as occurs in association with insulin hypo- 
glycemia. Insufficient pressor amine was extracted 
from glands after injections of 5 mgm./kgm. and 
more to allow an estimate of the individual amines. 

It should be noted that glands removed 24 hr. 
after an injection of reserpine show an increase in 
weight as compared with controls. This change is 
due to cortical hypertrophy and is associated with an 
increase in the esterase content of the inner part of 
the zona fasciculata and the zona reticularis. As a 
result of this change, the adrenals show an abnormally 
low content of pressor amines if these are given as 
per gm. of adrenal weight, and it is therefore prefer- 
able to give the catechol amine content per rat 
(providing rats of uniform age and weight are used), 
or per unit body-weight. 

I would like to express my thanks to Ciba Labor- 
atories, Ltd., for supplies of reserpine (‘Serpasil’). 

R. E. COUPLAND 
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Chemotherapeutic Action of a Cyclic 
Nitrogen Mustard Phosphamide Ester 
(B 518-ASTA) in Experimental 
Tumours of the Rat 


THE synthesis of new cytostatic drugs is governed 
by the attempt to find new substances which unite 
maximum therapeutic effectiveness with minimum 
toxicity. For this purpose it seems to be advan- 
tageous not to apply the substance in its active form, 
but by introducing suitable chemical groups to 
transform it into an inert transport substance which 
will be reconverted into the active form at the site 
of therapeutic action in the body. This principle has 
already proved of value in the treatment of prostatic 
carcinoma with stilbcestrol diphosphate!. 

Using the same method, Friedman and Seligman? 
combined the active 6¢s-(6-chlorethyl)amino-group 
with phosphoric acid. The resulting compounds 
proved, however, to be therapeutically ineffective. 
In our experiments we allowed bis-B-chlorethyl- 
phosphamide-dichloride to react with alkanolamines. 
Thus we obtained cyclic 67s-(§-chlorethyl)-phos- 
phamide esters with two phosphamide bonds and 
one ester bond. Chemical analysis has shown that 
the basicity of the phosphamide nitrogen and thus 
also the reactivity of the chlorine atoms are con- 
siderably reduced. In comparison with bis-(B- 
chlorethyl)amine (nitrogen mustard, HN2), the rate 
of chlorine ion liberation in aqueous solution (at 
37° C.) is considerably lowered. 

The examination of the therapeutic effectiveness of 
numerous homologous compounds in different graft 
tumours of the rat has shown B 5618-ASTA to be 
particularly effective and well tolerated. B 518 is 
the experimental designation of the cyclic propanol- 
amido-ester of bzs-(8-chlorethyl)-phosphamide. Its 
trade name is ‘Endoxan R’, Asta-Werke A.G., 
Brackwede (Germany). 
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The minimum lethal dose of B 518 in the rat is 
160 mgm./kgm., whereas for N-oxide mustard the 
minimum lethal dose is only 50 mgm./kgm., and for 
nitrogen mustard even as low as 1-5 mgm./kgm. 
Thus the toxicity of B 518 is remarkably low. 

In therapeutic trials on fully developed tumours 
of the rat, for example, the solid Yoshida sarcoma 
(20 gm.), Walker—256-carcinoma (1 gm.) and Jensen 
sarcoma (5 gm.) we obtained a definite cure with 
a single intravenous injection of B 518. The 
medium effective dose (DC50) was found to be 
3:9 mgm./kgm. for the Yoshida sarcoma, 6-0 mgm./ 
kgm. for the Walker carcinoma and 3-6 mgm./kgm. 
for the Jensen sarcoma, that is, it amounts to only 
2—4 per cent of the minimum lethal dose. Thus the 
therapeutic index of B 518 is more than twice as wide 
as that of N-oxide mustard and about 10 times as 
large as that of the ethylenimines such as TEM, 
TSPA and E 39-BAYER. In addition, B 518 proved 
to be the only substance which considerably inhibited 
the D§S-carcino-sarcoma previously resistant to all 
other compounds?, 

In vitro tests, in which B 518 was incubated with 
tumour cells at 37° C., showed complete inertness of 
the compound up to a concentration of 10-3 gm./ml., 
the cells being then grafted on to healthy young rats 
and their taking capacity checked. This makes it 
appear probable that the cyclic propanol amide ester 
of 62s-(@-chlorethyl)-phosphamide actually represents 
an inert transport form, from which the highly active 
form is liberated only within the body. 

The results will be published more fully in further 
papers‘. 

HERBERT ARNOLD 
FRIEDRICH BOURSEAUX 
Norsert Brock 
Chemical and Pharmacological Depts., 
Asta-Werke, A.G., 
Chemische Fabrik, 
Brackwede, 
Germany. 
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‘Compensatory Hyper-regeneration’ in 
the Antennæ of Hemiptera 


Wotsxy! claims that prior to his 1957 demonstra- 
tion, under the above title, there was no experimental 
evidence to show that the antennal oligomery frø- 
quently encountered in Hemiptera Heteroptera 
results from the unusual course regeneration takes 
after larval injury. But in 1829 Heineken? amputated 
the antenna of a reduviid larva and obtained an 
adult exhibiting just those features which Wolsky 
now notes. Gäbler? studied antennal regeneration in 
three families of Heteroptera, and Balazuc*, unaware 
of Gabler’s work, has given a full account of re- 
generation in a reduviid. In addition, the literature 
abounds with references to the field occurrence of 
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both uni- and bi-lateral oligomery, more especially 
in Lygaeidae: in view of the work of Heineken 
and his successors there is no doubt that such cases 
are the result of larval injury. Consideration of the 
structure of the bug antenna, however, now suggests 
that analysis of the experimental results can be taken 
one stage further. 

It has been pointed out that if amputation takes 
place sufficiently early in larval life then the adult 
antenna is shorter (and thicker) than normal because, 
while each ‘segment’ regenerates to a length greater 
than usual, there is always one ‘segment’ less than 
in the normal adult (except, of course, when only 
part of the distal ‘segment’ has been removed)‘. 
Now consideration of the bug antenna shows it to 
comprise a basal scape, a pedicel (bi-annulate m 
Pentatomoidea) and a bi-annulate flagellum®. From 
the observations of earlier workers, including Wolsky, 
it is apparent that whereas a regenerated lygaeid 
or reduviid antenna has three ‘segments’, that of a 
pentatomoid has four: this suggests that in each 
case there is anarthrogenesis within the flagellum. 
As the articulation between flagellum and pedicel 
differs from other antennal articulations—the pedicel- 
flagellum articulation forms part of a proprioceptive 
organ—examination of oligomerous individuals and 
identification of the annuli presents no difficulties® : 
inspection of many oligomerous Lygaeidae and 
Pentatomoidea confirms that in every case there is 
but a single flagellar annulus. 

It is concluded that when an antenna is amputated 
anywhere between the base and the intra-flagellum 
articulation, a bug larva will regenerate an antenna 
more or less shorter than normal—depending upon 
the time and instar at which amputation is carried 
out and upon its site—but always without forming 
an articulation within the flagellum. It follows that 
the factor responsible for arthrogenesis within the 
flagellum, is dissociable from the factor controlling 
length of regeneration and is present only in the 
embryo (or is inhibited during regeneration). 

DENNIS LESTON 
Department of Zoology, 

Imperial College of Science and Technology, 

London, S.W.T. 

Jan. 7. 
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Inaccuracies of Anaphase Estimation of 
Radiation-induced Chromosome Exchange 


Wolff and Luippold! have demonstrated that 
analysis of metaphase aberrations and of anaphase 
bridge frequencies gives qualitatively different radia- 
tion -dose curves, and directed attention to dis- 
crepancies between various results that some have 
found difficult to accommodate in classical chromo- 
some breakage theory. There seems to me to be a 
factor ignored in classical theory that may explain 
some of these discrepancies. 

In classical theory, exchanges are produced in 
numbers proportional to the square of the X-ray dose. 
Breaks are produced in numbers proportional to dose. 
At a given dose, D, the probability of an exchange in 
any one chromosome arm. will be «D? and the prob- 
ability of a chromosome break in any chromosome arm: 
will be BD. The probability of an exchange and a 
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break involving the same chromosome arm will be 
xD? x 28D, the factor 2 being introduced because the 
exchange involves two arms. Now half these coin- 
cident breaks will be between the exchange point 
and one of the centromeres and may effectively 
prevent an anaphase bridge occurring. The expected 
number of anaphase bridges will be proportional to 
«oD*-cBD*. Better algebra may no doubt be 
devised, but the essential point will remain that the 
larger dose will increase the probability that an 
exchange may be ‘undone’ by the production of a 
suitable break. 

It seems unlikely that the resulting correction will 
explain the discrepancy observed by Wolff and 
Luippold unless the effective breaks adhere in 
metaphase and separate in anaphase. But it would 
explain discrepancies between metaphase and ana- 
phase data for chromatid exchanges, and would 
require some departure from the (dose)? law for 
exchanges at high doses. 
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J. M. THopay 
Department of Genetics, 
The University, 
Sheffield, 10. 
Jan. 13. 
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Sex-linked and Sex-limited Mutation of 
the Fly Muscina stabulans (Fall.) 
(Muscidae) 


Is a series of papers, Tate! has described the 
inheritance and expression of a mutation, white- 
apricot (w), in the blowfly Calliphora erythrocephala. 
He showed that this factor is probably situated in 
the X-chromosome and is recessive to the dominant 
allele for wild-type eye colour which is located in the 
homologous section of the Y-chromosome in hetero- 
zygous males. No evidence was found of crossing- 
over between X- and Y-chromosomes in this fly. 
The object of the present communication is to report 
a similar case in the fly Muscina stabulans. 

A few white-eyed females were noticed in a stock 
of M. stabulans which had been started with eggs 
of an unknown. number of females from Johannesburg. 
The F, generation flies from these females were all 
of the wild-type, but in the F, generation white-eyed 
females again appeared. By breeding from the 
white-eyed females and males from the same batch, 
a pure line was eventually obtained in which the 
females are all white-eyed and the males all of the 
wild-type. This line has now been maintained for 
more than twelve generations without a single white- 
eyed male or red-eyed female appearing. A wild- 
type line was also selected for, and it has produced 
no white-eyed females in more than twelve .genera- 
tions. 

When white-eyed females were crossed with wild- 
type males, the F, generation was wild-type, 
but the F, generation comprised 79 white-eyed 
females, 71 wild-type females and 169 wild-type 
males. When heterozygous wild-type males were 
crossed with homozygous wild-type females, the 
resulting F, and F, generations were both wild- 
type, but the F, generation yielded 43 white- 
eyed females, 239 wild-type females and 291 wild- 
type males. These figures support the hypothesis 
that, in this stock, the mutant gene (w) is situated 
in the X-chromosome and that there is a dominant 
allele (W) in the homologous section of the Y-chromo- 
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respectively). Since the heterozygous and homozygous , 


wild-type flies are phenotypically indistinguishable, 
and since there is no gradation in the expression of 
the mutant gene, the above explanation of the 
observed facts seems the most likely. The fact that 
no white-eyed males were found suggests that 
crossing-over between the centromere and (w) locus 
is at least very rare or wholly absent. 

In the Calyptrata, besides the case of Calliphora 
erythrocephala reported by Tate, white-eyed mutants 
have been described in the blowflies Lucilia cuprina’ 
and Phormia regina! ; but in these cases the mutant 
genes are simple autosomal recessives to the dominant 
alleles determining wild-type eye colour. It would 
be interesting to have information on the location of 
eye colour genes in other members of the Calyptratae. 

I am indebted to Dr. D. Nolte, of the Department 
of Zoology, University of the Witwatersrand, for 
reading this communication. 

H. E. PATERSON 


South African Institute for Medical Research, 
P.O. Box 1038, Johannesburg. 


‘Tate, P., Nature, 160, 381 (1947). 

2 Tate, P., J. Genet., 48, 176 (1947). 

* Tate, P., J. Genet., 48, 192 (1947). 

“Tate, P., J. Genet., 48, 338 (1948). 

*Mackerras, M. J., Aust. J. Exp, Biol. Med. Sei., 11, 45 (1993). 
* Dichler, H., Amer. Nat., 77, 287 (1943). 


Niobium in Ascidians 


It has been known since 1911+ that the blood of 
certain species of ascidians contains organically 
bound vanadium. Bertrand? has shown thet most 
marine invertebrates contain between 0-2 and 
2 parta per million of vanadium dry weight, whereas 
in ascidians the figure may be as high as 6,500 p.p.m. 
dry weight. This high level is not, however, true of 
all species, and in some families the level, where 
investigated, is not significantly above that found in 
other groups of marine invertebrates. Didemnum 
candidum, for example, is quoted as containing 
2'6 ppm. 

in the course of some other work I was led 
to the conclusion that some of these species of 
ascidians may possibly contain niobium in place of, 
or in addition to, vanadium. This has in fact proved 
to be correct. Preliminary analyses have kindly been 
made for me by the Chemical Research’ Laboratory 
“of the Department of Scientific and Industrial 
Research, using spectrographic methods. These 
analyses have been supplemented by the. use of 
chromatographic methods in the Plymouth Labor- 
atory. By these methods the flesh of Mytilus edulis 
was shown to contain 0-22 p.p.m. of vanadium dry 
weight and less than 0-001 p.p.m. of niobium. 
Phallusia mammillata (a species of ascidian with 
known high vanadium! content) had 1,260 p.p.m. of 
vanadium dry weight in the flesh (compared with 
1,700 p.p.m. found by Webb*), while niobium was not 
detected (that is, less than 0-001 p.p.m. dry weight). 
In Molgula manhatiensis both vanadium and niobium 
were detected. Expressed in p.p.m. dry weight, the 
vanadium content of the test of Molgula was 16, of 
the flesh without the test 101, and of the whole body 
54 (compared with 31-8 given by Bertrand’); the 
niobium content of the test was 1-9, of the flesh with- 
out the test 56, and of the whole body 26-5. These 
figures were based on analyses carried out on pooled 
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material from more .than a hundred individuals. 
Investigations using niobium-95, however, suggested 
that only about one quarter of the individuals con- 
tamed any niobium, the remainder lacking even the 
ability to ingest it. The chromatographic analysis of 
single individuals confirmed this: all individuals 
contained either vanadium or niobium, but there was 
no detectable niobium in animals which had sig- 
nificant vanadium, while only traces of vanadium 
could be detected in animals with detectable niobium. 
In the former group the vanadium content ranged 
from 29 to 98 p.p.m.; in the latter the vanadium 
content was less than 2 and the niobium content 25—75. 
The niobium appears to be organically bound. 

If, as has been suggested, the vanadium present in 
petroleum deposits is derived from ascidians, it seems 
likely that these may also be the source of the 
niobium which is likewise present in these deposits. 

D. B. CARLISLE 

Marine Biological Association, 

The Leboratory, 
Citadel Hill, 
Plymouth. 


1 Henze, M., Hoppe-Seyl. Z., 218, 125 (1911). 
* Bertrand, D., Bull, Soc. Chim. Biol., 25, 36, 89 (1943). 
* Webb, D. A., Pubbl, Staz. zool. Napoli, 28, 273 (10956). 


Rearing Newts in the Laboratory for 
Experimental Purposes 


I Have alweys considered the methods employed 
in the rearing of newts in the laboratory as too time- 
consuming. The newts are generally maintained in 
finger bowls; the water is usually changed once a 
day, and during the summer months & cool room is 
required, or the water is changed several times a day. 

My aquarium was designed to eliminate these 
difficulties. I consists of a sheet metal tank 6 in. 
high and divided into compartments. Small holes 
are cut in the partitions so that_the water can flow 
freely. A fine mesh screen is welded on the bottom 
of the partition so that the newts cannot craw] from 
one compartment to another. One end of the aquar- 
ium rests above a sink and the water is piped in at 
the opposite end. An overflow pipe regulates the 
level of the water at 3 in., and the diameter of the 
overflow pipe is at least twice that of the inflow 
pipe. A large pipe at bottom-level is used for draining 
the aquarium, which need be done only two or three 
times @& year, 

A. free area 14 in. wide is provided at each end of 
the tank by making the partition 3 in. less than the 
length of the tank. This prevents the newts escaping 
through the overflow or inflow pipes. The tank can 
also be drained without removing the newts. The 
inflow pipe enters the tank at about 44 in., which is 
l} in. above the water-level, making it easy to 
observe the amount of water flow. i 

The compartments are 6 in. x 8 in., and there 
aro 15 of them in the present model. Since the water 
flows constantly, more newts can be placed in 
each compartment than in a non-flow container of 
equal size. The largest number that have been reared 
in each compartment is twelve. 

Each compartment contains a liberal supply of 
floating water plants, such as Elodea (Anacharis), 
Lemna (duckweed), Riccia and several snails. Five 
sections of clear glass cover the aquarium so that the 
plants receive adequate light. Since the glass is 
in sections, newts can be removed with long 
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forceps from a compartment without uncovering 
more than three compartments. A screen covering 
tends to shade the plants, preventing them from 
thriving. 

It has not been necessary to use biological water. 
Newts do equally well in tap water, and I have raised 
them in the city water of New York City and Chicago. 

Most investigators who employ newts feed each 
one individually by offering it meat with a pair of 
forceps ; this occupies considerable time. I find that 
if small pieces of ground muscle are placed in the 
water once & week the newts will eat readily; only 
10-15 min. a week is then required to feed a hundred 
or more newts. 

By employing the principles of the aquarium 
described above, many more newts can be studied 
at less expense of time and money than by the 
methods generally used. 

Davip D. WuLams 
Department of Anatomy, 
Stritch School of Medicine, 
Loyola University, 
706 South Wolcott Avenue, 
Chicago 12, Illinois. 


Release of Phosphate from Soil Minerals 
by Hydrogen Sulphide 

Is this laboratory it was observed that some 
colonies of soil bacteria and fungi, grown on carrot- 
extract agar containing 0-1 per cant ferric phosphate 
in suspension, turned the particles of phosphate in 
their vicinity black. Blackening occurred only when 
hydrogen, sulphide, was produced by these organisms, 
some of which formed it anaerobically but others 
aerobically. Bromfield! showed that hydrogen 
sulphide was produced by several strains of Bacillus 
megaterium in apparently well-aerated soils. These 
results suggested {that sulphides in soil may reduce 
ferric phosphate to black ferrous sulphide and release 
available phosphate. 

The influence of 24-hr. treatment with hydrogen 
sulphide at room temperature was determined on 
phosphates of ferric iron (isomeric with mota- 
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Fig. 1. Release of phosphate from ferric phosphate by hydrogen 
sulphide in the presence and absence of iron oxide 
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Fig. 2. Release of phosphate from ferric phosphate by hydrogen 
sulphide in the presence and absence of aluminium oxide 


strengite) of calcium (hydroxy apatite, octa phosphate 
and a trace of brushite) and of aluminium (amorphous 
by X-ray analysis), and also on ferric and calcium 
phytates. 

Phosphate was released from ferric phosphate by 
much lower concentrations of hydrogen sulphide 
than from tri-calcium and aluminium phosphates or 
from ferric and calcium phosphates. It was considered 
that most soils would not contain sufficient hydrogen 
sulphide even under anaerobic conditions to attack 
any phosphate other than ferric phosphate. Since 
most sous contain sesquioxides which might compete 
with ferric phosphate for any hydrogen sulphide 
formed, ‘additional treatments were included to test 
the effect of hydrogen sulphide on ferric phosphate 
mixed with either iron oxide (hematite) or aluminium 
oxide (boshmite) in the ratios of 1 : 10 and 1 : 100. 

Increasing amounts of sulphide increased the 
quantity of phosphate in solution, measured colori- 
moetrically* as shown in Figs. 1 and 2. 

At all sulphide-levels the amount of phosphate in 
solution was suppressed when sesquioxides were 
present, particularly by the finely crystalline alum- 
inium oxide, but less so by the coarser iron oxide. 
The level of phosphate in solution reached a maximum 
after several hours and thereafter fell steadily, 
suggesting refixing of phosphate on the surface of 
sesquioxide particles. 

Sesquioxide would greatly hinder release of phos- 
phate, but in waterlogged siliceous soils, low in ses- 
quioxides;but high in hydrogen sulphide, release of 
phosphate might be of importance. 

I.thank Dr. R. J. Swaby for helpful suggestions 
during this work. 

Joan J. SPERBER 


Microbiology Department, 
Commonwealth Scientific and 
Industrial Research Organization, 
Division of Soils, 
c/o Waite Agricultural Research Institute, 
Private Bag, 
Adelaide. 


> Bromfield, S. M., J. Gen. Microbiol., 8, 378 (1953). 
t Gomori, G., J. Lab. Clin. Med., 27, 955 (1942). 
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FORTHCOMING EVENTS 


Monday, March 31 


INSTITUTION OF ELECTRIOAL ENGINEERS, RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.80 p.m.— 
Informal] Evening on “Future Radiocommunication Methods for Civil 
Aircraft”. Talk by Mr. W. E. Brunt. 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington 
House, Piccadilly, London, W.1), at 5.80 p.m.—Mr. A. H. Toms: 
“Sotlin British Railway Civil Engineering”. 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S.W.1), at 6.80 p.m.—Prof. G. Wilkinson: “Transi- 
tional Metal—-Hydrogen Complex Compounds”. 


ROYAL GEOGRAPHICAL SocreTy (at 1 Kensington Gore, London, 
rea at 8.30 p.m.—Mr. Thor Heyerdahl: “The Enigma of Easter 
and”. 


~ 


Tuesday, April | 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, S.W.1), at 10 a.m. and 2.45 p.m.—Dr. G. W. H. 
Gardner, Mr. A. D. Baxter and Mr. L. H. Bedford: ‘Rockets and 
Guided Flight” (Leonardo da Vinci Lectures). 


INSTITUTE OF REFRIGERATION (joint meeting with the Low TEM- 
PERATURE GROUP of the PHYSICAL Soorety, at the Junior Institution 
of Engineers, Pepys House, 14 Rochester Row London, §.W.1), at 
5.80 p.m.—Dr. G. G. Haselden and Dr. L. Klimek: “An Experi- 
mental Study of the Use of Mixed Refrigerants for Obtaining Cooling 
Over a Temperature Range”, 


INSTITUTION OF CIVIL ENGINEERS (at Great Oor Street, London, 
S.W.1), at 5.30 p.m.—Sir Claude Inglis and Mr. F. J. T. Kestner: 
"The Long-Term Effect of Training Walls in Estuaries”. 


INSTITUTION OF ELECTRICAL ENGINEERS, EDUOATION DISCUSSION 
OmRoLE (at Savoy Place, London, W.C.2), at 6 p.m. Discussion on 
“Economic Aspects of Electrical Engineering”, 


Tuesday, April |—Wednesday, April 2 


INSTITUTE OF BIOLOGY es the Beveridge Hall, Senate House, 
University of London, Malet Street, London, W.Ċ.1), at.10 a.m. 
daily—Second International Symposium on “Freezing and Drying”. 


NATIONAL COAL BOARD (at the Mining Research Establishment, 
Worton Hall, Worton Road, Isleworth ddlesex)}—Conference on 
“The Mechanical Properties of Non-Metallic Brittle Materials”. 


Wednesday, April 2 


PHYSICAL SOCIETY, COLOUR GROUP (in the Physics Department, 
Imperial College, Imperial Institute Road, London, 8.W.7), at 9.45 a.m. 
—Eighteenth Annual General Meeting. 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 
S.W.7), at_5 p.m.—Prof. C. W. Allen: “Solar Radiation” (Symons 
Memorial Lecture). 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
W.1),at 5.80 p.m.—Dr. A. Klinkenberg (N.V. De Bataafache Petroleum 
an “Electrostatics and Explosion Hazards in the Petroleum 
Industry”. 

SOCIETY FOR ANALYTIOAL CHEMISTRY (at the Chemical Society, 
Burlington House, Piccadilly, London, W.1), at 7 p.m.—Meeting on 
“Gas Chromatography”. 


’ ‘Thursday, April 3 


INSTITUTE OF METALS, LONDON LOCAL SECTION (at 17 Belgrave 
S » London, S.W.1), at 6.30 p.m.—Annual General Meeting, 
followed by Mr. W. E. Ballard : “New Protective Coatings for Metals”, 


Saturday, April 5 


BRITISH INTERPLANETARY SOOIETY an the Tudor Room, Caxton 
Hall, Caxton Street, London, S.W.1), at 6 p.m.—Mr. F. B. F. Taylor: 
“Problems of Handling Large Missiles”, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : i 
LEOTURER (male, with sound practical and teaching experience 
IN CROP HUSBANDRY—The Principal, Institute of Agriculture an 

Horticulture, Oaklands, St. Albans, Herts (April 4). 

ASSISTANT, Grade B (with a good honours degree and preferably 
teaching experience), IN CHEMISTRY, to teach general ata to 
G.C.E. Advanced Level and assist with teaching of inorganic chemistry 
th ae ay level—The Principal, Brighton Technical College, Brighton 

r : . - 

TROTORER IN PHYSICAL CHEMISTRY, and an ASSISTANT LEOTURER 

(Grade B) IN CuEMsTRY—The Registrar, College of Technology, 
Portsmouth (April 5). 
1- SPECTROSCOPIST (with an honours degree and/or the A.R.I.C., and 
a knowledge of, and a special interest in spectroscopy) IN THE PUBLIC 
ÅNALYST’S SECTION of the Public Health Department—The Reglstrar, 
The University, Bristol (April 8). 
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ASSISTANT DIRECTOR OF THE ROYAL BOTANIO GARDENS, Keow— 
Civil Service Commission, 30 Old Burlington Street, London, W.1, 
quoting Ref. 8.4825/58 aon 10). 

Lyons FELLOW (graduate in medicine or science (if the latter 
referably with a Ph.D. in one of the medical euences)) FOR MULTIPLE 
CLEROSIS AND ALLIED NERVOUS DISEASES, to take part in a combined 
ro e of research, under the direction of the Professor of 
athology, on the biology of myelin and the experimental pathology 

an ae oe diseases—The Registrar, The University, Leeds 2 
r . - 

BaNTOR LECTURER IN MATHEMATIOS—-The Secretary, Royal College 
of Science and Technology, Glasgow (April 14). 

UNIVERSITY DEMONSTRATOR IN PHYSICAL CHEMISTRY—Dr. F. B. 
Tee VIVENT Chemical Laboratory, Lensfleld Road, Cambridge 


_ (April 16). 
Bunion LECTURER (with high academic qualifications and/or pro- 


fessional qualifications, and some pets experience) IN CHEMICAL 
ENGINEERING at Neath Technical College—The Director of Education, 
County Hall, Cardiff (April 17). 

ASSISTANT LECTURER IN PHARMACOLOGY—The Registrar, The 
University, Manchester (April 19). 

BACTERIOLOGIST (with a university honours degree in science or 
equivalent qualifications together with some research experience and 
& knowledge of, and experience in, general bacteriology) IN THE 
DIVISION OF S AND OORANOGRAPHY, Commonwealth Solen- 
tific and Industrial Research Organization, Cronulla, near Pyano, 
New South Wales, Australia, to study the importance of bacteria 
in building up and decomposing organic matter and in metabolizing 
the various inorganic compounds present in the sea—Chief Scientific 
Liaison Officer, Australian Scientific Liaison Office, Africa House, 
Kingsway, London, W.C.2, quoting Appointment No. 320/137 (April19). 

GRADUATE referably with some postgraduate experience in 
microscopy and/or biology), for work involving applications of ultra- 
violet and interference microscopy, etc., in biology—The Secretary, 
Chester Beatty Research Institute, Fulham Road, London, 8.W.3, 
quoting “EMFR” (April 19). - 

SENIOR LECTURER (university graduate with industrial and teaching 
experience, and preferably some experience in development work in 
a branch of electronics) IN PHyYsIcos—The Principal, Twicken- 
ham Technical College, Egerton Road, Twickenham, Mddx (April 19). 

CHAIR OF PHysios—The Registrar, University College of Wales, 
Aberystwyth (April 30). 

CHIEF LABORATORY STEWARD (preferably with university or equiva- 
lent experience) IN THE DEPARTMENT OF CHEMISTRY, University 
College of Rhodesia and Nyasaland—The Secretary, Inter-University 
wae for ehor Education Overseas, 29 Woburn Square, London, 

. . Pp B 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEM- 
ISTRY, PHYSIOS and allied subjects, for example, PHARMACOLOGY, 
ENGINEERING or METALLURGY—The Registrar, The University, 
Manchester 18 (April 30). 

RESEAROH ASSISTANT or JUNIOR FELLOW IN AERONAUTICAL 
a abelian Registrar and Secretary, The University, Bristol 

r š 

RESBAROH FELLOW IN THE DEPARTMENT OF NUCLEAR PHYSICS, 
Australian National University—The Secretary, Association of Uni- 
versities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (Australia, April 30). 

LECTURER or ASSISTANT (Grade B) (with teaching and research 
experience) IN GEOLOGY aaan dees AND PIBATIGRAPHT) Up to 
the standard of the B.Sc. (Special) degree of the University of London 
—The Clerk to the Governors, Chelsea College of Science and Tech- 
nology, Manresa Road, London, 8.W.3 (May 3). 

ASSISTANT (with an appropriate honours degree) IN RESEARCH IN 
AGRICULTURAL B , for research on crop plant evolution—The 
Secretary, School of Agriculture, The University, Downing Street, 
Cambridge (May 18). - 

ASSISTANT PROFESSOR (preferably with a Ph.D. in a biological 
subject and experience in electron microscopy) OF ANATOMY at 
Dalhousie University, Canada—The Secretary, Association of Univer- 
sities of the British Commonwealth, 86 Gordon Square, London, W.C.1 
(Canada, May 31). 
mea, MEDICINE—The Registrar, The University, Manchester 13 

y 31). i 

ASSISTANT (Grade B) TO TEACH PHysios—The Principal, College 
of Technology, Queen Street South, Huddersfield. 

PHYSICAL CHEMIST (with a first- or second-class honours degree 
in chemistry or equivalent, experience of handling radioactiveisotopes, 
all types of counting equipment, and a knowledge of electronica) at 
the Chemical Research Laboratory, D.S.I.R., Teddington, to leed a 
small team engaged in radiometric work—The Ministry of Labour 
and National Service, Technical and Scientific Register (K), 26 King 
Street, London, S.W.1, quoting F.207/8A. 

PHYSICIST or ENGINEER, to co-operate in the design and develop- 
ment of a large liquid hydrogen bubble chamber and associated plant 
for use in high energy nuclear physics research (Ref. No. 220(a)); 
and a DRAUGHTSMAN, to work with the above (Ref. No. 220(b))}—The 
Registrar, The University, Liverpool 3, stating the appropriate Ref. No. 

OSTDOCTORAL AND PREDOOTORAL RRSEAROH ASSOCIATES IN 
EXPERIMENTAL AND THEORETIOAL CHEMICAL PAHYSIOS in the Molecular 
Excitation Group—Dr. R. W. Nicholls, Department of Physics, 
University of Western Ontario, London, Ontario, Canada. 

QUALIFIED TECHNICIAN or JUNIOR TROHNICIAN (male or female) 
IN THE PATHOLOGICAL LABORATORY-—-The Seoretary, Wembley 
Hospital, Wembley, Middlesex. 

RESHAROH ASSISTANT (honours graduate in microbiology or zoology) 
IN THE VACOINE LYMPH DEPARTMENT, for work on the development 
of tissue culture methods in the bulk production of virus and related 
ese techniques—The Secretary, The Lister Institute, Elstree, Hert- 
ordshire, 

SCIENTIFIC ASSISTANT (ABSTRACTOR) (with a degree in agriculture 
or natural science and a knowledge of languages)}—The Director, 
Commonwealth Bureau of Pastures and Field Crops, Hurley, Maiden- 
head, Berkshire. 

SOIENTIFIO ASSISTANT athe a good science degree, a reading know- 
ledge of two European languages (preferably other than French or 
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German), ability to write good English and preferably a knowledge 
of soilscience and plant physiology), for work in a scientific information 
service involving abstracting and indexing—The Director, Common- 
yaa Bureau of Soils, Rothamsted Experimental Station, Harpenden, 

erts. i 

Sorantist (preferably with a pass degree or at least H.8.C. (science) 
or equivalent, and an interest in a wide range of scientific subjects), 
to assist in the planning and operational control of overseas trials, 
and to collaborate with authors in the preparation and editing of 
reports from scientific records obtained during trials, the post involves 
tours of duty abroad—The Senior Recruitment Officer, Atomic 
ae Research Establishment, Aldermaston, Berks, quoting Ref. 
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Great Britain and Ireland 


ow. By P. F. 
Mattingly. Museum (Natural 
History). En eee Vol. 5, No. 9: A Study of the Chironomidae 
(Diptera) of Africa South of the Sahara. By Paul Freeman. Pp. 
321-426 +1 plate. 30s. Vol. 6, No.1: New and Little-Known Species 


of African Trichoptera. By D. E. Kimmins. . 1-37. 108. Vol. 6, 
No. 2:- New Hystrichopsyllid Siphonaptera. By F. G. A. M. Smit. 
Pp. 89-76. 108. Vol. 6, No.3: Neue Hrotyliden aus dem Britischen 


History). By D. E. 

Species of the Genus Dicercomyzon Demoulin (Ephemeroptera 
Tricorythidae). B 
Revision of th 
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Report for the year October 1956 to September 1957. Pp 
don: British Gelatine and Glue Research Association, 1957.) 

Grassland Research Institute. Experiments in Progress No. 9: 
Annual Report for 1956. Pp. vili+61. (Hurley, near idenhead : 
Grassland Research Institute, 1957.) 5s. (3112 

Flora of Tropical East Africa. Orobanchaceae. EditedJby Dr. W. B. 
Tyrrill and E. Milne-Redhead. Pp. 7. (London: Crown Agents for 
Oversea Governments and Administrations, 1957.) 18. 6d. [8112 

Dental Practitioners’ Formulary 1957, for use in the National 
Health Service. Pp. 49. (London: British Medical Association and 
The Pharmaceutical Press, 1957.) 3a. : [8112 

Royal Institute of Chemistry. Lectures, Monographs and Reports, 
1957, No. 3: Zone Refining. By N. L. Parr. Pp. ii+29+6 plates. 
(London: Royal Institute of Chemistry, 1957.) 5s. net. [3112 

Kent Incorporated Society for Promoting riments in Horti- 
culture. Abstracts and Index to the Annual Research Reports, 
1913-1953, East Malling Research Station. Pp. vi+175. (East Ma gi 
East Malling Research Station, 1957.) 20s. [3112 

United Kingdom Atomic Energy Authority: Research Group. 
Report on the Conference on the Utilisation of Heat from Nuclear 
Reactors, held at Harwell on 18th January, 1957. Pp.87. (A.E.R.E. 
CE/R 2257.) (London: H.M. Stationery Office, 1957.) 10s. net. [8112 


Other Countries 


Sveriges Geologiska Undersökning. Ser. Aa, No. 187: Beskrivning 
till Kartbladet, Varvik. ‘Av Walter Larsson och Ragnar Sandegren. 
Pp. 116 med en tavla. 10 kronor med karta. 
Beskrivnin , egirdh och 
G. Lundqvist. Pp. 117+1 plate. 10 kronor med karta, (Stockholm : 
Kungl. Boktryckerlet P. A. Norstedt and Söner, 1956.) [8112 

University of Califórnia Publications in Botany. Vol. 29, No. 2: 
Systematic Anatomical Studies on Myrrhidendron and Other Woody 

mnbellales. By Raefel Lucas Rodriguez. Pp. 145-318 +plates 36-47. 
ee, and Los Angeles: University of California Press; London : 

ambridge University Press, 1957.) 3.50 dollars., . $112 

U.S. Department of Commerce: Weather Bureau. Technical Paper 
No. 82: Upper-Air Climatology of the United States. Part 1: Aver- 
ages for Isobaric Surfaces—Helght, Temperature, Humidity 
Density. By Benjamin Ratner. Pp. iv+199. (Washington, D.C. : 
Government Printing] Office, 1957.) 1.25: dollars. ($112 

Publications de l'Institut National pour l'Étude Agronomique du 
Congo Belge. Série Scientifique, No. 72: Symbiose Rhizobium- 
Légumineuses en Région Equatoriale. Par Charles Bonnier. Pp. 67. 
60 francs. Série T que, No. 62: Essai Théorique de Détermina- 
tion de la Puissance Utile au Sciage en Fonction des Variations Dimen- 
sionnelles, Par R. ©. Antoine. Fp. 82. (Bruxelles: Institut National 
pour l'Étude Agronomique du ongo Belge, 1957.) [8112 

United States Naval Observatory. Circular No. 82! Positions, Areas, 
and Counts of Sunspots, April, 1957. By Winifred Sawtell Cameron. 
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PRESERVATION OF THE COUNTRYSIDE 


PASSAGE in the report of the Nature Con- 

servancy for the year ended September 30, 
1957, discussed the effects on the Conservancy’s work 
of the plans announced towards the end of 1956 for 
the development of Milford Haven as a major port, 
capable of taking large oil tankers. The proposals 
under consideration include an oil refinery on the north 
side of the Haven and a depot for trans-shipping 
iron ore from Canada at Angle on the southern side, 
and there is also a plan to erect a barrage across the 
River Cleddau. The shores of Milford Haven at its 
seaward end are in the Pembrokeshire Coast National 


Park, and nearly three-quarters of the proposed 


development would be located in the Park. The 
Haven and the area surrounding it also contain a 
flora and fauna of considerable scientific interest ; and 
the national nature reserves of Skomer, Skokholm, 
Grassholm and Flimston Stacks and Cliffs and the 
sites of special scientific interest at Crabhall Saltings, 
Dale Point, Sleekstone and Goulthrop Roads, 
Marloes Sands and Westdale Bay, and Broomhill 
Burrows may be affected, directly or indirectly, by 
the proposed developments. 

The main threats are the greater disturbance and 
development arising from .an influx of industrial 


population into previously remote and sparsely in- 


habited places, the risk of oil and other forms of 
pollution arising from the increased seagoing traffic 
and industrial development and the deterioration, or 
even worse, of scientific interest due to gravel winning, 
or the deposition of material near Dale Point and 
Crabhall Saltings. 
arise from the increase in population and secondary 
industrial and commercial activities required to 
support the proposed development which, so far as 
the Conservancy’s interests are concerned, come 
immediately from those proposed by the Esso 
Petroleum Co., Ltd., and the British Petroleum Co., 
Ltd., and by the Milford Docks Co. The companies 
have given firm assurances that they will do all that 
is reasonable and within their power to eliminate the 
risk of oil pollution, or minimize its effects should it 
occur, and the Nature Conservancy intends to press 
for the strict enforcement of the Oil in Navigable 
Waters Act, 1955, which provides the necessary 
statutory protection, and of the International Con- 
vention for the Prevention of Pollution of the Sea by 
Oil, 1954; and the Conservancy trusts that the oil 
companies which are authorized to develop sites in 
Milford Haven. will, in concluding charter parties for 
vessels of countries which are not parties to the 
Convention, include a clause stipulating no discharge 
of oil into the sea within 500 miles of Milford Haven. 
The companies have also agreed to consult the Con- 
servancy before depositing dredged material in any 


Other problems will inevitably | 


area likely to affect the sites of special scientific 
interest in the Haven. . 

An immediate threat has arisen in the proposal to 
win gravel by dredging in Dale Bay; but following 
consultation with the Ministry of Transport and Civil 
Aviation, the Haverfordwest Rural District Council 
and the development company, agreement has been 
reached on the issue to the company of a temporary 
lease for obtaining gravel, subject to certain con- 
ditions as to area and amount. It is hoped that fuller 
information will become available in the course of 
the development about any possible effect on the 
sites of special scientific interest, and that by further 
consultation this can be eliminated or minimized, and 
surveys have been undertaken to record the present 
coastal vegetation before any changes take place. 

The eighth report of the National Parks Commis- 
sion, which has since been issued (see p. 950 of this 
issue), also considers the proposed developments at 
Milford Haven at some length, though the Com- 
mission equally expresses profound misgivings as to 
the invasion of the Snowdonia National Park by the 
proposed nuclear power station at Trawsfynydd. It 
is indeed the scale and nature of such developments 
that lead the Commission to the uncompromising 
general conclusion to its report, namely, that such 
development is wholly alien to the very purpose of 
national parks, which is the preservation of the 
distinctive rural character of fine landscape for the 
enjoyment and recreation of both present and future 
generations. 

The Commission hela that the siting of large-scale 
industry in national parks should be sanctioned only 
on over-riding and inescapable national necessity, 
and after alternative sites outside the national park 
areas have been zealously sought. In the absence of 
such proved national need, there is no justification 
for sacrifice of the essential character of unspoilt 
country, which is itself a real, if intangible, national 
need. A countryside once invaded by industry in 
this way is irretrievably altered in character, and its 
value for agriculture and for recreation is damaged 
or for ever destroyed. So important is this value of 
unspoilt country to & crowded and urbanized island 
like Britain that we must recognize before it is too 
late that we are trustees for future generations, 
and that we can only at our peril disregard that trust. 

That general principle is of vital importance in 
considering the Milford Haven Conservancy Bill*, 
which was published last December, and also the 
Commission’s approach to the main proposals 
affecting the Pembrokeshire Coast National Park and 
other particular developments. In moving the second 


* Milford Haven Conservancy Bill. Pp. iv+38. (London: Hi. M, 
Stationery Office, 1957.)' Is. 9g. net. 
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reading of the Bill m the House of Commons on 
November 22, the Minister of Transport and Civil 
Aviation, Mr. H. Watkinson, was concerned essen- 
tially with the practical purposes of the Bill, which 
establishes a conservancy authority for Milford Haven 
to be known as the Miuford Haven Conservancy 
Board. ` Reference was made to a section of the Bill 
which would require the Board, in considering any 
proposals, to have regard to the desirability of 
preserving netural beauty ; conserving flora, fauna 
and geological or physiographical features of special 
interest ; and of ensuring an easy passage at all times 
through the waters of the Haven for ascending salmon 
and sea-trout. But it was left to other speakers, 
notably Mr. Ness Edwards, Mr. P. Williams and 
Mr. D. Donnelly, to point out that the way develop- 
ment was handled under the Act would apply 
the decisive test as to whether the Government 
has a real concern for the national parks, and to 
stress the outstanding importance of the amenity issue. 

Mr. A. Neave, the Joint Parliamentary Secretary 
to the Ministry, in replying to the debate, readily 
responded, pointing out that there are further safe- 
guards in that clauses would restrain the Board 
from depositing dredged materials so as to prejudice 
establishment of the Pembrokeshire coastal path ; and 
making the Board subject to the provisions in the 
Town and Country Planning Act, 1947, would pro- 
vide a further safeguard for amenities. Similarly, by 
constituting the Board as a harbour authority under 
the Oil in Navigable Waters Act, the area would be 
safeguarded against the danger of oil pollution. 
Nevertheless, there is need for great vigilance. It 
would have been more reassuring had the Govern- 
ment sponsors of the Bill directed attention spon- 
_taneously to the significance of these features of the 
Bill. Reference might have been made to the 
Electricity Act, 1957, Section 37 of which empowers 
the Electricity Generating Board, any Area Board, 
the Electricity Council and the Minister to have 
regard to the desirability of preserving natural 
beauty, conserving flora, fauna and geological or 
physiographical features of special interest, and of 
protecting buildings and other objects of architectural 
or historical interest, and to take account of the 
effect of any proposals on these objects. As the Nature 
Conservancy points out in its annual report, such 
clauses have removed the danger that legal or 
financial action required to make desirable and fair 
arrangements may prove ultra vires. The National 
Parks Commission also expresses satisfaction that 
this and other new and more satisfactory provisions 
relating to the holding of public inquiries, while not 
resolving the problems of the ever-increasing conflict 
between the claims of industrial development and 
that less tangible national asset, an unspoilt country- 
side, have given statutory recognition to the im- 
portance of this aspect of planning. 

Nevertheless, the National Parks Commission is 
seriously concerned at the effect of industrialization 
on the scale contemplated at Milford Haven on the 
national park area. Some two-thirds of a 900-acre 
site for the Esso Petroleum Co. jetty and oil refinery 
would be within the National Park. The Com- 
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mission submitted at the public inquiry last July 
that the developers should be obliged to show beyond 
doubt that there is no other site available outside the 
National Park which would meet the material 
requirements. 

As regards the proposals of the British Petroleum 
Co., while the Company has been concerned to 
minimize their effect on the landscape so far as it Is 
able, the Commission is particularly concerned with 
the effect of the suggested form of tank. These tanks, 
140 ft. in diameter and 60 ft. high, would be seen 
over a wide area as an incongruous element in the 
landscape, and although the Commission’s recom- 
mendation that no tanks should be erected in a 
defined part of the area was not written into the 
proposals, the Pembrokeshire County Council, as 
local planning authority, was given control over the 
siting. Since the Bill received Royal Assent in July 
1957 there have been discussions on the site on the 
best measures for making the tanks less obtrusive. 

A third development at Milford Haven to which 
the National Parks Commission refers is that pro- 
posed by the Steel Company of Wales for building & 
jetty and establishing a stocking ground for iron ore 
at Chapel Bay on the south shore well within the 
Park. The Commission believes that this project 
would be totally at variance with any conception of 
the right use of land in a national park, and hopes 
that the Company will seek an alternative site else- 
where. That hope is unlikely to be fulfilled now that 
the Minister of Housing and Local Government has 
approved the oil refinery project. The other develop- 
ments will almost inevitably follow, once it has been 
conceded that the incomparable advantages of the 
Haven for the very large tankers which are likely to 
carry much of our oil supplies in the near future 
constitute a national interest over-riding that of 
amenity even in a national park area; and it is of 
course such future and secondary developments, with 
the consequent profound changes in the whole char- 
acter and appearance of the area, that are at the 
root of the Commission’s objections. 

That much conceded, whether rightly or wrongly, 
the utmost care should be taken to see that the 
destruction of amenity is kept to a minimum, and 
that positive action is taken to offset the inevitable 
loss of some natural beauty. The Milford Haven 
Conservancy Bill has left the House of Commons, 
but something could still be written into it to 
ensure that adequate means, such as a new town 
corporation, well financed and competent to handle 
all these developments and consequential changes, 
are available. It is unfair and unwise to place all 
the responsibility for planning: and financial .aspects 
on the local authority, even when it has proved itself 
as capable as the Pembrokeshire County Council of 
taking long views and seeking the national interest. 
It is already clear that the companies primarily con- 
cerned are willing and anxious to play their part, 
and the current annual reports of both the Nature 
Conservancy and the National Parks Commission 
testify as fully to what can be done by co-operation 
and with goodwill and public support as they do to 
Government parsimony in its refusal to provide the 
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resources to make the National Parks Act effective. 
Indeed, the Dolphin Development and Management 
Co. has already offered to serve, without fee, as 
planning consultants to the Pembrokeshire County 
Council in collaboration with its planning officer and, 
through him, in liaison with the Ministry of Housing 
and Local Government. 

This offer goes far to meet the most urgent need 
which follows from the Minister’s approval of the 
project of the Esso Petroleum Co. Only something 
in the nature of a regional development corporation 
can prevent the worst effects of industrial develop- 
ment from repeating themselves in the area, and 
reconcile the conflicting demands on the use of the 
land which will arise from housing and social needs. 
Foresight as well as adequate financial resources are 
required, and the powers and resources of a small and 
sparsely populated county are hopelessly inadequate 
to deal with such a situation. Although it may 
prevent development in the wrong places, it cannot 
effectively induce development in the right places, 
even if it can tell where the right places are. Failure 
to place adequate resources at the disposal of the 
National Parks Commission has already undermined 
its work, and often prejudiced local authorities 
against it. Milford Haven provides a decisive test of 
the sincerity of the Government’s support of the 
National Parks which no protestations of economy 
can evade; finance, in fact, is the crux of the 
situation. 

At the public iriquiry into the iron ore stocking 
proposal, the Pembrokeshire County Council and the 
National Parks Commission claimed that reasonable 
requirements of the Steel Company of Wales for a 
deep-water jetty and ore stocking ground in Milford 
Haven could be adequately met with less injury to 
the amenities of the National Park at Ferry Cwm, 
to the east of Bullwell. At this inquiry, however, 
the first under the new procedure adopted in accor- 
dance with recommendations of the Franks report, 
the Admiralty indicated that while it had no objec- 
tions to the Chapel Bay site, it reserved the right to 
consider all the implications if any other site were 
seriously considered. The Admiralty claims were not 
disclosed, but the announcement may well weaken 
public confidence in the new system at the outset. 

The position at Milford Haven, however, has 
implications elsewhere, and it is in the light of what 
has already been decided there that the proposal to 
place a nuclear power station at Trawsfynydd in the 
Snowdonia National Park should be considered. The 
Commission has already expressed its concern to the 
Minister of Power, and a public inquiry has opened 
since its annual report was issued. Lord Strang, in 
addressing the Council for the Preservation of Rural 
Wales, said explicitly that although there is a prima 
facie case for saying that the facilities offered by 
Milford Haven cannot be found in comparable degree 
elsewhere, it is not clear that any such argument can 
be advanced for the location of a nuclear energy 
-station in the middle of the Snowdonia National 
Park. It does not appear, in fact, that any com- 
prehensive survey of alternative sites has been even 
contemplated by the Central Electricity Authority, 
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and although the Commission has already informed 
the Minister that this development appears to be 
incompatible with the maintenance of the area as a 
national park, it is already apparent that the local 
authorities, to which, in defiance of the National 
Parks Act, the Minister of Housing and Local, 
Government has entrusted the administration of the 
Park, cannot be relied on to set the national before 
supposed local interest. The Merioneth County Council 
has from the start welcomed the scheme and set local 
employment before the national interest of amenity. 

Evidence given at the inquiry on February 13 put 
a new and alarming face on a proposal which now 
looks even weaker than was supposed. Not merely 
is the life of the power station to be no more than 
twenty to forty years, but also, when the reactor 
reaches the limit of its effective life, it can be neither 
brought up to date nor demolished except at enormous 
expense, but must be left to cool down for perhaps 
half a century. The electricity plant, however, is 
still there and could be used or modernized, and also 
the network of power-lines. It would seem that the 
full implications of the nuclear power programme 
have not yet been considered. 

What is to happen when the reactors are worn 
out ? Will entirely fresh sites be sought, or will a 
fresh reactor be placed beside the first ? It makes 
all the difference to the treatment of any proposal to 
enter an area such as a national park, if the encroach- 
ment is to be one of steady accretion. Indeed, if the 
life of a power station is to be only two decades or 
so, the argument against entering a national park 
area, at all is almost unanswerable, while that for 
putting the reactor underground in any event is 
enormously strengthened. 

What was disclosed at this inquiry has already 
made the very moderate and reasonable representa- 
tions of the National Parks Commission quite in- 
adequate. It is imperative, if preservation of amenity 
as a national interest has any meaning, that the full 
report of the inquiry should be published, and that 
the Ministers concerned, both the Minister of Power 
and the Minister of Housing and Local Government, 
should be pressed closely in Parliament to indicate 
clearly- the views and intentions of the Central 
Electricity Authority in regard to the obsolescence 
and replacement of power stations, the implications 
of obsolescence and the policy they propose to adopt | 
in regard to the protection of amenity. The cost of 
the whole programme for the development of nuclear 
energy needs to be reconsidered. If that programme 
is to threaten the national park areas, nature reserves 
and areas of exceptional natural beauty or scientific 
interest, it should include adequate financial pro- 
vision for underground building or for the demolition 
of a reactor, at whatever cost, within, say, a decade 
of ceasing to use it. Until this is done, we are evading 
the real cost of nuclear power development and are 
betraying our trusteeship for our land and its natural 
beauty. The scale and pace of development have now 
taken us far beyond the point at which the nation 
can postpone paying the price demanded if anything 
of its natural and scenic heritage is to be preserved 
for this and future generations. 
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PASTEUR’S WORK ON FERMENTATION AND ITS SIGNIFICANCE 
FOR PRESENT-DAY STUDIES IN BIOCHEMISTRY 


By Pror. T. K. WALKER 


Manchester College of Science and Technology 


N 1858 Louis Pasteur turned his attention to the 
behaviour of yeast and made observations which 
were to have far-reaching consequences for the study 
of intermediary metabolism. Now, a hundred years 
later, it seems a suitable moment to attempt an 
assessment of the extent to which his work and his 
ideas are still influencing the direction of inquiries in 
biochemistry. 

Although trained as a chemist, Pasteur laid -great 
stress on physiological function in its, relation to the 
chemical activity of yeast. Liebig, in 1839, had 
affirmed that the change of sugar to alcohol and 
carbon dioxide is effected by what he termed a 
‘ferment’; a nitrogenous, unstable substance, formed 
in plant juices containing sugar when such liquids 
are exposed to air. The ferment was supposed to 
act by imparting its instability to the sugar. Pasteur 
believed alcoholic fermentation to be entirely bound 
up with the metabolism of the yeast cell, and his 
attitude in this matter was thus in striking contrast 
to that of contemporary workers of the Liebig 
school. After much controversy, Liebig’s point of 
view became untenable when Pasteur demonstrated 
the ability of a strain of yeast to multiply and to set 
up alcoholic fermentation in a medium containing 
only pure sugar, ammonium tartrate and mineral 
salts. . . - E 

Moritz Traubel in 1858, formulated a general 
theory of fermentation. which he elaborated further 
in 1877. In his opinion, the ferments of putrefaction, 
fermentation and decay were substances of definite 
composition, allied to proteins and produced by living 
cells.: He conceived the idea of ‘reduction ferments’, 
able to transfer the oxygen and hydrogen of water 
to different parts of the molecule of the fermentable 
substance, and so effect that apparent intramolecular 
oxidation and reduction first postulated by Lavoisier. 
Traube also pictured ‘oxidation ferments’ which could 
take up free oxygen and transfer it to oxidizable 
molecules, or groups of atoms, to bring about such 
changes as the conversion of alcohol to acetic acid or 
of ammonia to nitrate. He thus anticipated to a 
remarkable extent modern views on the enzymes 
effecting oxidation and reduction in vital pro- 
cesses. . ne 

Those reduction ferments which Traube envisaged 
as responsible for the evolution of free hydrogen in 
certain fermentations, were later to be identified with 
such reducing enzymes as those of the butyric acid- 
producing organisms, studied by Pasteur in 1861. 
Pasteur demonstrated their inability to grow in air 
and thus showed that the maintenance of life is not 
necessarily dependent upon the taking-up of oxygen 
from the external medium. These forms of life 
became known as ‘obligate’ anaerobes. 

In 1872 Pasteur showed that highly aerobic 
organisms, such as Penicillium glaucum, which 
normally could oxidize sugar completely to carbon 
dioxide and water, gave rise to an alcoholic fer- 
mentation when deprived of air. Conversely, when 


yeast, an anaerobic organism, was grown in strongly 
aerated sugar media, he observed that reproduction 
of cells increased considerably while production of 
alcohol diminished.’ In other words, if oxidation is 
suppressed by lack of oxygen, fermentation is on- 
hanced. This inter-relation became known as the 
‘Pasteur reaction’ or the ‘Pasteur effect’. Thus, 
Pasteur defined two kinds of life, the aerobic and 
the anaerobic. .Later?, in 1875, in reply to criticisms 
formulated by Traube, he was to make the categorical 
statement that: ‘Fermentation is the consequence 
of life without air, life without free oxygen. More 
generally, every living thing, every organ, every cell 


which has the power to perform chemical work 


without making use of free oxygen forthwith brings 
about phenomena of fermentation”. Again’, in the 
“Troisiéme réponse à M. Berthelot” (1879), and. in 
other publications, Pasteur reiterated his doctrine 
that all fermentation phenomena are manifestations 
of the life of the causative organism. 

What Pasteur now needed, in order fully to main- 
tain his theory, were quantitative results to permit 
mathematical definition of the real relations between 
the presence of oxygen and the rate of fermentation, 
measured by weight of alcohol formed by unit weight 
of yeast in unit time. However, experimental tech- 
niques of that period were inadequate for this pur- 
pose and the matter was left unresolved until, some 
forty-five years later, Meyerhof was able to furnish 
the necessary figures. 

In 1897, two years after the death of Pasteur, the 
brothers Hans and Eduard Buchner separated from 
yeast the cell-free preparation, zymase, which could 
set up alcoholic fermentation. As a consequence, 
the theory that fermentation was simply the mani- 
festation of the action of an isolable enzyme held the 
field for some years and Pasteur’s opinion received 
little consideration. However, after 1906, when 
Harden and Young had revealed the complex nature 
of zymase and the occurrence of phosphorylation of 
hexose in fermentation, the teaching of Gowland 
Hopkins and the work of colleagues inspired by him 
brought growing realization of the functional im- 
portance of the hitherto uninvestigated intracellular 
enzymes. As early as 1913, Hopkins‘ anticipated, 
with surprising accuracy, developments which were 
not to occur until some ten to twenty years later. 
In the words of Dr. Marjory Stephenson‘, he pictured 
the cell as: “the seat of ordered chemical events 
controlled in the interests of growth and function”, 
and it is evident that in this picture the enzyme 
theory of fermentation is harmonized with Pasteur’s? 
teaching. The details came slowly, however, for even 
a partial explanation of the Pasteur effect had to 
await the outcome of an immense amount of further 
original work by many gifted investigators. These 
researches cannot even be outlined here, but the 
principal findings may be stated, for now, at last, 
they permit understanding of somo of the ways in 
which the Pasteur effect may be regulated. ) 
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The quantitative experimental data, which Pasteur 
had been unable to furnish in substantiation of his 
theory, came in 1925 from a series of experiments 
brilliantly devised and performed by Meyerhof". 
Using the Warburg micro-respirometer, he found 
considerable differences in the extent to which fer- 
mentative functions of the cells of different types of 
yeast (wine yeast, brewers’ bottom, fermentation 
yeast, bakers’ yeast and wild yeast) were diminished 
when aeration was increased. -His results proved a 
striking confirmation of Pasteur’s views; in par- 
ticular, in the case of wild yeast (Torula sp.) the 
fermentative and oxidative powers of the cell were 
seen to be almost completely interchangeable ; the 
respiratory power of these cells was so high that in 
presence of oxygen théy were to the extent of 75 per 
cent an oxidizing mechanism. In anaerobic con- 
ditions they were pure fermenters. 

Returning to Harden’s discoveries, it could be said 
that these provided the basis for the highly important 
studies of glycolysis in animal tissues, undertaken in 
the first half of the present century by Embden, 
Meyerhof, Parnas, Warburg, Dr. and Mrs. Cori and 
D. M. Needham, all of whom contributed to our now 
extensive knowledge of the reactions proceeding 
anaerobically from glycogen to lactic acid in muscle. 
Simultaneously, further work on alcoholic fermenta- 
tion by yeast and other organisms was undertaken 
by many distinguished workers, including Harden, 
Robison, Fernbach, Neuberg, Nord, Kluyver and 
Meyerhof. In the period 1910-13 it had been rendered 
probable by the work of Neubauer and of Fernbach 
that pyruvic acid takes a key role in fermentation. 
Neuberg confirmed this view and discovered in yeast 
the enzyme carboxylase ; this decomposes pyruvic 
acid to carbon dioxide and the acetaldehyde which, 
on reduction, affords ethyl alcohol. By 1933 it had 
become clear that glycolysis in muscle and fermenta- 
tion follow a common pathway from the stage of 
hexose-6-phosphate to that at which pyruvic acid is 
formed from glyceric acid phosphate. Muscle tissue, 
however, lacks carboxylase, so here the pyruvic acid 
does not suffer decarboxylation but is reduced to 
lactic acid. Experiments of Lohmann, and of Meyer- 
hof with Lohmann and with Kiessling, showed that 
the intermediates are produced in phosphorylated 
form down to the stage of phospho-enol-pyruvic 
acid, and the quantitative data relating to yeast 
fermentation were found to fit exactly into the 
fermentation equation of Harden. Almost full know- 
ledge of the enzyme systems which mediate in the 
twelve steps between hexose and pyruvic acid has 
been acquired since 1933. Most of these enzymic 
catalysts have been isolated and‘ purified. All the 
stages from fructose-1,6-diphosphate to pyruvic acid 
have been found to be essentially reversible. The 
final stage of fermentation, namely, reduction of 
acetaldehyde to ethyl alcohol, catalysed by alcohol 
dehydrogenase, is also reversible. 

Since the Pasteur effect expresses the inter- 
relations of the series of processes which take place 
during fermentation and respiration, it is new 
necessary to consider what evidence concerning the 
link or links between them has been afforded by the 
results of modern researches. The first suggestion 
that biological oxidations could be effected by 
coupled reactions with other enzyme systems had 
come in 1928 from Quastel and Wooldridge. In 1937 
Szent-Györgyi? carried this idea a stage further by 
advancing the ingenious theory, backed by results 
derived chiefly from experiments with pigeon breast 
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muscle, that the principal role of l-malate, fumarate 
and oxaloacetate in muscle is a catalytic one, that of 
carrying hydrogen between foodstuff and cytochrome. 
By combining Wieland’s theory of hydrogen activa-’ 
tion with Warburg's theory of ectivated oxygen and 
fitting Keilin’s cytochrome into the system, Szent- 


Györgyi .could now express the oxidation of a 
carbohydrate metabolite (the donator) as: — 


2H . 2H 
Donator — oxaloacetate = malate — 
(triose) Activation by malic dehydrogenase 


2H 
fumarate = succinate > WKS*—O, 
Activation by succinic dehydrogenase, 


* WKS = Warburg-Keilin system, by which hydrogen (or electrons) 
is donated to oxygen through the mediation of cytochrome and 
cytochrome oxidase. 


This theory was not claimed as a complete ex- 
planation of carbohydrate oxidation in muscle, but 
it did constitute a notable advance in knowledge of 
the subject. Szent-Györgyi explained that the 
difference between glycolysis in muscle and oxidation 
lies in the fact that, anaerobically in muscle, hydrogen 
is transferred from triose to pyruvic acid, whereas in 
the presence of oxygen the hydrogen from triose is 
donated to oxaloacetate. . Thus, to shift over from 
fermentation to oxidation requires nothing more than 
to carboxylate pyruvic acid and thus take the mole- 
cule out of the carbohydrate cycle and stabilize it as 
a catalyst. He suggested it was by carboxylation of 
pyruvic acid that Nature, in the course of phylo- 
genetic development, changed to æ process of oxida- 
tion the older and simpler process of fermentation. 
Szent-Györgyi summed up in the statement: 
“According to this picture-fermentation and oxida- 
tion thus represent alternate ways of metabolism. 
And this in part is probably the explanation of 
Pasteur’s Effect’. 

While his conclusions were in course of publication 
there appeared the first of a most important series 
of papers by Krebs and colleagues in which the 
hypothesis of the tricarboxylic acid’: cycle - was 
advanced and developed. Krebs’ was able to show 
that the 4-carbon dicarboxylic acids in muscle are 
members of a more complicated ‘cycle which starts 
from citric acid and ends in oxaloacetic acid. 

After Werkman ‘and Wood had detected the 
fixation of carbon dioxide by propionic acid bacteria, 
the synthesis of oxaloacetate from pyruvate and 
carbon dioxide was’ demonstrated by Krebs and 
Eggleston. This synthesis can occur in pigeon liver 
and in other cells from diverse sources. It is now 
believed that the citrate arises from union of oxalo- 
acetate with acetyl co-enzyme A, the latter being 
derived from pyruvate. The Krebs oycle (tricarboxylic 
acid cycle) operates in living organisms of many 
kinds, and in animals it supplies much of the free- 
energy requirements of the cells. 

Work. by- Warburg and by Keilin and Hartree 
twenty years ago showed that nearly the whole of 
the respiration of bakers’ yeast is carried ultimately 
by cytochrome. Afterwards, claims were made that 
the earlier stages of respiration in yeast are those of 
the Krebs cycle, but there is also evidence for the 
view that the hexose monophosphate shunt pathway 


is followed. 


The link between fermentation and respiration at 
the stage where pyruvate is carboxylated is only one 
of a number of inter-relations which give rise to the 
Pasteur effect. There is evidence that oxygen can 
suppress the action of several enzymes of the glyco- 
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lytic pathway (for example, phosphohexokinase or 
triosephosphato oxidase} by oxidizing —SH groups 
essential for protection of these systems, and Barron’ 
cites other examples of interfering influences. 
Reviewing all these developments one may ask: 
Can this theme still inspire new pioncer:ng inquiries ? 
There can be no doubt about the answer when we 
perceive among contemporary studies Lipmann’s 
work on energy-rich bonds and on co-enzyme A, 
Calvin’s achievements in photosynthetic chemistry 
and the discoveries of Krebs and Kornberg on the 
role of glyoxylate in a modified tricarboxylic acid 
cycle, for all these researches arise from earlier work 
on fermentation mechanisms. Co-enzyme A comes 
into action, for example, in the processes by which 
carbohydrate is converted into fat, while the gly- 
oxylate cycle can account for the conversion of fat 
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to carbohydrate in, for example, Ricinus seedlings. 
Finally, it may benoted that the nucleotide co-enzymes 
of fermentation have lately engaged the attention of 
Sir Alexander Todd and co-workers, in their brilliant 
studies of nucleotides. 
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MECHANICS OF NORMAL MUSCULAR ACTIVITY 
By Dr. R. J. WHITNEY 


Medical Research Council Unit for Research on Climate and Working Efficiency, Department of Human 
(Anatomy, Oxford 


Te diverse aspects of the physiology of volun- 
tary muscular activity have been recently 
reviewed. A noticeable feature of current knowledge 
on muscle action is the often considerable gap that 
remains to be bridged between the comparatively 
simple properties of the artificially stimulated musele 
preparation and the complex of activities which attends 
even the simplest muscular movement of the intact 
animal. Recently it has become possible to record, 
in greater detail than formerly, the forces and move- 
ments developed during the performance of normal, 
muscular tasks by the human subject. The special 
apparatus (force-analysis platform) used for obtaimg 
this record has been described elsewhere?. In the 
interpretation of these records of normal muscular 
activity iù has been found necessary to reconsider 
the subject of muscle mechanics, and to examine the 
possibility of applying the numerous results obtained 
with muscle preparations to an explanation of 
observations made on voluntary activity by the 
intact animal. This reconsideration has led to a 
conception of normal muscular activity which is, in 
many ways, different from that which is currently 
held or, at any rate, implied in modern text-books 
of physiology. ` This article is intended to indicate, 
as briefly as possible, the nature of this conception, 
the arguments on which it is based, and some of the 
uses to which it can be put to explain normal muscular 
activity. In general, what is said is concerned chiefly 
with the activity of skeletal ‘power’ musculature of 
the mammal. 

It will be convenient to state, at the outset, the 
proposed hypothesis, and then to consider the 
arguments on which it has been based. The hypo- 
thesis states that the immediate result of the 
activation of a muscle via its normal nervous con- 
nexions is the production of an essentially oscillatory 
force. The frequency of the oscillation may vary in 
different muscles, but is of the order of 10 cycles per 
second in mammalian power muscles. The oscillatory 
response always has a component. which does not 
vary, or which varies at a comparatively slow rate, 


in addition to the oscillatory component. The oscil- 
latory component becomes more pronounced in 
stronger muscle actions. The apparent smoothness 
of muscle actions in the intact animal arises as a 
mechanical result of the application of the oscillatory 
force to masses—the masses being paris of the 
animal’s body sustained against or moved in relation 
to external forces acting on the body parts. In the 
case of a man lifting or carrying a load, the mass of 
the load is added to that of the body parts also 
involved in the muscle action. The mechanical 
smoothing of the oscillatory driving force is never 
complete,.so that normal muscular actions” will 
always exhibit a small superimposed mechanical 
oscillation (‘tremor’) of the same frequency as that 
of the driving force. The value of this frequency is 
determined by an inherent property of contractile 
tissue (twitch-time). All the constituent fibres of a 
muscle are likely to participate in any sustained 
activity of the muscle, however slight this activity 
may be. Gradations of ectivity of the muscle are 
produced only partly by variations of the average 
rate of activation of the constituent muscle fibre. 
Variation of the degree of synchronization between 
the different muscle fibres is of comparable importance 
in the production of gradation of activity of the 
whole muscle. 

It will be noted that the proposed hypothesis 
discards a number of views which have previously 
been expressed or implied with regard to the nature 
of muscular activity. In particular, tetanic responses 
of muscle are excluded as a normal feature. Tetanic 
responses of experimental muscle preparations have 
received considerable attention from, muscle physio- 
logists during the past fifty years or so, and it is 
still implied (for example, in text-books of physio- 
logy) that the nature of this response is of significance 
in the production of smooth action of muscle and in 
the gradation of muscular activity (‘wave sum- 
mation’). Lastly, the hypothesis rejects the view 
that muscle tremor arises as & property of sensory 
and neural mechanisms. 
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Tetanic activation of the individual muscle fibres 
of a muscle is precluded as a feature of normal 
muscular activity because direct observation of the 
discharge frequencies of the motor neurones which 
stimulate the fibres has shown that these frequencies 
would be inadequate to secure tetanic contraction. 
For tetanic contraction, artificial stimulation at 
frequencies greater than 50 impulses per second is 
required. Since Denny-Brown’s® original observa- 
tions, innumerable investigations have shown that 
the discharge frequency of the individual motor 
neurone rarely exceeds 30 impulses per second and 
is usually much less than this figure for normal, 
sub-maximal activity. For example, Bigland and 
Lippold*, investigating the human gastrocnemius by 
electromyographic methods, observed maximum 
frequencies .of between 25 and 35 per second during 
strong contractions of this muscle. These frequencies 
are much less than typical tetanic fusion frequencies 
of muscle preparations. 

Lhe basic response of the individual muscle fibre 
to stimulation via its normal nervous connexion is 
not, therefore, a tetanus but a twitch—that is, the 
response of the fibre to a single stimulating nervous 
impulse. The response is of an all-or-none character, 
and the force exerted (in an isometric twitch) or the 
shortening in length (in an isotonic twitch) follows a 
time-cycle which is completed, in the case of the 
constituent fibres of mammalian power muscles, in 
about 0-1 sec. (see, for example, Fulton’). The 
precise form of the force (or shortening)/time-curve 
during the activation-cycle of twitch has been dis- 
cussed (see, for example, Sandow*). For purposes of 
computation the curve can be considered to approx- 
imate either to a harmonic or to a normal prob- 
ability form. An appropriate harmonic form would 
be: Force (or shortening) = A (L — cos 27.t/T), 
where T is the duration of the activation cycle (about 
0-1 sec.), f is any time during the activation cycle, 
and 2A is the peak force (or shortening). It will be 
obvious that no particular muscle fibre can complete 
more than 1/7 (approximately 10) activation-cycles 
_ per second, and that for rates of activation less than 
10 per second the particular fibre will exhibit dis- 
continuous harmonic changes of force or short- 
ening. 

Completely synchronous activation of all the con- 
stituent fibres of a muscle (the number, in a human 
muscle, may exceed 1 million) is obviously not simply 
available in the intact animal. This generalization 
follows from two considerations: first, the con- 
duction times between motor neurone and muscle 
fibre will vary; and secondly, complete synchron- 
ization of the motor neurone pool serving all the 
fibres of the muscle would be required. Since the 
motor neurone pool of a muscle may consist of 
several hundred motor neurones, spatially separated 
in the spinal cord, complete synchronization would 
be difficult to attain. For these reasons, the con- 
ception arises that the constituent fibres of a muscle 
must be activated, during voluntary contraction, in 
an. essentially statistical manner. The muscle fibres 
are never, however, activated in a completely in- 
dependent or random manner, because several 
hundred fibres (of a motor unit) are stimulated by a 
single motor neurone, and this will constitute a fixed 
synchronizing factor. Moreover, a variable physio- 
logical synchronizing factor probably exists, whereby 
the firing of the separate neurones of a motor neurone 
pool is progressively synchronized with increased 
afferent inflow to the spinal cord from the receptor 
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organs of the muscle and from higher levels of the 
central nervous system (see, for example, Lloyd’). 

The considerations raised in the preceding para- 
graphs suggest that the mechanical action exerted by 
a whole muscle at its origin and insertion on skeletal 
structures should be mathematically predictable by 
suitable summation of the mechanical actions exerted 
within the muscle by its constituent muscle fibres. 
Since the constituent mechanical action must vary 
with time, the total mechanical action must be 
predicted against time. The essential mathematical 
problem in the prediction is the summation of a large 
number of discontinuous harmonic changes, each of 
these changes being regarded as similar in all respects 
and the phase relations between the separate changes 
more or less randomly distributed. A formal mathe- 
matical treatment of this type of problem is not 
known to me, but a provisional solution has been 
attempted and has yielded the following results. 

(a) The predicted total action of the muscle con- 
sists always of two components: a steady component 
which remains constant against time if the average 
rate of activation of the individual muscle fibre 
remains constant ; and a continuous oscillatory com- 
ponent, the period of which is the activation cycle 
time (twitch time)¢of the individual muscle fibre. 
Thus, in mammalien power muscle, the oscillatory 
component will have a frequency of about 10 cycles 
per second. 

(6) The magnitude of the steady component, for a 
muscle with a given number of constituent fibres, is 
directly proportional to the average rate of activation 
of the individual muscle fibre. The magnitude is not 
dependent on variation of the degree of synchron- 
ization between the fibres. 

(c) The amplitude of the oscillatory component 
will be chiefly dependent on variation of the degree 
of synchronization between the fibres. The pro- 
visional solution suggests, for example, that the 
synchronization introduced by organization of a 
muscle into motor units of 100 muscle fibres per unit 
would give an amplitude 1,000 times greater than it 
would be if all the fibres were independent (asyn- 
chronous). 

(d) To a lesser extent, the amplitude of the oscil- 
latory component is also dependent on the average 
rate of activation of the individual muscle fibre. 
According to the provisional solution, the amplitude 
decreases with increase of rate of activation. 

(e) It follows, from these mathematical results, 
thet the peak force exerted by a muscle for a given 
average rate of muscle fibre activation would be 
progressively increased as the degree of synchron- 
ization. between the fibres increased. The nature of 
gradation of muscle activity visualized by the 
hypothesis is summarized in Fig. 1. 

The utility of these results in explaining certain 
aspects of normal muscular activity can be illustrated 
by reference to the following: (1) tremor during 
muscular activity; (2) muscular movement at 
uniform velocity; (3) the evaluation of ‘static work’ 
by muscle. 

Since the original observations of Schäfer! there 
have been recurrent references to the tremor, of 
about 10 cycles per second, which appears to accom- 
pany muscular activity, particularly in mammals. 
This subject has recently been briefly reviewed’. 
Attempts have been made to account for this tremor 
as an oscillatory property of nerve—muscle servo- 
mechanisms. The hypothesis outlined above provides 
a much simpler explanation. Investigations of 
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Fig. 1. Predicted effect of rate of muscle fibre activation, and of 
degrae of synchronization between fibres, on the total muscle 
response due to statistical summation of responses of constituent 


bres. ` 
Two rates of muscle fibre activation, giving steady force com- 
nents of F, and F,, are represented. The effect on the aseil- 
- latory component and on the peak force is shown for three 
degrees of synchronization for each rate of activation. Time 
intervals tz- and z,-¢, are for complete synchronization of fibres. 
The period of the oscillatory component remains constant 
thronghout and equal to ue twiteh-time of the contractile 
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postural tremor in man, using the force-analysis 
platform already referred to, indicate a progressive 
increase in amplitude of tremor with increased load 
on the musculature. This result is, of course, in 
agreement with the hypothesis. 

The predominance of the oscillatory component in 
strong muscle actions, as predicted by the hypothesis, 
also provides a rational explanation of muscular 
movement at uniform velocity. It appears, from 
observations on man made with the force-analysis 
pletform,. that many muscular actions, such as 
postural readjustments and the lifting of weights, 
take place at almost uniform velocity. If muscle 
activation resulted in a steady force of the type 
observed in tetanized experimental preparations, 
accelerated movement of masses by the muscle would 
alone be possible. The dynamics of an oscillatory 
force applied to a mass shows, however, that all types 
of motion are possible, including uniform velocity. 
With the oscillatory force, a small tremor, of the 
same frequency as that of the applied force, is super- 
imposed on the chief component of motion. The 
presence of such tremors, at frequencies of 10-12 
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cycles per second, has been confirmed for lifting 
actions carried out by man. 

‘The oscillatory hypothesis of muscle action pro- 
vides a very satisfactory conception of the nature of 
‘static work’ by muscle. Static work is performed by 
a muscle when it maintains the position of a mass 
againss an opposing external force. For example, 
postural muscles are required to perform static work 
against gravity if a certain posture is maintained 
and, in the case of a man holding a load against 
gravity, static work is performed by the muscles 
involved in the holding task. The evaluation of such 
static work in ordinary mechanical terms presents 
considerable difficulty if it is supposed that the task 
of maintaining position is performed by a steady 
force of the tetanic type (see, for example, Starr?®). 
With a predominantly oscillatory muscle force no 
such difficulties arise. For example, if a mass M gm. 
is just sustained against gravity by an oscillatory 
muscle force of period T sec., then it follows from 
simple dynamics that the muscle performs ordinary 
physical work at the rate of Mg?Z'/2n? ergs/sec. 
This treatment of static work may be employed to 
estimate the energy cost of standing upright in man, 
on the assumption tbat the whole body-mass is 
sustained against gravity by muscle action. If T is 
taken to be 0:1 sec., the estimated energy cost for a 
70-kgm. man is 24 kgm.cal. per hour. This theoretical 
estimate is surprisingly similar to experimental values 
for the cost of standing obtained by indirect calor- 
imetry, values of between 25 and 30 kgm.cal. per 
hour being observed by several authorities (for 
example, McCormick"). 

These preliminary conceptions of the nature of 
normal muscular activity are being further developed, 
both theoretically and experimentally, and a fuller 
account of this work will be given elsewhere. . 
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. THE TIDAL MODEL AT THE UNIVERSITY OF SOUTHAMPTON 
m By Pror. P. B. MORICE 


HE tidal model of Southampton Water and the 
Solent at the University of Southampton was 
built and initially operated under a research contract 
from Caltex Services, Ltd., which are considering the 
construction of a new oil refinery off Hook in 
Southampton Water, just south of the mouth of the 
Hamble River. The refinery would be supplied from 
tankers lying in a specially dredged widening of the 
channel. ` l 
The object of the model investigation was to fore- 
cast the new tidal velocities resulting from the 
changed conditions due to dredging, in order to 
ascertain whether the bed would remain stable. This 


is of particular importance to the Southampton 
Harbour Board, since the existing channel has been | 
made largely self-maintaining with only a relatively 
small amount of repeated dredging. 

The position of the proposed dredged region so 
close to the southern end of Southempton Water 
precluded a model of Southampton Water only, since 
the tidal streams at this point are never stationary 
throughout the whole tidal cycle, and the flow in and 
out is far from rectilinear. The model was there- 
fore limited at the next convenient -boundaries— 
Hurst in the west and. Gilkicker in the east 
(Fig. 1). This introduced a unique feature into 
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he. model (Fig. 2), since two > tidal generators were 
equired. 
The horizontal scale: of the “model. a: 1,250) was 
etermined by the maximum: ‘dimension, that from 
at to Gilkicker, some 20 miles in Nature, and the 
nensions of the channel where the information was 
red, The vertical scale 00) enabled model 
ranges of practical proportions. to be used, 
e the exaggeration (: ) did not cause 
ve bed slopes. As a result of these choices, 
elocity and times scales are fixed; namely, 
ty-scale 1:10, time-scale 125: 1, This latter 
es. a convenient tidal cycle period of 6 min. in 


a idal generators used in the model operate 

al ically, water being - drawn, into or released 

anks by changes in the tank air-pressure, 

is controlled by valves allowing atmospheric 

eak into lines continuously extracted by high-speed 

mips. The leads on these pumps are sufficiently 
sady to give good stability. 

The tidal effects in the English Channel appear to 
osult primarily from the excitation of a standing 
seillation in the water mass extending from Land’s 

End to Dover. The lowest frequency mode has a 
odal i line extending from Bournemouth to Cherbourg 
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kicker end of the Solent than at the Hurst end 
greatly increases the range on ‘the French 
“Superimposed upon the fundamental freq 


12} hr. are many second: ry effects (more. tha 
components are required in a full harmonic 


‘the best known Shown" is ; the, - half-tide sta 


‘double high-wate 
the Solent. anak eh 3 


sanii ARES “of” water’ ae. in. “and 
Southampton Water and, so far as is. kno a 
resultant circulation around tho Isle- A 
although this had been allowed for in: the 1 


provision of an external connexion between t 


generator tanks. 

It is intended that the whole range fron 
spring tides should be produced by an. elect 
control system, but initial difficulties in the 
made it necessary to obtain the information. o 
required by controlling the valves by moto 
cams, prepared by a process of successivi 
error. For the present, the model opera 


maximum spring tide cycle only, which undoubts dh 


gives the maximum current velocities. a 
For the work in hand the model has’ beon 30% 


A structed with a hard bed. The bed was shaped 








Fig. 2. View of the tidal model of the University of Southampton, looking north-west 


hardboard templates made as profiles from charted 
information and spaced at approximately 1-ft. 
intervals on the model. A 4-in. mortar sereed was 
placed between the templates and was given a 
brushed finish, which fortunately seems to have 
< provided almost the correct degree of roughness to 
the surface. The rivers of the region are included to 
the extent of their tidal reaches; but it was con- 
= eluded that none has a significant flow, so that this 
. effect might conveniently be ignored, at least for the 
time. being. 
The recording equipment at present used in con- 
junction with the model includes capacitor-trans- 
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Pembroke College, Cambridge : 


Prof. W. V. D. Hodge, F.R.S. 
Pror. W. V. D. Hoper, who has been pre-elected 


i master of Pembroke College, Cambridge, will take up 
<c his duties there in August. Prof. Hodge, who has 
held the Lowndean chair of astronomy and geometry 










‘theory of harmonic integrals. 


Geometry”, 
investigations into the foundations of this subject. 
In addition to leading a vigorous school of research, 
he has taken an active part in University adminis- 


tration, having served on the Council of the Senate, 
Last ` 


and on the General Board of the Faculties... 





ey November he succeeded. Sir David Brunt as physical 





>: oin the University of Cambridge since 1936, has London, graduated in the University of Bristol. 
achieved an international reputation as a geometer, 
mainly through his creation and development of the. 
The importance of his 
pioneer work in this field was recognized by the 
award to him, last year, of a Royal Medal by the — 
Royal Society. He is also the joint author of tho 
important three-volume work, “Methods of Algebraic - 
a careful exposition of modern algebraic — 


ducer level recorders and a movable integrating _ 
current-meter. SS 

The model has already satisfied the Southampton ces 
Harbour Board that the proposed dredgings are __ 
likely to be stable; and a number of projects con- __ 
cerning changes to the regime have been proposed, for —__ 
which the model will be used to predict full-scale effects. 

The construction of the model was. carried.out 
under the direction of Dr. W. Wright (now professor . 
of civil engineering, Trinity College, Dublin) with the 
assistance of Prof. A. N. Black and his colleagues - 
and Commander D. H. Macmillan, of the Soughamp, S 
ton Harbour Board. ae 





Engineering Structures at the imperial College : Oo : 
Prof. S. R. Sparkes 


Dr. Sranrey Rosertr SPARKES, who has recently _ 
been appointed to the new chair of engineering . 
structures in the Department of Civil Engineering in 
the Imperial College of Science and Technology 





1932; he was awarded an industrial bursary by th 
Royal Commissioners for the Exhibition of 1851 ane 


‘gained practical experience in the design of steeg 


structures with Messrs. Dorman, Long and Co., Ltd 
In 1935 he joined the staff of the Department © 


Civil Engineering at the Imperial College and has bee 


attached to it ever since. At the outbreak of + 


Second World War he was seconded to the Minist 


of Supply for duty in connexion with air-ra 

precautions in building structures, and in 1942 h 
spent some months in India as structural pre 
cautions adviser to the Government of India. In 


1944 he returned to the Imperial College, wher 


he was appointed, Toader in civil ESERE ir 
1947. 
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With the post-war expansion of the Imperial 
College and its consequent need for a considerable 
building programme, the then rector, the late Sir 
Roderic Hill, found it necessary to appoint a full- 
time planning officer and Dr. Sparkes was seconded 
from his Department to that post in 1953. In 1955 
the importance of this work was recognized by 
making him director of building works. In that 
position, Dr. Sparkes has carried considerable 
responsibility for the new buildings already com- 
pleted—the Roderic Hill Memorial Building to house 
the Departments of Aeronautics and Chemical 
Engineering, large extensions to the City and Guilds 
College and the Royal School of Mines, and additions 
to the Students’ Union—as well as for much bigger 
work now under construction or on the drawing- 
board. Dr. Sparkes’s research work has been in the 
experimental study of problems relating to building 
and. ship structures and in the correlation of stresses 
as calculated in the design office with those found by 
measurement on actual buildings. With the large 
constructional programme now in progress in con- 
nexion with the expansion of the College, Prof. 
Sparkes will have unrivalled opportunities for con- 
tinuing this work which is so necessary for a real 
knowledge of the behaviour of engineering structures. 


Corday-Morgan Medal and Prize 


Tae Corday-Morgan Medal and Prize of the 
Chemical Society for 1956 have been awarded to Dr. 
K. W. Bagnall (Atomic Energy Research Establish- 
ment, Harwell) in consideration of his contributions 
to the knowledge of the chemistry of polonium. This 
award, consisting of a silver medal and a monetary 
prize of 200 guineas, is made annually to the chemist 
of either sex and of British nationality who, in the 
judgment of the Council of the Chemical Society, 
has published during the year in question the most 
meritorious contribution to experimental chemistry, 
and who has not, at the date of publication, attained 
the age of thirty-six years. Copies of the rules 
governing the award can be obtained from the 
General Secretary of the Society at Burlington House, 
London, W.1. Applications or recommendations in 
respect of the award for the year 1957 must be 
received not later than December 31, 1958, and 
applications for the award for 1958 are due before 
the end of 1959. 


The Comptrollership of the Patent Office 


QUESTIONED in the House of Commons on March 18 
by Mr. F. T. Willey regarding the professional quali- 
fications held by the newly appointed Comptroller- 
General of the Patent Office, the President of the 
Board of Trade, Sir David Eccles, said that the officer 
appointed has a first-class record as an administrator, 
and that he considered that to be the qualification 
most urgently required at the present time. When 
Mr. Willey asked Sir David if he realized that Britain 
is now the only major country in the world without a 
man of high professional reputation at the head of 
its Patent Office, thus reversing a policy thirty years 
old, Sir David replied that he considered the office 
required men of administrative ability at the top, but 
thet he has requested the new comptroller to give 
scientists on the staff better administrative oppor- 
tunities, with the view of reverting next time to the 
old method of selection. In a written reply to Mr. 
P. G. Williams on the same day regarding the reasons 
for the appointment, Sir David said that the functions 
of the Patent Office extend beyond the administration 
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of the Patents Acts to questions relating to trade 
marks, designs and copyright, as well as to other 
matters such as international negotiations and 
agreements about industrial property. About two- 
thirds of the staff of 1,200 of the Patent Office, costing 
about £1 million a year, is non-professional, and the 
size of the Office and the complexity of management 
problems due to pressure of work and shortage of 
scientific staff have made the appointment of a. 
comptroller-general of particular importance at this. 
time. After weighing carefully the many considera- 
tions, Sir David said he decided that the primary 
need is for a comptroller-general with qualities of 
leadership and wide administrative and managerial 
experience. The appointment would be without 
prejudice to the selection of future comptrollers- 
general from within the Office. 

The Patent Office appointment was discussed in 
an editorial article in Nature of March 15, p. 725. 


Exchange Visits with the Soviet Union 


Mr. Ian Harvey, Under-Secretary of State for 
Foreign Affairs, replying to a question in the House 
of Commons on January 27, said that there is a 
growing exchange of visits by students and teachers 
between Great Britain and the U.S.S.R., many of 
the visits being organized on the initiative and with 
the support of the Soviet Relations Committee of the 
British Council. In particular, the Committee, in 
partnership with British youth organizations, has 
invited 300 Russian students and young people to 
visit Britain for short periods. The Committee has 
also offered an annual exchange of twenty students 
of the Russian and English languages as well as two 
British Council scholarships for a full academic year 
and short courses for teachers, both on a reciprocal 
basis. Mr. Harvey also referred to the assistance 
given in these exchanges by universities and training 
colleges, and agreed that expansion of these facilities 
might contribute to mutual understanding between 
the two countries in a manner acceptable to both 
Governments. On March 17, Mr. Harvey said that 
the Committee still awaits a definite answer from the 
Soviet Union, although some progress has been made 
with the arrangements for the visit of 300 Soviet 
students and young people and two groups have 
already visited Britain. Any delay with the other 
proposals is entirely due to the Soviet side. 


New Reactor at Harwell 


HAZEL, & new zero-energy reactor, is now operat- 
ing at the Atomic Energy Research Establishment 
at Harwell. HAZEL (homogeneous assembly—zero 
energy) uses enriched uranium fuel in the form of a 
salt of uranium (uranyl fluoride) which is dissolved 
in the heavy water used as a moderator. The core of 
the reactor is a stainless steel cylinder (7 ft. high x 
2 ft. in diameter) surrounded by a graphite reflector. 
The fuel solution is pumped into the cylinder from 
two nearby storage vessels. The system is controlled 
by adjusting the level of the fuel solution in the 
reactor vessel and by moving a vertical neutron- 
absorbing cadmium plate into the gap between the 
steel cylinder and the graphite reflector. Two 
cadmium plates similar to the control device are 
used as ‘shut-off’ rods: two additional ‘shut-off’ rods 
can be dropped vertically into the fuel solution in the 
reactor vessel. The reactor will be operated at a 
power of less than a watt and cooling is not necessary. 
HAZEL will be used to obtain basic nuclear informa- 
tion. An earlier system at Harwell, ZETR (zero 
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energy thermal reactor), was used to study solutions 
of nuclear fuel in ordinary water. 


Atomic Energy 


A NUMBER of questions on the peaceful uses of 
nuclear energy were asked by Mr. R. Mason in an 
adjournment debate in the House of Commons on 
March 20. Replying for the Government, Sir Ian 
Horobin, Parliamentary Secretary to the Minister of 
Power, said that from his inquiries at Harwell the 
question of the drift of leading scientists to the 
United States does not appear to be a very urgent 
problem at present. The storage and disposal of 
nuclear waste is a great trouble but not so far a 
major difficulty, and the present system of allowing 
the early decay to proceed and concentrate has not 
faced the Authority with any insuperable difficulties. 
The direct conversion to electricity from ZETA is a 
long way ahead and not at the moment a practical 
consideration. We now know a great deal more about 
the Wigner release, so that categorical assurance 
could be given that such an accident as that at 
Windscale could not recur. Moreover, the tendency 
is towards the use of higher temperatures and con- 
sequently, with graphite-moderated reactors, greater 
annealing of the moderator. The prospects of finding 
uranium in the United Kingdom are extremely 
slight. As regards secrecy restrictions, there is every 
evidence that Britain has been free from considerable 
difficulties which have arisen elsewhere, and he 
thought our approach has been sensible and moderate 
and also that we have found happier and more 
practical arrangements for partnership between the 
Authority and industry than some other countries. 
Considerable progress is being made in connexion 
with conventional stations, and it is thought that the 
economic difficulties of air-cooling might be sufficiently 
offset by savings in fuel transport when the stations 
are located nearer to coal. For nuclear power stations, 
the enormous usage of water renders the chance of 
economic advantage very slight. Sirlan firmly defended 
the declassification and publication arrangementsmade 
in regard to ZETA and claimed that the matter had 
been handled well by the Authority, which was entitled 
to the confidence of the House and of the nation. 


Human Sciences in Industry 


ANOTHER stage in the development of psychology, 
sociology and related sciences in application to 
management, design and other industrial problems is 
marked by the decision of the Council for Scientific 
and Industrial Research to continue promoting 
research into the human problems of industry. In a 
written answer to a question in the House of Commons 
on January 21, Mr. H. Nicholls, the Parliamentary 
Secretary to the Ministry of Works, representing the 
Lord President of the Council, announced that the 
Council has set up a Committee on Human Sciences 
in Industry which will keep under review the develop- 
ment of the human sciences in relation to industrial 
needs, and will advise on the allocation of grants and 
on other means of promoting research in this field. 
On the side of the Department this Committee 
replaces the two former committees, on Human 
Relations in Industry and on Individual Efficiency 
in Industry, set up jointly with the Medical Research 
Council in 1953, agreement having been reached to 
replace them by separate committees reflecting the 
different interests of the two bodies. 

A substantial flow of results is now coming from 
the research projects sponsored by those committees, 
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on subjects ranging from psychological information 
theory applied to machine design to sociological 
aspects of technical change in the steel and other 
industries ; the new Committee is expected to pro- 
mote further applied research as well as more basic 
research in this field. Research and industrial 
interests are represented on the Committee, which 
has as chairman Mr. Lewis Wright (Amalgamated 
Weavers’ Association), who is a member of the 
Council for Scientific and Industrial Research. The 
other members are Mr. P. W. 8. Andrews (Nuffield 
College, Oxford); Mr. H. Briggs (Unilever, Ltd.) ; 
Prof. J. Drever (Edinburgh); Mr. E. Fletcher 
(Trades Union Congress); Prof. M. Gluckman 
(Manchester); Mr. H. G. Jones (Industrial Group, 
U.K. Atomic Energy Authority); Mr. H. G. Nelson 
(English Electric Company); Prof. E. A. G. Robin- 
son (Cambridge); Miss B. N. Seear (London School 
of Economics); and Dr. A. T. M. Wilson (Tavistock 
Institute of Human Relations). The secretary is 
Mr. R. G. Stansfield. 


Supply of Teachers in Schools and Technical 

Colleges 

REPLYING for the Government in an adjournment 
debate on science teachers and National Service on 
March 17, Mr. R. Carr, Parliamentary Secretary to 
the Ministry of Labour and National Service, agreed 
most strongly with what Mr. W. Stones, Mr. E. Short 
and Dr. H. King had urged as to the importance of 
a sufficient number of adequately staffed technical 
colleges. Nevertheless he explained that, whereas 
technical colleges already have substantial help in 
their staffing problems from the existing arrange- 
ments for deferment, the even more favoured treat- 
ment of the secondary schools is a matter of deliberate 
policy, largely because of their greater need. In 1957 
there were about 12,250 graduate teachers of mathe- 
matics and science in the schcols and at least 300 
unfilled vacancies. Between 1957 and 1964 the 
number of children more than fifteen years of age in 
the schools is expected to rise from about 250,000 to 
nearly 500,000, and even if the present net annual 
increase of 500 in science and mathematics teachers 
is maintained, sixth-form classes in those subjects are 
likely to be overcrowded. This is the first reason why 
the Government is concerned to do nothing that 
might interrupt the flow of such teachers into 
secondary schools. The second reason is that it is 
considered desirable that teachers in a technical 
college should have had some industrial experience, 
and that accordingly any concession to benefit tech- 
nical colleges should also be given to jobs requiring 
similar qualifications in industry. This was recog- 
nized by the Willis Jackson Committee ; the Govern- 
ment has moved a considerable way towards the more 
general and broader extension of deferment recom- 
mended by that Committee, but believes it is im- 
portant to maintain a preference in favour of the 
schools. A third reason lies in the needs of the 
Services, which rely upon National Service to supply 
skilled scientific man-power until scientists can be 
recruited on a long-term basis. As regards the current 
position in the technical colleges, there was a net 
increase in full-time teachers of about 900 in 1956 ; 
for 1957 this was expected to be more than 1,000 ; 
and for 1958, about 1,400. 


Technical Teacher Training 


For the past ten years or so the technical teacher 
training colleges in Bolton, Huddersfield and London 
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have had only some 350 places available in all. This 
number is now being increased by more than 60 per 
cent, and substantially higher grants are to be paid to 
students, in order to attract the right quality and 
quantity of candidates from those already settled in 
industry and commerce. Candidates are accepted as 
either ‘private’ or ‘recognized’ students for a course 
of one academic year. The latter pay no tuition fees, 
are offered free board and lodging in the college 
hostels and are eligible for maintenance allowances. 
To be accepted a candidate should normally have 
reached his twenty-fifth birthday, should possess a 
degree, Higher National Certificate or equivalent 
qualification and should have some commercial or 
industrial experience. Further information can be 
obtained from the Director, Huddersfield Training 
College, Queen Street South, Huddersfield. i 


Royal Society Expedition to Southern Chile 


Tue Royal Society has announced that plans are 
being made, in co-operation with the Royal Society 
of New Zealand, to send a small expedition to southern 
Chile in September. Dr. Martin Holdgate, Zoology 
Department, University of Durham, has been 
appointed organizer, and Mr. G. A. Knox, Canterbury 
University College, New Zealand, and Dr. E. J. 
Godley, director of the Botany Division of the New 
Zealand Department of Scientific and Industrial 
Research, will also take part. The University of 
Chile has expressed its interest and also hopes to 
send representatives. It is intended that this expedi- 
tion should be exploratory and preliminary to a 
proposed Commonwealth expedition to the South 
Pacific area. 

Many genera and species of animals and plants 
occur both in South America and in New Zealand 
and Tasmania. The precise extent of this relationship 
remains uncertain, however, although its elucidation 
is clearly important for an understanding of bio- 
logical evolution and of the past history of the 
Earth’s surface. The fauna and flora of the world 
are now changing so rapidly through man’s activity 
that it is likely that within another generation precise 
information about the natural distribution of animals 
and plants will be unobtainable, so that further 
research is needed urgently. A great deal of work 
has been done on the biology of New Zealand and 
its neighbouring islands, but by comparison southern 
Chile has been little studied. The present expedition’s 
first visit will therefore be to the western hills of the 
island of Chiloe, where there are extensive tracts of 
dense evergreen rain-forest, and it will then proceed 
southward towards the Straits of Magellan. Eco- 
logical and geological studies will be made in the 
three areas it is proposed to visit, and peat samples 
will be collected from mountain bogs and lowland 
lakes in connexion with pollen analyses, from which 
it is hoped to learn something about past climatic 
and vegetational changes in the region. 


Bardsey Observatory 


THE report of Bardsey Bird and Field Observatory 
for 1956 (Eglwysfach, near Machynlleth, Mont. : 
W. M. Condry, Hon. Secretary, 1957) contains details 
of many successful observations and developments. 
In a year of unusually heavy migration twice as 
many birds were ringed as in any previous season ; 
more than a thousand birds were ringed at the 
lighthouse at night. Among the more unusual birds 
recorded were the melodious warbler, Hippolais poly- 
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glotta, and the greenish warbler, Phylloscopus 
trochiloides. During the year a visit was paid by 
botanists from the University College of North 
Wales, who surveyed the island’s flora and prepared 
a species list, which is included in the report. The 
Observatory is open to visitors, particularly durmg 
the months of May, June and July. Further informa- 
tion can be obtained from W. M. Condry, Eglwysfach, 
Near Machynlleth, Montgomeryshire. 


University News : London 


THE following appointments have been made: 
Dr. C. P. Whittingham, assistant director of research 
in botany in the University of Cambridge, to the 
University chair of botany tenable at Queen Mary 
College; and Dr. A. R. Flint, consulting civil 
engineer, to the University readership in structural 
steelwork tenable at the Imperial College of Science 
and Technology. 


Announcements 


Dr. G. A. H. ELTON, at present reader in applied 
physical chemistry at Battersea College of Tech- 
nology, has been appointed director of research of 
the British Baking Industries Research Association, 
Chorleywood. Dr. Elton’s research has been, mainly 
in the field of colloid chemistry. He was awarded the 
degrees of Ph.D. and D.Sc. of the University of 
London. for work on this subject and for a number 
of papers which he has published in the field of 
rheology. 


THE Sixth Conference of the British Agricultural 
History Society will be held on April 10 and 11 at 
the Yorkshire (W.R.) Institute of Agriculture, 
Askham Bryan, York. Further information can be 
obtained from the Secretary of the Society at the 
Department of Agriculture, Parks Road, Oxford. 


Tue Scottish Group of the Nutrition Society is 
holding a symposium on “Nutrition and Climatic 
Stress” at the Hannah Dairy Research Institute, 
Kirkhill, Ayr, on April 26, when papers will be read 
on both human and animal nutrition. Further 
particulars may be obtained from Dr. J. Davidson, 
The Rowett Research Institute, Buecksburn, Aberdeen- 
shire. 

THe Scottish Branch of the Science Masters’ 
Association is to hold its annual general meeting 
during April 10-12, in the University Chemistry 
Department, King’s College, Aberdeen. The pro- 
gramme includes lectures, exhibitions and visits to 
places of scientific interest. Further information 
can be obtained from D. W. Menzies, Aberdeen 
Academy. 


THe Ergonomics Research Society is holding a 
conference on ‘Problems of Training” at the Univer- 
sity of Bristol during April 13-16. Further informa- 
tion can be obtained from Dr. O. G. Edholm, 
Department of Human Physiology, M.R.C. Labor- 
atories, Holly Hill, Hampstead, London, N.W.3. 


THE Operational Research Society is to hold an 
open conference at the Old Swan Hotel, Harrogate, 
during May 21-22. The conference will afford to 
representatives of commerce and industry an oppor- 
tunity to discuss current applications of operational 
research. The main theme of the conference is 
“Aids to Decision Making”. Further information 
can be obtained from the Honorary Secretary of the 
Operational Research Society, 3rd Floor, 20 Albert 
Embankment, London, S.E.11. 
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NATIONAL PARKS IN BRITAIN 


HE eighth annual report of the National Parks 

Commission*, which includes confirmation of the 
Designation Order for the Brecon Beacons National 
Park, brought the number of National Parks estab- 
lished to ten, covering an area of 5,250 square miles. 
With the confirmation of the Commission’s orders 
designating areas in the Gower Peninsula and in 
Lleyn and the Quantock Hills the first areas of out- 
standing natural beauty designated under Section 87 
of the Act have been established, but the Minister’s 
decision on the Surrey Hills area is awaited. Formal 
proposals for the designation of other areas on the 
Dorset coast and its hinterland, in Cornwall and 
Cannock Chase and on the Northumberland coast 
have been made to the local authorities concerned. 
The Commission also reports that though there has 
been no general relaxation of the restriction on 
capital expenditure, the Minister has enabled Park 
planning authorities to proceed with some tree plant- 
ing and construction on car parks. Some quiet 


progress is reported in other matters also, such as the. 


provision of cheap.holiday accommodation for visitors 
with young’: families, anti-litter campaigns and 
caravan sites; but it is clear that, although in some 
areas progress has -been made in the removal of mis- 
understandings and unreasonable criticism of the 
handling by. the Park committees of applications for 
the supply of electricity, the Commission is still not 
entirely happy about the administrative arrange- 
ments resulting from the Minister’s failure to insist 
on the provisions of the Act. There is also still room 
in all Park areas for the publicity activities which the 
Park Planning Board have been extending. 

New rights of way were dedicated along some ten 
miles of the Pennine Way, leaving some 5} miles 
outstanding, but progress in making footpath agree- 
ments for the approved Cornwall North and South 
Coast Paths remains slow. With the acquisition of 
some nine new miles along the Pembrokeshire Coast 
Path, 25 miles remain to be completed, and some 
44 miles of new rights of way are still required 


* Eighth Report of the National Parks Commission for the Year 
ending 30th September, 1957. Pp. iv+664+4-8 plates. (London: H.M. 
Stationery Office, 1958.) 5s. 6d. net. 


for the Offa’s Dyke route. Increasing attention is 
being given to publicity by the Commission itself, 
both for the Country Code and in attempts to make 
the National Parks more widely known and create 
public awareness of what is being done under the 
National Parks Act. Evidence was given to the 
Royal Commission on Common Land in which the 
National Parks Commission recommended that any 
body or person empowered to sanction change of use 
of commons, or to extinguish common rights, or to 
draw up schemes of management for commons, 
should, before any action were decided, receive repre- 
sentations from the local planning authority and, 
where National Parks or areas of outstanding natural 
beauty were concerned, from the National Parks 
Commission. The hope was expressed that common 
land would be given over to rotational cropping only 
where it was clearly in the national interest to do so, 
and that in forestry schemes landscape values would 
be protected so far as possible by the consultations 
already indicated. Management schemes designed to 
enhance the beauty of the landscape and preserve to 
the public the recreational use of the land were 
favoured, and the National Parks Commission stated 
that it would strongly oppose, save in cases of the 
most exceptional national importance, the use of 
common land for mineral extraction. An approach 
was again made, but without success, to the Chancellor 
of the Exchequer for provision in the Finance Bill, 
or in a separate Bill, for the reimbursement from the 
National Land Fund of expenditure on National Parks. 

The outstanding feature of the Commission’s report 
this year is once again that of development, and 
especially those represented by the proposals for a 
nuclear power station at Trawsfynydd. The Tryweryn 
Valley Water Scheme (in which the Liverpool Cor- 
poration withdrew entirely the Conway part of its 
scheme against which statutory and amenity bodies 
had petitioned) and developments at Milford Haven 
are going ahead, but the Commission affirms the view 
that large-scale industry should only be sited in 
National Parks in cases of over-riding and inescapable 
national necessity and in the absence of alternative 
sites elsewhere. 


RECRUITMENT OF TEACHERS 


IR EDWARD BOYLE, Parliamentary Secretary 

to the Ministry of Education, replying for the 
Government in a debate on February 14, on the 
recruitment and training of teachers, said that 
he did not think that unemployment among teachers 
in the nineteen-sixties was to be feared. The corner- 
stone of the Government’s educational policy was 
that the first priority should be a reduction in the 
size of classes, and although Sir Edward did not 
discuss other objectives such as compulsory part-time 
day release and raising the school-leaving age to 
sixteen still required for full implementation of the 
1944 Act, he pointed out that decision on the timing 
of these objectives would be governed by, inter alia, 
the supply of teachers. The debate was a little too 
early for him to give the full picture, but over the 
seven years that ended in 1956 the increase in the 


number of teachers in maintained schools was 
about 6,500, but this now seemed to have dropped 
to just over 5,000. About 900 more training teachers. 
should be going into the schools in 1958 than in 
1957 and a further 700 in 1959. Recruits to teaching 
without professional training remained fairly steady 
at 700 a year, but there was a marked increase 
in graduates taking up first appointments in schools 
—from about 1,800 in the year ended March 3l, 
1956, to about 2,600 the following year. There 
had, however, been marked decline in the number of 
married women returning to teaching, from 2,300 in 
1951-55, to just over 1,000 in 1956. Nearly 600 
more teachers retired in 1957 than in 1956 and it 
seemed also that more women teachers resigned than 
in previous years. On this net annual increase of 
5,000, if the present ratio of 21-5 pupils per full-time 
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teacher was maintained in senior classes, the average 
size of junior classes could only fall to a little 
more than 31 by 1962. Major changes in policy, 
however, must await adequate information and 
consultation. 

Sir Edward Boyle affirmed that the Government 
was absolutely committed to the three-year training 
course announced last summer, and much planning 
was proceeding to secure the best results from this 
advance. He entirely agreed that the training colleges 
must be up to date in curriculum and discipline, and 
he thought that conditions were improving. The 
standard of many libraries was excellent and the 
regime much more flexible. On the technical side, 
after referring to the Willis Jackson report, Sir 
Edward said that recent figures for recruitment of 
technical teachers were encouraging: an increase of 
1,000 appeared probable in 1956-57 and for 1957-58 
a total increase of 1,400 was anticipated. After 
stressing the need for close co-operation with industry, 
Sir Edward said that in principle the Willis Jackson 
Committee’s recommendations regarding pre-service 
courses in the three technical training colleges had 
been accepted and that Dr. Willis Jackson had 
accepted the chairmanship of a new standing com- 
mittee on the supply and training of technical 
teachers which had just been established. 


THE LEVERHULME TRUST 


HE first report of the Leverhulme Trust on the 

Leverhulme Research Awards (pp. 72. London: 
The Leverhulme Trust, 1957) gives a record of the 
research awards, 1933-47, covering 273 made under 
the general scheme at a total cost of £130,299. Up 
to and including 1957, 612 were made at a total cost 
of £276,548, of which 580 costing £255,787 belong to 
the general scheme. The record is arranged in three 
sections: arts and humanities; natural sciences 
(including mathematics and medicine); and social 
. science. In each section awards are listed chrono- 
logically by year and alphabetically for each year, 
giving the subject of research and relevant publica- 
tions. There is an index of names and list of 
abbreviations for periodicals. The record is preceded 
by a historical note by Sir Hector Hetherington 
describing the circumstances which led to the estab- 
lishment of the scheme, reviewing briefly its working 
and development and noting some of the problems 
encountered. The scheme was conceived mainly to 
help senior academic workers to complete their 
research projects, but it has never been restricted to 
the universities: many awards have been made to 
members of the staffs of national museums and 
galleries for study at home and abroad, and the 
primary purpose of the scheme continues to be to 
offer opportunities for periods of study and research 
which are not provided or inadequately provided by 
the official systems. 

In general, the method used is to make good to 
the recipient any loss of income incurred by taking 
a period of study-leave and to meet such special 
expenses of the programme as could not be covered 
by other resources. Normally, the award, which has 
from the beginning been of no fixed amount, consists 
of two parts: a personal grant to replace earnings 
foregone, and a grant towards the special expenses 
of the programme. 
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After dealing in some detail with the assessment 
training grants for former members of the Regular 
Armed Services, Sir Edward referred to the question 
of specialist teachers, particularly of mathematics 
and science. Although the 12,250 graduate teachers 
of mathematics and science in the schools was an 


-increase of 1,750 over the past five years, this was 


insufficient to maintain the staffing standard in these 
subjects. The demand for such teachers was expected 
to increase by 40 per cent between now and 1962, 
but the actual increase was estimated at only 27 per 
cent. In the long term, the best hope of avoiding 
overcrowded. classes in mathematics and science in 
sixth forms during the coming years lay in a large 
increase in mathematics and science graduates from 
the universities and in an increased attractiveness of 
teaching as a career. Sir Edward hoped that indus- 
trialists would remember that it was in their own 
interest that science and mathematics should be well 
taught in the schools. The training colleges could 
help’ in some measure and had been asked to bear in 
mind the importance of mathematics and science in 
planning their courses and selecting students for 
training, and in the past five years the number of 
training college students taking main SEP 
mathematics had doubled; in sci he number had 
Ohiides 


risen by 75 per cent. a oF 
ae iS . 
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The primary test of eligibility for a personal grant 
is that some loss of earnings should be incurred in 
undertaking the programme, and in general the 
Trust requires that the awards should be made for 
a significant period of time—at least three months, 
with an upper limit of two years. It is not at all 
concerned to pay the expenses of delegates to con- 
ferences or to other national or international gather- 
ings. Recently the Trustees, however, have approved 
four further smaller schemes. In 1953 two ‘European’ 
awards were offered to young postgraduate scholars 
to meet the cost of a year of study m one or more 
centres of learning in Continental Europe. Two 
further schemes were developed for two or three 
years postgraduate study in æ British university for 
candidates nominated by universities and university 
colleges in Africa and the West Indies. Four awards 
a year are also offered to graduates of British univer- 
sities who wish to work for one or two years in the 
West Indies or in Africa, while finally three awards 
are offered each year to enable young graduates of 
certain major art schools to have a year of continuous 
study abroad, one of these awards being in the field 
of industrial design. 

These recent policies are still regarded as experi- 
mental, and while awards have been made in almost 
every field of study, the Advisory Committee’s 
working rule that no one project could be supported 
to the extent of more than 15 per cent of the resources 
available in any year has excluded a few very expen- 
sive schemes. The main ares of concentration has been 
in age-group 40-60, but the spread extends from 27 
to 80, and Sir Hector refers to the notable advan- 
tage of the private trust that it may more readily 
employ some of its resources as venture-capital to 
support a promising but more than ordinarily 
hazardous programme. It is intended to issue 
further reports at five-yearly intervals. 
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THE EUROPEAN NUCLEAR ENERGY AGENCY 


HE European Nuclear Energy Agency was estab- 
lished to further the development of the production 

and uses of nuclear energy for peaceful purposes 
through co-operation among the participating coun- 
tries, which include the United Kingdom and all the 
member countries of the Organization for European 
Economic Co-operation. It came into being on 
February 1, and the text of the Statute and related 
instruments was published as a White Paper on 
February 4*. The Agency will operate through a 
Steering Committee for Nuclear Energy and such 
other commissions and working parties as may be 
required, and the Governments of Canada and the 
United States are invited to associate themselves with 
the work of the Agency. Where appropriate, the 
Agency will promote the formation of joint under- 
takings for the production and application of nuclear 
energy for peaceful purposes, endeavouring to secure 
the participation of as many countries as possible, 
and it will do all in its power to ensure that joint 
undertakings as well as participating countries are 
regularly supplied with the necessary raw materials. 
The Agency is instructed to examine jointly with 
the Steering Board for Trade measures to achieve 
the maximum freedom of international trade in 
products of interest for the production and applica- 
tion of nuclear energy and will encourage the develop- 
ment of research, promoting, where appropriate, 


agreements for the joint use of research installations, 


* Atomic Energy. Miscellaneous No. 2 (1958): Decision of the 
Council of the Organization for European Economic Co-operation 
establishing a European Nuclear Agency and Convention on the 
Establishment of a Security Control in the Field of Nuclear Energy, 
Paris, December 20, 1957. Pp. 19. (Cmnd. 857.) (London: H.M. 
Stationery Office, 1958.) 1s. net. 


and the creation of joint research establishments, and 
also the exchange of scientific and technical informa- 
tion between participating and associated countries. 
It is also to promote the development of traming in 
matters relating to nuclear energy so as to assist in 
meeting the demand for scientific and technical 
personnel in this field, both by encouraging co- 
operation to secure the full use and development of 
existing training facilities in competent national 
institutions and by encouraging legislation to secure 
the protection of public health and prevention of 
accidents in nuclear industry, the most efficient use 
of patented inventions and to provide for third-party 
liability and insurance against nuclear risks. The 
Agency is required to establish a security control to 
ensure that the operation of joint undertakings and 
the materials, services and equipment provided by 
the Agency or under its supervision do not further 
any military purpose, and the organization of this 
control is detailed in a special Convention, the text 
of which is included in the White Paper. The Con- 
vention provides for a central bureau assisted by a 
director and administrator and technical officers, in 
particular a group of international inspectors, as well 
as for a tribunal of seven independent judges 
appointed for five years. 

The Statute also provides for close collaboration 
with the European Atomic Energy Community 
(Euratom), with which an agreement is to be made 
defining the arrangements under which the control 
established by the new Convention is to be carried 
out in Euratom territory. Agreement may also be 
made with the International Atomic Energy Agency 
for the same purpose. 


STANDARD FREQUENCY TRANSMISSIONS FROM THE 
UNITED KINGDOM 


LIMITED programme of transmissions of stand- 
ard radio frequencies was started in 1950 from 
the Post Office station at Rugby under the call sign 
MSF. This was extended in 1953 to the provision 
of a continuous service on the three frequencies of 
2-5, 6 and 10 Me./s. with periods of modulation by a 
1,000 c./s. tone and by 1 e./s. pulses (seo Nature, 
172, 529; 1953). From the start these transmissions 
have been monitored at the National Physical 
Laboratory, which has just published a new edition 
of a pamphlet entitled “MS #—Standard Frequency 
Transmissions from the United Kingdom’. ‘This 
gives full technical details of the current programme, 
including reference to the additional transmission 
which is made for one hour each day on & frequency 
of 60 ke./s., and which provides a ground-ray 
service over a wide area inside the skip-distance of 
reception on the higher frequencies. This trans- 
mission has proved so valuable that the carrier 
wave of tho 16 ke./s. GBR telegraph transmitter 
is now also controlled from the MSF standard 
although it is not yet regarded as part of the regular 
service. 
The new pamphlet (obtainable free on application 
to the Director, National Physical Laboratory, 
Teddington, Middlesex) also announces that the 


MSF frequencies are now based on the resonant 
frequency of the caesium atom. Provisionally, the 
value of 9, 192, 631, 830 cycles per second has been 
adopted for this. This frequency is a fundamental 
physical constant, free from the small corrections and 
uncertainties associated with astronomical time. The 
precise value of the frequency is based on the value of 
astronomical time for 1955. Some years must pass 
before the astronomical and atomic units can be 
compared to the full accuracy attained by the atomic 
clock because astronomical time must be averaged 
over & long period to eliminate small errors and 
uncertainties of measurement. If any corrections 
prove necessary in years to come, they can readily 
be made and, therefore, will not restrict the accuracy 
already avaiable. 

The MSF frequencies and modulations are main- 
tained to + 5 parts in 10° but are monitored to + 1 
part in 101°. Continuous measurements on the 
transmissions ara made at the National Physical 
Laboratory, 120 km. distant from Rugby. The results, 
which are published monthly in Electronic and Radio 
Engineer, are given only to + 1 part in 10° to allow 
for slight transmission and propagation errors, but 
even more precise average values can be used when 
steps are taken to eliminate these errors. 
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WATER RESOURCES OF BRITAIN 


BROADSHEET, “Policy for Water” (No. 418 ; 

January 27, 1958), issued by Political and 
Economic Planning, attempts to give the background 
to the problem of water resources and supply by 
sketching the history and development of the water 
industry and other organizations concerned with the 
exploitation, disposal and conservation of water. 
Current economic and technical problems of supply 
and demand and pricing are then reviewed, including 
the need for more information, and the Broad- 
sheet next discusses the two main administrative 
problems: first, the urgent need for a comprehens- 
ive rationalization of local water undertakings ; 
and secondly, the need for greater co-ordination in 
all matters concerning water supply, fisheries, 
drainage, otc. 

Pending the publication of the reports of the sub- 
committees appointed by the Central Advisory Water 
Committee, Political and Economic Planning con- 
cludes provisionally that the water resources of Britain 
are likely to be adequate to meet foreseeable demands, 


but that much new capital must be expended if . 
water is always to be available in adequate quantity 
or appropriate quality wherever it is needed. The 
Broadsheet points out that while water of high 
quality is essential for drinking purposes, low-grade 
water will often serve industrial needs, and it is 
desirable that increasing attention should be given to 
this aspect and that we should not continue to draw 
on our relatively scarce resources of pure water for 
purposes for which water of inferior quality would 
do equally well. . 
There are far too many authorities. A radical 
rationalization of the water-supply industries is long 
overdue and is essential for substantial progress, 
although the basic technical economic problems of 
water supply can only be served if adequate capital 
is provided. Procedures laid down in the current 
Water Acts are long and intricate, and further 
measures may be required to overcome the natural 
unwillingness of many authorities to acquiesce in 
their own extinction within a reasonable time. 


DIATOMS FROM EQUATORIAL INDIAN OCEAN CORES 


HE appearance of the ninth volume of the 

reports of the Swedish Deep-Sea Expedition 
1947—1948* completes Dr. R. W. Kolbe’s trilogy on 
the diatoms from the equatorial zones of the most 
traversed oceans. The material here reported 
consisted of twenty-three cores selected from those 
obtained from the Indian ocean by M/S Albatross 
under the leadership of Prof. Hans Pettersson. 

The cores were taken with a Kullenberg sampler 
and some of them from a depth exceeding 5,000 m. 
were more than 11 m. in length. As the complete 
examination of so large a mass of material would be 
impracticable, three samples were usually taken 
from each, namely, one from the deepest layer, one 
from the uppermost layer, and one midway between. 
The cores chosen for this study had been shown by 
preliminary survey to contain diatoms, and after 
submitting the material to the usual acid-cleaning 
technique it was mounted for microscopical examina- 
tion. 

The cores selected were obtained from seven geo- 
graphical regions: (1) Java, (2) East Indian Ocean, 
(3) Ceylon, (4) Maldives, (5) West Indian Ocean, 
(6) Seychelles, (7) African coast. 

In this way samples were examined from inshore 
positions (68 m. depth) to positions of great oceanic 
depth of more than 5,000 m. 

By his use of the term ‘diatom assemblage’ Kolbe 
has rendered a great service in stressing the relation, 
or lack of it, between the silica unicells of the sediments 
and the diatom flora living in the column of water 
immediately above them. This abyssal assemblage 
differs from the planktonic and benthonic populations 
from which it is derived not only in a reduced number 
of species, but by their differing numerical frequencies. 
This assemblage is therefore not a natural facies of 
living organisms but belongs to a thanatoccenosis. 

* Göteborgs Kungl. Vetenskaps- och Vitterhets-Samhille. Reports 
of the Swedish Deep-Sea Expedition 1947-1948. Vol. 9: Sediment 
Cores from the Indian Ocean. No. 1: Diatoms from Equatorial 


Indian Ocean. By B. W. Kolbe. Pp. 50+4 plates. (Göteborg : 
Elanders Boktryckeri Aktiebolag, 1957.) 15 Sw. kr. 


Further, the physico-chemical selection which is 
brought to bear upon dead and dying diatoms during 
their slow journey through great oceanic depths to 
the sea floor is largely responsible for the marked 
uniformity observed in the diatoms over wide regions 
of the ocean floor. Dr. Kolbe’s researches have also 
led him to observe a marked similarity between the 
diatom assemblages of the Atlantic!, Pacific? and 
Indian oceans, and that the most frequent species 
are not confined to any one area, and that they 
differ only by their relative frequencies in the different 
areas. For example, Coscinodiscus nodulifer, Ethmo- 
discus (fragments) and Nitzschia marina are the 
commonest and most frequent species in all three 
equatorial oceans. Five others, Hemidiscus cunet- 
formis, Thalassionema sp., Coscinodiscus excentricus, 
Coscinodiscus lineatus and Coscinodiscus africanus, 
are common to the sediments of the three areas, 
but differ in their relative frequencies in the 
different oceans. These eight species constitute 
what Kolbe describes as the dominant abyssal 
assemblage. 

One of the most interesting problems in diatom 
occurrence in oceanic cores is that concerning 
Ethmodiscus rex (Wall.) Hendey. This diatom, the 
largest known, lives or has lived in the three equatorial 
oceans and enormous deposits of it have been recorded 
from various parts. It is one of the most common 
diatoms in the equatorial sediments of the three 
oceans. For example, an area of oceanic 00ze some 
three thousand miles long by twenty wide, consisting 
almost entirely of Ethmodiscus, has- been reported 
between Guam and Luzon. Kolbe also has found 
evidence of considerable deposits of this species in 
the Indian and Atlantic Oceans—yet records of living 
specimens in the plankton have been rare. 

Kolbe seeks to explain the discrepancy between the 
scarcity of Lthmodiscus rex in the plankton and its 
abundance and frequency in oceanic sediments, by 
combining three possible hypotheses: (1) dysphotic 
habit, explaining the rarity of the species in plankton 
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samples taken by usual techniques (Karsten’s 
hypothesis) ; (2) periodicity of short duration of mass 
reproduction (Hendey’s hypothesis); (8) resistance 
to corrosion (Kolbe’s hypothesis). Kolbe is of the 
opinion that the great accumulation of Ethmodiscus 
fragments in certain limited areas of the sea floor 
may be explained by the complicated relations 
between currents, sea-floor topography, size, and 
form of sediment particles, all of which might result 
in a constant deposition of particles of certain 
properties in certain circumscribed areas. 

Thus Hthmodiscus fragments within a certain size 
range might be constantly deposited at a given place, 
and so form Hthmodiscus beds, while other particles 
less dependent on slow currents might be distributed 
in a very different way. 

Those who have tried to understand something of 
the relation between oceanic deposits, and the distri- 
bution of the living plankton populations that 
contribute to their formation, will find Dr. Kolbe’s 
stressing of the differences between thanatoccenesis 
and biocoenesis of the greatest interest. 

It seems that these differences must be influenced 
by the following factors (among others) : 

(1) Chemical erosion, as stressed here by Dr. 
Kolbe. 

(2) Rate of fall. Here the wide range in sinking 
rate of fragments derived from the one species 
Ethmodiscus rex, determined experimentally by 
Dr. Kullenberg, seems especially significant. 

(3) Speed and direction of sub-surface currents. 
Recent physical observations, albeit in a very 
different part of the world, show that their speed may 
be much greater than Dr. Kolbe felt entitled to 
assume (cf. ref. 3). 

(4) Extreme periodicity in local swarming of 
certain species of plankton diatoms, as postulated by 
Hendey*. Probably most plankton workers of long 
experience can recall odd instances supporting this 
view, but not, unfortunately, with regard to Hihmo- 
discus itself. The relative lack of samples from its 
apparent habitat is probably quite sufficient to 
account for this. 

These four factors are very well presented in Dr. 
Kolbe’s paper, but it is felt that yet another may be 
important : 

(5) What might be termed the biological part in 
the breakdown and decay of plankton diatom 
frustules. The ingestion of frustules or fragments by 
mesoplankton animals may be repeated several times 
before they reach bottom, with the further probability 
of considerable bacterial action both before and after 
ingestion (cf. ref. 5). This may well be of .great 
importance in determining which members of the 
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bioccenosis remain recognizable in the thanato- 
coenosis. 

One minor correction to Dr. Kolbe’s paper is neces- 
sary. The record of dense swarms of Ethmodiscus 
in the Bay of Bengal does not occur in Collingwood’s 
paper of 1868, in Transactions of the Royal Micro- 
scopical Society, the reference quoted, but in the 
discussion following the reading of the paper (Quart. 
J. Micr. Sci., 115; 1868), as Hendey has explained. 
The paper has now become a rarity, and some of the 
surviving separates do not include the discussion. 
The actual observations concerning Ethmodiscus 
in the Bay of Bengal seem to have been made by 
Dr. Wallich in 1851 and 1857. 

The number of benthonic diatoms (112 taxa) 
observed in the material was 56 per cent of the 
total and was far greater than in the sediments of 
the Atlantic and Pacific Oceans. This is accounted 
for by the number of cores taken close to land. The 
high number of benthonic forms taken from the 
vicinity of the Seychelles archipelago, however, 
presents several interesting problems, as the cores 
were taken at great depth and far from the African 
mainland. It is suggested that their presence indicates 
that the whole district may have formerly belonged 
to a shallow sea and that its floor might have sunk 
to its present considerable depth at a not very 
remote period. The benthonic diatoms are, with very 
few exceptions, provided from thirteen of the twenty- 
three cores examined. The cores from the Ceylon, 
Maldives, and East Indies areas provided but six 
species. The paucity of Tricerattum species, particu- 
larly those belonging to the T. favus group, and of 
Mastogloia and Amphora in the Java cores is surpris- 
ing, as these genera are well represented in the area. 
The occurrence of species of Stictodiscus, usually 
considered to be extinct, at widely separated areas is 
significant. Mann? showed in his work on the 
diatoms of the Philippine Islands that the genus is 
well represented there and it may be that isolated 
pockets of these species have persisted since the 
Tertiary. Those in the African cores were found at 
depths varying from 4 cm. to 10 m. 

Dr. Kolbe is to be congratulated upon completing 
this very considerable task without yielding to the 
temptation of making a host of new species out of the 
wide range of variants that the abyssal assemblage 
offered. N. INGRAM HENDEY 
1 Kolbe, R. W., Rep. Swed. Deep-Sea Exped., 7, 149-184 (1955). 

2 Kolbe, R. W., Rep. Swed. Deep-Sea Exped., 6, 1-49 (1954). 
3 Swallow, J. C., and Worthington, L. V., Nature, 179, 1183 (1957). 


1 Hendey, N. Ingram, in Wiseman and Hendey, “Deep Sea Research”, 
1, 47—49 (1953). 


$ Hart, T. J., Discovery Reports, 8, 11, 186 (1934); 21, 327 (1942). 
e Mann, A., U.S. National Museum Bull. 100, 6, 1 (1925). 


SOLAR ACTIVITY AND RADIO COMMUNICATION 
By R. NAISMITH 


Radio Research Station (Department of Scientific and Industrial Research), Slough 


EVERAL years ago the period 1957-58 was 

selected as the International Geophysical Year 
in the expectation that it would coincide with a 
period of high solar activity. This long-term pre- 
diction has proved quite successful, since it is actually 
coinciding with the highest period of solar activity 
which has occurred within the past two hundred 
years. The success of this long-term prediction, 


however, must be considered in relation to a com- 
paratively large number of failures which make any- 
one who is aware of the difficulties involved reluctant 
to make long-period predictions until more is known 
of the causes of the variations. 

There are, however, particular parts of the sunspot 
cycle which can be more accurately predicted than 
others for intermediate periods up to twelve months. 
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These predictions are very useful in relation to radio 
communication, etc. This occurs, for example, during 
the rising period of each cycle, particularly when the 
maximum tends to be high. The last threo cycles, 
which are good examples of this, are shown in Fig. 1. 
The prediction is associated with the linear rise, which 
may persist for periods of eighteen months or more. 
The end of this part of the current cycle is near, but 
there are features which may be associated with the 
present and future period of the current cycle to 
which attention should be directed. 

In Fig. 2 the data plotted in Fig. l have been 
extended to cover æ period of about two and a half 
years after the maximum of the cycle, and it will be 
noted that there is & general correspondence which- 
may be used by & forecaster to estimate values for 
some time ahead. This is by no means & universal 
happening ; but if the higher level of the present 
eycle should be main- 
tained, the sunspot num- 
bers during the next six 
months will be higher 
than those at present 
forecast by any Organiza- 
tion making regular fore- 
casts. 

In consequence of this, 
it is probable that higher 
vadio-frequencies may be 
used for communication 
during the first half of 
1958 than those forecast. 
The association of radio- 
communication -> condi- 
tions by way of the F- 
region of the ionosphere, 
as denoted by the varia- 
tions in the noon critical 
frequencies (fF2) of that 
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sunspot numbers, is shown in Fig. 3. This covers 
two and a half sunspot cycles, and this is the 
whole period for which the ionospheric measure- 
ments are available. Although neither the solar 
nor ionospheric index is perfect, they are both 
convenient for this purpose of comparison, and the 
agreement, even in some detail, reflects the close 
association of these two quantities when average 
values are considered. 

This leads naturally to some useful data for radio- 
communication purposes. It is important, for 
example, to be able to distinguish between those 
radio-frequencies which may be used for long- 
distance radio communication by way of the F'-region 
and those frequencies which, apart from a residual 
amount of scattering, will penetrate the ionosphere 
and will not reach great distances. For this purpose, 
uso can be made of the sunspot data extending back 
over the years indicated in the first paragraph. 

When interpreting the radio data, account must be 
taken of a well-known seasonal variation in the noon 
values of {F2 as recorded at Slough. This shows & 
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very definite maximum during the winter months. 
It happens that the sunspot number for December 
1957 was 244 and therefore greater than the twelve- 
monthly average for the maximum period of the 
present cycle. The monthly median value of fF 2 at 
noon at Slough in December was 15:2 Mc./s., the 
highest December average value recorded at Slough 
since measurements were begun twenty-six years 
ago. This leads to the conclusion that the maximum 
frequency available for the longest-distance radio 
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communication at the latitude of Slough would be 
close to 50 Mo./s. at noon for half the days in the 
month. This ‘demarcation’ frequency has some useful 
practical applications in planning radio communi- 
cation in temperate latitudes. 

The work described above was carried out as part 
of the programme of the Radio Research Board, and 
this communication is published by permission of the 
Director of Radio Research of the Department of 
Scientific and Industrial Research. 


CHLORAMPHENICOL-RESISTANT INCORPORATION OF AMINO-ACIDS 
INTO STAPHYLOCOCCI AND CELL-WALL SYNTHESIS 


By Dr. J. MANDELSTAM and Dr. H. J. ROGERS 


National Institute for Medical Research, London, N.W.7 


HE incorporation of radioactive amino-acids into 

the protein of bacteria, whole tissue cells and 
various sub-cellular fractions has been widely used 
as a method of studying the biosynthesis of proteins. 
In this context, ‘protein’ is usually defined, in 
practice, as the residue remaining after extraction 
with hot trichloroacetic acid and organic solvents. 
The appearance of radioactive amino-acids in this 
residue has often been accepted as a measure of 
protein synthesis. However, Gale and Folkes? 
examined the situation in which a single radioactive 
amino-acid was supplied to Staphylococcus aureus and 
found that, although there was no net Increase in 
protein, the label was incorporated. steadily for at 
least 2 br. Furthermore, the incorporation of single 
amino-acids was much more resistant to chlor- 
amphenicol than protein synthesis. The authors 
therefore concluded that incorporation of a labelled 
amino-acid was not necessarily an indication of 
protein synthesis and suggested the possibility of an 
exchange reaction between the labelled molecules 
and the corresponding residues within the protein. 

This type of reaction does not appear to be general, 
for other work has shown that, in Escherichia colt, 
the incorporation of glycine and leucine is almost 
totally suppressed by growth-inhibitory concen- 
trations of chloramphenicol?, and the same is true 
for incorporation of methionine and leucine in 
Bacillus cereus (Urb&, personal communication). 

It is noteworthy that amino-acid incorporation in 
Staphylococct is particularly resistant to chlor- 
amphenicol in the case of those amino-acids now 
known to be associated with the cell wall. It there- 
fore seemed possible to us that, when the organisms 
are incubated with a single amino-acid such as 
glycine or glutamate, the incorporation observed 


might be the result of synthesis of cell wall which, in . 


Staphylococci, contains five amino-acids (glycine, 
alanine, glutamic acid, lysine and serine) and two 
amino-sugars®. Accordingly, experiments of the 
following type were carried out. 

. Staphylococcus aureus, Strain 524 55/SC* was 
grown in a casein hydrolysate medium supplemented 
with thiamine, nicotinic acid and 0:5 per cent 
glucose’. When the culture had reached a density 
of 1 mgm. dry weight of cells/ml., the bacteria were 
harvested and washed twice with 0-05 M phosphate 
buffer, pH 7:0, and suspended at a density of about 


l mgm. dry weight of cells/ml. in the same buffer 
solution containing 0:5 per cent glucose, 400 ugm./ml. 
of labelled amino-acid and 70 wgm./ml. of chlor- 
amphenicol. The suspension (150 ml.) was shaken at 
35° C. for 60 min. in a one-litre conical flask. A portion 
of the cells (obtained from 15 ml. of the suspension) 
was treated with hot trichloroacetic acid and organic 
solvents and then dried’. This will be referred to as 
‘protein’ and contains both the cell wall and the true 
celi proteins. The rest of the bacteria, were washed, 
suspended in water at a density of 10 mgm./ml. and 
disrupted by shaking with glass beads for 15 min. 
Cell wall was separated, washed with water, treated 
with ribonuclease and trypsin followed by digestion 
with pepsin’. The cell-wall material was then washed 
several times with water and then with acetone and 
ether and finally dried. The supernatant from the 
disrupted cells after removal of cell wall, together 
with the water washings, was treated with an equal 
volume of 10 per cent trichloroacetic acid and left 
at 2° for 30 min. The precipitate was extracted with 
hot trichloroacetic acid and organic solvents end 
dried. This will be referred to as the ‘true protein’ 
fraction. Radioactivity of samples was measured at 
infinite thickness in a thin end-window Geiger- 
Miller counter. In some of the experiments involving 
glycine, samples of cell wall and ‘true protein’ were 
hydrolysed, the glycine isolated by paper chromato- 
graphy and its specific activity determined?. In 
addition, samples of ‘protein’ and cell wall were 
hydrolysed for 4 hr. with 4 N hydrochloric acid at 
Table 1. DISTRIBUTION OF RADIOACTIVITY INCORPORATED INTO 


PROTEIN AND CELL WALL BY Staphylococci IN THE PRESENCE OF 
GROWTH-INHIBITORY CONOENTRATIONS OF CHLORAMPHENICOL 


Increase in 
Specific activity of cell fraction cell wall 
(counts/min. ) (per cent) 
Amino-acid (1) Cell wall | (2) Protein |(3) Cell wall 
+ protein 

Glycine 145 3 662 85 
DL-Glutamic 17 3 65 33 
L-Lysine 16 2 61 30 


Washed cells were incubated for 1 hr. in phosphate buffer containing 
glucose (0-5 per cent), chloramphenicol (70 ugm./ml.) and 300 ugm./ml. 
of a labelled amino-acid, namely, glycine-1-*C, or DL-glutamic acid- 
1-4C or L-lysine (uniformly labelled). The specific activities of the 
amino-acids in the incubation medium were, respectively, 350, 665 
and 1,350 counts/min./uM. The cell fractions isolated were: (1) 
‘protein’ (containing cell wall and ‘true’ cell proteins); (2) ‘true 
protein’; and (3) cell wall. Specific activities of these fractions are 
given as counts/min. measured at infinite thickness 
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100° and hexosamines determined after treatment 
with a cation exchange resin (“Dowex 60’) according 
to Boas’. 

Table 1 shows the type of results obtained when 
glycine, DL-glutamate and L-lysine labelled with 
carbon-14 have been present singly in the incubation 
medium. The greatest amount of cell-wall synthesis 
took place with glycine. It will be noted that, 
irrespective of the amount synthesized, virtually all 
the radioactivity was associated with the cell-wall 
fraction; the ‘true protein’ fraction contained 
only a trace of radioactivity. Omission of chlor- 
amphenicol from the incubation mixture did not 
substantially affect the results except that the 
radioactivity of the ‘true protein’ fraction was 
slightly increased. 

The question now arises whether the incorporation 
of an amino-acid into the cell wall is the result of 
exchange between the amino-acid in solution and the 
corresponding residues in the wall, or whether it is 
due to an increase in the mass of the cell wall. Ina 
typical experiment the specific activity of the glycine 
isolated from the cell wall indicated that an increase 
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of 66 per cent should have occurred in the total 
amount of cell wall. This is in quite good agreement 
with the increase found in cell-wall mass (60 per 
cent). Using the hexosamine content of the ‘protein’ 
as a measure of the amount of cell wall indicated an 
increase of 52 per cent. 

It thus seems certain that, in intact Staphylococci, 
cell-wall synthesis occurs in the presence of growth- 
inhibitory concentrations of chloramphenicol and 
that this is sufficient to account for the incorporation 
of glycine, glutamate and lysine into the ‘protein’ 
fraction. The incorporation of amino-acids into the 
‘protein’ fraction of disrupted Staphylococci described 
by Gale and Folkes?” has not been examined by us in 
this way, and it is, of course, possible that some 
process of exchange occurs in such preparations 
which does not occur in the intact cell. 
1 Gale, H. F., and Folkes, J. P., Biochem. J., 55, 721 (1958). 
2? Mandelstam, J., Biochem. J., (in the press). 
3 Cummins, 0. 8., and Harris, H., J. Gen. Microbiol., 14, 583 (1956). 
1 Rogers, H. J., J. Path. and Bact., 66, 545 (1953). 
5 Rogers, H. J., Biochem. J., 89, 485 (1945). 
t Boas, N. F., J. Biol. Chem., 204, 553 (1953). 
7 Gale, H. F., and Folkes, J. P., Biochem. J., 59, 661 (1955). 


‘INTERCALATED’ INTERNODES IN NERVE FIBRES 
By Dr. L. LUBINSKA 


Nencki Institute of Experimental Biology, Warsaw 


N surveying teased nerve fibres from peripheral 
nerves of laboratory animals one sometimes 
encounters internodes which are much shorter and 
thinner than others on the same fibre. Such inter- 
nodes were first observed by Rénaut! in peripheral 
nerves of horses and asses. Rénaut considered their 
existence as a proof that the nerve fibres grow not 
only from the central end but also by intussusception 
of new internodes and called them ‘short intercalated 
segments’. 

The short internodes probably represent a phase 
of restitution after a local inflammatory process 
_described by Gombault? in lead poisoning and in 
many disorders of various origins. The process 
attacks individual internodes, or even portions of 
internodes, leading to granular destruction of myelin, 
and proliferation of Schwann cells in the affected 
region. The continuity of axoplasm is, however, 
usually preserved and the fibres do not degenerate. 
The denuded axoplasmic cylinder eventually becomes 
re-myelinated and recovers ; the only permanent trace 
left is the shortness of newly formed internodes. 
Gombault calls this condition ‘névrite segmentaire 
periaxile’. 

The short internodes, vestiges of a local neuritis 
which struck some fibres at an earlier period, offer 
thus an uncommon opportunity to study the reor- 
ganization of a stretch of adult fibre after selective 
destruction of myelin. A short description of ‘inter- 
calated segments’, based on an analysis of some 
forty peripheral fibres from fifteen cats, is therefore 
presented here. 

The ‘intercalated’ segment always starts at a node 
and terminates at a node (Fig. 1). Sometimes a single 
short internode is present, more often the inter- 
calated segment is formed by a succession of several 
short internodes. Various degrees of maturation are 
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A B Cc D E F G 
Fig. 1. ‘Intercalated segments’. Proximal ends uppermost. 
Arrows indicate nodes between short internodes. $S e, 202. 
A and B, fibres fixed in osmium tetroxide; A, portion ‘of an 


intercalated segment and junction with the ital ne normal inter- 

node ;. B, single short internode; O and G, normal portions of a 

fresh fibre containing four short internodes ; D, E and F, con- 
secutive portions of the intercalated segment 
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Table 1. 















Total Axon Thickness 
Fibre from Internode diameter | diameter | of myelin 
Peroneal I normal 19-8 11:7 4-0 
II short 13-1 8:7 2°2 
ITI short 18 °3 8:7 2°3 
IV short 13-1 9-0 2'1 
Vv short 14°1 9°5 2°3 
VI short 14°6 10°3 2'2 
VII normal 19:5 11-5 4'0 
VIII normal 19:8 11:7 4-0 
Ventral root | I normal 20°8 11:7 4°5 
II short 17:5 11:7 2°9 
III short 17°7 11:7 3:0 
IV short 17°3 11-2 3:0 
Vv normal 20-7 11:7 4-5 
Median I normal 18-7 11:7 3:5 
IL ghort 13:3 7:7 2°83 
ILII short 18-7 7:7 3'0 
IV short 13-3 7-3 3:0 
V short 13-7 8:0 29 
VI normal 19-0 1:5 3:7 
Peroneal [ normal 18:0 1:7 3-1 
JI short 10-0 7-0 1°5 
III normal 18-0 1°5 3:2 
Peroneal I normal 12:0 6-0 3'0 
If normal 12-0 6°0 3°0 
ILLI short 6:0 4:0 1:0 
IV normal 12:0 8-0 3'0 
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encountered. In some internodes the myelin is very 
thin and the amount of cytoplasm of the Schwann 
cell is increased. In others the myelin is much 
thicker and the excess of Schwann cell cytoplasm has 
already disappeared. The diameter of the axon is 
less than that of the normal internodes, both up and 
down the fibre, until the maturation of the short 
internode is fairly advanced. 

When there are several short internodes in succes- 
sion, the total length of the intercalated segment is 
similar to that of normal internodes of the same fibre, 
suggesting that a whole internode had been affected. 
The length of individual short internodes varies 
usually between 300 and 500u. When a single short 
internode is ‘intercalated’ in the fibre, it is much 
shorter, rarely exceeding 50-150u. Its length 
indicates that only a fraction of an internode had 
been involved in the neuritic process. At the junction 
with the short internode, the neighbouring normal 
ones.end by bulbs of normal dimensions and shape 
characteristic of their proximal or distal location’. 
At least one of these bulbs is newly formed, showing 
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that the end of the normal por- 
tion of the fibre has been re- 
organized. 

Of thie The dimensions of normal and 


3 internode | short internodes in several fibres 
are shown in Table 1. 
0 The nucleus of the Schwann cell 
230 is always located in the middle of 
2 the short internode. This seems 
= to indicate that the metabolic 
Hy activity connected with the de- 
position of myelin extends in the 
210 Schwann cell symmetrically over 
210 a length of some 150-250u on each 
2 side of the nucleus. If the denuded 
portion of axoplasm is longer, 
140 several Schwann. cells adhere to it 
230 and the process of myelination 
tee starts in each cell, presumably by 
= the mechanism elucidated by Geren‘ 
ia in developing fibres. Eventually 
40 several internodes are formed on a 


stretch occupied previously by one 
internode only. The length of new 
internodes is similar to that found 
by Vizoso and Young® in adult 
fibres regenerating after Wallerian 
degeneration and in fibres of very 





young animals. 

In the early stages of restitution the nodes between 
successive short internodes are adumbrated simply 
by the interruption of myelin. The axon remains 
cylindrical throughout. It is only in the course of 
further maturation that the constriction of the axon 
at the node appears and the juxta-nodal bulbs 
develop. 

The similarity in the behaviour of Schwann. cells 
after a selective destruction of myelin and after 
Wallerian degeneration suggests that during the 
latter process it is also the breakdown of myelin, and 
not that of axoplasm, that determines the initial 
proliferation of Schwann cells. During the recovery 
the presence of the naked axon in the neurilemmal 
tube leads to a similar course of re-myelination and 
to similar morphological outcome in both conditions. 


1Rénaut, M., Arch. Physiol., 18, 161 (1881). 

2? Gombault, Arch. Neurol., 1, 11, 177 (1880). 

3 Lubińska, L., Nature, 173, 867 (1954). 

+ Geren, B. B., Exp. Cell Res., 7, 558 (1954). 

s: Vizoso, A. I)., and Young, J. Z., J. Anat., 82, 110 (1948). 


KINETICS OF HEAT INACTIVATION OF RIBONUCLEIC ACID OF 
TOBACCO MOSAIC VIRUS 


By Dr. WILLIAM GINOZA 


Atomic Energy Project and Department `of Radiology, School of Medicine, University of California at Los Angeles 


N marked contrast to the case of deoxyribonucleic 
acid, which is inactivated with a high-temperature 
coefficient’ reminiscent of that of heat denaturation 
of proteins, it is found that loss of biological activity 
of the infectious ribonucleic acid of tobacco mosaic 
virus occurs with a moderate heat and a negative 
entropy of activation at neutral pH. The results are 
interpreted to mean that inactivation is a consequence 
of a single hydrolytic break in the phosphodiester 


backbone of the polynucleotide chain. The present 
findings, considered in the light of the known 
properties of this ribonucleic acid, indicate support 
for a single-stranded molecule. 

Tobacco mosaic virus ribonucleic acid was obtained? 
by the method of Fraenkel-Conrat and Williams? from 
the common strain, U-1. Series of 0-1-ml. aliquots 
of a solution containing 1-2 mgm. of nucleic acid 
per ml. in 0-1 M phosphate buffer, pH 7-15, are 
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heated for various periods at temperatures between 
37° and 65° in a thermostatted water-bath. Heated 
samples and unheated controls are diluted to 10-30 
ugm. per ml. in 0:067 M phosphate buffer, pH 7-0, 
and assayed on Nicotiana glutinosa, employing 20 
half-leaves or more for any given sample. Under 
our conditions of assay, the lesion count response Is 
linear with concentration of ribonucleic acid up to 
30 ugm. per ml. 

Results of a typical single experiment in which 
aliquots from the same nucleic acid preparation were 
heated at two different temperatures are shown in 
Fig. 1. It is seen that the plots of the logarithm of 
the surviving fractions versus time of heating are 
linear. While the error involved is inherently great 
in assays of this type, the results of numerous experi- 
ments indicate no systematic deviation from first- 
order kinetics. Heat inactivation of viruses in general 
follows a course of first-order kinetics; numerous 
examples, including that of tobacco mosaic virus, are 
cited and discussed by Pollard’. The plot of the 
logarithm of the first-order rate constants versus the 
reciprocal of the absolute temperature is linear over 
the temperature-range 37°-65° (Fig. 2). The heats 
of activation (AHt) and entropy of activation (AS?) 
calculated from these data for the heat treatment 
leading to the loss in infectivity is about 19 kcal. per 
mol. and — 19-5 entropy units, respectively. Bacher 
and Kauzmann' obtained values which are very close 
to these from their experiments on the kinetics of 
hydrolysis of yeast ribonucleic acid. They followed 
the course of hydrolysis by titration. 

From the moderate value of AH}, it would appear 
that inactivation of tobacco mosaic virus ribonucleic 
acid does not involve disordering of secondary struc- 
ture maintained by a large number of weak bonds, 
such as H-bonds. The negative entropy of activation 
observed is interpreted here to reflect the formation 
of a cyclic phosphate triester intermediate in the 
activated state of the molecule. It indicates that the 
activated molecule has less degrees of freedom 
because of the added bond between the phosphorus 
atom and the 2-OH of the ribose. A cyclic inter- 
mediate of this kind has been postulated by Fonó’ 


Fraction surviving 
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Fig. 1, Survival curves of tobacco mosaic virus ribonucleic acid 
heated at pH 7-15 in 0-1 M phosphate buffer 
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Fig. 2. Temperature dependence of the rate of inactivation of 

tobacco mosaic virus ribonucleic acid by heat at pH 7:15 in 

0-1 A phosphate buffer. The rates at 37°, 42° and 47° were 
estimated from single point inactivation curves 


and Brown and Todd’ to explain the ease of hydro- 
lysis of ribosephosphate as compared with that of 
deoxyribosephosphate. Bacher and Kauzmann® 
interpreted in this manner the kinetic data they 
obtained for the hydrolysis of yeast ribonucleic 
acid. 

The first-order kinetics observed in the heat in- 
activation of tobacco mosaic virus ribonucleic acid 
most likely means that a hydrolytic cleavage of 
only one phosphodiester bond is sufficient to in- 
activate the molecule. In this connexion, Gierer 
finds that the decrease in the mean molecular weight 
of tobacco mosaic virus ribonucleic acid is a simple 
exponential function of time of treatment with ribo- 
nuclease, suggesting that this molecule is single 
stranded?’. Since hydrolysis of ribosephosphate 
bonds is involved in both cases, it follows that a 
single break in the polynucleotide chain by heat 
must also cause an exponential decrease in the mean 
molecular weight. 

On the other hand, Thomas! finds that an en- 
zymatic (deoxyribonuclease) breakdown of deoxy- 
ribonucleic acid is characterized by a lag, the 
molecular weight decrease being contingent on 
coincident rupture of two phosphodiester bonds, one 
on each of two chains and occurring within the 
distance of two nucleotides. Breaks occurring at 
greater distances from each other are not believed to 
result in scission of the deoxyribonucleic acid mole- 
cule because the intervening H-bonds are sufficiently 
strong to prevent separation of the two strands. 
Biological inactivation of bacteriophage labelled with 
phosphorus-32 has been studied by Stent and Fuerst’. 
In this case also the loss in biological activity is a 
consequence of breaks in phosphodiester bonds. A 
first-order kinetics is observed in this case as in that 
of tobacco mosaic virus ribonucleic acid, but their 
results are explicable only in terms of coincident 
scission of both strands of the deoxyribonucleic acid 
molecule. They conclude that where only a single 
break is incurred, the molecule is still capable of 
functioning. From these parallel observations, we 
are led to favour the view that tobacco mosaic virus 
ribonucleic acid is a single-stranded molecule. The 
comparative ease of hydrolysis of ribosephosphate 
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bonds by heat, together with its single-stranded 
structure, could well account for the widely observed 
tendency of tobacco mosaic virus ribonucleic acid 
and ribonucleic acid from other sources to depoly- 
merize rather readily?-15, 

The values of AHt and AS? derived from the 
present kinetic studies indicate that there is also a 
marked dissimilarity between tobacco mosaic virusribo- 
nucleic acid and the deoxyribonucleic acid transform- 
ing principle of Hemophilis influenzae with respect to 
response to heat't. With deoxyribonucleic acid, the 
rates of biological inactivation and loss of viscosity 
due to heat are not measurable until a critical tem- 
perature of about 80° C. is reached ; but the rates for 
both changes become great above this temperature. 
In confirmation of the work of Zamenhof et al., Doty 
has obtained values of 93 kcal. per mol. and 220 o.u. 
for the energy of activation and entropy of activation, 
respectively, for the heat denaturation of deoxyribo- 
nucleic acid as measured by change in viscosity’. 
This change is not accompanied by change in mole- 
cular weight. These high values are interpreted in 
terms of the breaking of about fifteen successive pairs 
of H-bonds in the Watson-Crick structure in the 
‘activated state which precedes the irreversible 
collapse of the molecule. The same high order of 
AH* and ASt can be estimated from the kinetics of 
the loss both in the transforming activity and in the 
viscosity of H. influenzae deoxyribonucleic acid from 
the data of Zamenhof et al. Both changes are found 
to commence at the same temperature!*. Thus, the 
kinetic studies suggest that heat inactivates deoxy- 
ribonucleic acid by a process akin to protein de- 
naturation, whereas it inactivates tobacco mosaic 
virus ribonucleic acid by a breakage of a covalent 
bond with a direct loss in molecular weight. 

The following properties of tobacco mosaic virus 
ribonucleic acid further point to its difference from 
the Watson-Crick: structure: (1) the purine-to- 
pyrimidine ratio deviatés.from unity ; Knight’s data 
show the.ratiq is 1-2; (2) the sign of birefringence 
is Positive in the case both of the free nucleic acid!’ 
and.of the intact virust, indicating that the bases 
are aligned parallel to the long axis of the molecule, 
while the sign is negative in the case of deoxyribo- 
nucleic acid!§ ; (3) tobacco mosaic virus ribonucleic 
acid reacts readily with formaldehyde!* and is 
adsorbed by active carbon”. Both of these reagents 
do not affect deoxyribonucleic acid because the bases 
with which they presumably interact are inside the 
coaxial helix. The bases of the ribonucleic acid 
molecule must be in some situation easily accessible 
to these reagents. Thus, the two important require- 
ments—base composition and conformetion—upon 
which the specific hydrogen-bonding of the two- 
stranded helix of deoxyribonucleic acid depends are 
shown not to be satisfied by tobacco mosaic virus 
ribonucleic acid. 

The present comparative studies of the kinetics of 
degradation by heat and enzymes and of other phys- 
ical and chemical properties indicate that tobacco 
mosaic virus ribonucleic acid is quite ‘unlike that of 
the Watson—Crick double helix. These studies are of 
particular interest because tobacco mosaic virus 
ribonucleic acid and deoxyribonucleic acid molecules 
both share a common biological function, namely, 
that of self-replication. This interest is reflected in 
the current investigations dealing with the question 
of whether synthetic polyribosenucleotides can form 
copolymers truly resembling the structure of deoxy- 
ribonucleic acid*1.?*, There appears to be no evidence, 
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Fig. 3. Schematic representation of a single-strand nucleic acid 
helix of 40-A. radius (ref. 29) in position within the tobacco 
mosaic virus rod. The spacings of the purine and pyrimidine 
bases, ribose rings and phosphorus atoms with respect to the 
helix are made approximately to scale. There are about 50 bases 
per turn of the helix, aligned parallel to the longitudinal axis of 

he virus particle. A central hole of 20-A. radius extends the 
length of the particle., A protein matrix of 60-A. radius or thick- 
ness (80-A. radius of the virus less 20-A. radius of the hole) is 
composed of a few thousand equivalent sub-units set in a helical 

array about the axis of the rod (ref. 28) 


E : Bases 


however, to suggest that any of the naturally occur- 


‘ring ribonucleic acids, including that of tobacco 


mosaic virus, is double stranded. 

Franklin et al. suggest that one possible model of 
tobacco mosaic virus ribonucleic acid involves a 
single strand coiled the length of the virus rod in 
structural conformity to the protein helix? A 
diagram of the nucleic acid can be drawn (Fig. 3) 
embodying this suggestion as well as the dimensions 
obtained from the X-ray studies by Franklin®4 and 
by Casper** on the intact virus and its substructures. 
That the strand is a single molecule with a weight of 
about 2 million is indicated by the work of Hopkins 
and Sinsheimer?*, Ginoza and Norman? and Gierer?’. 
The orientations of the ribose, phosphate and bases 
are arbitrarily patterned after Furberg’s deoxyribo- 
nucleic acid model II. The diagram depicts the 
ribose rings and the phosphorus atoms to be in one 
plane as a ribbon-like structure wound with a pitch 
of 23 A. (pitch of the protein helix‘) to forma cylinder 
of 40-A. radius? by 3000-A. length®*, The length of 
a helix calculated from these dimensions is about 
33,000 A. For a nucleic acid chain of molecular 
weight 2 million to conform with this length, the 
spacings between phosphorus atoms along the helix 
would have to be about 5 A.—a reasonable value*?. 
The radii of the central hole and of the virus are 
20 A. and 80 A., respectively?®. The planes of the 
bases are aligned, as required by the positive sign of 
birefringence’*17, parallel to the long axis of the 
helix. A structure coiled in the manner depicted can 
account for the sign, which is the opposite of that 
reported for other ribonucleic acids®? and deoxy- 
ribonucleic acid's. The ‘open’ arrangement of these 
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bases is consistent with their known reactivity with 
formaldehyde?!? and adsorbability on active carbon?*. 
The fact that this nucleic acid in cold solution will 
retain its positive birefringence’ as well as its bio- 
logical activity for some days following its isolation 
from the virus suggests that there is some kind of 
force stabilizing the helix. Under the present scheme, 
a single-chain polymer free in solution may be 
stabilized, as Gierer also suggests, by hydrogen bonds 
between turns of the helix. Such bonding would 
require or lead to some contraction of the coiled 
molecule, because the 23-A. spacings between turns 
would be too wide for the bridging. This type of 
interaction, however, is not expected to be compar- 
able in magnitude or specificity with that involved 
in the internucleotide hydrogen-bonding of the 
deoxyribonucleic acid molecule. In ‘the intact virus 
particle it appears unnecessary to invoke hydrogen- 
bonding to stabilize the helix because the protein 
matrix would be expected to perform this function. 

I gratefully acknowledge the helpful discussions 
and criticisms of Drs. Amos Norman, Benedict 
Casson, David R. Howton and Edward Carusi. I 
am also indebted to Carol J. Hoelle for technical 
assistance and to Dr. Samuel G. Wildman for the 
generous support of this work. 

This article is based on work performed under 
Contract AT(04-1)-GHN-12 between the Atomic 
Energy Commission and the University of California. 
1 Rice, 8. A., and Doty, P., J. Amer. Chem. Soc., 79, 3987 (1957). 


? Siegel, A., Ginoza, W., and Wildman, 8. G., Virology, 3, 564 (1957). 


` Fraenkel-Conrat, H., and Williams, R, C., Proc. U.S, Nat. Acad. 
Sci., 41, 690 (1955), 


NATURE 


961. 


- 


t Pollard, E. C.,‘'The Physics of Viruses’, 109 (Academic Preas, Inc., 
New ‘York, "1953 3). 


5 Pon E., and Kauzmann, W., J. Amer. Chem. Soc., 74, 3779 


1 Tonó, A., Arkiv Kemi, Mineral. Geol.. 


? Brown, D. M. and Todd, A. R., 
Press, Inc., New York, 1965). 


* Thomas, O. A., iun., J. Amer. Cham, Soc., 78, 1861 (1956). 

* Stent, G. S., and Fuerst, C. R., J. Gen. Physiol., 88, 441 (1955). 
1» Cohen, S. S., and Stanley, W. M., J. Biol. Chem., 144, 589 (1942). 
1 Nortiirop, T. G., and Sinsheimer, R. L., J. Chem. Phys., 22, 703 


24, å, No. 33, 14 (1947). 
"The Nucleic Acids”, 416 (Academic 


12 vo AT, H., Schramm, G., and Zillig, W., Z. Naturforsch., 11b, 
13 Grinnan, E. L., and Mosher, W. A., J. Biol. Chem., 


191, 719 (1951). 
= Zamenhof, S., Alexander, HE. E., and Leidy, G., J, Exp. Med., 98, 
873 (1953). 


15s Knight, C. A., J. Biol. Chem., 197, 241 (1052). 

1: Ginoza, W., and Norman, A., Nature, 179, 520 (1957). 

v Franklin, R. E., Biochim. Biophys. Acta, 18, 318 (1955). j 

u Wilkins, M. H. F., Gosling, R. G., and Seeds, W. E., Nature, 167, 
759 (1951). 

1 Staehelin, M., Fed. Proc., 16, 254 (1957). 

x Zamenhof, 8., and Chargaff, E., Nature, 168, 604 (1951). 


31 Rich, A., “The Chemical Basis ‘of Heredity”, 557 (Johns Hopkins 
Press, "Baltimore, 1957). 


*2 Rich, A., and Davies, D. R., J. Amer. Chem. Soc., 78, 3548 (1956). 


ay Franklin, R. B., Kug a ‘and Holmes, K. C., “The Nature of 
Viruses”, 48 (Clba Foundation Symposium ; Little Brown and 
Co., Boston, 1957) 


24 Franklin, R. E., N 175, 379 (1955). 
23 Caspar, D, L. D., Nature, 177, 928 (1958). 


2e Ho yang. cB and Sinsheimer, R. L., Biochim. Biophys. Acta, 17, 
17 Gierer, A., Nature, 179, 1297 (1957). 

23 Furberg, S., Acta Chem, Scand., 6, 634 (1952). 

e Franklin, R. E., Nature, 177, 930 (1956). 

30 PEN; R, C., and Steere, R. L,, J. Amer. Chem. Soc., 78, 2057 
31 Crick, F. H. C., and Watson, J. D., Proc. Roy. Soc., A, 228, 80 (1854). 
a Rich, A., and Watson, J. D., Nature, 178, 995 (1954). 


DEPENDENCE OF THE OBSERVED OXYGEN e NN THE 


POST-IRRADIATION TREATMENT g 
Ă MICRO-ORGANISMS 


By TIKVAH ALPER and Dr. N. E. GILLIES 
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Medical Research Council Experimental Radiopathology Research Unit, Hammersmith Hospital, London, W.[2 


WO commercially available complete media, 

‘Oxoid Blood Agar Base’ (10 gm. ‘Lab Lemeo’, 
10 gm. ‘Oxoid’ peptone, 5 gm. sodium chloride, 
15 gm. agar/l.) and ‘Difco Bacto Nutrient Agar’ 
(3 gm. ‘Bacto’ beef extract, 5 gm. ‘Bacto’ peptone, 
15 gm. ‘Bacto’ agar/l.), have been used in investiga- 
tions concerning the sensitivity of Mscherichia colt, B 
to ionizing and ultra-violet radiation. Survival after 
irradiation was estimated by plating samples, after 
each dose, on both ‘Difco’ and ‘Oxoid’ plates, and 
counting colonies after 15—24 hr. incubation. Survival 
curves plotted from the plate counts were always of 
different slope, being steeper for counts made on the 
‘Oxoid’. The ratios of the slopes varied from about 
two to more than six, depending on the type of 
radiation and the handling of the bacteria before 
irradiation (Figs. 1 and 2). After treatment by 
exposure to heat (51° C.) or to 0-6 per cent phenol, 
however, surviving fractions were the same on the 
two media. 

Since fewer organisms formed colonies on ‘Oxoid’ 
than on ‘Difco’ agar, after a given dose of radiation, 
two possibilities were envisaged: first, that the 
‘Difco’ medium, might contain a higher concentration 
of growth factors for which the radiation had induced 


& special requirement, or secondly, that the ‘Oxoid’ 
medium contained factors which inhibited colony 
formation by the irradiated bacteria. The second 
alternative was found to be the correct one. Dialys- 
able substances were found to be present in the 
‘Oxoid’ nutrients which, when added to ‘Difco’ agar, 
caused the viable counts to be reduced to those 
observed on ‘Oxoid’ plates. One of these substances 
has been identified as chloride ion; the other, not 
yet identified, is associated with peptone which is 
present in higher concentration in the reconstituted 
‘Oxoid’ medium. The evidence for these conclusions 
will be dealt with in detail elsewhere. 

The results indicate that a particular type of 
radiation damage becomes apparent only when the 
bacteria are plated on a medium containing these 
dialysable substances, so that on other media the 
bacteria ‘recover’ from part of the total radiation 
effect. Our results resemble those of Roberts and 
Aldous', who plated E. coli, B after irradiation on 
synthetic and on nutrient agar, and found much the 
same relationship between viable counts on these two 
media, after ultra-violet irradiation, as we have 
found with ‘Difco’ and ‘Oxoid’ agar. They concluded 
that the nutrient medium contained a factor respon- 
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sible for bringing to light a part of the damage which 
did not appear when a synthetic medium was used. 
Roberts and Aldous, however, found no effect of 
. medium on #. colt, B after X-irradiation. 

The presence of oxygen increases the lethal effects 
of ionizing radiations on bacteria®, but does not modify 
the effect of ultra-violet light (Alper, unpublished 
results). However, that part of the damage to £. 
coli, B which is medium-sensitive appears to be much 
less affected by the presence of oxygen than the part 
of the damage which is not medium-sensitive. Thus 
the medium effect on a washed suspension of station- 
ary-stage E. coli, B was greatest with ultra-violet 
light, less with X-rays in anoxic conditions, and least 
with X-rays under oxygen. On the other hand, the 
enhancement by oxygen of the sensitivities to ionizing 
radiations (X-rays and neutrons) was considerably 
greater when the bacteria were plated on ‘Difco’ than 
when they were plated on ‘Oxoid’. 

Radiosensitivity (S) may be defined as the inverse 
of the dose (D) necessary to reduce the population of 
colony-forming bacteria to a given fraction of the 
controls. If it is correct to regard the medium- 
sensitive and the oxygen-sensitive parts of the 
damage as separable, then in the general case 


S = mm + Ln 


where Am represents components which in the presence ~ 


of oxygen are increased by a factor m, while An 
represents components not modifiable by oxygen. It 
will be assumed that with E. coli, B plated on ‘Difco’ 
agar the observed radiosensitivity itself contains 
components which are not modifiable by oxygen, so 
that 

SDifeo = My + Ag 


The extra sensitivity apparent from the action of the 
dialysable substances from ‘Oxoid’ medium will be 
denoted by oz. 


10-1 
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Fig. 1. Survival of E. coli, Bin the stationary phase, after ‘exposure 
to ultra-violet Hght 
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Fig. 2. Survival of E. coli, B in the stationary poese, , after exposure 
to X-rays under oxygenation and anoxia 


There are then four cases : 


boca Spifeo = Aa + A2(O 1/Dy) 

irradiations Sozoid = + de + ogl 1/D2) 
With amen | Spino = m, + Re 1/Ds) 
present Sozoid = MA, + M + Aog(O 1/D,) 


It would follow that 
ey Se oa 
D D D'I 
The doses found necessary to reduce the survivors of 


a suspension of E. coli, B to 10 per cent of the controls, 
with both X-rays and neutrons, are given in Table 1. 


Table 1 
Neutron dose 
Symbol for (88 per cent 
Plating Irradiated | dose to give X-ray neutrons, 
medium | suspension | 10 per cent dose 12 per cent 
survival (k.rads) -rays) 
(k.rads) 





For X-rays, 
ae ery 
1 D, E 
1 l 
a t+aw = 0°34 
2 a 
For neutrons, 
l l 
WR +a = 0:49 
1 4 
l 1 
DW +y = 0-47 
2 3 
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For both types of radiation the agreement is within 
the limits of the errors involved in the determination 
of the doses required to give 10 per cent survival. 
The relative radiosensitivities of test materials 
irradiated in the presence and in the absence of 
oxygen are of great theoretical importance. It is 
worth emphasizing, therefore, that the observed 
magnitude of this ratio for #. coli, B is dependent on 
the plating medium chosen. With ‘Difco’, the ratio 
of radiosensitivities to X-rays was observed to be 
16-8/5:8 = 2-9 (given by (mA, + A,)/(Ay + Ag), in 
the symbols defined above), whereas with ‘Oxoid’ as 
the plating medium the ratio was observed to be 


6-0 f 
—— = 9. 
55 1, given by 


My + Ae + doz 
Ay t Ao + Avg 


It can be predicted that if a medium is used which 
will reduce A, to less than its value with ‘Difco’, a 
still greater ratio of ‘oxygenated’ to ‘anoxic’ radio- 
sensitivities will be observed. 

The following bacteria have also been tested for 
survival after irradiation on ‘Difco’ and ‘Oxoid’ 
plates: E.coli, BIR ; E. coli, K12; E. coli, 86 ; Shigella 
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flexneri, Y6R; and Salmonella typhimurium. Only 
the last-mentioned showed an effect similar to that 
shown by FẸ. coli, B, and this to a much smaller extent. 
However, post-irradiation modification of damage to 
various micro-organisms by different methods have 
been reported’, and there are indications that effects 
may be found with other species which are analogous 
to those which occur with E. coli, B. It seems likely, 
therefore, that the extent of the oxygen effect 
observed with strains other than Æ. colt, B might be 
modified by the post-irradiation treatment. Such 
phenomena may be in part responsible for different 
oxygen enhancement ratios observed with closely 
related strains of micro-organisms‘, or for different 
ratios observed with the same strains in different 
laboratories. 

We aro greatly indebted to Mr. D. Moore for 
carrying out the neutron irradiations and dosimetry. 
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INFRA-RED SPECTRA OF FREE RADICALS 
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LASH photolysis has been extensively used to 

produce momentarily a sufficiently high concen- 
tration of a number of free radicals to enable their 
absorption spectra to be observed in the photographic 
regions!-*. The availability’ of photoconductive 
detectors with time constants of the order of 10 usec. 
or less makes it possible to examine fast reactions in 
the infra-red, and several rapid-scanning infra-red 
spectrometers have been designed and constructed 
for this purpose®.*. We have constructed such an 
instrument with a lead telluride detector and have 
used it to search for the N-H stretching frequencies 
of the NH, molecule. 

The instrument is equipped with a calcium fluoride 
prism and uses a continuously rotating Littrow mirror. 
The mirror is aluminized on both sides and sweeps & 
spectrum across the exit slit twice in each rotation. 
An ‘optical vernier’ system supplies a set of fiduciary 
marks which enable the angular displacement of the 
mirror to be measured with a precision somewhat 
better than 4^. The spectrum and the markers are 
presented on the two traces of a DuMont Type 322A 
double-beam oscilloscope. The first marker in the 
_ get synchronizes the oscilloscope sweep and the 
high-intensity photolysis flash. 

The flash is produced in the usual manner? in a 
quartz tube 1 m. long and 1 in. in diameter inside a 
cylindrical reflector adjacent to a quartz absorption 
cell 1 m. long and 2 in. in diameter. The spectrum 
source is a tungsten filament or Nernst glower forming 
an image on the entrance slit. 

When hydrazine is photolysed at a pressure of 
about 1-2 em. and with a flash energy less than 
3,000 joules, the 3-1 doublet becomes rather ragged 


* Present address: Department of Ophthalmology, University of 
Oregon Medical School, Portland, Oregon. 


on the long wave-length side, but is otherwise 
unchanged. At flash energies of 3,000 joules and 
more, the explosive thermal decomposition of 
hydrazine is triggered’. The doublet disappears and 
is replaced by a broad region of absorption between 
slightly less than 3-00u and about 3:24y. The 
spectrum taken several seconds after the flash shows 
only the Q-branch of the NH, produced, with a 
shoulder on the long wave-length side due to undecom- 
posed hydrazine. 

Fig. 1 shows tracings of a typical sequence of 
records for a photolysis experiment. A is the com- 
parison spectrum of hydrazine recorded several 
seconds before the flash is triggered; B is the flash 
record itself. The oscilloscope sweep, initiated 
simultaneously with the flash, was started at the 
point marked X and was carried off the face of the 
oscilloscope by the scattered light and the accom- 
panying electric and electromagnetic noise pulse. 
Recovery was complete in 0-5-0-6 msec. C is the 
spectrum of ammonia and residual hydrazine, 
products of the reaction, taken several seconds after 
the flash. D is the set of fiduciary marks recorded 
with C. The markers recorded with the other traces 
have been omitted. W is a set of time markers 
recorded immediately after C by substituting in the 
spectrum channel the output from a “Tektronix’ Type 
180 time-mark generator. The oscilloscope sweep 
has been expanded about three-fold and becomes 
somewhat non-linear at the edges, but this does not 
interfere with either the measurement of wave- 
length or time interval. The markers shown are at 
0:1- and 1-0-msec intervals. 

A number of such sets of records have been obtained, 
and, in general, the successive traces in a set can be 
reasonably well superimposed except in the regions 
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Fig. 1. Tracings of a typical record sequence. (A) Initial spectrum 

of parent compound (hydrazine). (8) Flash spectrum showing 

free-radical absorption. The spectrum is swept from right to left. 

(C) ‘Product spectrum taken several seconds after the flash 

showing ammonia and residual hydrazine bands. (D) Fiduciary 

marks recorded simultaneously with C. (E) 1:0 and 0-1 msec. 
time marks recorded several seconds after C 


of differing absorption and at the extreme ends. 
Using the final NH, spectrum as a background 
except in the 3-u NH, band itself where the back- 
ground was interpolated from the band edges, several 
records have been reduced to per cent transmission 
plots which are shown in Fig. 2. (In each case the 
abscissa is that of the original record and has not 
been reduced to a common, linear wave-length scale ; 
however, the measured wave-lengths are given.) It 
ig noted that in every case a definite band appears 
at 3-125 + 0:0lu. The ‘fine structure’ observed on 
one trace is probably a noise artefact. The time 
marks make it possible to determine the interval 
between the initiation of the flash and the appearance 
of the 3-125-y band at the exit slit. These time 
intervals are given in Fig. 2. It is evident that the 
3-125- band becomes progressively weaker and the 
3:00-. NH, band becomes stronger as the time 
between the flash and the passage of the band across 
the exit slit increases. It appears then that the 
absorption at 3-125u. is due to a transient molecule 
with a half-life somewhat less than 1 msec., but which 
can still be observed several milliseconds after the 
initiation of the flash. This corresponds with the 
kinetic behaviour of the «-bands ascribed by Herzberg 
and Ramsay to the NH, molecule’.®. 

There are two N-H stretching frequencies for this 
molecule in the.3-p region, and. if the force constants 
are not too different from those of NH;, the sym- 
metric stretching frequency, v,, will be at about 
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3'lu and the unsymmetric frequency, vs, rather close 
to 3-0u (ref. 7). It is impossible from the present 
records to distinguish unambiguously this latter band 
from that of NH;. Nevertheless, it is evident that 
there is strong absorption between 3-0 and 3-lp. 
Part of this absorption remains on the spectrum taken 
several seconds after the flash, and is evidently due 
to hydrazine. This might be expected as arising 
from the recombination of NH, radicals. However, 
the absorption intensity in this region is strong 
relative to the NH, band at 3-0u immediately after 
the explosion, and the intensity decreases in much 
the same way as that of the 3-:125-u band. From an 
average of several estimates of the maximum absorp- 
tion in this region immediately after the flash, the 


- vs band of NH, has been assigned the wave-length 


3:049 (3,280 cm.-1). Using the assignments of. 
vı = 3,200 cm. (3-125n), vs = 3,280 cm.-} 
(3:049u), and 103° as the valence angle’, we have 
calculated the valence force constants!® as k, = 
5:74 x 105 dynes per cm. and kejl? = 0-31 x 105 
dynes per cm. These values fall into the general 
pattern of force constants observed for other XY, 
molecules and for NH;. The bending frequency va 
calculated from the simple valence force treatment 
has the value v = 1,060 cm.-} (9-4). 

In addition to the NH, spectrum, Ramsay® 
observed NH bands. The absorption in the 3-u region 
of the exploding gas is quite general, and absorption 
from NH. molecules can certainly be accommodated 
in the observed spectrum. However, the band of the 
NH molecule at the high temperatures would be 
expected to be rather wide and relatively weak at 
the centre, whereas the two NH, bands, and parti- 
cularly the v, band, are expected to be more compact. 

The possibility suggests itself that the absorption 
might be due to ‘hot’ molecules, either N,H, or NH, 
and it is true that absorption from such species would 
be expected in this region. The rotational tem- 
perature observed by Ramsay® for NH radicals in 
the explosive decomposition of hydrazine is 1,400° K. 
Hydrazine decomposes thermally at a temperature 
of 250°-300° C. (ref. 11), and explodes at a much 
lower temperature when sparked. It seems unlikely 
that at 1,400° K. the molecule would last as long as 
@ few microseconds, about 107 vibrational cycles, 
without decomposing. However, the principal argu- 
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Fig. 2. Four flash spectra plotted as per cent transmission 
showing measured wave-lengths and delay times 


< in the flash photolysis of 1 mm. of NH, “. . 
Ee approximately the same intensity. . 
in the explosive decomposition of hydrazine. A 
considerable effort has been made to observe the 
-  3-125-p band in the photolysis of ammonia and in 
the non-explosive (using sub-critical flash energy) 
photolysis of hydrazine. 

uniformly negative. 


flash ‘energy will be in this region. 
_ — photolyses on irradiation at somewhat longer wave- 


| ot NH or N Hy i is the kaate e one. 


Then maximum : 


absorption of the transient band is about 0-75 msec. SSP 


after the initiation of the flash, or about 0-6 msec. 
after the peak of the flash intensity. As the transient 
absorption decays, the 3-1 ammonia band grows at 
about the same rate. There is no period either before 
the appearance of the transient band or between it 
and the appearance of the NH, band which would 
accommodate an intermediate compound with a 
if-life anything like 1 msec. But Ramsay and 
zberg have convincingly demonstrated the 
‘esence of NH, radicals with a half-life of about 
msec. in this system. The ‘hot’ molecule hypothesis 
en. necessarily implies that : (1) the principal quan- 


ty of hydrazine is converted directly to ammonia — 


hout the formation of an intermediate compound 
with a half-life greater than a fraction of a milli- 
second other than the ‘hot’ molecule itself; and 
(2) that the NH, absorption coefficients are exception- 
ally small in the infra-red or exceptionally large in 
the violet. Neither of these implications is inherently 
plausible, nor is the first in accord with the postulated 


ee mechanisms of the reaction". 


‘Ramsay and Herzberg? observed the NH, spectrum 
. with 
8 as observed 


The results have been 
Re In the case of NH,, this is not 
¿< $00. surprising, since the decomposition of NH, 


ce requires light with a wave-length shorter than about 


2100A. + and a relatively small proportion of the 
Hydrazine 


: lengths. Fig. 2 shows that the maximum optical 


density in the transient absorption is about 0-08. A 
=- veduction in partial pressure by a factor of ten would 
| — take the signal into the noise-level. 

&-bands are observed with photographic plates, 


When the 


however, the more or less linear relationship between 


the photographic density and the logarithm of the © 

incident intensity would make the method much less ` 
msitive to changes in optical density at very weak - 
ss0rption-levels. In fact, if the plates: were developed 
-that the zero absorption background still Jay on. , 
e ‘toe’ of the characteristic curve, the increasing ing those of conventional instruments usin 

gamma for larger transmitted intensity (weaker — 

sorption) would tend to suppress to the eye the | 

fects of decreased radical concentration: Infra-red - 


bsorption coefficients are considerably smaller than 
ose for electronie-vibration bands, so it appears to 


» evident that the flash alone simply dees not _ 
piy enough effective photons to creato an observ- 
le . coneentration of these radicals in the infra- 


plosions initiated homogeneously throughout the 
‘ption cell by free radicals resulting from the 


ISOC. followed by a iaar decay. Fig. 3 shows 
ilar situatic he Į u absorptio 


detectors. 


0-2 04 06 08 +0 


Fig. 3. Relative absorption intensity versus time afte 
Solid carye is logarithmic with a. 
7 msec, . 


of photolysis flash. 


the time in milliseconds after the initie mn 
flash. The areas of the rectangles indie 
probable error limits of the measuremen 
crossed square is the result of an experiment in. 
the 3-125-u band was obscured by the flash, b 
or at most very little, absorption could be obi 
at 3-002 0-6 msec. after the flash. Elect roni 
recovery was essentially complete at this wave 
length at about 0:5 msec. Since little or no abso 
tion was observed which could be: ascribed 
ammonia, the reaction product, or to the 3-05-u (o 
vicinity) NH, band, it has been assumed that th 
absorption at 3-125u is zero or almost zero. — ` Anothe 
experiment, in which the 3-125-u band was obscured 
by the flash but the 3-u region was not, showed a 
small but definite absorption at 3- ‘00u. at about 
0-7 msec. The solid line curve is a logarithmic decay 
curve obtained by fitting by eye a straight line to the | 
points on a semilog plot. The half-life is 0: 7 msec. - 
A record in which the 3-125-y band was scanned at 
4 msec. showed no detectable absorption. The NH, 
bands at 3p. were somewhat broadened, but.otherwise - 
the same as those scanned several seconds after the 
flash. : 
While not completely unambiguous, until hig 
resolution can be applied to these bands, tho be 
interpretation appears to be that they are principa 
due to NH, radicals with possible contributions fre 
NH, N.H,, and ‘hot’ N,H, and NH. 

It has been shown that with the use of fast ph 


conductive detectors, infra-red spectroscopy ca 
applied to the study of free radicals and othe 


lived molecules with conditions of resolution ap 


Furthermore, by — direct: P 
techniques, kinetic studies can be mad > 


relatively accurately. 


Work on the spectra of other free. vadio 
more complete description of the appears 
published elsewhere. 

This investigation has been conduc 


‘sponsorship of the United States Air I 
_. Scientific Research. 

réish et al?‘ have photographed the ultra-violet - 

ra of a number of diatomic free radicals produced > 
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LETTERS TO THE EDITORS 
The Editors do not hold themselves r 


for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Early Stages of Infection with the Tipula 
Iridescent Virus 


In previous studies on this interesting virus, empty 
membranes of the same size and shape as the virus 
particle were frequently seen. The possibility was 
envisaged! that these empty membranes might be 
incomplete virus particles analogous with the nucleic- 
acid-free ‘top component’ of the turnip yellow mosaic 
virus’, 

Further work, however, with ultra-thin sections of 
fat-body from infected larve of Tipula paludosa 
suggests an alternative explanation. Examination of 
material in the early stages of infection reveals the 
presence of these empty membranes in very large 
numbers; they are often more numerous than the 
normal virus particles (Fig. 1). Furthermore, they do 
not seem to occur in the advanced stages of the 
disease in which the virus particles are lining up to 
form microcrystals in the fat-body; in such a case 
all the virus particles are fully formed. 

In addition to the completely empty membranes, 
others occur with a small dark central spot, varying 
in size in different membranes. It is, in fact, easy to 
pick out all the stages in which the size of the central 
spot varies, from the first beginnings to the completely 
filed membrane of the mature virus particle (Fig. 2). 

It seems, therefore, a reasonable assumption that 
these empty and partly empty membranes may be [Fig. 2. Similar nha cs shoning P iid with a 
stages in the development of the Tipula iridescent exe 
virus. This is further supported by the fact that they 
do not apparently occur in the late stages of the 
disease. Because these empty forms are the same 
size as the fully formed virus particle, the possibility 
is ruled out that the appearance is due to an oblique 














Fig. 1. Ultra-thin section of Tipula fat-body showing numerous Fig. 3. Similar to Fig. 1, but showing the resemblance between 
empty membranes; virus particles appear dark. (x 40,000) the virus membranes and the endoplasmic reticulum. (x 40,000) 
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section passing through part of the particle only. 
On this assumption, the process seems to be that the 
membrane forms in the cytoplasm first, and then the 
deoxyribonucleic acid and protein begin to appear 
as a small darkly staining spot in the centre gradually 
increasing in size until the membrane is filled. 

Another rather striking fact, which may of course 
be coincidental, must be pointed out. This is the 
truly remarkable resemblance between the empty 
virus membrane and the endoplasmic reticulum’. 
The diameter and appearance of the hmiting mem- 
branes appear identical and here again all grades 
exist between the long forms and the oval-shaped 
membranes of the endoplasmic reticulum; these 
latter cannot be differentiated on the electron 
microscope from the empty virus membranes (Fig. 3). 

I am indebted to Mr. G. J. Hills for taking the 
electron micrographs. 

KENNETH M. Smiru 


Agricultural Research Council, 
Virus Research Unit, 
Cambridge. 


1 Smith, Kenneth M., J. Biophys. Biochem. Cytol., 2, 301 (1956). 


® Markham, R., and Smith, Kenneth M., Parasitology, 39, 330 (1949). 


2 Palade, George E., J. Biophys. Biochém. Cytol., 2, No. 4, Supp. 85 


(1956). 


Influence of Cocarboxylase on Tolerance 
to Morphine in the Rat 


THE basic physiological mechanism affected by 
morphine may be that of the enzymatic processes 
involved in glucose metabolism : it is known, indeed, 
that morphine inhibits glucose and pyruvic acid 
utilization by minced brain'!, and the decarb- 
oxylation by rabbit’s liver and brain homogenates 
of pyruvic acid?. Further, morphine is known to 
reduce the level of carbon-14 in brains of rats fed 
with labelled glucose*. Cocarboxylase activity is 
unaffected in chronically morphinized rats, but 
responses to pyruvate and cocarboxylase of in vitro 
muscle from animals deficient in thiamine and from 
chronically morphinized ones are similar, suggesting 
a metabolic defect in common to both conditions! ; 
thiamine has no effect on morphine withdrawal 
symptoms in man‘, though it decreases their intensity 
in rats’. Lastly, glycids and their metabolites change 
. the analgesic effect of morphine. 

We therefore investigated the influence of thiamine 
and of cocarboxylase on the analgesic effect of mor- 
phine and on the appearance of tolerance to this 
effect. 

Ninety rats were used in three sets of experiments. 
The animals, after a control analgesimetric test for a 
standard dose of morphine, were treated daily with 
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Fig. 1. Analgesic efficacy of a standard dose of morphine in 
successive tests in control animals and in animals pretreated with 
thiamine or cocarboxylase during chronic treatment with morphine. 
Open columns, controls; diagonally shaded columns, pretreated 
with thiamine; black columns, pretreated with cocarboxylase 
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thiamine or cocarboxylase followed 30 min. later by 
morphine. Controls received daily morphine only. 
In the course of treatment analgesimetric tests were 
carried out about every ten days. The analgesic 
effect of morphine was determined by the D’Amour 
and Smith technique and the analgesic efficacy was 
estimated in minutes and seconds of analgesia’. Table 
1 shows the scheme of treatment in each set of experi- 
ments, and Fig. 1 shows the results. 

In our experimental conditions, daily treatment 
with thiamine or cocarboxylase at first prevented 
and afterwards delayed—in comparison with the 
controls—the progressive appearance of tolerance to 
the analgesic effect of morphine. In these conditions 
we were not able to detect.any analgesic effect due 
to thiamine or cocarboxylase, or any potentiating 
effect, in a merely pharmacological sense, of the 
analgesic effect of morphine. The main observations 
were as follow : 

(a) With the progressive appearance of tolerance 
to the analgesic effect of morphine, the behaviour 
of the control animals changes; they become hyper- . 
excitable, hyper-reactive and aggressive. This does 
not happen with the animals: pre-treated daily with 
thiamine or cocarboxylase until the analgesic response 
remains unchanged or moderately decreased. Toler- 
ance and change in behaviour may, therefore, be 
connected. 

(b) The abrupt interruption of the daily morphine 
treatment in the controls—once tolerance to the 
analgesic effect has appeared—induces on the follow- 
ing day a moderate state of depression. This does not 
happen with animals pre-treated with thiamine or 
cocarboxylase. 

(c) Instituting treatment with cocarboxylase in 
controls which have become tolerant to the analgesic 
effect seemed to accelerate the rate of recovery of 
the analgesic response to morphine. 


Table 1. SCHAME OF TREATMENT 





















l Morphine 
5 Ta morphine Tre TI 
6x mgm./kgm. mgm./kgm, meé 
subcutaneous) intraperitoneally) mgm./kgm./day (days) 
Controls sanag Sodium chloride 9°/,. 10th until the 25th day 
1 Protreated (random) 10 Thiamine Subcutaneously |15th until the 34th day; 42 
Pretreated Thiamine -+ 25th until the 42nd day 
cocarboxylase 
Controls | gand 9 Sodium choride 9°/,. 
2 Pretreated 120-160 | (random) Thiamine Subcutaneously 
Pretreated 5 Cocarboxylase 
Controls 90-100 | g and 3 Sodium chloride 9°/,, 
Pretreated 1:1 7-5 Cocarboxylase Intraperitoneally 15 30 
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Our experiments confirm, as shown in Fig. 1, a 
difference between the sexes in susceptibility to the 
analgesic effect of morphine, female rats being less 
sensitive at the same body-weight—and consequently 
for the same total dose—than males. 

Di Mattei’s hypothesis® on the relations between 
the functions of certain vitamins and the pharma- 
cological effects of some drugs suggests that morphine 
may affect in some way biological processes in which 
thiamine is involved. 

LUCIANO ANGELUCCI 

Istituto di Farmacologia, 

Université di Roma. 
1 Quastel, J. H.,and Weatley, M. H., Proc. Roy. Soc., B, 112, 60 (1932): 
* Santarato, R., Boll. Soc. Ital. Biol. Sper., 29, 626, 628, 680 (1953). 


* Achor, L. B., and Geiling, E. M. K., Arch. Int. Pharmacodyn., 105, 
313 (1956). 

t Shideman, F. E., and Seevers, M. H,, J. Pharmacol., '71, 383 (1941). 

* Himmelsbach, C. K., J. Pharmacol., 70,293 (1940). Himmelsbach, 
C. K., and Andrews, H. L., ibid., 77, 17 (1943). 

° Fitzhugh, J. Pharmacol., 67, 423 (1939). 

* Winter, C. A., and Flataker, L., J. Pharmacol., 98, 305 (1950). 


*Di Mattei, P., “Attualità in tema di vitaminologia” (Cesalpino, 
1942); ‘Questioni di attualità mediche e chirurgiche” (Pozzi, 
1949); La Riforma Medica, 65, 430 (1951); Atti Convegno sulle 
Vitamine, C.N.R. (1953). ' 


Effect of Hypothermia on Death by 
Starvation 


Ir is known that during the winter months some 
animals adjust themselves to unfavourable living 
conditions, particularly food shortage, by hibernation. 
This leads to a considerable lowering of the total 
metabolism and a drop in body temperature which 
enable the animals to survive the winter with a 
minimum consumption of nutrient. 

Recently some very interesting substances have 
been prepared, for example, chlorpromazine, which 
produce an effect in some respects resembling hiber- 
nation. 
Chlorpromazine has been used with good results in 
psychiatry, surgery, pediatrics and clinical states 
with a general hyper-reactivity of the patients. 

We attempted to solve the problem, whether the 
effect of this substance can in some manner protect 
the animal from death from starvation, as this is, no 
doubt, the main purpose of hibernation in Nature. 

The experiments were carried out on rats. We 
used 10 rats which had been fed on a standard diet 
(Larsen)... They were then deprived of food while 
they had free access to water. Half the animals 
received chlorpromazine (Largactil Specia), 5 mgm./ 
kgm. body-weight daily. The second group was used 
as control. Chlorpromazine, which lowered the body 
temperature of the experimental group by 8° C., 
caused a general apathy with a lowering of voluntary 
movements, but did not exert any influence on the 
time of survival (control group 6-0 + 1-4, experi- 
mental group 6:5 + 1-73 days; P = 0-7) or on the 
loss of weight. The weight curves were the same 
in both groups. Nor was the excretion of nitrogenous 
substances much affected (control group 120 + 27, 
experimental group 100 + 12 mgm. nitrogen/24 hr.| 
100 gm. weight; P = 0-2) and ketone bodies 
(expressed as acetone) in the urine (control group 
0-18 + 0-05, experimental group 0-19 + 0-07 mgm. 
ketone bodies/24 hr./100 gm. weight; P = 0-8). 

Apparently the drop of body-temperature under 
the influence of chlorpromazine was too small to 
protect the animals from death by starvation. We 
did not want to use larger doses of chlorpromazine 
for fear of pharmacological side-effects. Therefore in 
subsequent experiments we chose young rats (10 days 
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old) because, as is well known from the literature!-4, 
their body-temperature can easily be lowered to the 
environmental temperature. We used suckling rats 
from the same litter of which half (5 animals) were 
kept at an optimal temperature of 30° C., the second 
group at 20° C. Both groups of animals were taken 
from their mothers at the same time. The body-tem- 
perature of the animals kept at 20° C. dropped 
considerably within 15 min. and the rate of respiration 
decreased by as much as 40 per cent., In spite of 
this the group which survived in the colder environ- 
ment was not protected against death by starvation. 
The time of survival at a temperature of 30° C. was 
98 + 13°6 hr., at 20° C. 85 + 9-9 hr. (P = 0-2). 
The total weight-loss as compared with the control 
group was, however, less than half (12-5 per cent loss 
of body-weight in animals kept at 20° C.; 34-3 per 
cent in animals kept at 30° C.; P<0-01). It is 
interesting that the relative composition of the 
carcase was, in both groups, practically the same. 
The animals kept at 30° C. had at the end of the 
starvation period a carcase composition of 80 per 
cent water, 20 per cent dry matter, 2-4 per cent 
nitrogen; the animals kept at 20° C. 82 per cent 
water, 18 per cent dry matter, 2-1 per cent nitrogen. 
During starvation, however, the control group kept at 
30° C. lost 2-1 gm. more water (that is, 175 per cent 
more). 

The animals kept at a temperature of 20° C. were 
pale, apathetic, with voluntary movements reduced, 
and a slow rate of respiration. The opposite was 
true of animals starving at 30° C.; they also had very 
strong sucking reflexes. It is interesting that as 
compared with the first group we noted a marked 
growth of fur in these animals during the starvation 
period. 

The most probable explanation of ‘our findings is 
that the hypothermia caused by chlorpromazine 
bears no relation to the reduction of the total energy 
metabolism. This is in agreement with the work of 
Ankermann and Jung®, who showed that oxygen 
consumption in such animals is not reduced but 
actually has a tendency to rise. Chlorpromazine 


. could cause a lowering of oxygen consumption and a 


reduction in metabolic rate if at the same time the 
body was cooled physically, thus lowering the tem- 
perature twice as much as in our experiments. 

However, even experiments on young rats, where 
the reduction of body-temperature was as much as 
10° C., did not protect the animals from death by 
starvation. This fact (independently confirmed at 
another laboratory: Faltova, E., and Konečná, V., 
personal communication) is very interesting from 
the point of view of the mechanism of death by 
starvation, since hypothermia protects animals, 
particularly young animals, from short-term stresses, 
such as anoxia, pain and poisons. 

From our experiments, and those of other workers 
using ‘artificial hibernation’, it appears that the term 
‘hibernation’ is not suitable. 

T. BRAUN 
B. MOSINGER 
Physiological Department, 
Institute of Human Nutrition, 
Budějovická 800, Prague 14. 
1 Adolph, E, F., Amer. J. Physiol., 155, 366 (1948). 
1 Kabat, H., Amer. J. Physiol., 150, 588 (1940). 
? Deane Markovič, cited by Capek, D., “Fysiologie letce” (Praha, 
“Symposium on “Problems of Physiology of the Pre-Weaning Period 


in Man and Mammals’, sponsored by the Czechoslovak Academy 
of Sciences, Liblice, November 1956. 


5 Ankermann, H., and Jung, F., Deutsch. Gesund., 11, 667 (1958). 


Supplement 


No. 4614 


THE INDIVIDUAL: UNIQUE BUT 
IMPERFECT 


The Uniqueness of the Individual 
By Professor P. B. Medawar. Pp. 191. 
Methuen and Co., Ltd., 1957.) 188. net. 


RTICLES and lectures published by Prof. 
Medawar over the past twelve years are here 
collected together and presided over by an essay on 
the wider implications of skin grafting specially 
written for the volume. That Prof. Medawar should 
exhibit an easy command over his material is to be 
expected; his equal command over the English 
language will give great pleasure to his readers, whose 
close attention he constantly rewards by a turn of 
phrase or a felicity of expression which enlightens as 
it entertains. 

The eight essays range widely, but Prof. Medawar 
threads them together upon the topical theme 
of evolution. To this end he devotes his introduction 
to a defence of natural selection, which prepares the 
way for the first two essays. These start by formulat- 
ing the evasive phenomena collectively recognized 
as ‘growing old’; and then develop Medawar’s idea 
that ageing is a consequence of the declining impact 
of natural selection upon those members of a popula- 
tion who have lived longest and who, owing to the 
mere hazards of time, contribute least to succeeding 
generations. That adaptation may proceed faster 
during the earlier phases of an animal’s life-history 
than later on has important consequences for the 
comparative zoologist as well as for the actuary. 

It is perhaps particularly in “A Commentary on 
Lamarckism”’ that Prof. Medawar’s interest and skill 
in the careful definition of terms and the orderly un- 
folding of an argument are made apparent. Lamarck- 
ism takes a ‘weak’ and a ‘strong’ form: the weak 
form asserts thet some types of inheritance could be 
interpreted in a Lamarckian fashion ; the strong form 
asserts that these are correctly so interpreted—an 
assertion which Medawar finds unproved among the 
Metazoa and meaningless among the microbes. 

Helmholtz’s somewhat insensitive strictures upon 
the human eye were provoked by the perfectionist 
school of evolution, which may not be vocal to-day. 
But adaptation is still too often regarded as @ condi- 
tion rather than as a process, an arrival rather than 
an optimistic journey, and it is against this error that 
the essay on “The Imperfections of Man” is directed. 
As @ newly evolved organism, man may perhaps be 
unusually imperfect, but this is hard to assess since 
he has kicked over the scales, shaping rather than 
being shaped by the environment, doctoring his 
ailments and supplementing genetic inheritance by 
tradition. This is the subject of a short essay on 
‘Tradition: The Evidence of Biology”, in which 
the reader is spared the too obvious and humiliating 
undertones of a theme which earlier generations 
of Darwinists would have developed with robust 
confidence. 
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“The Uniqueness of the Individual’’—the title of 
the last and longest of these essays—lies at the heart 
of evolution theory. It is not, however, with the 
evolutionary aspects of uniqueness that Prof. Meda- 
war is here primarily concerned, but with a new 
manifestation of uniqueness and the light which 
this throws on the organization of the individual. 
The preliminary facts are provided by modern 
surgery : skin can be transplanted from one part of 
an individual to another, but not from one individual 
to another. But there are significant exceptions to 
this rule: transference is possible between identical 
twins, members of very pure strains, embryos, or 
individuals whose blood-streams have been naturally 
or artificially confluent during embryonic life. Prof. 
Medawar.gives an account of the reasoning and the 
series of critical experiments by which he and his 
colleagues, among others, have explored these 
phenomena. 

There are two questions. First, what is the unique 
substance or group of substances apparently produced 
by all the tissues of an individual ? Secondly when a 
tissue is transplanted into another member of the 
same species, what is the mechanism activated by this 
substance causing the host to treat the graft as a 
foreign body and destroy it ? To these two questions 
it is to be expected that Prof. Medawar, as a zoologist, 
should add and discuss the answer to a third: What 
are the normal functions of these processes which 
have been almost accidentally brought to light 
through surgical practice and experiment? He 
suggests, only to reject, the idea that the tissue 
exudate is & sort of queen-substance which regulates 
the growth of the body. But is not the alternative 
suggestion—that, having passed from the nucleus to 
perform its function in the cytoplasm, it emerges 
from the cell as a mere excretion—too great an anti- 
climax ? Excretion is a favourite disguise for 
Many of these 
investigations have been reported in specialized 
medical journals, but they are of great consequence 
for biology in its widest sense, and biologists of many 
sorts will be most indebted to Prof. Medawar for 
publishing this mentek survey of a challenging field 
of research. D. A. PARRY 


THE FACE-CULT 


The Eye Goddess 
By Dr. O. G. S. Crawford. Pp. 1684+48 plates. 
(London: Phoenix House, Ltd., 1957.) 50s. net. 


HOSE acquainted with the services which 

Dr. O. G. S. Crawford rendered to prehistoric 
archeology will read this interesting, speculative 
book with mingled feelings of gratitude and regret, 
since its publication was followed immediately by 
the author’s lamented death (Nature, J anuary 18, 
p. 156). If his chief contribution to the science has 
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been in the domain of air photography and as the 
founder and editor of Antiquity, in this volume 
(written, incidentally, in the first instance for readers 
of Antiquity) he has shown remarkable powers of 
detection in the elucidation of obscure symbols on 
rock-carvings, cult-objects, megalithic monuments 
and other tombs and temples. These enigmatic 
figures have long been a matter of discussion and 
speculation, and in recent years it has become 
increasingly clear that they were very intimately 
connected with the culé of the goddess in its various 
forms and phases. 

The axes and daggers which Mr. R. J. C. Atkinson 
found carved on the sarsens of Stonehenge in 1953 
started Dr. Crawford on his quest and eventually led 
him to a temple at Brak im the Khabur valley in 
eastern Syria, belonging to the Jemdet Nasr period 
about 3000 B.c. In this sanctuary, dedicated to the 
Mesopotamian goddess Inanna-Ishtar, Prof. Mallowan 
discovered in 1937-38 a quantity of female figurines 
with very: prominent eyes, sometimes associated with 
similar male figures, representing in all probability 
cult-images of the mother-goddess and her consort 
son. Statuettes of this nature, so prevalent from the 
eastern Mediterranean and the Fertile Crescent to 
the Indus valley, suggest the wide-spread distribution 
of a fertility ritual in the ancient Near Hast con- 
nected with the renewal of vegetation at the annual 
festival in the spring. 

On this hypothesis, for which there is reasonably 
strong presumptive evidence, Dr. Crawford proceeds 
to trace the diffusion of the ‘“Face-cult” westwards 
in successive waves overland through, or (as he 
thinks more likely) by sea around, Anatolia to the 
Troad, the Aegean, Crete and Greece, and thence to 
the Danube basin; along the Mediterranean to 
southern Italy, Sicily, Malta and Spain, with possible 
extensions to north Africa and the Canary Islands. 
Northwards, following the Atlantic littoral, it made 
its way along the coastal megalithic route to Brittany, 
Ireland, Britain and north-west Europe. Thus, at 
Los Millares in Almeria, where contacts with the 
Aegean, Crete, Anatolia and the eastern Mediter- 
ranean have been recognized for some time, ‘owl- 
eyes’ were painted on cist plaques, bovine phalanges, 
and stone and ivory cylinders found in megalithic 
tombs. In the northward extension of the cult 
the links become increasingly less apparent and 
problematical; nevertheless, Dr. Crawford has been 
able to make a fairly convincing case for an unbroken 
chain connecting its probable appearance in Brittany 
and Ireland in'the second millennium B.C. with that 
in Anatolia, and ultimately, in the previous millen- 
nium, at Brak in Syria. Its arrival in northern 
Britain, very likely from Ireland with the passage 
graves, raises a number of problems regarding 
dating and technique that await final solution. This 
also applies to the Danish ‘owl-faced pots’ and their 
possible connexions with similar sherds from’ Los 
Millares, and the other indications of Danish- 
Tberian. relations. 4 

If there are some weak and missing links in the 
evidence at present available, this provocative 
volume, with its excellent photographs, drawings 
and maps, focuses attention on a complex of widely 
dispersed cult-symbols which hitherto have not 
received the serious consideration their importance 
and significance merit. It is indeed regrettable that 
the author could not complete the inquiry he had be- 
gun with such ingenuity and ‘promising results. 

x E. O. JAMES 
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DARWIN AND THE HISTORY 
OF SCIENCE 


The Darwin Reader 

Edited by Prof. Marston Bates and Dr. Philip 5. 
Humphrey. Pp. ix+481. (London: Macmillan and 
Co., Ltd, 1957.) 30s. net: 


W? are here given a reprint of Darwin’s “Auto- 
biography” and extracts from several of his 
books. Some of the extracts are long—more than a 
third of “The Origin of Species’? is included, and 
about one-sixth of “The Descent of Man’’. There are 
also shorter extracts from “The Expression of the 
Emotions”, “Climbing Plants”, “Insectivorous 
Plants” and “The Formation of Vegetable Mould by 
Earthworms”. It is a pity that these last extracts 
could not have been longer, for Darwin’s minor 
works are some of the most fascinating books in 
zoological literature, giving as they do a very clear 
insight into his methods of work as an investi- 
gator. 

In their introduction the editors state that their 
object was to provide a book for a course aimed at 
giving students who will not be scientists, and who 
will presumably not have much general knowledge 
of biology, some appreciation of scientific thought. 
When. they read Irvine’s biographies of Darwin and 
Huxley in “Apes, Angels and Victorians”, it seemed. 
to them that there was a book that could be used 
“to build up an illuminating case-history in the 
development of science’, but that if students were 
to read about Darwin they should also read some of 
his works. They could scarcely be asked to give the 
time needed for reading the whole books. 

The compilation has been well done, and the book 
gives a sound view of Darwin’s broad outlook as a 
naturalist and the fairness of his argumentation. But 
it is less clear that the book is suited to the object 
for which it was designed. In reading Darwin’s 
work, anyone acquainted with modern biology con- 
tinually meets passages which would certainly be 
written differently to-day. At several points Darwin’s 
views have definitely been discarded, as, for example, 
his belief that the species is nothing more than a 
stage in the procesa of differentiation, his attri- 
bution of sexual selection to esthetic appreciation by 
the opposite sex, and, for most modern biologists, 
his frequent recourse to Lamarckian inheritance as a 
real, if not a primary, cause of evolution. It is to be 
expected that not all his beliefs should be accepted 
after a lapse of a century, and it is the best test of 
the soundness of his work that it has stood the test 
of time with so little modification. But if a student 
who has not a good background of modern biology 
reads Darwin, and him alone, he will certainly 
get an out-of-date view of evolution and its 
theory. 

The book might well be, useful in a course on the 
history of science at a later stage of biological 
education, though in such a course the books thom- 
selves should perhaps be read; no one better than 
Darwin can easily be found as an exemplar of 
scientific argument. For the purpose for which the 
book was designed it would seem that some more 
recent work would be more appropriate. Ib is true 
that a few recent books on evolution are cited in an 
appendix as suggestions for further reading, but it 
seems that the student should’ know the modern 
theory before he takes up the reading of Darwin. 
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Whatever doubts one may have concerning the use 
to which the book is to be put, any work that may 
encourage biologists to take an interest in evolution 
and the history of its theory is welcome, and this 
book should certainly do that. It is especially 
valuable that the ‘“Autobiography’’ should be 
reprinted ; this has not been done, to my knowledge, 
since Darwin’s “Life and Letters’ were published by 
his son in 1887. G. S. CARTER 


THE MECHANISM OF INSECT 


FLIGHT 
Insect Flight 


By Dr. J. W. S. Pringle. (Cambridge Monographs in 
Experimental Biology, No. 9.) Pp. viii+133. 
(Cambridge: At the University Press, 1957.) 15s. 
net. 


HE problem of how insects fly has interested 
biologists for a very long time. This interest 
has been intensively revived, partly as the result of 
the development of new techniques, since the War. 
Half the references on which “Insect Flight” is based 
are from the past ten years, showing new productivity 
which would be sufficient reason in itself for a mono- 
graph. But the immediate reasons for its appearance 
are twofold. One is the realization (by Boettiger and 
Pringle, independently) that in insect flight muscle, 
particularly that of the higher orders of insects, there 
are peculiar physiological mechanisms of considerable 
interest. The interpretation of these may throw 
new light on problems of the functioning of muscle 
tissue in general. The other is the recent publication 
of several papers which describe a very thorough 
investigation of the flight of locusts made by 
T. Weis-Fogh, a brilliant pupil of the late August 
Krogh. This work made the minimum of assump- 
tions, utilized exact methods and rigorous analysis 
and thereby greatly illuminated the whole problem. 
These matters are dealt with in the monograph. At 
every stage in the presentation new lines of develop- 
ment are made apparent. In particular, the elucida- 
tion of the special physiological problems of the 
flight muscles offers a rewarding challenge, and the 
aerodynamic problems which have been overcome by 
extremely small flying insects require clarification. 
The monograph illustrates well the newer approach 
to problems of experimental biology, in which the 
artificial barriers between collateral disciplines are 
broken down in the interest of solving a single 
functional problem. The anatomy, fine-structure, 
cytology, biochemistry, sensory and motor physiology 
and flight dynamics of the relevant parts are all given 
careful treatment. Critics of this approach will have 
to look hard for traces of superficiality. It is note- 
worthy in this connexion that most of the recent 
advances reported have come from zoologists who, 
like Weis-Fogh, have mastered other disciplines with 
no other end in view than bringing their techniques 
and principles to bear on the insect problem. Insect 
flight has in the past attracted a lot of attention of 
the arm-chair variety, with the result that it suffers 
from a number of unwarranted simplifications. Now 
it has advanced far beyond the string-and-sealing- 
wax stage and is being placed on a firm foundation 
of observation and theory. 
The text is extremely well illustrated with 52 text- 
figures including several original drawings. All pay 
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tribute to Dr. Pringle’s superb draughtsmanship and 
unique sense of emphasis. ‘The book suffers from 
only one fault—that of being difficult to read; but 
this only reflects the complexity of the mechanisms 
of insect flight and the inevitable consequences of the 
distillation of information. 

It is a pity that the important work of Rodendorf 
(1951) on dipteran flight was not covered. Also the 
observations of Larssen on the thoracic muscles of 
gyrinid beetles, some of which fly although com- 
pletely lacking dorsal longitudinal muscles. Pringle 
notes that the dorsal longitudinal muscles of some 
beetles are reduced in size. Their function is taken 
over by the basalar and subalar muscles. (I am 
indebted to Mr. R. A. Crowson for directing my 
attention to these papers.) 

“Insect Flight” is a book in which many physiol- 
ogists, biochemists and biophysicists as well as 
zoologists should find much to interest them. It has 
the advantage shared with other books in the series 
of being at a price which one can afford and of a 
length which permits reading from cover to cover. 

GRAHAM HOYLE 


FISH PHYSIOLOGY 


The Physiology of Fishes 
Edited by Margaret E. Brown. Vol. 1: Metabolism. 


Pp. xiii+ 447. 12 dollars. Vol. 2: Behavior. Pp. 
xi +526. 14 dollars. (New York: Academic Press, 
Inc., 1957.) — 


The Physiology of the Pituitary Gland of Fishes 

By Grace E. Pickford and James W. Atz. Pp. xxiii + 
613. (New York: New York Zoological Society, 
1957.) 6 dollars. 


R. MARGARET BROWN does not tell us how 

she came to have the idea of asking a number 
of authors to write upon different aspects of the 
physiology of fishes. It was a very good idea, and the 
result has been two volumes that will be of value and 
delight to many general zoologists as well as to those 
interested especially in fishes and fisheries research, 
to whom she says they are specially directed. 
Although there are no close links between the 
various sections, there is evidence that Dr. Brown 
has unobtrusively played a considerable part in 
editing the whole. In particular, she has herself set 
for each author the extent of his contribution—an 
excellent plan, which has ensured special emphasis 
on fields often neglected or of special interest because 
of recent work. Dr. Brown’s own article on “Experi- 
mental Studies on Growth” is a good example. She 
has succeeded in collecting many fascinating facts 
about the determination of the age and growth of 
fishes and relating these to general biological 
problems. - 

Inevitably, any book that deals with the physiology 
of an arbitrarily chosen group of vertebrates will 
seem in some respects disjointed. One regrets 
particularly that neither amphioxus nor ascidians 
have been considered to be ‘fishes’. Without them 
the discussions of the evolution of, for example, 
digestion and the endocrines inevitably lose some of 
their interest—though both remain fascinating 
enough. 

The depth of the treatment and extent of literature 
quoted vary somewhat. There are more than 125 
references on the swim bladder, but only eight on 
colour changes. Generally speaking, the work will 
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serve to give an introduction to the special features 
of the physiology of the various organ systems of 
fishes, and in some cases, but not all, will provide a 
critical discussion of the current problems. 

The monograph by Drs. Pickford and Atz on the 
pituitary of fishes goes much deeper. Every aspect 
of the subject is treated in the greatest detail, and 
the result would be fascinating were it not for the 
severe difficulty of reading imposed by the hideous 
type, with lines much too long and unaligned. The 
effect of this extensive review is to emphasize that 
a very large body of detailed fact is available and 
yet is little used by biologists. Co-ordination of ideas 
only becomes possible when a full and scholarly 
treatment such as the present one becomes available. 

An interesting feature is the discussion of the use 
of injection of pituitary extracts in pisciculture in 
Brazil and the U.S.S.R. The authors have gone to 
great trouble to obtain translations from the original 
papers published in those countries. They are able 
to present a full survey of the techniques, and the 
results claimed for them. It is especially interesting 
to have an account of the sequence of enthusiasm 
' for the method by the schools of Skadovskii and 
Gerbils’kii and the criticisms by Derzhavin. The 
work has involved very thorough study of the 
breeding habits of the various races of sturgeon and 
other fishes and comparison of the results of natural 
and artificial spawning methods. That the former 
should be the more efficient is not surprising, but the 
latter is becoming increasingly necessary as the 
sturgeons are cut off from their up-stream spawning 
grounds by dams. 

The book is dedicated to Prof. Petrunkevitch on 
his eightieth birthday, and he has himself performed . 
much of the translation from the Russian. 

These two works together emphasize that com- 
parative physiology is growing up into an extensive 
discipline contributing greatly both to theoretical 


and practical biology. J. Z. YOUNG 
HISTOLOGY 

A Student’s Histology 

By H. 8S. D. Garven. Pp. xii+650. (Edinburgh 


-and London : 
55s. net. 


F the various toext-books of histology of the 
traditional type, designed to meet the needs of 
the medical student, this is one of the best I have 
seon. It is an excellent work which despite minor 
blemishes deserves great praise. Dr. Garven has 
succeeded admirably in steering a course between 
what he terms “the Scylla of elaborate detail... 
and the Charybdis of over-simplification”. , The 
essential facts are presented clearly and concisely 
yet the student is always encouraged to keep an open 
mind and be prepared, when necessary, to consider 
more than one point of view. The diagrams are in 
general simple but effective, clearly emphasizing the 
points to which attention is being directed—for ex- 
ample, the scheme of the splenic circulation on p. 251, 
or the figure of the renal corpuscle on p. 438. The only 
doubts which assail one in reviewing such a book 
concern the extent to which the teaching of histology 
should incorporate.some_.of the revolutionary changes 
which are now taking place. 
It was in 1850 that Kölliker produced one of the 
earliest classical texts in histology, and it is interesting 
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to note that this pioneer in his subject, who was 
professor of anatomy and physiology at Wiirzburg, 
gave his book the title of ““Mikroskopische Anatomie”. 
The great anatomist Jacob Henle had already, in 
1841, extended the scope of anatomy from macro- 
scopic down to molecular detail. In the introduction 
to a shorter “Handbuch der Gewebelehre”, published 
in 1852, Kölliker wrote: “If it be possible that the 
molecules which constitute cell-membranes, muscular 
fibrils, axile fibres of nerves, and so forth, should be 
discovered, and the laws of their apposition, and of the 
alterations which they undergo in the course of the 
origin, the growth, and the activity of the present 
so-called elementary parts, should be made out, then 
a new era will commence for histology. .. .” 

In the light of the vast body of new facts which in 
our own day are so rapidly accumulating through the 
use of the electron microscope and other agencies, 
K6lliker’s prophecy of 105 years ago is well on the 
way to fulfilment. The new era in histology which he 
foretold has indeed commenced. From now on text- 
books of histology must incorporate to an increasing 
extent the newer concepts, which will bring histology 
ever closer to the molecular level, and demonstrate 
with yet greater precision the integration of structure 
and function, as the newly explored territory of the 
cell is mapped out afresh. J. M. Yorrey 


NORTH AND CENTRAL 
EUROPEAN FLORA 


Flora von Nord- und Mitteleuropa 
Von Friedrich Hermann. Pp. xii+1154. (Stuttgart : 
Gustav Fischer Verlag, 1956.) 98 D.M. 


HIS is a remarkable book. It is the work of an 

amateur botanist living in a small town about 
85 miles south-west of Berlin and therefore without 
ready access to the vast amount of literature con- 
cerning European plants which has accumulated 
during the past two centuries. Nevertheless, it con- 
tains a great deal of information, both descriptive and 
distributional, in a single volume of convenient size 
but unreasonable price. The brief preface gives all 
too little information about the area covered, the 
sources used (thore is no bibliography), and the general 
plan and purpose of the book. One is left longing to 
know more, particularly of the author’s obviously 
extensive journeys and of his views on species and 
subspecies. 

So far as can be discovered from the preface and 
from the species included in and excluded from the 
body of the work, the area covered may be outlined 
roughly as follows: Iceland, Spitsbergen, Fenno- 
scandia, Poland, Carpathians, Bulgaria, Alps (south 
to the Alpes Maritimes), the line of the Rhéne and 
Seine and the British Isles. The author has, “he says, 
no personal knowledge of the western Alps, the 
British Isles, Iceland and Spitsbergen, but appears 
otherwise to have sampled the area with such 
thoroughness that he claims to have seen the majority 
of the species growing wild and to have cultivated 
many of them in his garden. 

The descriptive part of the flora occupies rather 
more than 1,000 pages and deals with approximately 
4,500 species, which is a little more than a quarter of 
the estimated total number of species in Europe. The 
exclusion of the Iberian peninsula, most of the Balkan 
peninsula, a considerable part of east Europe and of 
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all the Mediterranean plants, except for the few 
which ascend sheltered valleys in the southern 
Alps, accounts for the remaining three-quarters of the 
` European flora. l 

The well-known Engler and Prantl system of 
classification is followed, perhaps a slight disadvan- 
tage to some British users of the book. The descrip- 
tive information is contained in extended keys which 
are clearly set out and easy to use, though in places 
rather fuller descriptions would have been helpful. 
These keys often contain information derived from 
personal observations, which greatly enhance the 
value of the work. Flower colours are described in 
general terms and then often made more precise by 
reference to Ostwald’s colour scale: a useful innovation. 

Not infrequently two or more taxa are keyed out 
together and then indicated in such a way as to leave 
one in complete doubt about whether the author 
regards them as species or subspecies or even varieties. 
For example, in the key to Cytisus (p. 592) he has: 


“4... . Hülse ganz kahl (leiocarpus Kerner 1863) bis 
angedriicht seidenhaarig. . ratisbonensis 
Schiffer 1760. 

4* .. . a) Krone weiss bis blassgelb, Kelch zottig, 
bis 12 mm. lang. albus Hacquet 1790. a* 
Krone sattgelb. austriacus L. 1763. . 
austriacus L. 1763. 


One might guess from this that leiocarpus is to be 
regarded as a variety of C. ratisbonensis and that 
C. austriacus has two subspecies, but when one looks 
at the distributions one finds all three taxa are given 
binomials, as though they were species. 

Other, though less important, peculiarities are the 
fairly abundant invention of new sectional names 
(indicated by asterisks), without a word of definition, 
and certain liberties with nomenclature. Herr 
Hermann believes in consistency more than in the 
international code. He says, “Ich schreibe daher 
stets chloa nicht bald chloa, bald chlo&’’, etc., and 
prefers Heleocharis to Eleocharis. 

T. G. Torm 


CHROMOSOME SCIENCE 


Cytology and Genetics 

By Prof. Carl P. Swanson. Pp. x+596. (Englewood 
Cliffs, N.J.: Prentice-Hall, Inc., 1957.) 13.35 
dollars. 


HIS is an ambitious book. It sets out to cover 

every aspect of nuclear cytology, the function 
and structure of the chromosomes, their movements 
and their crossing-over, their variation and their 
evolution, their chemistry and their organization 
into genes; and, very properly, it seeks throughout 
to integrate the information from -cytological exam- 
ination with the results of the breeding experiment. 
Twenty-five years ago this was already a big task to 
essay. To-day it is tremendous and the author is to 
be congratulated not only on his courage in tackling 
it, but also on the success he has achieved. In sur- 
veying, and be it noted surveying at the research 
level, so large a field, Dr. Swanson inevitably finds 
himself dealing with much that is away from his 
own direct interests. Equally inevitably, this is 
reflected in the quality of the treatment. There is a 
confidence, for example, in the handling of induced 
aberrations of the chromosomes, which is lacking 
from the treatment of nuclear behaviour in differ- 
entiation. Again, a topic is sometimes taken up more 
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than once in different parts of the book, with con- 
clusions that are not always fully co-ordinated ;. but 
this is scarcely to be avoided in so extensive a 
survey. 

It is a measure of the book’s achievement that 
“Cytology and Cytogenetics” invites comparison with 
Darlington’s “Recent Advances in Cytology”, first 
published twenty-five years ago and revised in 1937. 
In aim and scope the two books are very similar. 
Much new material has, of course, accrued since the 
earlier book was written, and the light of observation 
and experiment can now be thrown on questions 
which were then only beginning to loom ahead. Yet 
it is remarkable how often this later development is 
in some sense foreshadowed in the earlier work, and 
the two books are clearly talking about basically the 
same matters in essentially the same language. Tho 
real contrast between them lies rather in the author’s 
approach. “Recent Advances in Cytology’? sought to 
assemble the facts of chromosome behaviour and its 
genetical implications in terms of the comprehensive 
theoretical structure which Darlington has done so 
much. to give to this science and which has provided 
the basis for its continuing development. Swanson, 
on the other hand, is content to ask questions and to 
give such information as is available about them, 
without pressing far into what he would doubtless 
regard as the speculatively theoretical in reaching 
answers. In consequence, to quote from his preface, 
“The reader will observe that few definitive answers 
can be given”. Many will, no doubt, applaud this 
approach as permitting a fairer appraisal by letting 
the facts speak for themselves. To others it will be 
less obvious that this advantage can be counted on 
to follow, for left to themselves facts seldom fall into 
@ complete or tidy pattern. Difficulty in reaching an 
answer can result from failure to confront the facts 
squarely with one another and reduce each to its 
true significance in relation to the rest. As Charles 
Darwin pointed out, theory supplies a guide to 
observation, and, even more to the present point, it 
can also stimulate the re-examination and reassess- 
ment of the ‘facts’ themselves. Obviously, no theory 
can be pressed in the face of recalcitrant but incon- 
trovertible fact. But are all so-called facts of 
observation to be taken on their face value ? Where 
everything fits except for some apparently stubborn 
observation, should the theory promptly be sacri- 
ficed ? Or should not the observation first be re- 
examined in respect both of its validity and the 
significance attached to it ? It is a rare observation 
which does not have some element of interpretation 
about it, and while to dismiss the observation out of 
hand simply because it is awkward is to miss the 
lead to truer understanding, to accept it unques- 
tioningly on its face value is to invite frustration and 
confusion. 

This problem of acceptance is well illustrated by 
Swanson’s treatment of chromosome structure in 
relation to meiotic pairing. He dismisses a chemical 
theory of pairing proposed by Delbriick (p. 213) and 
also Darlington’s precocity theory of meiosis (p. 212) 
on the ground that they are inconsistent with what 
he variously describes as the cytological fact and the 
idea that chromosomes are already divided and 
double at leptotene. The evidence from chromosome 
morphology suggests that each chromosome or 
chromatid may, in fact, be multipartite in structure, 
but what does this mean for chromosome function ? 
We learn (p. 121) that the chromosome behaves to 
X-rays as though it were single during. interphase 
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but double at mitotic prophase. Further, the evidence 
from deoxyribonucleic acid content (pp. 415-416) 
indicates that this doubles during interphase prior to 
mitosis, but that synthesis is not completed until 
zygonema (zygotene) or pachynema. (pachytene) at 
meiosis. Now all that, for example, the precocity 
theory requires to provide its elegant account of 
behaviour at meiosis is the assumption that a division 
or doubling in the chromosomes, functionally effective 
in respect of their behaviour m pairing, takes place 
during interphase before mitosis but is not effected 
until pachytene at meiosis. The evidence of behaviour 
in respect of X-rays and deoxyribonucleic acid syn- 
thesis agrees with this; yet Swanson rules it out, 
without proposing any alternative, on the basis of 
static observations of chromosome morphology. Can 
such fully coherent evidence of behaviour be ruled 
out solely on that of structure, however valid the 
observations of morphology may be? Or should we 
not rather see the question as that of why a func- 
tional unit is structurally multiple and of how the 
structural entities are tied together into a single 
functional unit? Indeed, Swanson himself asks 
virtually this very question when he is considering 
structure in relation to X-ray effects. Further, he is 
prepared to accept the functional singleness of the 
chromatid when. he is favouring Belling’s hypothesis 
of how crossing-over comes about (a hypothesis, we 
may note in passing, with a serious intrinsic weak- 
ness in that, without subsidiary postulates, it fails to 
give an account.of that most important feature of 
crossing-over, the occurrence of interference). It is 
thus not easy to share his rather surprising confidence 
that structural complexity puts at least singleness in 
respect of pairing properties completely out of court. 
The task is surely one of seeking to reconcile the 
evidence from behaviour and structure, of inter- 
preting the physiological and the anatomical each in 
terms of the other, rather than of setting them in 


opposition as alternatives so that one or other must- 


be abandoned. 

The same problem of how function is related to 
structure is at the root of the lively discussions in 
progress to-day about the nature and organization 
of the gene. This has been repeatedly emphasized by 
Goldschmidt and others, and indeed it emerges, 


albeit somewhat sideways, from Swanson’s account 


of chromosomes and genes. Yet one still feels that 
if he had been readier to grasp the theoretical nettle 
the reader would have emerged with a clearer idea 
of what is at issue, of where we stand and where we 
are heading, and with less of a sense of conflict than 
this chapter manages to convey. 

Such comments could be extended to other parts 
of the book, and one might perhaps wonder whether 
the inclusion of a little more genetics, as, for example, 
when discussing the role of chromosome inversions in 
wild populations, would not have made clearer the 
significance of the cytological findings. These are, 
however, all comments on treatment, interpretation 
and opinion. The value of “Cytology and Cyto- 
genetics” as a factual record is not in dispute. Mis- 
prints and misusages are few, and at least one 
reader quarrelled only occasionally with the author 
on the grounds of misleading statement or omission. 
This book will be widely used, and deservedly so, 
especially by postgraduate students of cytology and 
genetics ; and if at times it provides them with. the 
material for exercising their own judgment in ques- 
tioning the author’s conclusions, that is scarcely to 
be regarded as a defect. K. MATHER 
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RECENT RESEARCH ON PHOTO- 
SYNTHESIS 


Research in Photosynthesis 

Edited by H. Gaffron, A. H. Brown, C. S. French, 
R. Livingston, E. I. Rebinowiteh, B. L. Strehler, 
and N. E. Tolbert. {Papers and Discussions presented 
at the Gatlinburg Conference, October 25-29, 1955.) 
Pp. xiv+524. (New York: Interscience Publishers, 
Inc.; London: Interscience Publishers, Ltd., 1957 .} 
12 dollars. 


MX scientists at present actively engaged. in 
research in photosynthesis met at Gatlinburg, 
United States, in 1955 to discuss their work and 
current problems. ‘This book contains summaries of 
the papers presented, and in addition allows the 
reader to share some of the animation of the con- 
ference by printing much of the discussion which 
followed them. The editors are to be congratu- 
lated on producing a well-prepared, readable 
book from what must have been a confused tran- 
script. 

The book will be of the greatest value to the 
specialist. Largely due to the brilliant exploitation 
of carbon tracer in the study of photosynthesis the 
mechanism of the process can be now stated in broad 
biochemical terms. The remaining outstanding 
problem is the mechanism whereby light energy is 
converted to chemical-bond energy in the form of 
reducing power. This subject dominated the pro- 
ceedings of the conference and was dealt with under 
five headings. First, the photochemistry of chloro- 
phyll in vitro was discussed; a consideration of 
the primary photochemical process in vivo followed, 
largely centred on the analysis of spectral changes 
induced in photosynthetic cells during illumination 
and on studies of chemiluminescence of photo- 
synthetic cells. The observed spectral changes could 
not be interpreted in terms of a change in the photo- 
synthetic pigments alone; the changes in the yellow 
portion of the spectrum indicated the probable 
functioning of a cytochrome system. The possible 
role of cytochromes constituted the third topic and 
was extensively considered with reference to the 
photosynthetic bacteria, including the obligate 
anaerobe Chromatium. Another discussion was con- 
cerned with the reactions of chloroplasts after 
isolation from the green plant. The formation and 
condition of chlorophyll in the living cell were also 
considered. In addition, a section describing various 
physiological phenomena was included; much of 
this concerned the anomalous gas exchange which 
occurs immediately after the mitiation of photo- 
synthesis in the induction phase. It is a great con- 
venience to have all these facets of photosynthetic 
research assembled in a single book. | 

Besides the large number of papers describing 
original work, three of the sections commence with a 
general review paper, end some others are scat- 
tered throughout the book. These are written 
with the object of introducing one specialist to 
the work of another, which is nowadays necessary 
even within a single field of research. Livingston’s 
article on the photochemistry of chlorophyll in 
vitro is a valuable survey for the biologist; so 
also is Franck’s paper on the possible role of an 
excited triplet state. The discussion following this 
latter paper emphasizes the difference of opinion 
between the physical chemist, who is greatly con- 
cerned with the difficulty of obtaining sufficient 
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energy from a single quantum for the transfer 
of an electron to the level of reduction of coenzyme, 
and that of the biochemist who prefers the simpler 
view that one electron is transferred per quan- 
tum. Kamen’s article on the possible role of cyto- 
chromes is an excellent example of the biologist 
stating his view to the physical chemist. Such con- 
ferences as that at Gatlinburg fulfil a real need in 
stimulating discussion between workers from different 
scientific disciplines. 

The general reader will find the book primarily of 
use as a source book of references. Unfortunately, 
from his point of view, it was not possible to include 
much of the work concerning the carbon metabolism 
of photosynthesis. The conference was intentionally 
limited to a detailed discussion of a few topics rather 
than attempting a complete survey. 

C. P. WHITTINGHAM 


NUCLEAR CHEMISTRY 


La Chimie Nucléaire et ses Applications 

Par M. Haissinsky. Pp. vi+652. (Paris: Masson et 
Cie., 1957.) Broché, 5,000 francs; Cartonné toile, 
5,600 francs. 


r is fitting that the country in which radioactivity 
i was first discovered should be the first to publish 
a major text-book which surveys virtually all the 
sciences and techniques in which radioactivity has 
come to play a part. 

The first chapter, “La chimie nucléaire—ses 
grandes étapes”, is an admirable account of the 
early work on radioactivity. There is the story of 
Becquerel’s mystification over the strange trick of 
Nature that gave some uranium compounds both 
radioactive and strong fluorescent properties, and 
the way the Curies solved it in discovering the other 
radioactive elements: “la lucidité et la sûreté avec 
lesquelles ils ont advancé vers le but qu’ils s'étaient 
proposé, sur une voie jamais encore tracée’. In 
this chapter there are included interesting pictures 
showing the blackening of the photographic plate 
which Becquerel first observed, and facsimiles of 
pages from the note-books of the Curies and of 
Rutherford. 

Following this beginning, there are five chapters 
on the physical basis of radioactivity and three 
chapters on the radioactive elements, including the 
transuranium elements. The transuranium elements 
are divided into the ‘uranides’ (multivalent elements) 
and the ‘curides’ (mainly trivalent elements), but I 
feel this subdivision leads to words that sound badly 
in an English pronunciation, and it is not a clearly 
defined subdivision. ‘These chapters lead up to the 
applications of radioactivity in geology and astro- 
physics, and there are good accounts of such problems 
‘as the determination of the age of the Earth. Fol- 
lowing this, there comes @ section comprising almost 
a third of the whole book, devoted to radiation 
chemistry. Separate chapters are given to the effects 
of radiation on gases, water and aqueous solutions, 
organic systems, solids and fluorescent systems. 
There is also a valuable chapter on the chemical 
effects associated with nuclear transformations. The 
last part of the book describes radioactive tracers 
and their applications and includes chapters on 
electrochemistry, reaction mechanisms, analysis, bio- 
chemistry and industrial processes. 
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A criticism of the book is that it attempts to make 
into one subject something that is really dispersed 
over a great many quite separate subjects. Nuclear 
chemistry in Britain, and ın the United States, is 
normally regarded as a rather small subject restricted 
to a study of atomic nuclei and their reactions. Of this 
there is comparatively little in the book and it is dis- 
cussed rather briefly. The chapters on radiation chem- 
istry, on the other hand, constitute a major review 
suitable for a research student who would be in- 
terested neither in the nuclear problems, nor in 
the behaviour of radioactive tracers. The book is a 
notable attempt to bring order into a confused 
situation, but in practice, if the book were to be 
translated into English, it is not clear what type of 
student in Britain would find it useful. 

The references are very full and up to date through- 
out the whole book, and in this respect the author 
has done a great service in assembling them. Minor 
criticisms are that there is no collated information 
such as a complete table of isotopes, or of cross- 
sections, and that the author index often lists several 
different people under one name by being restricted 
to one initial. There are also numerous typographical 
errors, particularly in such details as the alignment of 
subscripts, but errors in the actual text are very few 
for a book covering such a wide field. 

G. N. WALTON 


PAPER-MAKING 


Fundamentals of the Beating Process 

The Theory of the Development in Pulps of Paper- 
making Characteristics by Mechanical Treatment. 
By H. W. Emerton. Pp. xvi+198 (145 figures). 
(Kenley : British Paper and Board Industry Research 
Association, 1957.) 42s. 


HIS volume refers to the mechanical treatment 

undergone by pulp fibres in preparation for 
paper making, and its author is principal research 
officer (physics) of the British Paper and Board 
Industry Research Association. It is addressed 
primarily to the paper-mill chemist, but it can also 
be read with much profit by all interested in fibre 
and cellulose science. A special feature is the 
numerous light- and electron-micrographs illustrating 
techniques of which Emerton is a recognized leading 
exponent. 

Part I deals with the chemistry and structure of 
cellulose fibres. Part IT covers the theory of beating 
(the most important and controversial chapter of the 
book), factors affecting the beating behaviour of 
pulp, methods for the determination of the progress 
of beating, and the effect of beating on the properties 
of paper. It is concluded that beating to produce 
strength increases the bonded area between fibres by 
making them plastic, so that they deform by surface 
tension during drying. Deformation provides the 
opportunity for bonding, the extent of which will 
depend on the degree of dispersion of the cellulose 
and other polysaccharides of the surface layer. 

It will be seen that the general treatment is on a 
relatively elementary scientific plane, the purely 
practical mill aspects of the subject being deliberately 
excluded. There are a full index, and a liberal biblio- 
graphy for the benefit of scientific readers outside the 
industry. JULIUS GRANT 
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THE THEORY AND PRACTICE OF 
SHIELD DESIGN 


Radiation Shielding 

By B. T. Price, C. C. Horton and K. T. Spinney. 
(International Series of Monographs on Nuclear 
Energy. Division 10: Reactor Design Physics, 
Vol. 2.) Pp. ix+350. (London and New York: 
Pergamon Press, 1957.) 60s.; 10 dollars. 


WO books which deal solely with radiation 

shielding are now available to shield designers. 
Until the volume by Price, Horton and Spinney 
appeared, one had to be content with either a 
miscellaneous number of unrelated reports or the 
U.S. Atomic Energy Commission’s “Shielding Design 
Manual”, which while of great value as a compre- 
hensive collection of data, remained very much a 
handbook. The first impression one obtains from 
the present volume is that æ real effort has been 
- made to put this untidy subject in order and, further- 
more, a praiseworthy and generally successful 
attempt has been made to apply a fundamental and 
critical approach throughout. It is, in fact, a text- 
book on the subject, and although the theoretical 
interpretation and analyses, particularly those of 
Chapter 4, may appear tedious and complex to the 
engineer, they nevertheless form a substantial 
and reliable base from which to work into the 
future. 

The book contains six chapters, the first of which 
deals briefly but adequately with the health physics 
aspects of nuclear radiation. The second analyses 
the attenuation of gamma rays and high-energy elec- 
trons and considers in detail the modes of interaction 
and sources of radiation. These effects are well 
understood and amenable to calculation except in so 
far as gamma build-up factors are concerned, and 
here the authors discuss the moments method due to 
Spencer, Fano, Goldstein and Wilkins. This, while 
applicable to massive bulk shields, which approach 
the idealized system for which the method was 
derived, is difficult to apply to the complex laminated 
shields of small mobile reactors and is likely in such 
cases to be subject to large errors. Nevertheless, this 
is a lucid chapter, as is Chapter 3, which presents the 
basic nuclear physics theory essential to any under- 
standing of the problem of neutron attenuation. 
The following chapter, and perhaps the most im- 
portant, deals with neutron attenuation in thick 
shields, and it is in the theoretical analysis of this 
aspect that the greatest uncertainties in shield design 
are to be found. The secret of success in the design 
of a reactor shield system, in terms of achieving the 
desired attenuation with minimum weight and cost, 
lies in the accuracy with which one can predict the 
neutron energy and spatial distribution in the shield. 
The authors advocate the use of a semi-empirical 
method based on age and diffusion theory using a fast 
group consisting of an integrated flux greater than 
1 MeV. described by a simple attenuation process, 
an intermediate group described by an age kernel 
integrated over 1/H spectrum, and a thermal group 
described by diffusion theory. They show that good 
accuracy is obtained by this method for bulk con- 
crete shields, but difficulty will again be experienced 
in applying it to the complex metal hydrogenous 
shields of small mobile reactors. One would have 
welcomed consideration of simple multi-group dif- 
fusion theory, which is showing promise as a straight- 
forward and accurate method of predicting neutron 
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distribution in this type of shield. This chapter also 
includes @ section on the effects of ducts and voids 
in shields and provides a sensible treatment of a 
problem which has not generally been aired. Chapter 
5 offers a well-balanced selection of basic mathematical 
formule encountered in shielding calculations. The 
engineering factors of shield design, including fabri- 
cation techniques, heating and thermal stress effects, 
and their inter-relationship with the physics con- 
siderations dealt with earlier, are discussed in 
Chapter 6. It is a necessarily compressed chapter 
but will be found to be of considerable interest. A 
genuine attempt has been made in the section on con- 
crete to give guidance to design engineers in various 
practical matters, including the avoidance of cracks 
and streaming paths. Sections on the cost of shielding 
materials, induced activation of materials and 
coolants, on beam traps and shielding windows 
conclude the chapter. 

The subject index is extensive and free of anomalies 
and each chapter is followed by an exhaustive list of 
modern references. This is a well-written and worth- 
while book on a subject which has for too long been 
kept in comparative theoretical obscurity. 

J. EDwaRps - 


GRAIN BOUNDARIES 
METALS 


Grain Boundaries in Metals 

By Dr. D. McLean. (Monographs on the Physies and 
Chemistry of Materials.) Pp. x+346. (Oxford: 
Clarendon Press; London: Oxford University 
Press, 1957.) 50s. net. 


Ten metals are polycrystalline, and 
many of their properties depend on the grain 
boundaries. That is reason enough to have a book 
on the subject. But it takes five parameters to define 
merely the orientational relationships at a grain 
boundary: it is not very surprising that there is 
still no general exact theory of their behaviour. 
There has been progress, though, accelerating in the 
past decade. Some myths have been eliminated, the 
more sensible of the earlier ideas have won general 
acceptance, and a broad understanding has been 
attained within the compass of admitted approx- 
imations. If for nothing else, this book is to be 
welcomed as @ reasoned index to the now very 
extensive body of literature on the subject. The 
free energies of grain boundaries and their effect in 
determining microstructure, the adsorption and 
diffusion of solutes at grain boundaries on intra- 
granular deformation, grain-boundary migration, 
grain-boundary sliding and intergranular brittleness 
are all fully discussed. 

The author is an efficient reporter of the work of 
others. His own contributions are for the most part 
sensible rather than penetrating. His grain-boundary 
model for the discussion of grain-boundary adsorption 
(three atoms thick, a mixture of three classes of atom 
sites, one-third large, one-third small and one-third 
normal) is probably worth still further detailed con- 
sideration for lack of a better. The author occasion- 
ally makes elementary mistakes. His claim on p. 50 
to measure the line tension of a triple junction of 
grain boundaries is based on an obvious misconcep- 
tion of surface-tension phenomena—he should look 
at any liquid surface meniscus in a sharp corner. 
The subject of grain-boundary melting in pure 
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substances frequently gives trouble, and here is no 
exception. Somehow the author’s thermodynamics 
teaches him (p. 100) that if Ag and Agz are the free 
energies;per unit area of grain boundary and of 
solid-liquid interface, respectively, then at some 
temperature below the melting point, at which AF 
is the free energy of melting per unit volume, a 
thickness t= (àp — 2Agz)/AF should melt at the 
boundary, and he is left wondering why there is so 
nice a balance as there appears to be between Ag and 
297. He could have reflected that it is the property 
of a free energy to tend to a minimum, rather than 
to the value you first thought of, and ¢AF + 2Agz 
is minimum when ¢ is zero. Nevertheless, by care- 
fully reviewing all the experimental evidence he 
reaches the sane conclusion that grain-boundary 
melting has probably only been observed where there 
are impurities. yA sharper-minded theoretician might 
have skipped the experimental evidence, to our loss. 
) F. ©. FRANK 


LATTICE DEFECTS 
IN IRRADIATED SOLIDS 


Radiation Effects in Solids 

By G. J. Dienes and G. H. Vineyard. (Interscience 
Monographs in Physics and Astronomy, Vol. 2.) 
Pp. viii +226. (New York: Interscience Publishers, 
Inc. ; London: Interscience Publishers, Ltd., 1957.) 
6.50 dollars. i 


HE production of various types of lattice defects 
"Tan solids by the action of high-energy radiation, 
and the changes of physical properties brought about 
by these defects, have become in recent years one of 
the most actively studied branches of solid-state 
physics. This activity is a double response to the 
development of nuclear technology ; on one hand, 
the experimentalist is now provided with sources of 
high-energy radiation far beyond those available 
fifteen years ago, and on the other he is expected 
to provide materials for nuclear reactors that are 
able to withstand intense radiations for long periods 
of time. The subject of ‘radiation damage’ is thus 
quite unique in the way that it links solid-state 
physics directly to both nuclear physics and the 
technology of materials. 

Although several review articles have been pub- 
lished, this is, to the best of my knowledge, the first 
book that has appeared on the subject, and the authors 
are to be congratulated on a very successful outcome 
to their efforts. They have concentrated deliberately 
on effects of ‘knock-on collisions’, in which atoms are 
displaced from their lattice sites by particles such as 
fast neutrons, protons, electrons, and fission frag- 
ments, rather than on ionization effects. This is 
reasonable because these collisions are particularly 
important in nuclear reactors and because they can 
be exploited to study atomic binding forces in the 
solid state. 

+ The book brings out clearly the tantalizing stage 
that the subject has now reached. Looked at 
qualitatively, or semi-quantitatively, the physics of 
radiation damage is fairly clear. The underlying 
theory of displacement collisions has been given a 
good start by Bohr and Seitz, and appears not to 
contain any major mysteries. Furthermore, the 
basic perfection of the crystal lattice has enabled us 
to define fairly sharply the nature of the various 
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atomic defects that are possible, such as vacancies, 
interstitials, divacancies, and clusters; also, to 
understand in broad terms the ways in which they 
can move about and anneal themselves, and their 
effects on physical properties. The experimental 
study of annealing kinetics, and of changes in electri- 
cal resistivity, lattice constants, stored energy, and 
other properties, has also shown that this physical 
picture is certainly broadly correct. On the other 
hand, as soon as we ask for precise quantitative values, 
for example, for the numbers of displaced atoms, for 
the energies of formation and movement of the various 
defects, and for their effects on physical properties, 
the subject becomes difficult and progress is slow. 
Basically the reason is that we have very few tech- 
niques as yet for ‘seeing’ these lattice defects indiv- 
idually, with the result that their experimental study 
is mainly inferential, from changes of bulk properties, 
and uncertain. It seems doubtful that the subject 
will advance far beyond the semi-quantitative stage 
until new techniques are developed. 

All these aspects are discussed clearly by the 
authors. The practical problems of radiation 
damage are less fully treated, although embrittlement 
of steel and radiation growth of uranium are men- 
tioned, and an interesting account is given of the 
method used to anneal away the stored. energy in the 
graphite moderator of the Brookhaven reactor. 
Transmutation effects, and the interesting behaviour 
of inert gases in solids, are not discussed; this is a 
pity, although it may perhaps be argued that the 
important aspects of these belong more to the 
theory of solid solutions than to the theory of lattice 
defects. 

In conclusion, this book can be recommended as a 
useful introduction to the physics of radiation damage 
in solids. A. H. COTTRELL 


HYDRAULIC SYSTEMS IN 
-AIRCRAFT 


Aircraft Hydraulics 

Vol. 1: Hydraulic Systems. Edited by H. G. 
Conway. Pp.ix+146. 35s.net. Vol. 2: Component 
Design. Edited by H. G. Conway. Pp. ix+198. 
45s. net. (London: Chapman and Hall, Ltd., 1957. 
Published under the authority of the Royal Aero- 
nautical Society.) 


HESE two volumes are text-books sponsored by 

the Royal Aeronautical Society ; and several 
well-known authorities in the aircraft hydraulics 
field have contributed chapters on their own special 
subjects. These have been edited by Mr. H. G. 
Conway, who also contributes himself. 

Vol. 1 deals with the more general aspects of 
the subject. Mr. Bingham, in Chapter 1, discusses 
the requirements for an aircraft hydraulic fluid 
and then goes on to deal with the properties of various 
fluids. Their effect on different sealing materials, 
storage and inflammability characteristics, etc., are 
described, and a very useful collection of graphs and 
tables of the physical properties of these fluids is 
also provided. 

In Chapters 2 and 3 Mr. Collinson deals briefly 
but effectively with hydraulic theory and fluid flow 
in orifices and pipes, providing some useful nomo- 
grams and charts for determining rates of flow. 
There are sections on surface tension, viscosity, com- 
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pressibility and Bernoulli’s theorem, to mention 
only a few. A brief account is included of the gas 
laws, with which one is obviously concerned when 
designing accumulators or air bottles. 

Next Mr. Parker and Mr. Conway discuss hydraulic 
systems and circuits. It is obviously impossible 
to lay down a set of rules for designing a com- 
plete system in a text-book; but in Chapters 
4 and 5 various aspects, including pumps, piping, 
jacks and circuits, are considered and sound advice 
is given on both desirable and undesirable features 
for a system. 

Finally, Mr. Black considers the installation, 
operation and testing of a hydraulic system in an 
aircraft. He very wisely emphasizes the importance of 
good filtration and careful attention by operating 
personnel to clean working methods and conditions, 
and in the section on fault-finding he warns the reader 
never to assume that a component is too simple to go 
wrong. Mr. Black also discusses the design and 
use of full-scale rigs for ground-testing complete 
hydraulie systems, prior to flight-testing in prototype 
aircraft. 

Vol. 2 deals in detail with components for aircraft 
hydraulic systems. Separate chapters are devoted to 
seals, pumps, jacks, servo-controls and many other 
devices. Space limitations preclude a detailed review 
of each of the subjects treated, but it may suffice to 
say that they are all discussed and explained 
thoroughly. The book abounds with sectional 
drawings and diagrams of components made by both 
British and foreign firms; the information given is 
remarkably complete and represents hard-won and 
up-to-date experience. 

These volumes cover the whole field of aircraft 
hydraulics and yet the individual subjects are 
treated so thoroughly that a very good working 
knowledge is obtained. Particular emphasis is placed 
on the practical aspects throughout, but this is backed 
by suitable theoretical explanations. These books 
can be recommended highly and should prove very 
valuable to students or technicians starting work in 
this field. They should also be useful to those more 
experienced specialists who may wish to refresh 
their memories on the other man’s problems. 


THEORY OF SOLUTIONS 


The Molecular Theory of Solutions 

By Prof. I. Prigogine, with the collaboration of 
A. Bellemans and V. Mathot. (Series in Physics.) 
Pp. xx+448. (Amsterdam: North-Holland Pub- 
lishing Company, 1957.) 48 guilders. 


io theoretical physics it is often more useful to 
circumvent an intractable problem than to solve 
it; this is nowhere more true than in the statistical 
theory of solutions. In principle (as can so often be 
claimed) the thermodynamic properties of any 
mixture of molecules are determined precisely by 
the intermolecular potentials, and one should, 
therefore, be able to calculate the equation of state 
from a knowledge of intermolecular forces alone. In 
practice, however, this is a fruitless undertaking except 
at densities so low that a virial expansion can be 
performed with accuracy. Our failure to construct 
an exact theory of the liquid state is a sufficient 
indication of the hopelessness of attempting an a 
priori theory of liquid solutions. It therefore becomes 
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pertinent to ask: What should be the aim of theories 
of solutions and how are we to judge their success or 
utility ? Only to ask his question suggests a promis- 
ing line of attack. The primary aim of solution 
theories must be to express in terms of the relevant 
intermolecular potentials the change in free energy 
which accompanies the mixing of pure fluids with 
one another. In order to yield useful results the 
theory of solutions must, therefore, make full use of 
the experimental properties of the pure components 
under conditions which resemble as nearly as possible 
the condition, of the solution itself. This philosophy, 
in recent years, has led to notable advances, and these 
are ew and carefully described in Prof. I. Prigogine’s 
book. 

Of particular interest in solution theory: are mix- 
tures of molecules the intermolecular potentials of 
which are of the Lennard-Jones type, leading to a 
short-range repulsion anda long-range attraction. Pure 
species of this sort obey the law of corresponding 
states, and this law can be generalized to mixtures of 
Lennard-Jones molecules provided their force fields 
are isotropic, and do not differ too greatly in strength. 
The theory of such mixtures, now known as ‘conformal 
solutions’, must, however, be extended in order to 
describe adequately the properties of mixtures in 
which there are specific interactions or in which the 
molecules are of very different size. Prof. Prigogine 
and his colleagues have been largely responsible for 
this expansion of tha theory, and have also account- 
ed successfully for the properties of special classes 
of mixtures such as associated solutions, mixtures 
of isotopic species. and certain types of polymer 
solution. 

The mathematical methods used in the book are 
sufficiently elementary to be followed by the ordinary 
physical chemist, and the book contains many 
numerical examples which enable the reader to test 
his understanding of the theory. The physical 
arguments are clearly and fully expounded and there 
is much valuable new material which has not yet 
appeared in the literature. Altogether this is a 
thoroughly up-to-date and critical book which can 
be warmly recommended to those wishing to acquaint 
themselves with the most important recent develop- 
ments in the theory of non-electrolyte solutions. 

H. C. Lonevzt-Hicerms 


SOLUTION OF EIGENVALUE - 
PROBLEMS 


Variational Methods for Eigenvalue Problems 

An Introduction to the Methods of Rayleigh, Ritz, 
Weinstein, and Aronszajn. By Prof. 8. H. Gould. 
(Mathematical Expositions, No. 10.) Pp. xtv+179. 
(Toronto: University of Toronto Press; London: 
Oxford University Pross, 1957.) 48s. net. 


F H is a linear operator, the values of à, real or 

complex, for which the equation He = hx has 
solutions in x satisfying given boundary conditions, 
are the eigenvalues of the equation. 

If the space of the elements v is finite-dimensional, 
the eigenvalues can be obtained by standard methods ; 
but these methods may become impossibly difficult 
when this space is infinite-dimensional (for example, 
Hilbert space), and it is then that the variational 
method is of great value in many practical cases.. 
This consists in finding the minima of certain expres- 
sions associated with the above equation. If now we 
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introduce more stringent prescribed conditions, then 
the desired minimum will be raised, or at least not 
lowered, and we obtain upper bounds for the eigen- 
values of the original problem ; this is the essence of 
the well-known Rayleigh-Ritz method. If, instead, 
we weaken the prescribed conditions, the minimum 
will be lowered, or at least not raised, and we obtain 
lower bounds for the desired eigenvalues; this is 
the essence of the Weinstein method. Aronszajn 
then dealt with the question as to whether these 
successive approximations actually converge to the 
desired eigenvalues. 

Prof. S. H. Gould’s book sets forth in an admirably 
clear way the details and proofs of the above, together 
with practical applications to vibrating rods, mem- 
branes, and plates. 

The ten chapters are on: systems vibrating with 
a finite number of degrees of freedom; variational 
principles for finite-dimensional systems ; vibration 
of systems with infinitely many degrees of freedom ; 
reproducing kernels and functional completion ; 
vibrating rods, membranes, and plates; the Wein- 
stein method in its original form ; linear operators in a 
Hilbert space; the Weinstein—Aronszajn method for 
linear operators in Hilbert space; application of the 
Weinstein—Aronszajn method in Hilbert space to the 
differential problem of the vibrating plate ; applica- 
tion of the approximate methods to general differential 
problems. 

The general theory is of interest to the pure mathe- 
matician, while the applications will interest the 
applied mathematician and physicist. 

The book makes a valuable contribution in setting 
forth the above ideas and theories in a systematic 
way, and it is easily readable by any good post- 
graduate student. R. G. COOKE 


RECENT ADVANCES IN APPLIED 
MATHEMATICS 


Modern Mathematics for the Engineer 

Edited by Prof. Edwin F. Beckenbach. (University 
of California Engineering Extension Series.) Pp. 
xx-+5l4. (London: McGraw-Hill Publishing Com- 
pany, Ltd., 1956.) 56s. 6d. 


CARELESS glance at the cover of this book 
A might lead the reader to expect a text-book on 
engineering mathematics similar, perhaps, to Karman 
and Biot’s well-known ‘‘Mathematical Methods in 
Engineering’. However, the important word in the 
title is “‘modern’’, as the book is actually a collection 
of mathematical essays describing some of the 
developments which have taken place in mathe- 
matics during the past fifty years. Each essay is by 
a different author, and the contributors include such 
distinguished mathematicians as Solomon Lefschetz, 
Richard Courant and Norbert Wiener. 

The subject-matter is divided somewhat arbitrarily 
into three sections, The first, entitled “Mathe- 
matical Models”, is largely concerned with the theory 
of ordinary and partial differential equations, and 
most of it will be familiar to anyone with a training 
in mathematical analysis. There is a chapter on 
non-linear vibrations, an account of the calculus of 
variations, and chapters on elliptic and hyperbolic 
partial differential equations. The use of complex 
variable methods in problems of plane elasticity is 
dealt with in sixteen pages, and there is also a short 
survey of exterior ballistics. 
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The second section covers less familiar ground, as 
it deals with problems which the editor calls “Prob- 
abilistic”. It begins with an account of prediction 
theory, and the subsequent chapters cover the theory 
of games, operations research, dynamic programming 
and Monte Carlo methods. In spite of the title, there 
is no account of ordinary statistical theory. Much of 
the material in this section is new, at least in the 
sense that it is not usually found in general text- 
books on mathematical analysis. 

Although the final section is entitled “Com- 
putational Considerations”, a considerable part of it 
might well have been included in Section 1. The 
chapters on non-linear analysis and relaxation do 
include some details of computational techniques, 
but the sections on matrices, conformal mapping, 
and functional transforms are devoted entirely to 
analysis. It is worth noting that the chapter on 
“Methods of Steep Descent” describes techniques for 
minimizing a function in n-dimensional space, and is 
not an account of the ‘method of steepest descents’ 
used in the evaluation of contour integrals. The final 
chepter deals very briefly with high-speed computing 
devices. 

To say that this is a book for engineers is mis- 
leading, except in the sense that almost any part of 
mathematics may have some engineering application. 
There are few references to engineering problems, and 
indeed one contributor admits to having very little 
contact with engineering. But whether the reader 
is an engineer or not, he is certainly expected to be 
a competent mathematician. Most of the con- 
tributors have tried to present concise yet compre- 
hensive surveys of their chosen subjects, and to do 
this they have necessarily had to assume a good 
working knowledge of the main branches of mathe- 
matical analysis. 

Although all the chapters are well and authorita- 
tively written, there is little cohesion between the 
various sections. The most valuable parts of the 
book are probably those describing topics such as 
game theory in which there are at present consider- 
able developments, and where it is difficult for the 
newcomer to find his way. The lists of references 
attached to these chapters will be especially useful. 
Tt is less easy to justify the inclusion of sections on 
such well-known subjects as matrices and the calculus 
of variations, where there is already no shortage of 
easily available literature. R. K. LIVESLEY 


MATHEMATICS IN SECONDARY 
SCHOOLS 


The Teaching of Mathematics 

(Issued by the Incorporated Association of Assistant 
Masters in Secondary Schools.) Pp. ix+231. (Cam- 
bridge: At the University Press, 1957.) 15s. 


HIS volume, the seventh in a series, concerns 

itself mainly with a general consideration of the 
purpose of teaching mathematics in secondary 
schools. The Committee expresses frankly its lack of 
authority to comment upon the work in secondary 
modern schools, though it has a good deal to say 
about the methods of teaching arithmetic in primary 
schools. Great stress is laid on the needs of the 
pupil in relation to the substance and not to the 
structure of the subject, and the old theory of 
‘transfer of training’ is firmly rejected. Nunn’s con- 
tribution to this change of emphasis receives full 
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consideration, and reference is made to the effect of 
the Jeffery Report (printed in full in an appendix). 

Two detailed chapters develop the work up to the 
ordinary level of the General Certificate of Education, 
and the failure of some pupils is regarded as due to 
unsuitable teaching methods in primary schools. A 
suggested minimum, syllabus for this pre-entry course 
is given, with a lengthy discussion of the work of the 
first five years in the grammar school. “Some 
General Teaching Topics’? contains much material 
for careful consideration by all engaged in teaching 
mathematics. Far too many men and women are 
gallantly tackling work which is beyond their own 
capability as teachers, and this chapter should be of 
great value to them. 

The chapter on the sixth form is less successful 
than the rest of the book, and it suffers from an 
attempt to deal with a big topic within the compass 
of 25 pages. Although expansions and infinite series 
. come into the basic course there is no mention of the 
vital question of convergence. There is no mention 
of mass in the basic mechanics course, though one of 
the main teaching points in school mechanics is 
surely the distinction between mass and weight. In 
the section on analytical geometry the correspondence 
between a locus and an algebraical equation is 
developed ; it could well have been extended to the 
realization that the curve separates the plane into 
areas in which the function is either positive or 
negative; f(x) > 0 can be so much more interesting 
than f(x) = 0. 

There is a sensible discussion of the mathematical 
library, with a good list of suitable books, and 
elementary books in foreign languages are recom- 
mended though none is quoted. 

The place of practical work in the mathematics 
course receives serious attention, and a mathematics 
room with workshop is suggested. 

Lastly, a strong plea is made for the inclusion of 
statistics in the school course. Wven if the scope of 
the work given here is over-ambitious, the conclusion 
“that statistics, so long as it is taught as a practical 
subject, can help to make school mathematics more 
realistic” well expresses the attitude to this relatively 
new school subject. 

Some fifteen misprints have been overlooked in this 
first edition, but the Association can expect con- 
fidently to need a reprinting very soon. The volume 
as & whole is of the standard that is expected from the 
Cambridge University Press. W. J. LANGFORD 


A POPULAR ACCOUNT OF 
RADIO-ASTRONOMY 


The Changing Universe 

The Story of the New Astronomy. By John Pfeiffer. 
Pp. xi+244+16 plates. (London: Victor Gollanez, 
Lid., 1956.) 18s. net. 


W* are very familiar to-day with the problem of 
communications between scientists and the 
general public, and we have recently seen considerable 
and successful efforts in daily and monthly journalism 
to provide intelligent reporting of the more exciting 
scientific work of the present day. A more difficult 
problem is set by the popular text-book, which 
attempts to explain a whole subject to a reader whose 
only background is an intelligent, but rather vague, 
interest. An author determined to write such a 
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book must face rigid restrictions—no mathematics, 
no formulæ, are allowed; all difficult terms such as 
frequency, wave-length, galaxy, must be explained. 

Pfeiffer has written such a book, and in it he manages 
to cover the whole of radio astronomy up to the 
middle of 1956. He started with the severe restriction 
of knowing no radio-astronomy at all, but he had 
instead the advantages of twenty years experience 
of scientific journalism, and of two successive tenures 
of a Guggenheim Fellowship which enabled him to 
visit and talk at some length with many of the leading 
radio-astronomers. His account stems directly from 
his interviews with the men who did the work, and 
the history of the subject which he provides is the 
best we are likely to have for some time. The book is 
accurate in its facts; so accurate and in sufficient 
detail, that it can seriously be recommended as an 
introduction to radio-astronomy. 

The contrast between the accuracy and interest of 
subject-matter, and the style of writing, is remarkable. 
Mr. Pfeiffer is an optimist. Ho believes it is possible 
to explain radio.astronomy in all its complexity to 
anyone able to read, and he consequently addresses 
himself to a public whose attention requires to be 
riveted to each page separately by the use of super- 
lative, hyperbole, and simile. It is safe to say that 
no radio-astronomer could have written such a book, 
although such a style would, from them, be appro- 
priate to short magazine articles or popular lectures. 
I find the style too obtrusive for comfort in such a 
large dose, and I would be surprised to find anyone 
who needed such a continuous stimulation of interest 
and who yet was able to read and appreciate the whole 
of the book. F. G. SMITH 


INTO SPACE 


Satellites and Space Flight 
By Eric Burgess. Pp. vii +159+14 plates. (London : 
Chapman and Hall, Ltd., 1957.) 21s. net. 


HIS book traces the expected future history of 
space-travel, from the instrumented artificial 
satellites which are already in being to the manned 
interplanetary space-ship which, Mr. E. Burgess 
thinks, may not come for fifty years or more. The 
first chapter deals with rocket motors, the dynamics 
of satellite orbits, and the scientific experiments 
which can profitably be made in unmanned satellites. 
The next step into space is the unmanned ‘probe’ 
missile, sent to investigate the Moon and Mars on 
our behalf. Mr. Burgess discusses possible circum- 
lunar orbits, the optimum transfer ellipse from Earth 
to Mars, and the design and instrumentation of a 
lunar-probe missile. Man’s first sojourn in space will 
probably be inside a satellite space-station, and ‘once 
he feels at home in this remote outpost, his next 
goal will be the Moon. For, despite its unattractive 
cliimate—a near-vacuum with extremes of tem- 
perature—the Moon will be prized as a base because 
it occupies a favourable niche in the hill-and-valley 
system of gravitational potential. Mr. Burgess 
describes the problems of the lunar base built either 
above or below ground, and outlines what is known 
of the Moon’s surface. The last chapter, on manned 
interplanetary travel, includes a discussion of nuclear 
and ion rockets, and ends with some gentle specu- 
lation on, interstellar flight. 
Mr. Burgess, a seasoned campaigner in the realms 
of interplanetary space, is a confident guide, and his 
prophecies may well come true, if taxpayers choose 
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to let their money be spent on space-travel. He 
is familiar with all the literature on the subject, 
and he gives a useful list of references ab the end 
of each chapter. He steers a wary course half- 
way between & popular exposition and a text-book. 
Though he is careful to avoid mathematical symbols, 
he does not shirk detail: there is plenty of numerical 
grist, indeed perhaps rather too much, since all 
weights and distances are expressed in both English 
and metric units. This practice has something to be 
said for it, however, in a subject like space-travel, 
where the applied scientist, a slave to slugs, bas to 
co-operate with his purer, gram-bound colleague. . 
In the choice of subject-matter there is little need 
for improvement, but it is a pity that tho same 
cannot be said for the style of writing. Mr. Burgess 
can find the happy phrase when he tries, but at times 
he is content to be slipshod and repetitive, and 
occasionally it is none too clear what he means. 
Apart from this intermittent failure to communicate, 
Mr. Burgess is usually a reliable guide to the un- 
trodden paths of space. But he is not infallible, and 
it has to be said that the book is marred by too many 
minor mistakes : on p. 97 and elsewhere he repeats the 
crucial error which misled the interplanetary theorists 
for so long, namely, their belief that the weight of 
structure and motor on any missile (or stage of a 
missile) could not be much less than 20 per cent of 
the total, though even in 1952 the Viking achieved 
15 per cent ; p. 63 needs thorough revision ; Fig. 1.2 
is in error; and there are more than thirty other 
trivial errors or misprints. D. G. Kme-HELE 


LOGICAL STUDIES AND 
INDUCTION 


Logical Studies 

By Prof. Georg Henrik von Wright. (International 
Library of Psychology, Philosophy, and Scientific 
Method.) Pp. ix+195. (London: Routledge and 
Kogan Paul, Ltd., 1957.) 28s. net. 


The Logical Problem of Induction 

By Prof. Georg Henrik von Wright. Second revised 
edition. Pp. xii+249. (Oxford: Basil Blackwell, 
1957.) 26s. net. 


A REVIEW of these two volumes together may 
serve to show the range and depth of Prof. G. H. 
von Wright’s thinking. His “Logical Studies” 
comprises & series of eight papers—five of them 
published previously—and the “Logical Problem of 
Induction” is essentially his doktor-arbett submitted 
to the University of Helsinki in 1941. The present 
book is a second, enlarged edition of the original work 
published as Vol. 3 of Acta Philosophica Fennica. 
With regard to the “Studies”, three essays are 
presented dealing with the problem of logical truth. 
This amounts to an attempt to clarify the statement 
that logical truth is at root a tautology ; or otherwise 
expressed, that logical truth is a function of form but 
not of content. It is valuable to have this theme go 
competently handled. A general lack of understand. 
ing about it may well be one reason (no doubt there 
are others) why scientists are apt to complain that 
philosophers do little beyond echoing and complicat- 
ing the less secure tenets of physical theory. Until 
some-crucial issue focuses attention upon it, experi- 
mentalists in particular are naturally reluctant to take 
seriously a discipline which makes rigid demands upon 
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the structure of ratiocination but has nothing to say 
concerning that which is in fact the subject, the thing- 
in-itself as Husserl] would insist, and its associated 
correlates. 

Underlying this dilemma is the feilure to allow 
enough for the wsthetic content of each problem, 
whether scientific or logical. Mere applications or 
developments of existing knowledge are unlikely to 
prove coercive, since they rarely provide an opportun- 
ity for that contemplative factor which lifts the best 
human efforts above the useful and the pragmatic. 
Ít is for this reason that those about to embark upon 
any postgraduate course of study or research would 
find it rewarding to read the first chapter in this 
collection, namely, “Form and Content in Logic”. 

The next group of contributions is concerned with 
modality : it should have a wide appeal because of the 
relationship to probability and the study of norms. 
But perhaps the most interesting point here is the 
recognition that there can be—and actually is—a 
new modal logic which is relative rather than absolute, 
in the classical sense. The author maintains the 
Aristotelian origin of this distinction, namely, 
broficews againsh drdOe. Lexicographically, the 
emphasis of the former is upon ‘that which is under’, 
whereas the latter stresses simplicity or singleness. It 
would have been helpful if Prof. von Wright had 
enlarged upon this theme a little, because it would 
have strengthened his assertion that the relative 
should include the absolute as a limiting case. The 
concluding study (the concept of ‘entailment’) bears 
an epistemic slant, and gives a broad hint of how close 
we are to the notion of demonstratability. 

Turning now to the “Logical Problem of Induction”, 
this largely follows traditional lines in discussing any 
respectable justification for that which we all take 
for granted, and upon which so much of everyday lifa is 
based. The upshot is that, broadly speaking, induc- 
tion cannot be rigorously defended, although this result 
does not necessarily involve such disastrous conse- 
quences as are sometimes feared. Prof. von Wright’s 
treatment of this situation is as follows. The 
basic thesis is presented in the form, “Tt is impossible 
to guarantee, with certainty or with probability, that 
an unknown instance of the property A will also 
exhibit the property B, if A and B are different, 
properties”. (We may perhaps compare this with 
other ‘postulates of impotence’ such as that relating 
to electrostatics or with the second law of thermo. 
dynamics, or even with the negative existential 
quantifier ~ 3, “there does not exist...”.) It ap 
that, on contrasting a single statement with truth- 
frequency for a class of statements, it is reasonable to 
delete “with certainty or with probability”. But 
criteria of the truth of inductive instances cannot be 
demanded, though this does not preclude the accep- 
tance of ‘symptoms’ as applied to experience. 
Embedded in the whole domain of buman thought is 
the temptation to confuse issues of language and of 
fact. The classification of the former as a lemma 
to the solution of Hume’s problem is the critical task 
of philosophy, in contrast to the constructive task 
with its focus upon given conceptual structures. 
The analysis of inductive propositions can then be 
undertaken on mathematical principles.’ Construc- 
tive philosophy is not the tool to use for dealing 
with Hume’s scepticism; it has sufficient material 
upon which to work in its own field, for which 
Prof. von Wright has provided a sound foothold, as 
well as a springboard: for inductive studies. 

F. I. G. RAWLINS 


982 
DAIRY RECORDS 


Milk and Butterfat Recording 

A World Survey. By E. D. Ashton. (Technical 
Communication No. 3 of the Commonwealth Bureau 
of Dairy Science and Technology.) Pp. x+197. 
(Farnham Royal: Commonwealth Agricultural 
Bureaux, 1956.) 30s. 


i Re only previous publication dealing compre- 
hensively with this subject was that of the 
International Institute of Agriculture in 1935. Since 
then considerable progress has been made in methods 
of milk and butterfat recording and in the use made 
of such records, and the number of officially recorded 
cows has increased from 4} million to the present 
figure of approximately 8 million. 

This survey is a welcome and highly informative 
contribution to agricultural literature. The history 
and development of milk recording in some thirty 
countries is presented in a concise and compre- 
hensible form, as are the financial and administrative 
problems inherent in the different systems of milk 
recording operating under the varying conditions 
which prevail in these countries. 

Lhe book appears to fall naturally into two parts : 
a general survey of the present state of milk and 
butterfat recording and a series of detailed accounts 
of the milk-recording movements in specific countries. 

Chapters in the first part trace the development of 
milk recording from the small beginnings of private 
and breed society records to the start of official milk 
recording in Denmark in 1895 and on to the present 
position wherein more than thirty countries have 
official milk recording schemes and between one- 
quarter and one-half of the dairy cows in the main 
dairying areas of the world are officially recorded. 
Organization of milk recording and methods of 
financing these movements are discussed very fully 
as are the practical aspects of milk recording such as 
identification of cows, methods of sampling, butterfat 
testing and milk recording personnel. An extremely 
interesting chapter is devoted to the use of milk 
recording on and off the farm, in feeding and breeding 
policies, and another presents the interest of inter- 
national organizations in milk recording as a means 
of increasing economic production of milk to help 
meet the nutritional needs for animal protein in many 
parts of the world. In the final chapter of Part 1, the 
author links the future progress of milk and butterfat 
recording with other services of livestock improvement. 
An addendum to the first part comprises an excellent 
review of the literature on methods of milk recording. 

The second part of this survey is devoted to milk- 
recording movements in different countries. The 
countries covered include the older agricultural 
countries of Europe, the newer agricultural countries 
such as Australia, Canada, New Zealand, Southern 
Rhodesia, the Union of South Africa and the United 
‘States of America and tropical and sub-tropical 
countries such as India, Israel, Jamaica, Japan, 
Pakistan, Kenya, Tanganyika, Uganda and Nigeria. 
Concise information is given concerning the national 
dairy herd, the development of milk recording, its 
organization and practice in these countries. Each 
country has its own particular problems and a system 
of milk recording which proves satisfactory in one is 
not always the most suitable in another. 

Hach section contains a summary and a list of 
references and there are forty-three illustrations. As 
might be expected in a book of this nature, there are 
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a number of figures and tables. These are clear and 
well set out and are most informative. In addition, 
there are a number of useful appendixes. 

The author is to be congratulated on assembling 
such a fascinating account of the world’s dairy herds. 
The publication is of real value to all those seeking 
information about methods and achievements of 
milk recording, whether their interests lie in well- 
developed agricultural countries or in’ countries 
where such developments are growing or are yet to 
come. HELEN R. CHAPMAN 


SUSPENSION BRIDGES 


The Theory of Suspension Bridges 
By Sir Alfred Pugsley. Pp. vii+136. (London: 
Edward Arnold (Publishers), Ltd., 1957.) 42s. net. 


HE several theories of suspension bridges are 

presented concisely and clearly in this book 
together with the principles of the study of the 
vibration of this type of structure. 

After an interesting historical introduction to the 
subject, there are two chapters on theories of the 
simple suspended cable, including the analysis of. 
stresses and deflexions for various conditions of 
loading. The well-known approximate theory due to 
Rankine is the first of the theories of suspension 
bridges dealt with in the book. Rankine assumed 
that the cable is parabolic and inextensible, that the 
deck girders are rigid and that live loading is dis- 
tributed uniformly to the cable by the girders. This 
is followed by an account of the elastic theory due 
initially to Navier and developed more recently by 
Steinman, which is an improvement upon Rankine’s 
theory only in respect of the allowance for the 
elasticity of the cable and girder in the determination 
of the intensity of uniformly distributed loading on 
the cable. Finally, the more accurate deflexion 
theory derived by Molan on the basis of the differ- 
ential equations of the cable and stiffening girder and 
its approximation—the linearized deflexion theory 
due to Godard—are considered. The deflexion theory 
as developed in the United States by Moisseiff 
and others has proved extremely valuable for pre- 
dicting the behaviour of modern long-span suspension 
bridges. In his treatment of the linearized deflexion 
theory, the author includes the use of trigonometrical 
series as well as his own contribution, the flexibility. 
coefficient approach. The use of the former for 
solving the equations of the general deflexion theory 
in the manner proposed by Timoshenko and Steuer- 
man is described in a separate chapter. 

There is a useful chapter summarizing approximate 
methods of analysis for preliminary design, which is 
followed by two chapters on the vibration aspect. 
The collapse of Moisseiff’s Tacoma Narrows bridge in 
1940, due to aerodynamically induced vibrations, 
emphasized the importance of this phenomenon to 
the designers of long-span suspension bridges. Thus, 
Chapter 11 deals with the prediction of natural 
frequencies and modes of vibration in flexure and 
torsion, while the final chapter gives an abbreviated 
treatment of the problem of vibration of suspension 
bridges due to lateral winds, including the use of 
scale-model tests. 

The book is unique among British works on theory 
of structures, and its conciseness and lucidity are 
admirable. It is clearly set-out and contains rofer- 
ences to original papers and a select bibliography. 

: T. M. CHARLTON 
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The Relationships Between Electroencephalographic 
and Psychological Data in Normal Adults 

Dr. P. F. Werre. Pp. vii+152. (Leiden: Universi- 

taire pers Leiden, 1957. Distributed’ by Messrs. 

Martinus Nijhoff, Lange Voorhout 9, ,The Hague.) 

15 florins. 


ee discovery of the potential changes in 
the brain, which he first published in 1929 and 
which was confirmed by Adrian and Matthews in 
1954, led automatically to the foundation of the 
science of electroencephalography. Its value was 
realized’ when Gibbs, Gibbs and Lennox showed that 
epilepsy could be revealed or confirmed by the electro- 
encephalogram, and this was further enhanced by 
its use by Jasper and Walter in locating brain lesions. 
In the Second World War the electroencephalograph 
was regarded as a valuable instrument in the localiza- 
tion and assessment of brain damage, mostly of 
. traumatic origin. To the neurologist it is now almost 
as valuable as X-rays to the surgeon. The next step 
in the use of electroencephalography is obviously to 
unravel the problems of psychology. A certain 
amount of work has been done on patients suffering 
from psychopathic personalities but much remains 
to be discovered with normal people in such mental 
states as frustration, anxiety, insecurity, anger and 
depression. The aim of this thesis is to record some 
of this work performed by Dr. P. F. Werre in the 
Neurological Clinic of the Academic Hospital at 
Leyden. 

The book consists of three parts, comprising & 
survey of the literature, records of experiments and 
conclusions. In his survey the author considers the 
literature on electroencephalographic findings in 
sleep, emotion, anxiety, fatigue and relaxation, the 
effect of sensory stimulation and mental activity, 
etc. In the records of his experiments he discusses 
its relation to the psychology of the subjects. He is 
cautious in his conclusions but thinks that some 
definite psychological grouping of people on the basis 
of the electroencephalogram can be made. This 
seems to be particularly so in such matters as social 
insecurity and frustration. All those interested in 
electroencephalographic work will wish to read this 
book. Indeed, it is valuable if only for the biblio- 
graphy, which covers eighteen pages, and for the 
survey of the literature which occupies sixty-one 
pages. Although the experiments were conducted 
on only a small number of subjects the tentative 
conclusions offered are very suggestive. 

CLIFFORD ALLEN 


Reason and Chance in Scientific Discovery 

By Dr. R. Taton. Translated by A. J. Pomerans. 
Pp. 171+32 plates. (London: Hutchinson and Co. 
(Publishers), Ltd., 1957.) 30s. net. 


l ‘is gratifying to see an English translation of 
Taton’s dissertation on the art of scientific dis- 
covery. This is, of course, by no means the first 
attempt to analyse the operation of the creative 
process; but many of the Continental examples of 
originality selected by the author for analysis are 
perhaps new to many British readers. Relying 
largely on case-histories, the accounts of which are 
well illustrated by diagrams and many excellent 
plates, Taton discusses such matters as intuition, the 
automatic and unconscious activity of the human 
mind, the power of new instruments and the role of 
chance and accidental observations in the furtherance 
of human knowledge. It is, indeed, an exciting theme 
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so long as the reader of these post-mortem analyses 
does not count it all to be an infallible prescription 
for discovery. Too often the discoverer, in retro- 
spective self-analysis, is apt to conceal the amount of 
what Katherine Mansfield callis the ‘“‘terrific hard 
gardening”—the laborious, conscious and voluntary 
informing and equipping of the mind which must 
precede the break-through on the scientific front. 
As for the great significance of being able to 
recognize the unexpected, it is relevant to recall the 
dictum of Pasteur that chance favours the prepared 
mind. Still, Taton’s book is a scholarly contribution 
to scientific history, and might, for example, be 
recommended for parallel reading with Brewster 
Ghiselin’s excellent book on the creative process in 
the world of music and letters. 
Epwarp V. APPLETON 


The Transformations of Man 

By Lewis Mumford. (World Perspectives.) Pp. 192. 
(London: George Allen and Unwin, Ltd., 1957.) 
15s. net. 


N this book the author, in seven successive 

chapters, analyses the transformations of man in 
æ series of stages from his animal or pre-human 
existence, through what Mumford classifies as 
archaic man, civilized man, ‘axial man’, of the 
‘axial’ or universal religions, old world man of the 
Old World societies, new world man of the New 
World, to ‘post-historic’ man of the present time. 
Pointing out that man’s humanity is now threatened 
by the possibility of barbarism more elemental than 
was ever encountered in historic times, he postu- 
lates the need of a world culture, and that man’s 
principal task to-day is to create a new self, adequate 
to command the forces that now operate so aimlessly 
and compulsorily. He believes that humanity still 
has the technological, as well as the spiritual and 
personal resources, to create a future which offers 
scope to human personality, and in his final chapter, 
“Human Prospects”, attempts to indicate something 
of what is involved in checking the present dissipation 
of man’s potential energy, vitality and creativeness 
and turning them to this purpose. 

To readers of this series that began with “Technics 
and Civilisation” and ended with “The Conduct 
of Life” this will be a disappointing book. Neither in 
scale nor in execution does it match the earlier books. 
It is more difficult to read, and neither the philosophy 
nor the argument is expounded with the coherence 
and cogency that are demanded of an author who 
assays to cover his field on his own authority essenti- 
ally unsupported by citation or reference. 


Veterinary Toxicology (formerly Lander’s ‘‘Veter- 
inary Toxicology”) 

By R. J. Garner. Pp. vii+415. (London : Baillière, 

Tindall and Cox, Ltd., 1957.) 35s. net. 


HE radical changes that have occurred in the 

sources of toxic hazards to animals can be seen 
in comparing the present volume with the early 
editions of its forerunner, Lander’s “Veterinary 
Toxicology”. In the latter, more than half the book 
was devoted to poisonous plants, while in addition, 
the majority of organic poisons described were of 
plant origin. Now plants form but one of six sections 
in the book, and it is clear that the domestic animal 
must face a barrage of synthetic compounds largely 
comprised of the herbicides used to destroy the 
plants themselves. Perhaps in future editions it will 
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be necessary to expand the present short but valuable 
section on radioactive materials. The situation is 
summarized in the introduction, where common 
causes of poisoning are tabulated. It is to be regretted 
that this section of the book is not fuller and indeed 
that more statistics are not available. This lack of 
information, which was emphasized by the Zucker- 
man Report on Toxic Chemicals in Agriculture, 
necessarily limits the effective direction of policy to 
reduce the incidence of poisoning. 

The author has organized his voluminous 
material in an admirable way ; inorganic substances 
are dealt with in alphabetical order, but this codical 
system has been dropped in considering drugs and 
pesticides. However, this allows the rational grouping 
of agents with similar modes of action, and hence 
economy in the text: it is the approach that is 
familiar in experimental pharmacology. The whole 
book is well documented with references which will 
be of value to practitioner and student alike, and 
indeed the general sections of the book could be read 
with advantage by students at their preclinical stage. 

P. JEWELL 


Jets, Wakes, and Cavities 

By Garrett Birkhoff and E. H. Zarantonello. (Applied 
Mathematics and Mechanics: a Series of Monographs 
prepared under the auspices of the Applied Physics 
Laboratory, Johns Hopkins University, Vol. 2.) Pp. 
xii+ 353. (New York: Academic Press, Ine. ; 
London: Academic Books, Ltd., 1957.) 10 dollars. 


HILE the subject of jets, wakes and cavities is 

of considerable interest in fluid dynamics and 
has attracted the attention of many engineers, 
physicists and mathematicians, accounts of the field 
as @ whole are very rare. Thus, the attempt to collect 
the available information in one volume is most 
welcome, and from this aspect alone the book under 
review with its almost overwhelming number of 
references is extremely useful. But since the first 
author, in particular, has himself contributed much 
original work to this subject, the presentation bears 
his stamp and draws together and co-ordinates many 
fragmentary and seemingly unrelated pieces of 
information. A wide and complex field is covered 
and interest in the subject is-still very much alive. 
It is in these still vigorously growing branches that 
the authors’ preferences are most apparent and, 
perhaps, lead to a slightly one-sided presentation. 


Altogether, the book affords an excellent introduction ° 


to a fascinating subject and will profitably be studied 
by graduate students as well as general readers who 
are curious about applied mathematics, hydraulics, 
or aeronautics. D. KUcHEMANN © 


Nuclear Reactors for Research - 
Edited by Clifford K. Beck. (The Geneva Series on 
the Peaceful Uses of Atomic Energy.) Pp. xii+267. 
(Princeton, N.J.: D. Van Nostrand Company, Ine. ; 
‘London: D. Van Nostrand Company, Ltd., 1957.) 
8.50 dollars; 64s. 

O much information was presented in such a short 

time at the 1955 Geneva Conference on the 
Peaceful Uses of Atomic Energy that several pub- 
lishers recognized the need for producing edited 
collections of papers on particular topics. The book 
under review is such a collection. In Part 1 the uses 
of research reactors are first discussed and illustrated 
by extensive references. Descriptions of particular 
types of research reactors are given in subsequent 
chapters which comprise Part 2. 
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Most of the material in the book has appeared 
elsewhere, but Dr. Beck has made deletions and 
rearranged parts of the original papers so that with 
his own additions assimilation is easier. Anyone 
currently considering whether research reactors can 
be of use in his particular field would do well to 
study this book as a guide to what can be done. 

Part 1 is bound to attract most interest, and unless 
the reader is directly concerned with choosing a 
particular type of reactor or for some other reason 
concerned with comparing details of the different 
types, Part 2 may prove a rather long catalogue. 
However, the number of people with such interests 
is increasing in both industry and the universities, 
and to them the book should be more easily read 
than the alternative sources referred to. 

F. W. FENNING 


Medical Radiation Biology 

By Friedrich Elinger. Pp. xxxiv +945. (Springfield, 
Ul.: Charles C. Thomas; Oxford: Blackwell 
Scientific Publications, Ltd., 1957.) 150s. 


Toa is a book written by a physician for physi- 
cians and as such it should prove a useful text- 
book for radiotherapists and a valuable reference 
book for medical men whose contact with radiation 
problems is more intermittent. 

The book is written almost in lecture-note form. 
It is strictly systematic and exhaustive, with very 
adequate cross references. This, together with the 
5,000 references, makes it a very valuable information 
source for all workers in radiobiology. It will not, 
however, rank as a scientific treatise on radiobiology, 
for the treatment is rather elementary and didactic. 
The early chapters on the fundamental aspects of 
radiation and radiation effects are rather unsatis- 
factory and some would consider them occasionally 
misleading. For example, the early statement that 
it is possible to consider all the effects of radiation 
under a single biological concept as a ‘stimulus’ 
would scarcely appeal to the physiologist. 

The greater part of the book is concerned with a 
detailed description of the effects of radiation on the 
various tissues and organs of the body in health, 
disease and malignancy. The effect of externally 
administered X- and y-radiation is, of course, the 
main theme, but the effects of ultra-violet and visible 
light are also fully dealt with. There is also a valuable 
section on the effects of radiations arising internally 
from administered isotopes. Health hazards are kept 
to the fore and discussed at appropriate points 
throughout the text. 


Glossary of Indian Medicinal Plants 

By R. N. Chopra, S. L. Nayar, and I. Œ. Chopra. 
Pp. xx+330. (New Delhi: Council of Scientific 
and. Industrial Research, 1956.) Rs. 8. 


HE object of this glossary is to present a concise 

record of the information regarding the properties 
and uses of the medicinal plants of India as a guide 
to those interested in indigenous drugs. 

Much of the information is a result of an all-India 
survey of medicinal and poisonous plants, visits to 
centres of learning of indigenous medicine and 
consulting the literature on local herbaria and 
libraries. 

The plants have been arranged in alphabetical 
order according to their scientific names, so that 
there will be no difficulty for readers in finding any 
particular drug. Many of the commonly used 
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synonyms have been inserted as cross-references to 
their modern scientific names. Abbreviations have 
been used in order to compress data into a small 
handy volume and a list of these has been included 
for ready reference. When & number of plants belong- 
ing to the same genus is discussed, the name of the 
family to which the plants belong is supplied with the 
scientific name of the genus. Important vernacular 
names commonly used in different regions of India 
have been given, and an index of these names has 
been provided at the end. The diseases for which the 
particular plant is used are also briefly described. 

A special feature, which will not fail to attract 
attention, is the inclusion of brief accounts of the 
active principles of plants so far as they have been 
worked out. An index of chemical constituents is 
provided. Under the name of each plant, there are 
abundant references to scientific journals and books. 

S. B. HALLEN 


Cloud Study 
A Pictorial Guide. By F. H. Ludlam and Dr. R. Ñ. 
Scorer. Pp. 80. (London: Jobn Murray (Pub- 


lishers), Ltd., 1957.) 12s. 6d. net. 


HE basis of this book is a selection, preceded 

and accompanied by explanatory text, of 
seventy-three photographs with a frontispiece in 
colour, from the fine collection of the Royal Meteoro- 
logical Society, the files of its monthly magazine 
Weather and other sources, including the private 
collections of the authors themselves who have added 
much to our knowledge of clouds. All the familiar 
types of cloud are well represented, but possibly the 
most commanding picture shows the stupendous wall 
of cumulo-nimbus cloud surrounding the clear ‘eye’ 
of a Western Pacific typhoon. From this, one can 
well believe the statement that a tropical cyclone is 
an “organized system of cumulo-nimbus clouds”. 
A useful inclusion for purposes of identification is the 
photograph of the seldom seen but peculiarly beautiful 
cirriform noctilucent clouds probably consisting of 
small dust particles instead of water droplets. These 
form high up in the stratosphere at altitudes of about 
80 km. and may be seen in the higher northern 
latitudes on summer nights between May and 
August. The authors explain very clearly the fairly 
well-known physical transformation of large cumulus 
clouds into showery cumulo-nimbus. Yet one feels 
there is more to learn about the great cumulus clouds. 
What is the critical factor which gives them their 
sharp outlines and rock-like solidity of aspect notably 
when piled on the horizon like a mighty range of 
mountains ? Ruskin used to expatiate upon this a 
hundred years ago. L. C. W. BONAOINA 


The Physics and Chemistry of Life 
(A Scientific American Book.) Pp. xi+270. (London: 
G. Bell and Sons, Ltd., 1957.) 13s. 6d. net. 


fi eae eighteen short essays first appeared in the 
magazine Scientific American. The book begins 
with a discussion of the origin of life and ends with an 
article on the electrical activity of the brain. Most of 
the writers are recognized leaders in the field of work 
which they have chosen to describe. The subjects 
include photosynthesis, nitrogen fixation, the struc- 
ture of proteins in general and of insulin in particular, 
the nature of genes, enzymes, viruses and nucleic 
acids, the mechanisms of cell division and differentia- 
tion, and the properties of muscle and. nerve. The 
standard of ‘popularity’ varies a good deal from one 
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essay to another. Some of the authors have assumed 
that their readers will have an elementary knowledge 
of organic chemistry ; others might have been wiser 
to have made this assumption: for example, it is 
not easy to give a clear account of the modern view of 
fatty acid oxidation without using any structural 
formule. 

The article by G. Beadle on the genes of moulds 
and man shows the way in which the study of the 
bread mould Neurospora crassa has helped to explain 
how genes act. It may perhaps be selected as an 
example of popular scientific writing at its best. 

Taken as a whole, these essays give a broad picture 
of some of the more exciting topics of present-day 
biological research. Considering the very reasonable 
price of the book it would perhaps be ungenerous to 
complain of the poor standard of production of some 
of the diagrams. D. C. HARRISON 


Tables of the Non-Central t-Distribution 

Density Function, Cumulative Distribution Function, 
and Percentage Points. By George J. Resnikoff and 
Gerald J. Leiborman. (Stanford Studies in Mathe- 
matics and Statistics, Vol. 1.) Pp. x+389. (Stan- 
ford, Calif.: Stanford University Press; London: 
Oxford University Press, 1957.) 100s. net. 


TH quantity known as ‘Student’s ? is widely 
used in statistics to test the significance of a 
mean ; itis, in effect, the ratio z/s, where z is a normal 
variable with zero mean and unit standard deviation 
and s? is an independent variance estimator distri- 
buted as y?/v with v degrees of freedom. The quantity 


-called ‘non-central’ ¢ is the quantity (z + 5)/s, where 


§ is some given constant. Its distribution requires 
tabulation by triple entry, according to t, v and 5. 
Originally, it was required for the power function of 
tests based on ‘Student’s t’, but more recently has 
found application in a number of other fields. 

These tables present the frequency, the distribution 
function and the percentage points of non-central t 
to four decimal places for v = (1)24(5)49; with 
standardized argument t/,/v; and for values of ò 
determined as «/(v + 1)Ky, where Ky is a standard- 
ized random normal deviate with probability integral 
l — p. The tables were computed on an IBM card 
programmed computer and are legibly reproduced 
from photographed typescript. Statisticians will be 
grateful to the authors and to the Stanford University 
Press for making this work, which was done under & 
Naval research contract, available for general use. 


Modern Computing Methods 
Department of Scientific and Industrial Research : 
National Physical Laboratory. Notes on Applied 
Science, No. 16. Pp. vit+129. (London: H.M. 
Stationery Office, 1957.) 10s. 6d. net. 


HIS work is based on lectures delivered by 

various members of the staff of the Mathematics . 
Division of the Laboratory during a vacation course 
on “Computers for Electrical Engineering Problems”. 
It gives a brief account of those computing methods 
which are likely to be of general use, and its emphasis 
is essentially practical. There are twelve chapters, 
the first four of which deal with algebraic problems 
including the determination of the real and complex 
roots of polynomial equations, the inversion of 
matrices and the determination of their latent roots 
and vectors, and the solution of simultaneous linear 
algebraic equations. Chapter 5 introduces the theory 
of finite differences which is used in the following two 
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chapters to solve ordinary differential equations of 
the boundary-value and initial-value types. Chapter 
8 is mainly concerned with quasi-linear partial 
differential equations of the second order in two 
independent variables and uses the method of 
‘characteristics’ for the solution of the hyperbolic 
equations. The treatment of the elliptic and parabolic 
partial differential equations is given in Chapter 9, 
and relaxation methods are discussed in Chapter 10. 
The last two chapters discuss the various problems 
which arise in the computation, construction, check- 
ing and presentation of numerical tables of mathe- 
matical functions. The account is necessarily con- 
densed, but it is supplemented by an extensive and 
most useful bibliography of reasonably accessible 
literature. S. WEINTROUB 


The Physiology and Biochemistry of Lactation 
By Dr. S. J. Folley. Pp. viii-+153+19 plates. 
(Edinburgh and London: Oliver and Boyd, Ltd., 
1956.) 18s. 6d. net. 


| i the past twenty years the Physiology Department 
of the National Institute for Research in Dairying, 
under the leadership of Dr. S. J. Folley, has made 
outstanding contributions to knowledge of the 
biochemistry and physiology of lactation. The 
present book is based on a series of lectures given by 
Dr. Folley at the Collége de France. It presents a 
commendably clear and readable account of the 
important advances that he and others have made in 
the subject, and adequately describes modern methods 
by which these advances have been achieved. The 
first of the six chapters discusses the growth of 
mammary tissue and how it is influenced by estrogen, 
progesterone and some of the anterior pituitary 


hormones. The second and third chapters deal with ` 


the initiation and maintenance of lactation, and the 
fourth with the milk ejection reflex, the nature of the 
milk ejection hormone and the effector contractile 
tissue of the mammary gland. The last two chapters 
describe modern views on the methods by which milk 
fat, lactose and milk proteins are formed in the gland. 
The book is well illustrated, the figures and tables 
‘are clear and concise, and a valuable list of references 
accompanies each chapter. It is a book that can be 
highly recommended to students, lecturers and 
research workers and indeed to all whose job it is to 
understand the functioning of the actively secreting 
mammary gland. J. A. B. SMITH 


The Armored Scale Insects of California 

By Howard L. McKenzie. (Bulletin of the California 
Insect Survey, Vol. 5.) Pp. v+209+3 plates. 
(Berkeley and Los Angeles: University of California 
Press ; London : Cambridge University Press, 1956.) 
45s. net. 


To wide range of species of the armoured scales, 
or Diaspididae, to be found in California include 
many that are primary pests of major agricultural 
crops. The object of the present work is to enable the 
thousands of specimens received annually by the 
State Department of Agriculture to be accurately 
identified and their occurrence within the State 
recorded, so that the economic importance of the 
species may be evaluated. The book, by a well-known 
authority on this group of insects, is admirably 
designed to meet this objective. 

Keys to genera and species are given as well as 
excellent detailed figures of each species. The species 
are not described but the more important taxonomic 
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references are listed and can be consulted where the 
identity is in doubt. Excellent colour photographs 
of some of the more important species are included ; 
but it is open to question whether these are of any 
great aid to recognition, as closely allied forms are 
often so very much alike in appearance. Type 
locality and host as well as other known hosts are 
given for each species as well as other useful informa- 
tion. There are an index to the genera and species, a 
host index and a host list including the Diaspidid 
species, arranged alphabetically under plant families. 
This book is very well arranged and brings together 
& wealth of information that will be invaluable to 
workers in California. But although it deals with the 
fauna of a restricted area, many of the species have a 
very much wider distribution, not only in North 
America but’ also throughout the world. It will 
therefore be of considerable value to all those in- 
terested in this group of insects of considerable 
economic importance. W. J. HALL 


Rocket Propulsion Elements ' 
An Introduction to the Engineering of Rockets. By 
George P. Sutton. Second edition. Pp. xii+483. 
(New York: John Wiley and Sons, Ince. ; London: 
Chapman and Hall, Ltd., 1956.) 82s. net. 
ie is surprising that in spite of the growing impor- 
tance of rockets since the Second World War so few 
books have been written dealing with rocket propul- 
sion from the point of view of the design and develop- 
ment engineer. When first published in 1949, this 
book was the only one of its kind and even to-day it 
has no equal. This second edition brings the subject 
up to date and remedies some of the weaknesses of 
the first edition. The book has been enlarged*by 
approximately 60 per cent and includes new material 
on both liquid- and solid-propellent motors, the 
subject-matter of the latter in particular being a 
considerable improvement on the first edition. A 
more comprehensive treatment of heat transfer is 
also included, although radiation could have been 
dealt with more fully. The many worked examples 
and the problems at the end of each chapter are 
useful features although the student would appreciate 
answers to more of the problems. In a book of this 
nature covering such a wide field it is inevitable that 
certain, aspects of rocket propulsion cannot be dealt 
with as fully as some people would wish, and so for 
those wishing to delve more deeply into specialist 
subjects there is a greatly enlarged and well-arranged 
bibliography at the end of the book. 

This is @ comprehensive technical book covering 
both the theory and practice of rocket engines and 
can be thoroughly recommended to all those, whether 
students or practising engineers, who are concerned 
with rocket propulsion. 


Through Alchemy to Chemistry 


A Procéssion of Ideas and Personalities. By Prof. 
J. Read. Pp. xvii+206. (London: G. Bell and 
Sons, Ltd., 1957.) 18s. 6d. net. 


gi Beets who have an acquaintance with Prof. 
l Read’s earlier books, “Prelude to Chemistry” 
(1936), “The Alchemist in Life, Literature and 
Art” (1947), and “Humour and Humanism in Chem- 
istry”? (1947), will know how ably and with what 
charm of style he can draw on his fund of specialized 
knowledge of the chemistry of the past and the 
personalities of its practitioners. A new book by him 
in this field may be expected to be good, and this 
latest one from his pen amply fulfils expectations. 
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It is, as he says, in some way a digest of the earlier 
works, to which material from his ‘Direct Entry to 
Organic Chemistry” (1949), which was awarded the 
Cortina-European Prize of @ million lire, has been 
added. The text takes the reader from the ideas of 
the earliest civilizations through the long period of 
alchemy to modern times, the age of the benzene 
ring, electrons, atomic structure, and chemistry in 
space. ‘The illustrations, including many excellent 
plates, add interest and understanding to the story ; 
many of them would be difficult to find elsewhere. 
The book is designed to be intelligible to the educated 
reader not familiar with the details of chemistry ; the 
only chemical equation in it is 2H, + O, = 2H,0, 
and anyone who knows the full history of all that lies 
hidden in this simple expression will have an idea of 
what could be expounded from such familiar things. 

Prof. Read’s book can be warmly recommended to 
all who care for the better things of science ; to the 
chemist, to the young reader who will be attracted 
by its clarity and interest, to the historian, and to 
the many who are now aware that the history of 
science is not only of value in itself but also forms 
an integral, although sometimes neglected, part of 
the whole history of civilization. 

J. R. PARTINGTON 


A Practical Guide to Plant Sociology for Foresters 
and Agriculturists 

By Prof. F. R. Bharucha and Dr. W. C. DeLeeuw. 

Pp. viilit44. (Bombay; Calcutta; Madras: Orient 

Longmans Private, Ltd., 1957.) Rs. 5. 


ITH the revival of the Botanical Survey of 
India, the authors have brought out this little 
book to provide, in easily available form, some 
tangible suggestions for methods of studying the 
ecology of Indian vegetation. They have, in fact, 
outlined the methods of the Zurich—Montpellier 
school of phytosociology. The difficult task of doing 
this within the space of forty pages has been well 
tackled, but it seems questionable whether the 
emphasis on brevity has not been too great. One 
cannot help feeling that the inexperienced ecologist, 
when he comes to use the book for practical field 
studies, is likely to be left a prey to unsolved doubts 
as to just how he should begin. Nevertheless, the 
book does put into his hands useful data on the 
Zurich—Montpellier techniques, which, with some 
general guidance, should enable him to contribute 
towards a systematic description of Indian vegetation. 
The book can also serve to give botanists who are 
unfamiliar with the work of the Zurich—-Montpellier 
school a nodding acquaintance with its methods. 
That many British ecologists are critical of these 
methods is irrelevant here, but the widespread lack 
of understanding between the two schools of thought 
might be lessened by a better knowledge on both 
sides. MAURICE ASHBY 


Plastic Design of Portal Frames 
By Dr. Jacques Heyman. (Cambridge Engineering 
Series.) Pp. viii+104. (Cambridge: At the Univer- 
sity Press, 1957.) 10s. 6d. net. 


UITE apart from the interest of its subject, Dr. 
Heyman’s book is attractive because of two 
features not usually encountered in modern technical 
publications. First, it is inexpensive, and secondly, 
it does not pretend to be a fully-exhaustive treatise 
on a wide field. The text deals with single-story 
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portal-framed buildings only, andj does not stray 
outside the terms of reference so set. 

It is worth noting that the conception of the steel 
frame as part of a finished structure is constantly 
kept before the reader. He is not given the theoretical 
background only, and left to apply this to design as 
well as he can; throughout, the emphasis is on 
completing the task of translating the ideas developed 
at Cambridge into the completed building. 

Dr. Heyman has the valuable faculty of realizmg 
that the student of his subject may well find diffi- 
culties even in the elementary stages. He makes a 
considerable effort to ensure that the simplest 
application of plastic design—to continuous beams 
and purlins—is thoroughly understood, and then 
builds logically and gradually on this basic under- 
standing until such complex frames as multi-bay 
portals and tied portals under wind loading are 
being considered. 

The book achieves its purpose of introducing the 
newcomer to this powerful British method of steel 
design, but Dr. Heyman realizes the limitations of 
his space and has confined himself to a type of 
structure where strength of sections rather than 
stiffness of stanchions is likely to be the controlling 
factor. Those readers interested in instability or 
multi-story construction must turn to the excellent 
bibliography for further direction. 

W. FISHER CASSIE 


Trilinear Chart of Nuclides 

By William H. Sullivan. Pp. ii+4-+chart. (Wash- 
ington, D.C.: Government Printing Office, 1957.) 
2 dollars. 


H. SULLIVAN’S “Trilinear Chart of Nuclides” 

. has just appeared in its second edition. One 

can surely say without exaggeration that every 

nuclear physicist and chemist, and, in addition, the 

large group of people who require nuclear data in 

their work, will be delighted to be able to embellish 

the walls of their offices or laboratories with this 

very useful atlas of nuclides or, at least, have it 
handy for ready reference in their desks. 

I am sorry to find that the colour scheme of the 
first edition has been replaced by printing the 
hexagons in heavier or lighter print for the naturally 
occurring isotopes and the artificial ones. Even with 
the advantage of a lower price for the chart, the 
sacrifice of beauty seems regrettable. 

The organization of the new chart is identical with 
that of the first edition. The amount of information 
presented is very large, and great pains seem to have 
been taken to ensure accuracy. “At a price of 2 dollars 
the chart should be extremely popular with the 
scientific world. E. BRETSCHER 


Complexometric Titrations 

By Prof. Gerold Schwarzenbach. Translated and 
revised in collaboration with the author by Dr. 
Harry Irving. Pp. xviii+132. (London: Methuen 
and Co., Ltd.; New York: Interscience Publishers, 
Inc., 1957.) 21s. net. 


OST chemists are familiar with at least a few 

of these elegant methods, but all will welcome 

this survey and be surprised at the variety and 

extent of the applications. More than 300 references 

are given to papers, nearly all of which have appeared 
in the past decade or so. 

Prof. Schwarzenbach, the pioneer of complexo- 

metric titrations, gives a very clear discussion, aided 
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by numerous neat diagrams, of the theory underlying 
the stability of the complexes and the titrations. 
The use of dyes as metal-indicators arose from a 
chance observation made when hard tap-water con- 
taining calcium was being employed for washing 
vessels in which -a complexone and murexide had 
been used. (The chance observation would probably 
have been wasted had it not been made by the 
eye of a genius.) The indicators are so sensitive 
that end-points are very sharp even with 0-01 M- 
titrants. 

The use of masking agents, enabling mixtures to 
be titrated, is fully explained, as is also the prepara- 
tion of the necessary pH buffer solutions. Nearly 
forty detailed determinations include examples of 
direct, indirect, substitution, and back titration and 
suggest many further applications. | 

This ‘translation’ is much more than the dry bones 
often covered by that term, for Dr. Irving has been 
associated with the author in the preparation of a 
second German edition and has not hesitated to make 
such alterations as seemed desirable. There are a 
few misprints, and some of these are important. 

The publishers are to be congratulated on the 
production of a well-printed and well-bound book 
at a reasonable price. A. D. MITOHELL 


Biological Staining Methods 
By George T. Gurr. Sixth edition. Pp. vi+102. 
(London: George T. Gurr, Ltd., 1957.) 5s. 


HE diversity of staining techniques has increased 

so greatly in recent years that it is often difficult 
for the non-specialist to choose those most applicable 
to his problem. A book of this type, which presents 
clearly a wide selection of methods, is thus of great 
value, not only to students but also to all who use 
staining methods. This new edition of Mr. G. T. Gurr’s 
book follows the plan of previous issues, devoting 
sections to bacteriological, hematological and general 
methods. Some new techniques have been added, 
together with a section on fluorescence microscopy, & 
method which is of increasing importance in biological 
research. A most useful feature of the book is the 
expanded formulary, giving the composition of many 
staining solutions, and also the appendix which lists 
the solubilities in water and in alcohol of many 
common chemicals and stains. A possible improve- 
ment which might be incorporated in any later 
edition would be the separation of the histochemical 
methods from the general stains and their expansion 
into a separate section. This, however, is a minor 


criticism, and the book in its present form will, I ` 


feel, prove a most useful reference work, particularly 
to students and laboratory technicians. 
S. BRADBURY 


Metrology and Gauging 
By S. A. J. Parsons. Pp. xxii+286. (London : Mac- 
donald and Evans, Ltd., 1957.) 25s. 
HE ever-present demand for greater precision in 
: manufactured articles has created the need for a 
wider knowledge of metrological techniques among 
those engaged in production processes, not least the 
designer himself. It is becoming increasingly recog- 
nized that instruction in this subject should form 
part of the curriculum of the engineering student, 
and the book under review has been particularly 
designed to cover the syllabus requirements of 
examinations ‘leading to corporate membership of 
the Institution of Mechanical Engineers and the 
Institution of Production Engineers, and similar 
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examinations. However, the author’s treatment 
of the subject makes the book equally valuable to 
the practising engineer. 

An introductory chapter deals with the funda- 
mental standards of length, and this is followed by 
a description of the use of light-waves as length 
standards and various forms of interferometer 
embodying this principle. 

After a chapter on the interchangeability of com- 
ponents, the author discusses in considerable detail 
the design, manufacture and testing of limit gauges. 
This is followed by several chapters on commercially 
available measuring instruments, which have been 
grouped according to their principle of operation, 
namely, optical, mechanical, electrical or pneumatic. 
The application of these instruments to screw thread 
measurement and the testing of straightness, flat- 
ness and alignment follows. Two chapters are devoted 
to the measurement of gears and surface finish. The 
appendixes include a list of relevant British Standards 
and some typical examination questions. 

This book, having regard to its purpose, quite 
adequately introduces the subject of metrology, and 
clearly indicates present trends in measuring tech- 
niques. However, the author’s presentation of his 
material could have been improved by re-grouping it 
in a more logical sequence, and the list of chapter 
contents could with benefit be shortened. The illus- 
trations are plentiful, and a clear fount makes the 
book pleasant to read. P. W. Harrison 


The Rolling of Strip, Sheet and Plate 
By Eustace C. Larke. Pp. xi+404. 
Chapman and Hall, Ltd., 1957.) 63s. net. 


‘TN this book a remarkable amount of material 

has been compressed into one volume. ‘The 
opening chapter deals with modern, rolling plant. 
Then a chapter on multi-roll mills describes the 
fascinating Sendzimir mill and its advantages. There 
follow chapters on roll cambers, gauge variation of 
rolled strip, rolling loads and rolling schedules. 
Numerical and graphical methods for computing the 
latter are fully described in simple terms, and nowhere 
is the text so condensed that the reading becomes 
difficult. A whole chapter is given to the influence 
of coiler and decoiler tension on the rolling load. 
Then come chapters on deformation, hot rolling and 
the calculation of hot-rolling loads. Finally, there are 
chapters on the energy consumed in cold and hot 
rolling and on the productive capacity of strip mills. 
This last chapter presents practical methods for 
calculating the capacity, and effects considered include 
handling time, waiting time, length and weight of 
coils and rolling speed. 

A considerable part of the book is devoted to 
methods of calculation, and it may not be out of 
place to make two comments. The amount of ad hoc 
approximation made in order to simplify complex 
mathematical equations might be largely avoided by 
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‘using an electronic computer to solve some of the 


design problems; and, for complicated situations 
where the validity of the assumptions leading to the 
theory are in doubt, there may be something to be 
gained by using statistical design in experimentation. 
For example, improvement in the use of existing 
productive plant may be sought by the use of the 
Box technique of evolutionary operation. 

It is to be hoped that the book will be of interest 
to mill managers and their technical staff as well as 
students. L. S. GODDARD 
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Peculiar Disorder of Plasma 
Thromboplastin Production 


Onz of the several functions of platelets is participa- 
tion in the formation of plasma thromboplastin. 
Recently, we encountered in the blood of a patient 
an agent with the unprecedented action of specifically 
hindering this activity. Thus, the presence of his 
plasma or serum in the incubation mixture inhibited 
the generation of plasma thromboplestin!. Compared 
with a normal control {Table 1) the derangement, 
ag estimated from the clotting time of the substrate, 
was More apparent on reducing the number of plate- 
lets (experiments B and C) and practically abolished 
on using a concentrated suspension (experiment D). 


Table 1. EFFECT OF PLATELET CONCENTRATION ON INHIBITOR 
ACTIVITY 


Platelet 
suspension 
(10 /mm.?) 


Clotting time of substrate (gec.)* 
Source of plasma or serum 
Patienty 


Experiment 
No. 





_* Equal volumes of plasma treated with aluminium hydroxide (1: 5), 
diluted 1:10 serum, platelet suspension and 0:025 M calcium chloride 
were incubated at 87° C. for 6 min. The activity of the mixture was 
tested by taking 0-1 ml. together with 0-1 ml. 0-025 M calcium chloride 
and adding them simultaneously to 0-1 ml. normal citrated plasma 
(substrate), and recording the clotting time. 


t In this case the incubation mixture contained sither patient's 
plasma and normal serum or patient’s serum and normal plasma. 


Antihemophilic globulin and Christmas factor levels? 
were determined in the presence of excess platelets ; 
normal results were obtained. The patient’s platelets 
were fully active in the thromboplastin generation 
test. Pre-incubation of normal platelets with 
patient’s plasma or serum did not cause further 
deterioration in the production of plasma thrombo- 
plastin, indicating that the inhibitor has a retarding 
but not a destructive action on the platelet thrombo- 
plastin component. Further study has shown that 
this inhibitor counteracts the combinetion of plate- 
lets with antihsmophilic globulin and Christmas 
factor; the activity of other blood-clotting factors 
or their intermediate products were uninfluenced. 


F. Nour-Expin* 
JOHN F. WILKINSON 


Department of Hematology, 
Royal Infirmary, 
Manchester 13. 
Nov. 4. 
* Research Fellow in Hemophilia. 


1 Biggs, R., and Douglas, A. S., J. Clin. Path., 6, 23 (1953). 
2 Nour-Eldin, F., and Wilkinson, J. F., J. Physiol., 186, 8324 (1957). 


Salt Intake, Adrenocortical Function 
and Hypertension 


A RECENT communication! proposed that the high 
levels of salt consumption current in modern societies 
were beneficial since the salt stimulated adrenal 
cortical function and thereby set in motion various 
adaptive mechanisms that make the individual 
more responsive to the stresses of modern living. 
Space does not permit examination of whether modern 
living actually hes more stresses than a primitive 
life: one American anthropologist, Prof. G. P. 
Murdock of Yale University, several years ago? 
expressed strong doubts that such was the case, 
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Although the addition of salt to food is as old as 
recorded history, many vigorous groups have used 
none except that which occurred naturally in food- 
stuffs ; for example, Eskimos, certain of the Chinese 
and North American Indians, the Lapps, and the 
Masai of Africa. Available data indicate that the 
sodium intake on these natural diets would range 
from about 1 to 2 gm. (2-5-5 gm. as sodium chloride) 
and sometimes less. Beginning with the pioneering 
work of Allen’, drastic salt restriction has been used 
widely in the treatment of various diseases. During 
the past ten years I have studied some 75 patients in 
metabolic wards for long periods before and after 
sodium restriction of 40-175 mgm.fday. These 
people have maintained sodium balance and normal 
activity, and evidence of impaired adrenocortical 
function has not been observed. One walking 
hospital patient has now been restricted to about 
115 mgm. sodium/dey for more than four years ; she 
remains in electrolyte balance, and numerous clinical 
and biochemical tests of adrenocortical function, 
including the response to intravenous adrenocortico- 
trophic hormone’, which were made recently, indicated 
a normally reactive adrenal cortex. In other patients, 
psychiatric interviews, psychometric studies and 
electroencephalograms before and after drastic salt 
limitation revealed no changes. It has been concluded 
that adrenocortical function is normal on alow salt diet. 

Finally, is a high salt (sodium chloride} diet itself 
disease-producing ? I believe there is ample evidence 
to indicate that salt is a primary cause of “essen- 
tial’ hypertension which, after atherosclerosis, is the 
commonest form of cardiovascular disease in Western 
society. For some years, I have been intrigued by 
the apparent low incidence of hypertension among 
many primitive races; it was of interest to find that 
among such groups for which data were available, a, 
low dietary intake of sodium was a common factor, 
generally 1-2 gm. per day. (All experimental and 
clinical evidence indicates that it is the sodium, not 
the chloride ion, which is toxic.) Up to the present 
time I have found no reports of groups which habit- 
ually consume low sodium diets and have hypertension 
to any significant degree. 

Tt has been known for several years that feeding 
salt to rats will produce a disease which mimics 
human hypertension’. Beginning in 1954, I have 
published evidence indicating that individuals cus- 
tomarily on @ high salt diet will have significantly 
more hypertension than those on & low salt diet?.*. 
It is known that the West Indian Negro has a much 
greater incidence of hypertension than the Whites in 
the same ares’, and according to Prof. Murdock the 
evidence suggests that from early childhood the 
Negroes eat a diet high in salted pork and fish. 
The Southern Negroes of the United States have 
several times as much hypertension as the Southern 
Whites®. My interviews with Negroes from that 
region indicate that for most of them salted pork 
in one form or another has been a prominent article 
in the diet from early childhood. 

Prof. A. Halawani, director-general of the Research 
Institute of Tropical Medicine, Cairo, informed me 
last year that the Egyptian peasants ordinarily ate 
large amounts of heavily salted cheese, and when. 
available, salted fish: he had no precise statistics, 
but it was his impression that hypertension was 
relatively common among these peasants in contrast 
to most Africans and Orientals®, 

It has been axiomatic that Orientals have little or 
no hypertension’. From the work of Prof. T. Fukuda, 
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Physiology Department, Chiba University, Japan’, 
and a Japanese Government bulletin!*, the following 
data, emerge: (1) hypertension is a widely prevalent 
and serious disease in Japan; (2) fatal cerebral 
apoplexy is the commonest cause of death and is 
1-5-2-0 times more frequent than in the United 
States ; (3) in the Prefecture of Akita, where hyper- 
tensive cardiovascular disease is especially common, 
the daily sodium chloride intake (based on 24-hr. 
urinary chloride excretion of 268 adults) averaged 
26:3 gm.—about twice the average Japanese intake, 
and 2-5 times the average intake of the American 
malet!; (4) among 2,082 unselected men studied in 
Akita the following blood-pressure data were found : 

at ages 20-40, about a quarter had systolic pressures 
greater than 140 mm. mercury and a fifth had diastolic 
pressures of 90 mm. mercury or more; at ages 
40-60, 35-62 per cent had systolic elevation and 37- 
50 per cent had diastolic elevation in excess of 140 
and 90 mm. mercury, respectively. A similar inci- 
dence of elevated blood pressures was found in the 
3,219 women who were examined. At corresponding 
ages this frequency of elevated blood pressures is 
about twice that of the Japanese population as a 
whole and is in striking contrast with areas in China 
and India where low salt diets are the rule and 
hypertension is a rar or an uncommon disease. I 
do not know of other. areas in which such & high 
incidence of elevated blood pressure is present, 
although they presumably exist. 

From the foregoing, the following conclusions seem 
justified : (1) a low salt diet is associated with normal 
adrenocortical function ; (2) a high salt diet is asso- 
ciated with a markedly increased incidence of hyper- 
tension and cerebral apoplexy ; (3) evidence acer 
elsewhere*.*¢ suggests that the high salt intake is 
cause of, and not caused by, the Sener i ; 
(4) sharp reduction of current levels of salt intake 
could be carried out without harm and probably with 
great benefit, by reducing the incidence of hyper- 
tensive cardiovascular disease. Furthermore, I 
predict that wherever low salt diets prevail (that is, 
less than about 2 gm. of sodium per day) hypertensive 
cardiovascular disease will be uncommon; conversely, 
where high salt diets (that is, more than perhaps 
5 gm. of sodium per day) are the rule, hypertension 
and its complications will be frequent. 

. This work was carried out under the auspices of 
the U.S. Atomic Energy Commission. i 


Lewis K. DAHL 


Brookhaven National Laboratory, 
Associated Universities, Inc., 
Upton, 

Long Island, N.Y. 

Jan. 13. 
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Intestinal Carcinoma in Mice following 
Injection of Herring-Sperm 
Deoxyribonucleic Acid 


TuE transmission of genetical characteristics from 
one strain of bacteria to another by means of deoxy- 
ribonucleic acid:is now well recognized. However, 
apart from the claim by Benoit et al.1 to have altered 
the hereditable features of certain ducks, the method 
does not appear to have been applied clearly and 
successfully to the higher organisms. Nevertheless, 
it seems theoretically possible, by analogy with the 
achievements in bacterial transformation, that some 
characteristics of cancer cells might be transmitted 
to normal cells by means of tumour deoxyribo- 
nucleic acid, and experiments are being carried out 
here with that end in view. 

It was felt that adequate controls should reasonably 
include not only the parallel administration of normal 
deoxyribonucleic acid of the same species and strain 
and preferably of the same tissue as that from which 
the tumour was derived, but also that of an entirely 
foreign species which might reveal non-specific effects 
on cell metabolism. From bacteriological evidence it 
seemed that direct interaction between the deoxy- 
ribonucleic acid of the host and that newly introduced 
might occur only if the new acid were highly poly- 
merized and derived from a source showing close 
genetical relationship. 

Experiments were carried out on young line-bred 
C3H mice, and the foreign deoxyribonucleic acid 
chosen was a commercial preparation of herring 
sperm. In the course of investigations, two three- 
weeks old females of a litter of four recetved five 
daily injections of the deoxyribonucleic acid of 
herring-sperm. On the twenty-third day after the first 
injection, one died and the other, being moribund, 
was killed. Both bore a solid whitish tumour mass 
involving duodenum, ‘jejunum and mesentery, 
together with small deposits scattered over the 
peritoneum and in adjacent lymph nodes. A con- 
siderable amount of blood-staimed ascitic fluid 
containing numerous tumour cells was present, and 
the general picture was similar in both cases. 

Histological examination showed an adenocar- 
cinoma arising in the mucosa of the duodenum. In 
some areas there was tubular differentiation, but 
elsewhere the tumour was undifferentiated. The 
solid tumour has been’ passaged with difficulty to 
other C3H mice but not to other strains. The ascites 
cells have been transmitted to both O3H and albino 
mice (laboratory strain), resulting in the growth of 
both solid and ascites forms, with some animals 
dying as early as six days after pupeeen as & result 
of tumour proliferation. 

The two litter mates (females) which received no 
treatment have remained healthy, and we have as 
yet found no reference to such a tumour developing 
spontaneously in mice of any strain. It is true that 
we have not so far been able to repeat this result ; 
but in our view the development of a tumour so 
unusual in its site of origin and in its behaviour in 
young mice in these circumstances cannot be dis- 
regarded. This C3H strain of mice has, of course, 
a high incidence of spontaneous mammary carcinoma 
transmitted by the Bittner milk factor, which 
develops normally in adult females. We think it 
most unlikely that the foreign deoxyribonucleic acid 
was incorporated into the nuclei of the mouse tumour, 
but it may well owe its carcinogenic effect to an 
interference with the synthesis of a normal acid in 
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the cells of the duodenal mucosa, which is developing 
extremely rapidly at this stage. 
If we had achieved this result by using deoxy- 
ribonucleic acid derived from a mouse tumour we 
should have been tempted to suppose that the abnor- 
mal acid had been assimilated in the genetical material 
of the mucosal cells in the manner of bacterial trans- 
formations. The production of a tumour in this 
control group indicates the need for extreme caution 
in interpreting positive results in work of this kind. 


T. F. HEWER 
E. S. MEEK 
Department of Pathology, 
University of Bristol. Jan. 18. 


1 Benoit, J., Leroy, P. Vendrely, C., and Vendrely, R., C.R. Acad. 
Sci, Paris, 244, 2821 (1067); 245, 448 (1957). 


Mast Cells 


Influence of Cobalt on White Mouse Skin 
Mast Cells 


OBSERVATIONS on the action of cobalt compounds 
on living organisms revealed that this is to some 
extent similar to that of histamine. Therefore, as 
mast cells may produce and/or store histamine and 
histamine-like substances attached to heparin mole- 
cules, it was of interest to see if the cells examined 
were influenced by cobalt compounds. These were 
given. intraperitoneally to white mice in & single dose 
of 100 mgm. cobalt/kgm. body-weight, in the form 
of cobalt nitrate, acetate and chloride. Another 
series of mice received 5 mgm. cobalt/kgm. in the 
game salts daily for 3 weeks. Specimens of the 
skin were fixed and stained by a modified Nowak and 
Zahl stain’. 

Within 1-14 hr. of receiving & single dose of any 
of the cobalt compounds an enlargement of the granula 
and an increase of their metachromasy were observed. 
The nuclei of the cells were enlarged, and amitotic 
cell divisions that occurred during full secretion 
activity of the mast cells were seen frequently, after 
which the cells were destroyed by clasmatosis. The 
metachromatic granula then lay in the substantia 
fundamentalis for more than 5 hr. The separate 
nuclei underwent pycnosis, and after clasmatosis 
occurred there was no way of measuring them. 

In white mice receiving only 5 mgm. cobalt/kgm. 
the increased activity observed in the above experi- 
ments is much less. After receiving cobalt com- 
pounds for 23 days the cells described are found fairly 
frequently in the specimens, almost all being dis- 
rupted, with their granulations often orthochromatic- 
ally stained. They remain in the proximity of the 
intact cells forming crown-like structures. 

When the same concentration of the cationic 
components of the cobalt compounds were used the 
results were similar. 

From the experiments described above it follows 
that cobalt may stimulate the activity of the mast 
cells, cause their disruption and finally their degen- 
eration. It also stimulates mitosis within the range 
of doses used and in this way may liberate the 
substances produced by these cells. 


Diurnal Variations of the Mast Cell Activity 


Work over several ‘years has revealed that mast 
cells secrete heparin and/or histamine??. We wished 
to determine whether there are significant morpholog- 
ical variations of the mast cell activity, similar to 
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MEAN DIAMETERS OF THE NUCLEI OF SKIN MAST CELLS 
DURING 24 HR. 







Percentage of nuclei with a diameter (x) 






0 5 2 0 
2 5 0 0 
5 0 0 0 
1 4 0 0 
0 8 2 0 
0 20 17 5 
0 10 2 0 
0 9 7 0 


ee ee ee eee ee ee 


those described in other organs examined for 24 hr. 
The observations were made on white mouse skin 
at 3 hr. intervals for 27 hr. The specimens were 
stained by a modified Nowak and Zahl method’. 
The kariometric analysis revealed thet a definite 
rhythm exists in the activity of these cells. Detailed 
data are given in Table 1. The cytoplasmic granule. 
of the cells are most delicate during the morning, at 
6 and 9 a.m. The maturity, that is, the extent of 
metachromatic staining, is also minimal] at these times. 
The metachromasy of cell granula increases towards 
the night and reaches & maximum at midnight. 
Clasmatosis during the day is minimal and increases 
during the night. 

The results show that mast cells, as probably all cells 
of living organisms, are influenced by day and night 
changes. ‘This fact is of interest not only in the 
examination of the fate of heparin and histamine in 
the organism, for the diurnal factor must be taken into 
account as a very significant one in any observations 
on labrocytes, that is, on mast cells. 


TapEUS NIEBROJ 
Dept. of Histology, 
Silesian Medical School, 
Zabrze, Poland. Jan. 7. 
1 Nowak, D., and Zahl, W., Stain Technol., 24, 180 (1949). 
1 Riley, J. F., Science, 118, 382 (1953). 
3 Fawcett, W., J. Hap. Med., 100, 217 (1954). 


A Lipopolysaccharide Antigen of the 
Treponema 


IMMUNOCHEMICAL studies carried out by D’Ales- 
sandro et al.4 on & non-pathogenic, culturable tre- 
poneme, the so-called Reiter treponeme, revealed the 
presence of four antigenic components : (1) a thermo- 
labile protein ; (2), a specific, thermostable antigen 
with polysaccharide characteristics; (8) æ lipoid, 
corresponding to the ubiquitous lipidic antigen 
cardiolipin ; (4) another lipoid similar to the organ- 
specific cerebral antigen of Witebsky”. These studies 
led to the conclusion that the treponemes, like other 
organisms, are mosaics of antigens, and a safe basis 
was established for a better understanding of the 


_complex serological response of the infected host. 


In the serodiagnostic field the interest has been 
focused so far on the Reiter protein antigen, which 
proved to be @ valuable antigen in syphilis serology: 
The reactivity of the protein antigen, which shows a 
remarkable specificity and sensitivity, in the com- 
plement fixation test with syphilitic serums, is 
understandable on the assumption that a common 
antigenic component exists in the Reiter and in the 
pathogenic Treponema pallidum, as indicated by 
experiments of Dardanoni and Censuales’. 

From the investigations carried out in 1949, the 
polysaccharide antigen of the Reiter treponeme 
appeared to be of. minor interest from the sero- 
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diagnostic point of view. The antigen isolated from 
the treponemes by trichloracetic extraction of 
organisms treated with sodium hydroxide, behaved 
as a haptene: it failed to elicit antibodies in the 
rabbit and its in vitro reactivity with syphilis serums 
‘was sparse and weak. These results discouraged 
further investigations. 

However, bacterial polysaccharide or lipopoly- 
saccharide antigens are generally considered to be 
outstanding components of the organisms in relation 
to their immunogenicity and in vitro reactivity. 
With this in mind, the problem, of the polysaccharide 
treponemal antigen has been re-investigated in this 
laboratory. This led to the preparation of a lipo- 
polysaccharide antigen which. appears to be clearly 
reactive in the complement fixation test with 
syphilitic serums. 

Reiter organisms grown in Brewer thioglycholate 
medium are centrifuged and treated with sodium 
deoxycholate‘. Enough 40 per cent trichloracetic 
acid solution is added to the viscous fluid resulting 
from the deoxycholate treatment of treponemes to 
give a final concentration of 5 per cent. The mixture 
is then kept at 4° C. for 4 hr. After centrifugation 
the supernate is harvested, the trichloracetie acid 
removed by dialysis and 4-5 volumes of ethanol 
added. In a few hours a precipitate is obtained 
which is centrifuged, redissolved in water and again 
precipitated. This procedure is repeated three times. 
The antigen is finally dissolved in water and lyophil- 
ized. For use, 1 mgm. of the lyophilized preparation 
is dissolved in 1 ml. of saline, giving an opalescent 
solution without sedimentable turbidity. 

The antigen inoculated intravenously in rabbits 
produces antiserums which: react definitely with 
homologous antigen in the complement fixation test ; 
heterologous lipopolysaccharide antigens derived from 
some Gram-negative enteric organisms did not react 
with such serums. The Reiter lipopolysaccharide 
antiserums give a positive complement fixation test 
with suspension of intact Reiter organisms; sim- 
larly, Reiter organism antiserums react with the 
lipopolysaccharide antigen. Serums obtained from 
rabbits experimentally infected with Nichols strain 
of pathogenic Treponema pallidum react strongly and 
regularly with Reiter lipopolysaccharide. 

While a small group of normal human serums gave 
consistently negative results, a positive complement 
fixation test was obtained in 76 of 85 human syphilitic 
serums tested so far. Negative results have been 


observed in nine biologically false positive serums with | 


more or less pronounced cardiolipin reactivity. 

Chemical assays of the antigen are now in progress ; 
a phosphorus content of 2:26 per cent has been 
found, indicating its lipopolysaccharide nature, which 
appears to be in keeping with in vivo and in vitro 
reactivity. From cross-absorption experiments it 
seems that the antibody reactive with the lipopoly- 
saccharide antigen is not to be identified with either 
anti-lipid or with anti-protein antibody. 

Lhe consistently negative results observed when 
the lipopolysaccharide antigen is tested with normal 
rabbit serums or normal human serums and especially 
biologically false positive serums indicate the specific- 
ity of the antigen. The presence of the Reiter 
anti-lipopolysacchaéride antibody in rabbits infected 
with the pathogenic Nichols strain, and in a high 
percentage of human syphilitic serums, strongly 
suggests that an identical or very similar lipopoly- 
saccharide antigen is common to the Reiter and 

pathogenic Treponema pallidum. 
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Extensive research is needed in order to establish 
the practical importance of the lipopolysaccharide 
antigen in the serodiagnostic field. However, in our 
opinion modern syphilis serology will be based more 
and more on the detection of the three distinct 
anti-protem, anti-lipid and anti-lipopolysaccharide 
antibodies. 

GIUSEPPE D'ALESSANDRO 
CARLA DEL CARPIO 
Istituto d’Igiene e Microbiologia, 
Universita di Palermo. Jan. 8. 


1 D'Alessandro, G., Oddo, F. G., Comes, R., and Dardanoni, L., Riv, 
Ist. Sierot. Ital., 24, 134 (1949). , 

* Witebsky, E., Münch. med. Wochenschr., 1914 (1927). 

? Dardanoni, L., and Censuales, S., Riv. Ist. Sierot. Ital. ,32, 483 (1957). 

* Portnoy, J., and Magnuson, H., J. Immunol., 75, 348 (1955). 


Influence of 4-Methyl-2-thiouracil on the 
Teratogenic Activity of Hypervitaminosis-A 


It has previously been reported that the incidence 
of deformities of the skull, brain and palate in the 
young of female rats exposed to the effects of hyper- 
vitaminosis-A during pregnancy is greatly increased 
if large quantities of cortisone are given to the dams. 
during the period of vitamin A administration!.2. It 
has also been shown that this ‘potentiating’ action of 
cortisone in relation to hypervitaminosis-A can be 
abolished by the administration of insulin to the 
pregnant female’. 

It is apparent, therefore, that the endocrine glands 
may play an important part in regulating the terato- 
genic activity of vitamin A. The present com- 
munication is concerned with the influence of 4- 
methyl-2-thiouracil when administered in doses 
sufficient to cause loss of thyroid activity in the rat. 

Female white rats of the Wistar strain, each of 
which had previously given birth to & normal litter, 
were used in these experiments. At the beginning of 
the experiments the rats were given 2,000 Lu. of 
vitamin D and 50 mgm. of vitamin E by mouth to 
ensure that they had an adequate supply of these 
vitamins. Day l of pregnancy was taken as the day 
on which spermatozoa were detected in the vagina 
at 9 a.m. The pregnant rats were divided into three 
groups. : 

Group 1 received 60,000 1.U. of vitamin A acetate 
daily from the eighth to the thirteenth day, inclusive, 
of pregnancy. 

Group 2 received 60,000 1.0. of vitamin A acetate 
daily from the eighth to the thirteenth day, inclusive, 
of pregnancy and, from the first to the tenth days of 
pregnancy inclusive, was given a 0-1 per cent solution 
of 4-methyl-2-thiouracil in lieu of drinking water. 

Group 3 was given a 0-1 per cent solution of 
4-methyl-2-tbiouracil in place of drinking water daily 
from the first to the tenth days of pregnancy inclusive. 

Vitamin A was given by intubation. During 
the course of the experiment each rat in groups 
2 and 3 received on average 240 mgm. of 4-methyl-2- 
thiouracil. 

The rats were killed on the twentieth day of 
pregnancy and the young removed from the uterus 
and examined for deformities of the skull and 
brain. The deformity of the brain encountered was 
exencephaly. l l 

The findings of the experiment are shown in 
Table 1. It will be noted that the number of young 
in group 2 is much smaller than that in the other 
two groups. This is due to the total resorption of 
the litters in ten animals. l 
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‘The most striking feature to emerge from these 
experiments is the marked effect of 4-methyl-2- 
hiouracil on the incidence of deformities of the skull 
and brain. In previous experiments in which 
‘cortisone Was given in conjunction with vitamin A, 
the incidence of deformities of the skull and brain 
owas 36-6 per cent. Cortisone was, however, admir- 
istered on the ninth to twelfth days of pregnancy, 
that is, towards the end of the critical period for this 
<i deformity. 
‘The results of these experiments suggest that 
- 4.methyl-2-thiouracil has a potentiating effect on the 
teratogenic activity of vitamin A similar to that 
previously deseribed for cortisone’ *. 
eee. ATs work was supported by a grant from the 
Nuffield Foundation which we gratefully acknowledge. 
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Effect of Trauma on Growth of Hair 


Ie has recently been reported that ionizing 
-o radiations produce local stimulation of growth of hair 
in the rabbit’. Subsequent to this observation, the 
atimulating effect of some nitrogen mustard deriva- 
tives was recorded’, and it was suggested that “It 
< ghould be of interest to determine whether the 
observed effects can be obtained with other radio- 
mimetic agents or carcinogenic substances’. 
It seems to me that no specific effect of radiation 
or radiomimetic agents is required to explain the 
ee During studies on hair growth 
 Dhave often observed that simple mechanical trauma 
: the rabbit skin causes a 
around the site of injury. 
ically seen in the quiescent 
cycle. A clipped area of 
and free from hair for as 
‘Trauma to the centre 
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nitima in cyclical waves of 
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Fig. 1 


over the flanks. Hair replacement on the abdomen 
occurs quite independently of the main dorso-lateral 
cycle. The progress of a cycle over the trunk creates 
linear bilaterally symmetrical bands of active growth 
which can be demonstrated clearly in the clipped 
animal, SER USE 
There are many 


quiescent zones’. 
ean also 

















veloped ee 
In the guinea pig and in man there is no gross hair 
growth eycle as seen in the rat, mouse or it 
Nevertheless, each hair does show an independen 
cycle of growth and quiescence. Thus hairs in anagen 
catagen, and telogen may be seen lying side by sid 
in any small area of skin in the guinea pig, but the; 
are grouped together -imn ‘the rabbit. and show as 
large zones of actively growing hair or resting hair 
The problem of growth of hair in man and lat 
oratory animals is of importance not only becaus € 
its intrinsic biological significance“ +, but also betau 
the effect of agents such as X-rays? andon 
mustards? on growth of hair ean only bet 

analysed against a background of th 
hair-growth cycles and patterns. oe 
F. 
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: HE. iron aoa in Hah cortpounds 1 has i 
valences directed toward. the six corners of an 
‘tahedron ; there are four co-planar bonds with the 
phyrin nitrogen atoms and one bond on each side 
the plane of the porphyrin. The only possible 
lane. of symmetry in such molecules is the plane of 
10 porphyrin ; the iron must constitute a centre o 
symmetry if one of two requirements is satisfied 













uus forming chelate rings. 










des of the porphyrin’, 





expected. in biological compounds. 


oin the organic portion of the molecule‘. 
ae activity. due to iron in cytochrome ¢ may thus be 
differentiated from the optical activity due to 


from the gain or loss of an electron. 
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‘Both these conditions are fulfilled in cytochrome ey.: involves the absorption of the iron-1 
ince the amino-acid composition differs on the two 
| aad nines tne protoin ig m iron is asymmetric. 
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ontribute to the optical activity of the molecule, 
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_ from Muscle Collagen 
ONE oti a group. of. related, macromolecular. sub 









ride. has been isolated and partiall 
haracterized. This group of. substances, obtained by 
means of proteolysis. of muscle collagen by. carbo) 
peptidase. and subsequent electrophoresis of 
i-dialyi sable. fra uggesta the existence. 
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of 0-05 M phosphate buffer, pH 7:8 and 1-2 M 
lithium chloride. At the end of the incubation period 
trichloracetic acid was added to obtain a final con- 
centration of 5 per cent, and the resulting precipitate 
was removed by centrifugation. The supernatant 
solution was extracted several times with ethyl ether. 
The residue obtained upon evaporation to dryness 
was taken up in a small volume of water and was 
dialysed against running tap water for 24 hr. Paper 
chromatography carried out subsequent to dialysis 
in the solvent system‘ 2-butanol/90 per cent formic 
acid/water, 75:15:10, v/v/v, revealed the presence 
of six ninhydrin-reactive substances, all of which had 
migrated from the starting point. In addition, there 
was found a large immobile fraction (A) which, when 
sprayed with aniline-phthalate reagent®, formed a 
brownish-coloured spot. This spot fluoresced with 
a yellow colour in ultra-violet light and reacted with 
ninhydrin slowly to form a yellowish spot. 

The entire immobile fraction (4) was isolated by 
means of a ‘streak’ chromatogram, developed in the 
solvent system mentioned earlier. This fraction was 
eluted in water at @ slightly alkaline pH and a small 
aliquot was hydrolysed with 6 N hydrochloric acid 
in a sealed tube at 100° C. The following amino-acids 
could be identified in this hydrolysate: lysine, 
glycine, glutamic acid, alanine, leucine, phenyl- 
alanine, valine and serine. The remainder of the 
eluate was subjected to continuous paper electro- 
phoresis in 0-090 M borate buffer, pH 7-8, for 24 hr. 
at 450 V. and 2-3 m.amp. The eluate was dropped 
on the centre of the paper sheet above tube No. 12 of a 
series of 22 tubes. (Tube No. 1 was at the anodic side 
and No. 22 at the cathodic side.) About 63 per cent of 
the total earbon-14 activity of the eluate was collected 
in tubes No. 11-16 (B), each tube containing 4 ml. 
The contents of these tubes were combined and re- 
chromatographed by means of continuous paper 
electrophoresis at pH 5-4 in 0-025 M acetate buffer 
using 610 V. and 2-3 m.amp. Under these con- 
ditions, the fractions containing carbon-14 activity 
had migrated significantly toward the anode and 
were confined largely to three of the 22 tubes (No. 7-9. 
(C) ). The combined contents of the three tubes were 
again subjected to continuous paper electrophoresis 
in 0:02 M phosphate buffer, pH 7:8, at 410 V. 
and 3 m.amp., whereupon, after 48 hr., almost all 
of the carbon-14 activity was found in four tubes 
(No. 11-14 (D) ), each containing 3 ml. of effluent. 
Since the point of application of the solution to the 
paper was directly above tube No. 11, there was a 
slight displacement toward the cathode, as was the 
case with electrophoresis in borate buffer at pH 7-8. 
The contents of tubes No. 11-14 were pooled, evap- 
orated to dryness in vacuo and the resulting residue 
subjected to reductive cleavage by adding 500 mgm. 
of lithium borohydride and 50 ml. of tetrahydro- 
furane to the dry residue. This reaction was carried 
out at 65°C. for 5 hr. ®. 

Finally, the solution was made 6 N with respect 
to hydrochloric acid and hydrolysed in a sealed tube 
at 100° for 20 hr. after dinitrophenylation. Paper 
chromatography in the solvent system described by 
Grassmann et al.? yielded only one dinitrophenyl 
derivative, namely, that of ethanolamine. These 
findings suggest that glycine is the only amino-acid 
present in the fraction isolated by continuous paper 
electrophoresis and that the remainder of the mole- 
cule is composed of a substance with macromolecular 
dimensions, presumably a polysaccharide. Electro- 
phoretic studies of the material remaining after 
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Table 1. TOTAL OARBON-14 AOTIVITY IN FRACTIONS ISOLATED 







' 
Total carbon-14 activity 
Fraction in fraction 


(c.p.m.) 






Muscle collagen 90,100 
Immobile fraction (A) 26,000 
Electrophoresisin borate buffer (B) 

(tubes No. 11-16) 16,553 
Electrophoresis in acetate buffer (C) 

(tubes No. 7-9) 2,069 
Electrophoresisin phosphate buffer ae 


(D) (tubes No. 11-14) | 





lithium borohydride reduction indicate the presence 
of a positively charged molecule, the positive charge 
being perhaps due to the amino-group in hexosamine 
residues. The carbon-14 activities present in the 
initial sample of collagen and in various derived 
fractions are shown in Table 1. 

The findings reported here indicate that the poly- 
saccharide moiety of collagen is indeed linked to 
certain C-terminal amino-acids and that this poly- 
saccharide-amino-acid complex is split by carboxy- 
peptidase from the polypeptide chain as an intact 
macromolecule. One such complex was characterized 
further by demonstrating the presence of a single 
amino-acid (glycine) by means of reductive cleavage 
with lithium borohydride. 

This work was supported in part by a grant from 
the U.S. Atomic Energy Commission. 
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Incorporation of Disodium p-Nitrophenyl- 
phosphate in Solid Medium for the 
Detection of Phosphatase Production by 
Micrococcus pyogenes var. aureus 


Tax production of phosphatase by Micrococcus 
pyogenes var. aureus has been demonstrated using & 
solid medium incorporating phenolphthalein phos- 
phate’. The presence of phosphatase has also been 
correlated with coagulase production’, which in turn 
has been shown to be linked with exotoxin produc- 
tion’. Therefore it is assumed that all exotoxin- 
producing staphylococci are coagulase- and phos- 
phatase-positive. The quantitative study of the 
phosphatase activity of Micrococcus pyogenes var. 
aureus* has shown that the production of phosphatase 
can be used as an index to toxin production. 

A medium incorporating disodium p-nitrophenyl- 
phosphate has been devised in this laboratory with 
the object of using a single medium for the detection 
of Micrococcus pyogenes var. aureus in spray-dried 
milk powders. Preliminary trials have confirmed 
earlier work that the use of disodium p-nitrophenyl 
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phosphate is much superior to other phosphatase 
substrates. 

The medium consists of nutrient agar to which is 
added a sterile solution of disodium p-nitrophenyl 
phosphate. This medium is used in the normal way. 
The streaked Petri dishes are examined after 24-hr. 
incubation at 37° C. and the presence of phosphatase 
is indicated by the yellow colour of liberated p-nitro- 
phenol surrounding colonies of M. pyogenes var. 
aureus. Positive results are readily discernible after 
16-18-hr. incubation. 

The incorporation of high concentrations of sodium 
chloride in the media has only a slightly inhibiting 
effect on phosphatase production. This effect is less 
than the inhibition caused by sodium chloride in a 
medium using phenolphthalein phosphate as sub- 
strate!, probably because of the high sensitivity of 
the disodium p-nitrophenylphosphate’. 

Investigations are proceeding to determine the 
optimal level of substrate concentration and to exam- 
ine the incorporation of inhibiting agents for Gram- 
negative organisms. 

H. R. LOVELL 
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Metabolic Role of Xanthopterin 


ALBERT! has suggested that xanthopterin would 
be found in higher amounts in neoplastic tissues than 
in normal. In anticipation of confirming this by 
direct experiment, we have analysed for their pterin 
content, normal kidney tissue of the golden hamster 
and transplantable neoplasms in the golden hamster, 
derived from stilbcestrol-induced renal tumours?. 
No xanthopterin could be found. The largest amount 
of tissue used was l gm. of normal tissue and 8 gm. 
of neoplastic tissue, and the smallest amount of 
xanthopterin that could be detected by the paper 
chromatographic technique used was 0-1 ugm. 

Xanthopterin has been isolated from human 
urine’, If, however, xanthopterin is present as a 
tissue metabolite, some of it should be oxidized to 
leucopterin by xanthine oxidase’. This expectation is 
borne out by the occurrence of leucopterin in the 
kidney tubules of golden hamsters given massive 
doses of xanthopterin®. An analysis of human urine 
failed to reveal leucopterin (which would have been 
found between the origin and 2-amino-4-hydroxy- 
pteridme-6-carboxylic acid in the propanol—5 per 
cent aqueous acetic acid (2:1 v/v) solvent system 
used)®. 

Kalekar et al.” found that xanthopterin was not 
present in freshly voided urine, but that a colourless 
non-fluorescent substance was present which was 
converted to xanthopterin by air oxidation. Futter- 
man and Silverman? found a labile substance in 
human urine the properties of which resembled an 
unformylated reduced folic acid, and Blakley? has 
demonstrated that di- and tetra-hydrofolic acids are 
readily oxidized to xanthopterin. 

Slavik et al.1° found xanthopterin in the urine of 
rats fed tetrahydrofolic acid but showed that the 
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xanthopterin was formed during isolation by the 
non-enzymic oxidation of tetrahydrofolic acid. 

The present burden of evidence is therefore that 
xanthopterin is absent from mammalian tissues. 
The biological effects of xanthopterin in mammals 
should therefore be attributed only to the disturbance 
of a normal metabolic pathway by an artificially 
introduced substance. 

A fuller account of this work will be published 
elsewhere in due course. 

We wish to thank the Chemical Society for a grant 
in aid of this investigation, and Prof. A. C. Haddow 
and the Chester Beatty Research Institute for the 
supply of normal hamsters and hamsters with tumours. 
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Chromatographic Separation of 
Lactalbumin from Human Milk Whey on 
Calcium Phosphate Columns 


ACCORDING to Deutsch! and Wegelin? bovine and 
human milk wheys differ to a certain extent in 
electrophoretic patterns. On the basis of paper 
electrophoretic data, Fontaine? considers it probable 
that the electrophoretic fractions in human milk whey 
closely correspond to different proteins found in 
bovine whey (serum albumin, 6-lactoglobulin, «-lact- 
albumin and immune globulins). As part of an 
investigation of the protein composition of human 
milk whey end its relation to bovine whey, I have 
studied the separation of a crude ‘albumin’-fraction 
from human milk by means of chromatography on 
calcium phosphate. 

Pooled, frozen human milk or fresh milk was used. 
After defatting the milk by centrifugation, the 
lactalbumin fraction. was obtained by salting out 
with ammonium sulphate in the following way. A 
crude fraction consisting of casein and lactoglobulins 
was removed at 50 per cent saturation. The lact- 
albumin fraction was then precipitated by saturating 
the remaining solution with ammonium sul- 
phate. This crude albumin consisted of three 
main components judging by paper electrophoresis 
(Fig. 1). 

The calcium phosphate gel was prepared according 
to Tiselius*. 250-mgm. samples of lyophilized protein 
were dissolved in 10 ml. 0-03 M sodium phosphate 
buffer pH 6-9, containing 0:1 M sodium chloride. 
This solution was applied to calcium phosphate 
columns, 2:8 cm. x 8 cm., previously washed with the 
same buffer solution. Elution was performed with a 
slight external pressure giving a flow-rate of approxim- 
ately 20 ml.jhr. The effluent was collected in 5-ml. 
fractions and the protein concentration of each 
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Fig, 1. Paper electrophoretic patterns of crude, human lact- 
albumin (C.L.) and different fractions obtained by chromato- 
graphy on calcium phosphate 


fraction arbitrarily determined at 280 my in a 
Beckman DU spectrophotometer. A typical chromat- 
ogram is shown in Fig. 2. Elution with step-wise 
increased concentrations of phosphate buffer gave 
three peaks at 0-03 M, 0-12 M and 0-5 M, respec- 
tively. With these concentrations no considerable 
tailing occurred. The different fractions were 
thoroughly dialysed against ice-cold distilled water 
and lyophilized. The yields of the different frac- 
tions estimated by Kjeldahl determinations were 
I, 45 per cent, II, 10 per cent, IIL, 30 per cent, the 
total yield thus amounting to 85 per cent. The 
reproducibility of two chromatographic runs on the 
same albumin preparation was found satisfactory. 
By paper electrophoretic investigations of the 
fractions (Fig. 1), fraction I was shown to be essen- 
tially homogeneous in veronal buffer at pH 8-6. 
However, electrophoresis by the moving-boundary 
method revealed a small impurity with lower 
mobility (Fig. 3). The protein appeared homogeneous 
in the ultracentrifuge with a sedimentation constant 


I 
15-0 | 
= I 
E 
B 10-0 
2 
pa 003+ 
= +0) 012 0.5 
A 
[=] 
a 
E 
2 
5:0 
I 
0 Ke 
0 100 200 


Effiuent volume (ml.) 


Fig. 2. Chromatography of crude human lactalbumin on calcium 
phosphate. Stepwise elution with 0:03 af, 6-12 M and 0-6 M 
phosphate buffer 
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Fig. 3. Boundary electrophoresis of fraction I. Protein concen- 
tration 1 percent. Veronal buffer: pH = 8:8, x = 0:1. Ascend- 
ing limb after 7,200 sec. 


of 1:73 S., the value of which is yery similar to the 
sedimentation constant of 1-75 S. for «-lactalbumin 
isolated from bovine milk whey®. Fraction II 
consisted electrophoretically of at least 80 per cent 
of a protein with the same mobility as human serum 
albumin. It was also immunologically identical with 
serum albumin when tested by Ouchterlony’s tech- 
nique. In fraction III mainly a salmon-coloured 
component was found containing small amounts of 
iron, which could not be removed by passing the 
protein through a column with a cation exchange 
resin (‘Dowex 50, X—12’) at pH 6:9. Examination 
of the light absorption of the component in @ wave- 
length range of 350—-1,000 mp revealed only a flat 
maximum at 460-470 mu. No Soret band could he 
obtained. 

A more detailed communication concerning the 
isolation, composition and properties of the fractions 
described will be published later. 

I am indebted to Mrs. Birgit Johansson for skilful 
technical assistance. 


BENGT JOHANSSON 


Department of Medical Biochemistry, 
University of Gothenburg. 
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Effect of Neutral Salts on the Structure of 
Collagen and Gelatin 


Ix a current project in this laboratory, the optical 
rotatory properties of aqueous solutions of gelatin 
and soluble collagen from three different species of 
vertebrates have been examined in the absence and 
presence of lithium bromide. Results (Table 1) are 
in general agreement with the earlier work of 
Carpenter and Lovelace on bovine gelatin?. It will 
be observed that, although striking changes occur 
in the specific rotations of collagen and gelatin in the 
presence and absence of salt, the value of àe (obtained 
from the slopes of linear Drude plots of A*[«] vs. [æ] ) 
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Table 1. EFFECT OF SALTS ON OPTIOAL ROTATORY PROPERTIES OF 
COLLAGEN AND GELATIN 


[a]pt con- 
figuration 
(cale.) 


Material Solvent 


Rat tai] collagen 
Rat tail gelatin 
Rat tail gelatin} 


Ichthyocol collagen 


Water 
Water 
12 M LiBr 


Citrate 
(u 0 ‘05, 
H 3°7) 


Ichthyccol gelatin 
(Ref. 12). 


Ichthyoeal gelatin S 
Ichthyocol gelatin} | 12 Af LiBr 


Bovine collagen 0:2 M KC) 
Bovine gelatin 0:2 M KCI 
Bovine gelatin 8-5 M LiBr 





* Corrected for index of refraction. 


+ For amino-acid compositions of rat-tail, ichthyocel aud bovine 
collagens, see ref. 11. 


t Prepared by adding lithium bromide solution to the solid collagen. 


changes only slightly and, if anything, may decrease 
somewhat. 

The gelatin molecule in solution exhibits hydro- 
dynamic properties approaching those expected for 
a random chain®. Consequently, a lowering of the 
water activity through addition of lithium bromide 
should favour a hydrogen-bonded configuration, as is 
observed in the case of oxidized ribonuclease, clupein, 
silk fibroin and serum albumin*. On the other hand, 
the high proline and hydroxyproline content of 
gelatin is not compatible with the formation of an 
a-helix if we assume that the proline residues do not 
exist as blocks in the polypeptide cham‘. Moreover, 
a number of observations have demonstrated that 
the transition from a partially folded or random 
polypeptide chain structure to an extensively hydro- 
gen-bonded configuration, although leading to a 
decrease in the absolute value of the specific rotation, 
is invariably reflected in an increase’ in the value 
of the Drude dispersion parameter, àe of between 
30 and 100 my. Such a transition for a polypeptide 
chain of the molecular weight of bovine gelatin 
(2-4 x 10° (ref. 2) ) should also lead to a significant 
increase in the intrinsic viscosity of the solution. 
However, viscosity measurements on solutions of a 
commercial bovine gelatin in 0'2 M potassium 
chloride and in 8-5 M lithium bromide at a tempera- 
ture of 35°C. yield, withm the experimental error, 
the same intrinsic viscosity, namely, 0-39 (gm./100 
ml.)-1, The optical rotatory properties of gelatin in 
the presence of high concentrations of neutral salts 
cannot, therefore, represent the development of any 
extensive hydrogen-bonded configuration. 

Recently®, we have found significant alterations 
in the optical rotatory characteristics of aqueous 
solutions of poly-t-proline II’ in the presence of 
lithium bromide and certain other salts. (Poly-1- 
proline exists in two forms, one exhibiting a specific 
rotation [a]% = + 40° in water (polyproline I) and 
the other exhibiting a specific rotation, [a] = —540° 
(polyproline IT).) Thus [«]}f decreases from a value 
of — 540° (in water) to about — 250° (in 12 M lithium 
bromide}, whereas, from linear Drude plots of the 
rotatory dispersion, >, is lowered from 202 my to 
about 185 mu. These changes have been interpreted 
as resulting from a series of trans—cis isomerizations 
at the proline—proline peptide bonds of the polymer. 
Whatever the true nature of these changes, it would 
seem possible for similar phenomena to occur in 
solutions of soluble collagen and gelatin in lithium 
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bromide, resulting in the optical rotatory properties 
described above. It should be noted that the repeat- 
ing sequence glycine—proline-hydroxyproline, which 
chemical evidence suggests is common in collagen, 
would provide the required proline—-proline peptide 
bond. 

The specific rotation of a long polypeptide chain 
which is locked into an asymmetric configuration 
may be expressed as : 


100 & [Ry] 


a 
x Se ee 
[Jp a 


+ [«]p configuration. 
where [Ri] is the intrinsic residue rotation of the 
ith amino-acid residue, Rm the mean residue rota- 
tion, n the number of residues in the chain, and [a], 
configuration, the structural contribution of the chain. 
[Ri] of glycine may be taken as zero, that of proline 
and hydroxyproline? as — 250°, and that of all other 
amino-acids’ as about — 110°. From the known 
compositions of the three gelatins and their specific 
rotations we have estimated the structural contribu- 
tion, [«]p, configuration, in water and in concentrated 
lithium bromide (Table 1). 

Inspection of Table 1 reveals a residual amount of 
left-handed (—) asymmetry (in the absolute sense, 
in conformity with the screw sense of polyproline IT °) 
remaining in each of the gelatin molecules in water 
and in dilute galt solutions. Moreover, ail the 
gelatin structures have a significant amount of right- 
handed (+) configuration in aqueous lithium bromide 
which, by analogy with the studies on polyproline L, 
could result from irans-cis isomerizations at the 
proline-proline peptide bonds. The three collagens 
in water exhibit very strong left-handed structural 
contributions, the values for [x]p» configuration 
approaching that found’ for the proline II helix in 
water (— 300°). The possibility that gelatin retaims 
some polyproline Il-like structure in water may be 
of importance in the association of gelatin molecules 
at low temperature to give the collagen fold”. 

In conclusion, I would point to the similarity 
between the effects of heat and neutral salts in con- 
tracting the collagen fibril and suggest that the shrink- 
age behaviour of collagen at elevated temperatures in 
the absence of salt, and at low temperatures in the 
presence of salt, could be strongly dependent on 
trans—cés isomerizations at the proline—preline peptide 
bonds. 

Wurram F. HARRINGTON 


Laboratory of Cellular Physiology and Metabolism, 
National Heart Institute, 
National Institutes of Health, 
Bethesda, Maryland. 
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Structure of an Acidic Polysaccharide 
elaborated by Aerobacter aerogenes 


ORGANISMS of the Aerobacter—Klebsiella group have 
been divided! into many serologically distinct types 
each of which produces its own type-specific poly- 
saccharide. Only a few of the structures of these 
polysaccharides have been elucidated®-* since in 
general they are of a highly complex nature. Recently 
we isolated an acidic polysaccharide (4:45 gm.) from 
the culture medium (88-4 1.) of Aerobacter aerogenes 
N.C.T.C. 8172 (Klebsiella type 64). The bacteria 
were grown both in batches and in continuous culture 
in an apparatus of the type described by Elsworth, 
Meakin, Pirt and Capell’. A peptone—glucose medium 
was used, the culture was aerated, the pH 5-0 and 
the temperature, 37°. The acidic polysaccharide was 
freed from neutral polysaccharide by precipitation 
with ‘Cetavlon’* and from nucleic acid by the preferen- 
tial solubility of its cetyl trimethyl ammonium salt 
in 0:25 M sodium chloride. Isolated as its sodium 
salt, the acidic polysaccharide had C, 45-31 ; H, 6:19; 
N, 0:81; P, 0:11 per cent and its ultra-violet absorp- 
tion at 260 mu corresponded to about 1-8 per cent 
nucleic acid impurity. The polysaccharide contained 
28-7 per cent uronic acid (by decarboxylation’) and 
the infra-red spectra of the polysaccharide as the free 
acid and as the sodium salt confirmed the presence of 
carboxylic acid groups*’. The polysaccharide showed 
[a]? + 29°4° (cone. 0:272 in M sodium chloride). 

Acidic hydrolysis of the polysaccharide (3:7 gm.) 
with 2 N sulphuric acid (75 c.c.) at 100° for 3 hr. and 
separation of the neutralized hydrolysate on ‘Deaci- 
dite FF’ (carbonate form) gave neutral sugars (2:3 gm.) 
and acidic sugars (1-03 gm.). Separation of a portion 
(2:0 gm.) of the neutral sugars on a cellulose column 
irrigated with butanol, ethanol, water, ammonia 
(40: 10 : 49 : 1) gave one fraction (0-295 gm.) con- 
taining rhamnose and another (1:5 gm.) containing a 
glucose-mannose mixture. The rhamnose was 
obtained as crystalline «-L-rhamnose, m.p. and mixed 
m.p. 93-94°, [a]#? + 8-2° equil. (conc. 4:13 in water). 
The glucose-mannose mixture was separated by 
treatment’ with p-nitroaniline in methanol containing 
hydrochloric acid to give N-p-nitrophenyl-6-D-gluco- 
pyranosylamine dihydrate m.p. and mixed m.p. 184°, 
[x] — 196° (4 min.) > — 203° (equil.) (cone. 1:02 
in dry pyridine), and N-p-nitrophenyl-6-p-manno- 
pyranosylamine dihydrate m.p. and mixed m.p. 219°, 
[x]} — 400° (4 min.) ~ — 333° equil. (conc. 0:12 in 
dry pyridine). Separation of the acidic sugars 
(1:0 gm.) on a cellulose column irrigated with n- 
butanol-acetic acid—water (4:1:5) gave fractions 
containing hexuronic acid (0:02 gm.), aldobiuronic 
acid(s) (0-41 gm.) and mixtures of these (0-45 gm.). 
The hexuronic acid and its lactone had mobilities on 
paper chromatograms identical with those of gluc- 
uronic acid and glucuronolactone. Reduction of its 
methyl ester methyl glycoside with lithium aluminium 
hydride and acidic hydrolysis of the product gave 
glucose with traces of mannose. This evidence 
indicated the presence of glucuronic acid together 
with a trace of mannuronic acid in the acidic poly- 
saccharide. 

Paper chromatographic analysis of an acidic 
hydrolysate of the aldobiuronic acid fraction showed 
the presence of unhydrolysed aldobiuronic acid, 
mannose, glucuronic acid and small amounts of 
glucose. Similar analysis of a hydrolysate of the 
reduced aldobiuronic acid fraction showed the pres- 
ence of approximately equal amounts of glucose and 
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mannose. No rhamnose was detected either in the 
aldobiuronic acid hydrolysate or that of its reduction 
product. This evidence indicates that the major 
component of the aldobiuronic acid fraction was a 
glucuronosyl—mannose. 

The acidic polysaccharide consumed 0-303, 0-331, 
0-337 and 0:423 moles of periodate per 162 gm. of 
polysaccharide after oxidation for 48, 72, 96 and 
110 hr. respectively. The corresponding values for 
formic acid produced were 0:06, 0-091, 0:1 and 0:11. 
Paper chromatographic analysis of a hydrolysate of 
the periodate oxidized polysaccharide showed the 
presence of glucose, mannose and glucuronic acid, 
but no rhamnose. These results indicate (a) that 
rhamnose .is present either as end groups or linked 
through the 2- or 4-position, (6) that the maximum 
number of residues present as end groups or linked 
1:6 is about 11 per cent, (c) that most of the glucu- 
ronic acid residues are not end groups and (d) that 
large numbers of glucose, mannose and glucuronic 
acid residues are linked either 1 : 3 or are involved in 
branching. 

One of us (I. R. 8.) wishes to thank the British 
Council for the award of a scholarship under the 
Colombo Plan. 

S. A. BARKER 
A. B. FOSTER 
I. R. SIDDIQUI 
M. STACEY 
Chemistry Department, 
The University, Edgbaston, 
Birmingham 15. 
S. J. PIRT 
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Colorimetric Detection of Human 
Cæruloplasmin Oxidase Activity after 
Electrophoresis in Agar Plates or after 

Immuno-electrophoresis 


Tux use of colour reactions combined with electro- 
phoretic analytical methods in agar plates has 
allowed double (electrophoretic mobility and chemical 
nature) or triple (electrophoretic mobility, immuno- 
-chemical specificity and chemical nature) character- 
ization of proteins, lipids, glycoproteins_and phospho- 
lipids in a variety of biological fluids?. 

Ceruloplasmin, the blue protein of human serum, 
was isolated in 1948 by Holmberg and Laurell? and 
characterized as an a.-globulin containing copper. 
They also showed that the substance exhibited 
oxidase activity with a variety of substrates. 

In previous work?, we have studied this protein 
by electrophoretic and immuno-electrophoretic 
analysis followed by the colorimetric detection in situ 
of copper-bound ceruloplasmin. In order further to 
identify cxruloplasmin by another of its inherent 
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properties, we have also developed a method for the 
detection of its oxidase activity. 

The oxidizable substrates that we employed have 
previously been used in manometric? and spectro- 
photometric methods for the. estimation of the 
oxidase activity of ceruloplasmin. The method 
to be described is based on the fact that the final 
oxidation product of p-phenylenediamine is a quinoid 
compound insoluble in water called Bandrowski’s 
base*®. The formation of this deep brown base makes 
possible n situ measurement of the enzymatic 
activity of cæruloplasmin on compounds which have 
first been submitted to electrophoretic or immuno- 
electrophoretic analysis in agar gel. The apparatus 
employed and the method of agar electrophoresis 
have been described by Grabar and Williams®. 

“Samples of human serum (0-02 ml. per analysis) 
or a solution of ceruloplasmin in 0:06 M sodium 
chloride (50 ugm. per analysis) are subjected for 4-6 hr. 
to a potential difference of 4-5 V./em., in 1-1-2 per 
cent agar gel (3-4 mm. thick) containing a veronal 
buffer (pH 8-2, T/2 0-03). 

We have employed the immuno-electrophoretic 
method of Grabar and Williams using the serum of 
horses immunized against whole human serum. When 
the lines of specific precipitation have formed, the 
plates are washed for three days in a solution of 
0-15 M sodium chloride, which is changed once or 
twice a day. 

After electrophoresis or after immuno-electro- 
phoresis, the procedure is continued in the following 
manner. The plates-are immersed in a 5 x 10° M 
solution of g-phenylenediamine in acetate buffer 
(pH 5-7, T/2 0-1) prepared immediately before use. 
In this solution they are incubated at 37° C. for 2 hr. 
At the end of the incubation period the position of 
the portions with oxidase activity is indicated by 
brownish spots or lines. 

The plates are then washed twice for successive 
periods of two hours each in a solution of sodium 
acetate—acetic acid buffer (pH: 4:7, T'/2 0-1). This 
stops enzymatic activity and rids the agar plates of 
excess p-phenylenediamine. A typical result of such 
a run with normal human serum is shown in Fig. 1. 
The oxidase activity is seen as a zone corresponding 
to that of a -globulin. Only one of the lines of pre- 
cipitation corresponding to the 18-20 antigenic 
constituents of human serum possesses oxidase 
activity with regard to p-phenylenediamine. The 
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Fig. 1. A, Agar eleotrophoresis, a typical serum pattern stained 
with amidoschwarz; B, immuno-electrophoresis of human 
serum, lines of specific precipitation stained with azocarmine : 
C, oxidase activity in serum after agar mrecenophor ests ; D, oxidase 
activity in serum after immuno-electrophoresis; R, starting place 
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groups responsible for enzymatic activity are not 
blocked by the antigen-antibody combination. When 
sodium azide (10-° M) is added to the solution of 
oxidizable substrate all enzymatic activity of the 
ceruloplasmin is destroyed. = 

Methods for the estimation of oxidase activity of 
ceruloplasmin in whole serum, either by oxygen 
consumption in the Warburg apparatus or by spectro- 
photometric determination, are open to the criticism 
that other redox systems in serum may act as com- 
petitive inhibitors on the substrate, p-phenylene- 
diamme. Preliminary dialysis of the serum might 
prevent such interference in the case of small mole- 
cules (ascorbic acid, etc.), but it would be ineffective 
in the case of certain reducing groups on the surface 
of protein molecules. 

With our technique the risk of encountering such 
difficulties is considerably lessened because of the 
preliminary electrophoretic separation of the protein 
constituents of the serum, and is practically negligible 
after immuno-electrophoretical analysis. We are 
now studying the exact conditions necessary for the 
quantitative estimation wm situ of this enzymatic 
activity ; preliminary results indicate that it will 
be possible to obtain quantitative measurements 
with the method’. 

A similar procedure to that reported here has been 
applied to the detection of catalase and peroxidase 
activities in hemoglobin after electrophoretic separa- 
tion in agar gels’. 

José URIEL 
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Microwave Spectra of Diazomethane 
and its Deutero Derivatives 


WE have measured rotation spectra, in the 
frequency-range 19,000-90,000 Mc./s., for three iso- 
topic forms of diazomethane, and obtained the 
constants shown in Table 1, in Mc./s. A prelim- 
inary value of 1:4,D is obtained for the dipole 
moment of diazomethane from Stark effect measure- 
ments on the 09) > lo, transition. Nuclear quad- 
rupole hyperfine structure is resolvable ; its analysis 
is at present incomplete. 


Table 1 


Molecule (Bo + Co) (Bo — Co) 


22,1507 +0-2 | 460-240-2 +0°01 


+0°01 


< 0°01 
< 0-01 


CHDN; 20,640 -°7+0-2 | 578-3+0:2 


CD:N; 19,389:0 +02 | 696-2 +02 





The constants for CH,N, correspond to a value 
of (By + C,)/2 equal to 0-369433 + 0-000004 cm.-}, 
compared with 0:368 cm.-! obtained from infra- 
red spectra by Mills and Thompson}, and with 
0:371 cm.-? derived from similar data by Fletcher 
and Garrett?. Our results are consistent with the 
planar structure with Cy, symmetry indicated by 
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the infra-red spectra. The moment of inertia, I4, 
found for CH.N. from the relationship [4 = Ig- Iç 
is 3:15 x 10-*° gm. cm.’, which is slightly greater 
than the value reported from infra-red measure- 
ments’. Independent estimates of Ia from the 
present microwave R-branch transitions are in agree- 
ment, but are necessarily approximate, and we expect 
to determine accurate values of J4 from @Q-branch 
spectra. In view of the inertial quantum defect 
found for ketene, a rather similar molecule, from its 
microwave spectrum’, the present agreement with 
the infra-red value of J, is satisfactory. 

If any quantum defect is ignored, and the effects 

of zero-point energies on internuclear distances are 
neglected, the following structure-parameters are 
consistent with the microwave data: dog = 1-08 A., 
ZHCH = 127°, dox = 1:32 A., dyn = 1:12 A. and 
don + dyn = 2-442 + 0-005 A. Because the central 
nitrogen atom is very close to the centre of gravity 
of the molecule, all the parameters, except don + dNN, 
can be varied considerably in proper phase with each 
other without excessive disagreement with the data. 
The above has been selected from the possible 
structures as reasonably consistent with all the evi- 
dence. There is general agreement with the electron 
diffraction results’, but don + @nn is considerably 
shorter than the upper limit allowed by the diffraction 
data. 
To date we have detected no spectra attributable 
to a tautomeric form of diazomethane, the presence 
of which was suggested from infra-red evidence by 
Mills and Thompson!. A further search for such 
absorptions will be made, but there are indications" 
that the stability of the tautomer may be no greater 
than that of normal diazomethane, which decomposes 
with a half-life of the order of a minute in wave- 
guide cells of copper or coin-silver cooled to — 70° C. 
for most of their length. 

Other aspects of the spectra are under investiga- 
tion, and detailed results will be communicated later. 
We are grateful to Mr. J. 8. Heeks for assistance 
with these measurements. |. 

_A. P. Cox 
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Correlations between Localization 
Energies and Polarographic Half-Wave 
Potentials of Aromatic Hydrocarbons 


Basu and Bhattacharya! recently claimed to have 
established a linear correlation between para-local- 
ization energies and polarographic half-wave poten- 
tials for some polynuclear hydrocarbons. Objections 
to their work have been raised by Pullman? and 
Fernandez-Alonso and Domingo*, who criticize the 
values of the localization energies selected by Basu 
and Bhattacharya. All these authors use the polaro- 
graphic data of Wawzonek and Laitinen‘, but all of 
them appear to have misunderstood the latter workers’ 
statement that polarographic reduction consists of a 
two-electron addition process. It is true that the 
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overall reaction consists of the addition of two 
electrons. But it is clear from the work of Wawzonek 
and Laitinen themselves, as well as from that of later 
authors®-?, that the addition takes place by two 
one-electron steps. The least negative half-wave 
potential might therefore be expected to characterize 
the energy required to add one electron to the aromatic 
system, but could scarcely be related to the para- 


- localization energy, which is a measure of the ease of 


addition to two positions in a hydrocarbon simul- 
taneously®. 

A correlation between half-wave potentials and 
the localization energy for a single position is to be 
expected, since & straight line relation has already 
been reported between the latter and the logarithm 
of the methyl affinity®.°, and another between log 
(methyl affinity) and half-wave potential’. This 
expectation is realized fairly satisfactorily in Fig. 1, 
where half-wave potentials measured in ‘Cellosolve’ 
solution by Bergman! are plotted against localization 
energies calculated by Coulson® (see also ref. 13), and 
by Dewar!*. But it may be questioned whether this 
last correlation has theoretical significance, for the 
following reason. Coulson?’ and Szwarc’® in relating 
methyl affinities to localization energies made the 
usual assumption that in the transition state the 
methyl radical is bound to a particular carbon atom 
which has sp? hybridization. On the other hand, 
Maitsen!, in correlating methyl affinities with -half- 
wave potentials, suggested that the odd electron of 
the radical enters the lowest unoccupied orbital with- 
out binding the methyl to any particular carbon atom ; 
electrons added by polarographic reduction are also 
believed (for example, ref. 15) to enter the z-electron 
system in the same way and thus be delocalized. 
Hence the bases of the two earlier correlations seem 
to be incompatible. 
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Fig. 1. Relations between localization energies and half-wave 

potentials, (Upper curve, localization energies of Coulson ; lower 

curve, those of Dewar.) Key: 1, diphenyl; 2, triphenylene ; 
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3, naphthalene; 4, phenanthrene; 6, coronene; 6, 8: 4-benzo- 

phenanthrene ; 7, ¢ ene; 8, picene; 9, 1: 2-benzopyrene ; 

10, pyrene; 11, 1:2-5:6-dibenzanthracene; 12, 1:2-3:4- 

dibenzanthracene; 13, 1:2-7:8-dibenzanthracene; 14, penta- 

phene: 15, 1:2-benzanthracene; 16, perylene; 17, anthracene ; 

18, 3:4-benzopyrene; 19, naphthacene; 20, pentacene ; 
21, trans-stilbene 
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log (kin) 


Fig. 2. Relations between partial rate factors of free radical 

additions and the root a of molecular orbital secular equation. 

(a), Addition of methyl; (b) trichloromethyl. (For key to points, 
see caption to Fig. 1) 


This incompatibility may be less serious than 
appears at first sight: it has been pointed out® that 
the state visualized in the concept of localization 
energy is farther along the reaction path than the 
transition state (see also ref. 16), and therefore 
Matsen’s suggestion may correspond to a different 
state, closer to the transition state itself. If this were 


NATURE 


` 


true then the root, a, of the molecular orbital secular - 


equation corresponding to the lowest unoccupied 
m-electronic level of aromatic hydrocarbons should 
predict correctly the relative_ reactivity of hydro- 
carbons to free radicals (assuming the resonance and 
overlap integrals to be constant). In Fig. 2 the 
logarithms of the partial rate-constants (relative to 
benzene) of the reactions of aromatic hydrocarbons 
with methyl?’ and with trichloromethy]! radicals are 
plotted against a (the rate-factors have all been divided 
by the number of equivalent positions of attack ; the 
values of a were taken from Hoijtink!® and were 
calculated on the assumption that S = 0:25). The 
correlation is satisfactory for the methyl additions— 
only two points are seriously off the line—but is less 
so for the reactions of trichloromethyl; however, the 
experimental data for the latter are less precise}. 

Inasmuch as Hoijtink'® and others have found a 
good straight-line relation between a and half-wave 
potentials of aromatic hydrocarbons, the correlation 
with rates of radical addition is not an independent 
one (since its existence could have been predicted 
from the other relations mentioned above). Indeed, 
a number of similar correlations have been described 
in the literature recently, such as Coulson’s of log 
(methyl affinity) with free valency® and Szware’s of 
the same parameters with singlet-triplet excitation 
energies’®*. Others are implicit in those already 
reported—for example, half-wave potentials with 
singlet—triplet excitation energies. Not all the 
correlations referred to in this communication can 
be of fundamental significance ; distinguishing the 
fundamental from the coincidental should be a fruitful 
study for those concerned with the theory of reaction 
mechanism. 

As already stated, the polarographic data of Berg- 
man were used in plotting Fig. 1; the half-wave 
potentials determined by Hoijtink eż al. using a 
96 per cent dioxan-water mixture as solvent are on 
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the whole closely similar to those of Bergman, but 
give a slightly less satisfactory plot against localization 
energy. 
P. H. Grven 

British Coal Utilisation Research 

“Association, 

Randalls Road, 

Leatherhead. 
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ET ,- -Niobium in Sea-water 
THE presence of organically bound niobium has 


-been- demonstrated in ascidians!, and unpublished 


evidence suggests that this niobium is absorbed in 
some way from sea-water. It is thus of importance to 
know if niobium can be detected in sea-water and to 
obtain some indication of its concentration. Con- 
sideration of the known amounts of niobium present 
in an adult Molgula manhattensis, its rate of develop- 
ment, length of life and rate of filtration of water 
leads one to suppose that if the water current is the 
sole source of niobium then, in regions where these 
species and other species of ascidians which utilize 
niobium flourish, it cannot be present in the sea in 
less concentration than 0-05 pgm./]. The chromato- 
graphic method of niobium analysis developed by 
Hunt, North and Wells? is capable of revealing the 
presence of 10-7 gm. of niobium. At a concentration 
of 0:05 ugm./l., this amount could be expected in 
2 1, of sea-water. 

For analysis, therefore, 20-1. samples were utilized. 
A known amount of niobium-95 was added to each 
sample, and the radioactivity of an aliquot assayed. 
To the remainder was added 175 ugm. of ferric iron. 
The pH was adjusted to 9-9-10-0 by the slow addition 
of ammonia with constant stirring. After settling, 
as much as possible of the supernatant was decanted 
off and the precipitate recovered by filtration. The 
precipitate was dissolved in a minimum quantity 
of hydrofluoric acid, transferred to paper, dried 
thoroughly and chromatographed using ethyl methyl 
ketone containing 15 per cent v/v of 40 per cent 
hydrofluoric acid. On the completion of the run the 
paper was dried and, after exposure to ammonia 
vapour, sprayed with a 2 per cent solution of tannic 
acid. Niobium was, under these conditions, detected 
as & narrow orange-yellow band in the solvent front. 
Estimation of the amount present was achieved by 
comparison with standards of varying amounts of 
niobium, each co-precipitated with 175 ugm. of 
ferric iron and chromatographed under identical 
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conditions. After estimation of the amount present 
in each sample, the radioactivity of the paper strip 
was assayed to determine the proportion of niobium- 
95, and hence also of niobium-93, which had been 
recovered in the analysis. A correction based on this 
figure could then be applied. The recovery was 
always better than 50 and usually near 80 per cent. 
Additional tests were carried out using samples of 
seawater to which known amounts of niobium-93 
had been added. 

In water taken in summer from the sea surface at 
International Hydrographic Station #1 (about 40 km. 
south-west of Plymouth) no niobium was detected by 
this method if the water was first filtered through 
Whatman filter paper 542 or through a fine porcelain 
filter candle. With unfiltered water, however, nio- 
bium appeared to be present at a concentration of 
0:01-0:02 pgm./l. Bottom water, which may differ 
widely, has not yet been analysed. In filtered water 
taken from Plymouth Sound niobium was detected 
at a concentration of 0-005 ugm./I., while in unfiltered 
water the concentration reached a level of 0:05- 
0-1 pgm./l., though in conditions of settled weather 
with little land water draining into Plymouth Sound 
the figure was sometimes as low as 0-01 pgm.jl. 

D. B. CARLISLE 
L. G. at ee 
The Marine Biological Association,,g UOLSSS ,,, 
The Laboratory, Citadel Hilla" S Of Soy . 
Plymouth. ‘ Aa 
Jan. 30. 
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Free-Radicals produced in Cigarette Smoke 


In attempts to determine a unifying principle of 
action for the many and varied carcinogenic agents, 
many workers have assigned an intermediary role 
to free radicals. The action of ionizing radiation 
and radiomimetic agents in this respect has been 
discussed by Brues and Barron’. It is stated that 
many, if not all, carcinogens are compounds capable 
of forming free radicals which may be stabilized as 
ions?. Oppenheimer et al. discussed their possible role 
in the production of tumours in rodents by implanted 
films of various high polymers, and suggested, as a 
requirement for tumour production, the presence of 
foreign free radicals in a specific area for an extended 
period. 

Primary consideration is normally given to aromatic 
polycyclic hydrocarbons as active agents in tobacco 
carcinogenesis. However, in view of the above, it 
seemed of interest to determine the concentration of 
free radicals in cigarette smoke. The following series 
of experiments, which utilized a high-sensitivity 
electron resonance spectrometer’, have therefore 
been carried out. In order to prevent recombination 
of radicals as much as possible, the smoke was con- 
densed at liquid-oxygen temperatures, and all 
measurements were made at this temperature. 

British-type cigarettes were smoked in a manner 
simulating the normal human habit. The cigarettes 
were fixed in a small manifold which was connected 
to a filter pump so that intermittent drawing was 
possible. A sealed-off length of }-in. diameter tubing 
led down from the manifold chamber. This tube was 
immersed in liquid oxygen during smoking. A portion 
of the smoke was found to condense out in the tube 
as a pale yellow solid. When about $ gm. of condensate 
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had been collected, the apparatus was quickly trans- 
ferred to the electron resonance spectrometer and 
the tube was inserted into the centre of an Ho, 
cavity, surrounded by liquid oxygen. The concentra- 
tion of radicals in the deep-frozen material was then 
determined using 100 kce./s. modulation and phase- 
sensitive detection, so that the free-radical absorption 
was traced out as a derivative on the pen-recorder. 
The smoking apparatus was then removed from the 
spectrometer and the condensate in the tube was 
warmed to 60° C. for about five minutes so that any 
active radicals could recombine. The tube and 
contents were then deep-frozen, re-inserted in the 
spectrometer and the concentration of radicals again 
measured. In this way it was possible to distinguish 
between short-lived, active radicals and those that 
were stabilized sterically or by resonance’. 

The concentration of radicals obtained in the 
frozen smoke condensate before warming was of the 
order of 101° free electrons per gm. It should be noted 
that this condensate contains large amounts of solid 
carbon dioxide and ice. On warming, the condensate 
separated into an aqueous and an organic or tarry 
phase. No radical concentration at all could be 
detected in the aqueous phase, and that in the organic 
phase was reduced by a factor of six approximately. 
The radicals that could still be detected in the latter 
were found to be highly stabilized, and no diminution 
of their concentration was found after several days. 

It would therefore appear from these experiments 
that the tar constituents of cigarette smoke contain 
about 6 x 10!° free electronsjgm. Some of these 
radicals, being relatively short-lived, disappear when 
the condensate is warmed to 60° C. for some minutes. 
The remainder, however, appear to be very stable 
and long-lived. 

Another set of experiments was carried out with 
the stable radicals, and their concentration after 
chemical fractionation was investigated. For this, 
cigarette smoke was trapped in a series of wash- 
bottles containing benzene at room temperature. 
Aliquots of this solution were washed a number of 
times with (a) water, (b) 2 N sodium hydroxide, (e) 
2N sulphuric acid, (d) 2.N sodium hydroxide and 
then 2 N sulphuric acid; (b), (c) and (d) were finally 
washed with water. The solvent was removed from 
the various extracted solutions and the free-radical 
concentrations of the resulting tars compared with 
a sample of unextracted whole tar by the method 
outlined above. 

A decrease in the initial concentration of free 
radicals in whole tar was found to follow the various 
extractions. Washing with water reduced the initia] 
concentration by 20 per cent, with alkali by 50 per 
cent, with acid by 57 per cent, while washing with 
alkali followed by acid reduced the concentration by 
72 per cent. It would appear from this that a number 
of different species of free radicals exist in the stable 
group. 

The combined evidence from these experiments 
suggests that there is sufficient concentration of free 
radicals in cigarette smoke (when compared with the 
expected concentrations in the polymer experiments’) 
to act as a carcinogenic agent if such a mechanism 
is possible. It is interesting to note in this con- 
nexion that the concentration of stable free radicals 
in atmospheric soot is about one hundred times larger 
than in cigarette smoke. But, as with the polycyclic 
hydrocarbons®, adsorption on comparatively larger 
particles, and further stabilization as a result, are 
likely to render them inaccessible to the cells. 
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Most bioassays in tobacco carcinogenesis studies 
have been carried out using either condensates, which 
are afterwards taken up in solvents at room tem- 
peratures, or tars derived from smoke trapped in 
organic solvents. It is now clear that such materials 
are deficient in unstable free radicals initially present 
in smoke. The free-radical content of cigarette 
smoke as a parameter in the etiology of lung cancer 
would therefore seem to be a reasonable possibility. 

We are indebted to Dr. P. R. Peacock, director 
of research, Cancer Research Department, Royal 
Beatson Memorial Hospital, Glasgow, for reading the 
manuscript and for helpful advice. 


M. J. Lyons 


Cancer Research Department, 
Royal Beatson Memorial Hospital, 
Glasgow. 
J. F. Gipson 
D. J. E. INGRAM 
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Second Virial Coefficient of Methyl -Chloride 
Vapour 


THEORETICAL considerations, for example, those of 
Hirschfelder!, indicate that the virial coefficients 
higher than the second cannot be large enough to 
produce, in the isotherms of vapours at reduced 
temperatures near 0:70, sufficient curvature to be 
detectable with the experimental techniques available 
at present. Nevertheless, there are several statements 
_ of curved isotherms in the literature. As pointed out 
previously®?, the greatest care is required if errors 
due to adsorption are to be avoided. 

Hamann and Pearse‘ report measurements by a 
differential compressibility method on methyl chloride 
and methyl bromide and find that, at the low tem- 
peratures, there is an apparent non-linearity of PV 
with P which they attribute to either higher virial 
terms or to adsorption. In these experiments the 
vapour was compressed before an advancing mercury 
surface. By making reasonable estimates from the 
data of Bottomley and Reeves‘, it is clear that the 
non-linearity observed is of the order to be expected 
from neglect of the adsorption on the surfaces of the 
apparatus. 

That adsorption errors are indeed responsible for 
this non-linearity is confirmed by experiments which 
we have carried out recently. The isotherms of methyl 
chloride have been determined at 22°C. in a differ- 
ential compressibility apparatus similar to that used 
previously for xenon*®. A strictly linear isotherm has 
been obtained over the pressure-range 750-150 mm. 
of mercury with eleven experimental PV values at 
both rising and falling pressures which show a mean 
deviation of + 4 in 100,000 from the least-mean- 
square line. Adsorption has been rendered negligible 
by two factors. The surface/volume ratio is much 
lower in our experiments, and the bulbs containing 
the vapour were made of high-quality silica, which is 
much less adsorptive than other glasses. 
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In differential compressibility apparatus in which 
gas volumes are brought to the same pressure by a 
mercury manometer, there is a potential error. The 
mercury surfaces on the two sides of the null mano- 
meter are exposed to different gases: if one side 
contains a vapour near saturation the adsorption on 
the mercury surface may lower the interfacial tension, 
and hence the capillary depression, so that apparent 
equality in the two sides of the manometer does not 
correspond to equal pressures. This correction 
Increases with increasing pressure of vapour, and is 
in the sense that equal mercury-levels correspond 
to the pressure of the vapour being greater than 
that of the non-adsorbed gas. Hamann and Pearse 
used a manometer tube of 5-7 mm. bore, giving a 
depression of about 1 mm., so that a mere 10 per cent 
change in depression amounts to a considerable 
uncertainty in pressure. Our null manometer is of 
35-mm. bore (depression less than 0-001 mm.), and 
the associated difficulty of a large dead space is 
eliminated by a direct measurement of volume at 
each setting. 

The final value for the virial coefficient for methyl 
chloride from our experiments is 416 + 1 cm.3/mole 
at 22° ©. 

(The late) R. WHyritaw-Gray 
C. G. REEVES 
G. A. BOTTOMLEY 


Imperial Chemical Industries, Limited, 
Akers Research Laboratories, 
Welwyn, Herts. 
Feb. 25. 
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Promoting the Stable Eutectic Reaction in 
Magnesium-treated Iron Castings by 
Vibration during Solidification 


By adding magnesium to cast iron in such a way 
that a few hundredths of a per cent are retained in 
solution it is possible to suppress the stable eutectic 
reaction, and in iron so treated the metastable 
reaction occurs instead, resulting in castings which 
contain large amounts of iron carbide. Addition 
(after the magnesium has been dissolved) of about 0-5 
per cent of ferro-silicon (containing 80 per cent silicon) 
favours occurrence of the stable eutectic reaction dur- 
ing subsequent solidification, and spheroidal-graphite 
particles are so produced*. The ferro-silicon alloy 
inoculates ‘the stable eutectic. 

Tt has now been discovered that the stable eutectic 
may also be inoculated by vibrating the mould during 
solidification of the casting. In this way magnesium- 
treated cast iron, which would normally solidify 
primarily by the metastable process, is caused to 
solidify by the stable process, with precipitation of 
spheroidal graphite. 

Castings substantially free from iron carbide have 
been. produced in this way from magnesium-treated 
metal containing less than 0:2 per cent silicon, cast 
into graphite moulds. In such a case the combined 
effects of magnesium, low silicon content, and high rate 
of solidification normally preclude graphitization dur- 
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ing solidification, even if ferro-silicon is added as inocu- 
lant. Nevertheless, castings in the form of balls 24 in. 
in diameter, almost completely free from carbide and 
containing spheroidal graphite, have been produced 
under these conditions by vibrating the mould at a 
frequency of 100 cycles/sec. and with an amplitude 
of 0-040 in. 
Iron castings of this composition and having such 
a structure, as cast, have never previously been 
reported. The mechanism whereby this effect is 
produced is not yet understood. 
J. H. Grrrus 
Development and Research Dept. Laboratory, 
Mond Nickel Co., Ltd., 
Wiggin Street, 
Birmingham 16. 
Feb. 27. 

1 Brit. Pat. 630,070. 


Surface Hardening of Non-ferrous Metals 

by Spark Discharge 

AN earlier communication! from this Laboratory 
described experiments in which the thermal action 
of electric sparks was used to simulate the effects of 
frictional heating on the structure of rubbing steel 
surfaces. Tho high local temperatures which char- 
acterize rubbing contacts can, in certain circum- 
stances, initiate austenite formation and, since 
conduction into the bulk metal provides effective 
quenching of the hot spots, martensite is formed and 
causes hardening of the surface layer. Similarly the 
brief but intense heat of an electric spark, struck 
between, an electrode and the steel surface, can 
harden a small volume of material. If the sparking 
electrode traverses the surface a hard and wear- 
resistant skin develops. 

There is evidence! that during frictional heating 
nitrogen and carbon can enter the surface from the 
atmosphere or lubricant and contribute to the hard- 
ness of the transformed product. Likewise during 
spark heating, the nature of the medium which the 
spark traverses is of importance in determining the 
constitution and properties of the hardened layer. 
Thus nitrogen assimilated during air sparking and 
carbon during sparking in oil can cause intense 
hardening (~ 900 V.P.N.) even of pure iron. It is, 
however, well known that, in sparking contacts, 
material may be transferred from one member to the 
other. If, therefore, a steel surface is sparked with 
an, electrode of dissimilar metal, this transferred 
material can be expected to alloy with the steel and 
may also react with components of the environment 
to form hard compounds. By appropriate choice of 
electrode material and sparking medium, the hard- 
ness attained might considerably exceed that of 
quench-hardened steel. 

Recent publications? reveal that surface hardening 
by spark discharge has been developed in the U.S.S.R. 
as a commercial process for improving wear resistance, 
and many successful applications are claimed. The 
surface to be treated is traversed with a vibrating 
electrode which.repetitively discharges current from 
condensers. The sparking potential and capacitance 
usually fall within the range 50-220 V., 20-350 uF., 
the electrode having positive polarity to facilitate 
transfer of material to the cathode, namely, the work- 
piece surface. Electrodes of sintered tungsten and 
titanium carbides are commonly employed, and 
transfer of these carbides plays an important part 
in conferring wear resistance. 
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The Russian literature deals exclusively with the 
spark-hardening of ferrous metals. While, in general, 
non-ferrous metals cannot be expected to harden 
intensively by thermal cycling alone, the ability of 
the spark to transfer, or even generate, hard sub- 
stances indicates means by which surface-hardening 
might be effected. Work in this Laboratory has shown 
that many non-ferrous metals can in fact be surface- 
hardened if suitable techniques are adopted. Two 
main principles can be recognized. 

(1) Transfer takes place from an electrode of 
material, such as sintered carbide, which is already 
hard, the hardness of the alloyed layer produced 
tending towards that of the electrode material 
(1,300-1,700 V.P.N. in the case of cobalt-bonded 
tungsten. carbide). Alternatively, the electrode may 
consist of material which is not initially hard but 
which hardens in the spark reaction as, for example, 
an electrode of steel or of a non-ferrous metal of the 
type to be discussed. 

(2) Certain non-ferrous metals, notably those 
belonging to the fourth and sixth groups of the 
Periodic Table, will form extremely hard compounds 
by chemical reaction with elements easily made 
available in the sparking zone. For example, carbides 
of great hardness (1,300 V.P.N. to more than 
2,000 V.P.N.) can be formed on thesurface of titan- 
ium, zirconium, molybdenum. and tantalum by spark- 
ing in a carburizing environment. This environment 
can be provided by sparking with a carbon electrode, 
or through the agency of liquid hydrocarbons or 
powdered graphite in contact with the surface. 

The hardened layer produced by sparking is only 
a few thousandths of an inch in thickness, but, as 
the curves of Figs. 1 and 2 reveal, this thin skin can 
confer greatly improved wear resistance. The wear 
measurements were made by loading a cylinder of 
the non-ferrous metal against a rotating ring of 
hardened tool steel, no lubrication being provided. 
The sparking of nickel with an electrode of sintered 
tungsten and titanium carbides (Fig. 1) has produced 
a 600-fold reduction in rate of wear through the 
transfer of carbide to the nickel surface. Improve- 
ments of similar magnitude have been obtained by 
this technique on copper, brass, titanium and 
aluminium. The reduced rate of wear of iodide- 
titanium illustrated in Fig. 2 is the result of a skin 
of titanium carbide produced by sparking with a 
titanium electrode in the presence of mineral oil. 
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Fig. 1. Change of rate of wear produced by spark-hardening nickel 
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Fig. 2. Change of rate of wear produced by spark-hardening 
titanium, and comparison with case-carburized steel 


For comparison & wear curve for mild steel, case- 
carburized by conventional means and tested under 
the same conditions, is also shown in Fig. 2. In these 
` particular rubbing circumstances the spark-hardened 
titanium is plainly of superior wear-resistance, and 
it seems likely that spark-treated non-ferrous metals 
‘will find applications for wear-resistant parts in 
engineering practice. 

A fuller account of this work will be published in 
due course. 

I am indebted to Dr. W. Hirst for encouragement 
and advice, and to Mr. P. Watts and Miss B. Green 
for assistance with the experimental work. 


N. C. WELSH 


_ Research Laboratory, 
Associated Electrical Industries, Ltd., 
Aldermaston Court, 

Berks. 
March 5. 
1 Welsh, N. O., J. App. Phys., 28, 960 (1957). 
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Strength of Glass Fibres 


PREVIOUS workers have reported that the tensile 
strength of nominally identical glass fibres is very 
inconsistent, with coefficient of variation between 
5 and 25 per cent?7. In an attempt to reduce this 
variability, I have made and tested ‘E’ glass fibres 
under carefully controlled conditions. The fibres 
were drawn from molten glass in a platinum crucible, 
and were wound around a rotating drum. Only that 
part of the fibre between the crucible and drum was 
used for testing. The manipulation technique 
involved gripping the free length of fibre at its two 
ends, and mounting it with vacuum wax on a slotted 
paper mount, which when cut into pieces provided 
ten test pieces each 1 in. long. Each test piece on its 
mount was assembled in a@ special ‘chain-o-matic’ 
testing machine with controlled rate of loading, and 
the mount was severed before application of load. 
By this means it is possible readily to test large 
numbers of fibres with surfaces which are mechanic- 
ally undamaged. To reduce atmospheric attack each 
batch of ten test pieces was tested within two minutes 
of manufacture, and in an atmosphere of less than 
40 per cent relative humidity. 

Using the above technique I have been able to 
obtain fibres of remarkably consistent strength; on 
some occasions the coefficient of variation of breaking 
stress of ten test pieces has been only 1 per cent. 
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Temperature of glass in crucible. A, 1,840°C.; 
, 1,800° C.; (J, 1,260° C. 


Another observation was also made. Over the 
range for which fibres of uniform diameter can be 
drawn with my apparatus (2-6 x 10-‘in.), the 
breaking stress is independent of fibre diameter and 
of the temperature of the glass in the crucible ; it is 
also independent of the rotational speed of the 
drum. The results are illustrated in Fig. 1. Hach 
point is the mean breaking stress of ten test pieces. 
Previous workers using different testing techniques 
have found a very appreciable reduction in breaking 
stress with increase in diameter for the range shown 
in Fig. 1. 

W. F. Tuomas 

Engineering Laboratory, 

University College, 
Cardiff. 


1 Anderegg, F. O., Indust. and Eng. Chem., 31, 290 (1939). 
a Otto, W. H., J. Amer. Ceram. Soc., 88 (8), 122 (1955). 


Spiral Pits on Silicon Carbide 


Tue dislocation theory of crystal growth! suggests 
that the crystal growing at low supersaturation in 
the presence of a single dislocation is not composed 
of an infinite number of layers stacked on each other 
as ideally considered, but is a helicoid with the dis- 
location line as its axis and the point of emergence 
of the dislocation at the top. The observation of a 
growth hill in the form of a ‘spiral staircase’ on & 
number of crystals reported in recent years? has 
amply substantiated the theoretical predictions. 
Silicon carbide crystals have afforded evidence? of a 
large variety of spiral growths, for example, mono- 
molecular as well as microscopic, and interaction of 
spiral growth due to two or more dislocations of same 
as woll as of opposite sign. In some cases, hitherto 
unobserved, silicon carbide crystals exhibit spirally 
terraced pits. Fig. 1 shows a phase-contrast micro- 
graph of a spirally terraced pit. It is easy to decide 
with the fringes of equal chromatic order that this 
feature is a pit. The step height of this terraced pit 
as determined from high-dispersion Fizeau fringes 
corresponds to 27 + 2 A., which is the repeat distance 
of this crystal identified by X-rays as 33 R (Rams- 
dell’s symbol). 

Frank’ has shown that when growth spreads from 
an isolated pair of dislocations, respectively right- 
and left-handed, the terrace line connecting them 
wraps around and meets itself on the other side: 
thus forming a short connecting terrace line again 
and an outward growing closed loop. Such an inter- 
action has been exemplified on silicon carbide®. If 
these two dislocations are cancelled by moving 
together, as suggested by Mott*, or by a process of 
double cancellation, as envisaged by Anderson and 
Dawson’, flat-topped crystals would result. Fig. 2 is, 
however, an example of a flat-bottomed crystal. The 





Fig. 1. Spiral pits on silicon carbide, (x 90) 


‘a 


(x 108) 


Fig. 2. Spiral pits on silicon carbide, 


fringes of equal chromatic order passing over the 
 -eentre of the pit show beyond doubt that it is a pit 
having a step height of 1050 A. 
=o Bueh spirally terraced pits are not foreseen as a 
-o growth feature on Frank’s theory, which envisages 
spiral pits as a result of dissolution or evaporation. 
These observations, in conformity with Frank’s pre- 
diction, suggest that evaporation also takes place in 
: accordance with the dislocation mechanism. 
- My thanks are due to Prof. 8. Tolansky for his kind 
nterest and encouragement and to the Government 
of India for the award of a Modified Overseas Scholar- 
p, during the tenure of which this work was done 
in the Physics Department, Royal Holloway College, 
E jlofield Green, Surrey. 
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quite possible to maintain a water circulation by 
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of mercury-198 is needed for ai : 
kind, and this isotope can now. be produce 
cheaply from gold. This light source has 
reason been proposed for use. asa pei ary standa 
of wave-length?. a 
. Recently, Baird and Smith have painted. out! ha! 
in certain circumstances, depending on the ¢ : 
gas and on the temperature, asymmetrical 
reversal may occur in such lamps, with a disturbi 
effect on both the line-width and the wave-length. 
They have also made useful suggestions as to 
how this self-reversal can be reduced, by the u 
of molecular carrier gases. such as hydrogen: an 
nitrogen’. : 
As very little information has been published 
about the line-widths or the long-term behaviour o 
such lamps under ordinary laboratory conditions, the 
following remarks may be useful. The lamp unde 
consideration was bought in 1951 from the General 
Electric Co., Ltd.*, being one out of their serial pro 
duction. It is a water-cooled internal-clectrode dis 
charge lamp; its positive-column tube has a length 
of about 40 mm. and an internal diameter of abou 
5 mm., with a coaxial water-jacket sealed around 
it. The lamp contains about 0-1 mgm. of mercury 
198, with argon as a carrier- “gas under & pressure 0: 
about 10 mm. of mercury. It is usually run from 
mains transformer at a current of 25 m.amp., striking 
at about 500 V. and running normally at 200 V 
If necessary, it can be operated from a 6 -V or 12- 
battery using a conventional d.c./a.c. converte 
Cooling with water at temperatures of 10-20° 0., 
a flow of about 1 litre in 6 min. was found to be quite 
sufficient. Should no running water be available 
as, for example, under certain field conditions, it i 

















































































hand from a small storage vessel. This particular 
lamp has now worked for several hundred hours ov: 
a period of seven years, mainly for calibrating lin 
widths with interferometers and large spectrograp! 
It has also been used by three astronomical researc! 
expeditions under very primitive field conditions. — 
The line-width for the green mercury line 5461 A 
was measured some time ago with a high-qualit; 
Fabry-Perot interferometer of the multicoated type 
Its crystalline quartz flats were figured to 1/40 à an 
were coated with four quarter-wave layers of 
sulphide and three quarter-wave layers of er 
The reflectivity was at least 95 per cent ; the 
spacer consisted of fused silica, giving a 
about 0-170 A. in air, with a resolving pov 
far from 10%. In order to improve the re 
power, only a small area, 5 mm. x 7 mm., of th 
ferometer was used. Using a ‘Tessar’ lens: 
focal length to produce an image, exposure 
about 10 min. were needed on Kodak I- 
plates. The first twelve fringes were measur 
by a micrometer and also by a recording r 
meter using a slit width of 0-01 mm. The line pr 
of the second and third fringes sre re 
Fig. 1 on a true intensity scale, derived 
intensity marks available for the plates. 
Although these profiles are not intended a 
_ precision parnai (data, they: ‘may e 
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rs (a) (b) 
ig. i “Width of the green line of a mercury-198 lamp determined 


rom- the second (a) and third (b) fringes in a Fabry-Perot 
interferometer 










-— gelf-reversal can be detected. However, the thickness 
of the discharge column was only about 5 mm. (giving 
quite sufficient light for most purposes) and water- 
= cooling was used, so that the conditions were different 
< from those reported in ref. 2. The half-width was 
found photometrically to be about 0-006-0-007 A., 
- while the widths of the fringes measured by micro- 
“meter were found to be slightly smaller. Such a 


i width is scarcely attainable so conveniently from any“ 
= other light-source, and it is sufficiently small for 


investigations even with very powerful spectrographs. 
_. Moreover, this may not be the minimum width 
< | attainable since the values found here are restricted 
by the resolving power of the interferometer used, 
for which a longer spacer was not available. The real 
=o line-widths are probably very near the Doppler 
- widths which, at room temperature, should be about 
00055 A. 
EE H., von KLÜBER 
The Observatories, 
- » Madingley Road, 
<<. Cambridge. 
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i A New Microwave Mixer 
THE Hall effect in semi-conductors has been used 








ower. 


nt leads to a mixer. The principle of operation of 











€ avity. where there is maximum. magnetic 


d and: no e electric field. The. semi-conductor is 


: : “is magnetic, there is no. intetaction, between the loca 
oscillator and signal channels. A Hall electromotiv 
< foree is established, the instantaneous value of whic 





magnetic field and the signal current. This electro 

- motive force has therefore components: of frequencie 
equal to the sum of the local oscillator and signa 
frequencies and to their difference. 
-egn be amplified as in a normal mixer. 






~ signal of approximately 8 cm. wave-length, ‘giving 
coan output of 60 Mce./s., and it has been. con 
that the mixing operation described above doe 
-< take place. 
ESS < that the conversion efficiency of the mixer is inde 
ndications of what to expect with a lamp of this kind. 
under normal working conditions. No indication of © 
ipower and to the square of the electron mobility in — 


material. 


| ; Dept. of Electrical Engineering, : 


A0, 345 (1050). "hank, D. a o 
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_ States are exceptionally rich in germanium}? 
hitherto no such enrichment has been reported from 
the British Isles. 
-recently collected from the Lower Lias of Dorse 
< have now been shown, to have similar concentration 
microwave frequencies for the measurement of — 3 
ver. It has recently been demonstrated that a- 
imple modification to the power-measuring equip- marine shales and marls and subsidiary limestone: 
_ attaining a thickness of about 170 m. Details of the 
mixer is straightforward. A local oscillator ig © ‘succession, which is well exposed on the coast around 
used. for. establishing a field in a resonant cavity and |” 
a small piece of semi- conductor is. placed at a point — 


ments of lignite. The lignite is more _ common ab 















is. proportional to the product of the local oscillato 






The latter signal : 










‘This form of mixer has been examined with 





irmei 







A simplified theoretical analysis shows $ 







-pendent of the semi-conductor dimensions and i 
directly proportional to both the local oscillator l 


the semi-conductor, assuming that this is an n-type 
The output power from the mixer is pro- = 
portional to the signal power provided that the signaal 
power dissipated in the semi-conductor does not cause: — 
an appreciable temperature rise. The conversion 
loss is rather high, being about.60 db. for indium = 


 @ntimonide with a local oscillator power of 100 watts — — 
~ at 8em. This figure is based on calculations ; experi < 
“mental results using germanium appear to be imi a 


reasonable agreement with the theory. — oe 
The present conversion loss is much too high forthe 


“mixer to be of practical value in receiver design, but a 


it is hoped that lower figures can be achieved with . 


“more efficient design of the local oscillator cavity and oe 


for higher frequencies. The main interest inthe mixer — 
at present is that it can be developed to provide a > 
method for measuring mobilities at microwave. 


frequencies. 
H. M. BARLOW 
J. BROWN 
K. V. GOPALA Kesnxa 
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Germanium Enrichment in Lignites from 
the Lower Lias of Dorset 


CERTAIN carbonaceous inclusions from the United 














A number of lignite specimens 









of germanium to those of the American samples. : 
-The Lower Lias of Dorset consists of a series o: 



















me Regis and Charmouth, are summarized. by 
kelt.. Scattered throughout these beds are frag- 
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cliff section, but may be found quite readily.on the 
foreshore. Specimens of lignite embedded in several 
types of rock were collected from a 5-mile stretch of 
the coast centred about Lyme Regis. These specimens 
were mostly a few cm. long and varied in thickness 
from 4 to less than 1 cm. 

The lignites may be grouped into two main varieties 
termed ‘wood-like’ lignite and ‘jet’. The former is 
brown and fibrous and is frequently enveloped and 
intersected by veins of calcite or barite. Wood-like 
lignite is found in the form of rafts lying parallel to 
the bedding plane, and as cylindrical ‘branches’ 
enclosed in boulders. Occasional giant specimens of 
up to 3 m. long have been reported (Lang, W. D., 
private communication). The jet is black and pos- 
sesses & vitreous lustre on freshly fractured surfaces, 
which are often conchoidal. Calcite and barite veins 
are generally less conspicuous. Jet is sometimes 
found associated with larger bodies of wood-like 
lignite ; but in general, small, isolated samples of jet 
occur as lenticles parallel to the bedding plane. 
Microscopic examination of thin sections has shown 
that the wood-like lignite is composed of thick-walled 
tracheid cells infilled by calcite. In most specimens 
of jet, on the other hand, cell structure is completely 
obliterated, although in some cases partly preserved 
bordered pits and thin-walled cells infilled by red- 
brown structureless carbonaceous matter have been 
observed. 

The germanium. in, the lignites has been determined 
by spectrographic analysis of their ashes. The ash 
contents of the lignites varied from about 5 per cent 
for some of the jet specimens up to 90 per cent for 
the highly mineralized samples. In 10 of the 29 
samples examined, germanium concentrations in the 
ash exceeded 1 per cent, while concentrations 
approaching 1 per cent in the whole lignite were 
found for several samples. The mean concentration 
for the lignites is about 300 times the mean value for 
British coals. The results are summarized in Table 1. 


Table 1 


Germanium (per cent) 
Ash Lignite 
0:93 


0-024 
018 


Maximum concentration 
Minimum concentration 
Mean concentration 


8°4 
0-026 
1:48 





The jet usualy contained higher concentrations of 
germanium than the wood-like lignite. However, 
when the concentrations were expressed in terms of 
the carbonaceous portion of the lignite, the mean 
values for jet and for wood-like lignite were found to 
be not significantly different. In contrast to the high 
concentrations in lignites, the germanium contents of 
the parent rocks were of the order of a few p.p.m. 
only. The mean values for shale, marl, limestone 
and pyrite were 1-7, 2-5, 3:9 and 2:4 p.p.m. respec- 
tively. No correlation was found between the ger- 
manium contents of the lignites and those of their 
parent rocks. 

There is little doubt that the lignites originated as 
coniferous driftwood which sank to the bottom of the 
Liassic sea in a water-logged condition. The wood 
probably became buried before it reached an advanced 
stage of decay. The results of the microscopic 
examination show that the differences between the 
two varieties of lignite developed during diagenesis. 
Thus driftwood enveloped in limestone became 
mineralized by the crystallization of calcite within 
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the tracheid cells and gave rise to wood-like lignite. 
In marl and shale, however, calcite mineralization 
was limited and the cell structure progressively 
replaced by colloidal organic matter, the eventual 
product being jet. 

It is unlikely that the wood from which the lignite 
originated was highly germaniferous. The element 
was probably introduced subsequent to the burial 
of the driftwood. If the enveloping sediments had 
access to œ suitable reservoir of germanium, the 
element could be brought into contact with the 
organic material by means of circulating solutions 
and accordingly adsorbed by the carbon. The 
observation that both varieties of lignite have similar 
germanium concentrations relative to carbonaceous 
matter supports the idea that germanium is associated 
with this portion of the lignite. It is probable that 
the small size of the lignite inclusions was conducive 
to their germanium enrichment. Thin seams of 
carbonaceous material have been reported by several 
workers?:‘-* to be abundant in certain trace elements. 
It was found that some of the Lyme Regis lignites 
also have revealed exceptionally high contents of 
other trace elements in addition to germanium ; 
namely, vanadium and titanium. Since these latter 
two elements, like germanium, are likely to occur as 
anions in ground solutions, their abundance in lignite 
may be partly attributable to preferential adsorption 
of negative ions by the carbonaceous material. 

A. HALLAM 
Sedgwick Museum, 
Cambridge. 
K. W. Payne 
Fuel Research Station, 
Greenwich, London, S.E.10. 
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Twining of the Hop (Humulus lupulus L.) 


CASUAL observations made by me on the twining 
of the shoots of the hop suggested that in the first 
phase of growth (in which the stem extends rapidly 
and the laterals remain suppressed) the angle made 
by the gyres of the helix with the horizontal varied 
with the diameter of the support. 

In 1967, experiments were made upon the shoots 
arising from four sets of Fuggle N, a cultivated 
variety, to determine whether there was a strict 
relationship between these two quantities. The main 
crop of shoots appearing above ground in early spring 
was made to climb vertical rods of different diameters 
to a height of about 6 ft. Four of the rods consisted 
of three equal sections of different diameters, two 
with the broadest portion at the base and two with 
the narrowest. The remainder of the rods were 
uniform. Above the rods the shoots were allowed to 
tangle together and their climbing behaviour was 
not studied. Only in one shoot was there an out- 
growth of the lateral buds, and this was confined to 
the upper portion of the rod. 

The shoots, which ascended the rods very rapidly 
once twining began, formed almost uniform helices, 
as the small rarige in the size of the angle formed 
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Table 1 
Radius of | No. of a 
support observations Range (deg.) Mean (deg.) 
(1 unit = 1/16 in.) 
2 5 69 -5-74 0 70-8 
: 3 6 64 °5-72 -0 68 2 
3 4 61 -0-67 -5 63 °9 
(Late stem) 
4 8 63 5-71 -0 86-8 
5 9 60 -0—67 -0 62-1 
8 3 49 -5-57°0 54:3 
8 3 56 -5-57 °b 57:2 
16 1 42-0 42-0 
16 1 52°0 52:0 
(Lateral as 
owing ou 
= OF 1 200 20-0 





with the horizontal (œ) in a vertical series of readings 
along one rod will show (Table 1). Each stem can 
therefore be considered as describing a simple helix 
on a circular cylinder cutting the generators. at a 
constant angle. The radius of curvature of such a 
helix (FR) is related to the radius of the cylinder (a) 
according to the equation 


R = asec*a 


where (90° — «) is the angle with the generators and 
æ the angle made by the tangent to the helix with the 
plane perpendicular to the axis of the cylinder’. 

The fact that the steepness with which the stem 
of the hop twines diminishes with increasing diameter 
of the support suggests that the radius of curvature 
of its helix may remain constant. We should then 
expect a straight-line relationship between the radius 
of the support and the square of the cosine of the 
angle at which the stem climbs. This line should not 
pass through: the origin, but cut the a-axis at a 
negative value equal to the radius of the shoot, since 
we must consider the helix as being described by the 
longitudinal axis of the shoot upon the surface of a 
cylinder the radius of which extends to this axis. The 
results of eight series of observations show that the 
expected proportionality does in fact exist (Fig. 1). 
Owing to shoots catching and transferring themselves 
to adjacent rods in the experiment, only one grew up 
the whole length of one of the rods of varying 


25 


S 


m jad 
© or 


Radius of support (1 unit = 1/16 in.) 
Or 





0°65 1:0 
cos*a 


Fig. 1. A, Values given by one stem climbing a rod of sections 
of different diameter; YW, a stem in which the lateral buds had 
grown out; W, a stem ascending after the first flush 
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diameter. The values given by it fall into alignment 
with those of shoots climbing uniform rods or portions 
of rods. A line fitted by eye to the points cuts the 
co-ordinate axis 1-2 units below the abscissa, a value 
of the same order as half the diameter of a hop stem. 

These observations agree with Darwin’s contention 
that the twining of the hop is brought about by a 
wave of growth travelling around the shoot in the 
extending region®. It follows that the intensity of 
this wave, which will determine the curvature of the 
helix, is independent of the diameter of the support 
and .consequently must be a property of the stem. 
It is difficult to decide whether or not the steepness 
at which the stem twines affects the position of the 
apex in relation to gravitation, since the upper 6 in. 
or so of the stem show constant and wide circum- 
nutation, but it can be said that any difference is 
slight. It is conceivable, therefore, that the gravita- 
tional stimuli received by the apex are not affected 
by the position assumed by the lower regions. A 
constant curvature in the region of most pronounced 
internodal extension, where alone the stem first 
applies itself closely to the support, could then be 
brought about entirely by an area of vigorous auxin 
production revolving around the apex as it grows. 
A comparison of the parenchymatous cells of the 
cortex on the convex and concave sides of a short 
median section taken in the plane of the curvature 
from a stem climbing a support $ in. in diameter 
showed thai the ratio of their lengths was of the same 
order as would be expected were the curvature 
attributable entirely to differences in cell elongation 
(Table 2). This is in conformity with the above 
hypothesis, but it could also result from a lateral 
displacement of auxin, such as may occur in hapto- 
tropism. Haptotropism by itself, however, could not 
account for the twining, nor for the constant curva- 
ture of the helix. 


Table 2. TWENTY-TWO CELLS TAKEN FROM FEAOH SIDE 


Mean length 
(u) 


Ratio 
Observed Expected 


Convex side 
1°15 1°13 
Concave side 





Only one stem continued to twine around a support 
three inches in diameter. Others came away from 
the support after beginning to twine, suggesting that 
as the radius of the support approached the radius of 
curvature of the helix the twining system became 
unstable. One record from the upper part of a stem 
which had entered the phase of growth in which the 
laterals grow out is included in Fig. 1. The outgrowth 
of laterals appears to be accompanied by a diminution 
in the curvature of the main axis. One of the weaker 
shoots arising later was also included in the experi- 
ment, and‘ the mean curvature of its helix is seen 
from the results to have been greater than that of 
a shoot of the first flush. 

Further experiments on this and other twining 
plants are planned. 

P. R. BELL 
Botany Dept., 
University College, 
London, W.C.1. 
Jan. 6. 
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Relationship between Merulius lacrymans 
and M. himantioides 


Tux relationship between the brown-spored species 
under Merulius is not certainly known. The two 
species, M. lacrymans (Wulf.) Fr. and M. himantioides 
Fr., are regarded by Cooke! as morphologically alike 
but distinguishable on the basis of physiological 
activity and habitat. He therefore considers them 
as varieties under the same species. He has, however, 
stated that “more than one species may be indicated 
if unsuccessful monospore culture pairings are used as 
indicators of specific barriers”. This criterion is used 
for studying the relationship between M. lacrymans 
and M. himantiordes. l 

M. lacrymans was collected from wood of Pinus 
sylvestris in buildings in Denmark at Kibaek, Jutland 
and at Copenhagen. The latter collection was flown 
over to Dehra Dun for study. In both our Institutes, 
the fungus was brought to polyspore and monospore 
cultures. The spores germinated within 12-15 days 
after they were planted on 2:5 per cent malt agar at 
pH 5-0 at 18° C. During germination, the spore 
usually put out a vesicle which finally produced a 
germ tube. Clamp connexions, which were common 
in the polysporous mycelium of M. lacrymans, were 
absent in the monosporous mycelium of the fungus, 
in the hyphæ of which simple septa were present. 
When two compatible monospore mycelia were 
paired, clamps developed on the mating hyphe. In 
incompatible matings, clamps did not develop. By 
pairing the monospore mycelia in all possible com- 
binations, they were found to fall into four sexual 
groups. M. lacrymans was thus found to be hetero- 
thallic and tetrapolar. 

M. himantioides was collected from the open forests 
in the Western Himalayas (above 6,000 ft.) in India 
growing on bark of conifers (Cedrus deodara and 
Picea morinda). In Denmark, the fungus was 
collected from floor boards of pine (P. sylvestris) in a 
house at Hundested, North Sealand. Polyspore and 
monospore cultures of the fungus were obtained from 
fruit bodies collected from both localities. Germ- 
ination of spores occurred freely within two days on 
2-5 per cent malt agar at pH 5-0 at 18° ©. On 
germination, the spore put out a germ tube directly. 
In this it differed from M. lacrymans, where the 
spore usually germinates by production of & vesicle. 
In M. himantioides, the single-spore cultures did not 
possess clamps in the hyphæ, which occurred only in 
polyspore cultures. The spores fell into four sexual 
groups, and the fungus is heterothallic and tetrapolar. 

Crosses were then made between the monospore 
cultures of M. lacrymans and M. himantioides by 
pairing the four sexual strains of the former with 
those of the latter in all possible combinations. In 
this test, the Jutland and Copenhagen collections of 
M. lacrymans were paired respectively with North 
Sealand and Indian collections of M. himantiordes. 
Clamps did not develop in any of the pairings, proving 
that the two fungi are mutually intersterile. 

M. lacrymans differs from M. himantioides in 
habitat, the former being usually domestic and 
the latter wild. The two fungi also differ in the 
morphology of the sporophore and in culture, 
particularly in the texture and colour of the mat and. 
formation of profuse liquid drops in M. himantioides 
and their absence in M. lacrymans. In culture the 
optimum growth of M. lacrymans occurs at about 
18° C., while with M. himantioides it is at about 
28° C., at which M. lacrymans ceases to grow. These 
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differences are believed to be sufficiently diagnostic 
for identifying the two fungi as distinct species, and 
this is confirmed by genetic studies as reported above. 
A detailed account of this work will be published later. 
L. HARMSEN 
Technological Institute, 
Copenhagen, Denmark. 
B. K. BAXSHI 
T. G. CHOUDHURY 
Forest Research Institute, 
Dehra Dun, India. 
Jan. 13. 


1 Cooke, Wm. B., Mycologia, 49, 197 (1957). 


Occurrence of Spermatophores in the 
Genus Dolops (Crustacea : Branchiura) 


ACCORDING to all those who have defined the group, 
one of the diagnostic characteristics of the Branchiura 
is the absence of spermatophores. Indeed, the mating 
habits of members of.the genus Argulus are sufficiently 
well known to enable it to be stated that here no such 
structures are involved in sperm transfer, and recent 
unpublished observations on various species of the 
genus Chonopeltis (some as yet undescribed) indicate 
that here also no such structures are found. On the 
other hand, the existence of spermatophores in the 
genus Dolops has recently been established. 

These structures were first observed in Africa 
during the course of an examination of specimens of 
Dolops ranarum (Stuhlmann), which is the only known 
African representative of an essentially South 
American genus. Later, when an opportunity was 
taken to examine the rather small collection of South 
American species of Dolops in the British Museum 
(Natural History), a single female of D. geayi (Bouvier) 
was found to be carrying a spermatophore, thus 
suggesting that the employment of these structures 
may be a regular feature of the reproductive process 
throughout the genus. 

The following remarks apply particularly to D. 
ranarum ;- but the spermatophore of D. geayi appears 
to be essentially similar to that of its African relative. 

Spermatophores, which bear a most striking resem- 
blance in form, colour and lustre to pearls, are 
attached singly in the mid-ventral line of the female 
at the base of, and just behind, the fourth pair of 
legs. Their size appears to vary according to the size 
of the male which produced them, and possibly 
according to other and, as yet, unknown factors. 
The length of the longest axis of these subspherical 
structures may be as much as 560p. l 

Transference of spermatophores from male to 
female has been observed, and is a relatively simple 
process, as might reasonably have been inferred from 
the almost complete lack of accessory copulatory 
organs in D. ranarum, which contrasts strongly with 
the presence of extremely complex organs in the males 
of all known species of Argulus and Chonopeltis. 

While the purpose of this communication is essen- 
tially to announce the discovery of spermatophores, & 
note of caution must be sounded to those who would 
cite their existence as evidence of a close relationship 
of this taxonomically enigmatical group to the Cope- 
poda. It is true that the possession of spermatophores 
by Dolops suggests that the Branchiura is quite 
distinct from the Branchiopoda with which some 
would group it. On the other hand, however, sperma- 
tophore formation need not necessarily represent the 
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retention of a characteristic exhibited by a possible 
common ancestor of the Copepoda and Branchiura. 
It could equally well be a device which has arisen 
independently in the genus Dolope in order to facilitate 
successful sperm transfer in the absence, in some 
species at least, of the complex accessory copulatory 
-organs found in allied genera. Preliminary observa- 
tions indicate that spermatophore formation in Dolops 
involves processes which are unknown in any of the 
Copepoda. It is hoped to pursue these studies further 
in due course. 

Ironically, although spermatophores are reported 
here for the first time, they were in fact unwittingly 
mentioned more than sixty years ago by Stuhlmann}, 
who described D. ranarum, and reported that ‘‘oft 
sieht man an der Geschlechtséffnung des Ẹ ein rundes, 
weisses Ei”. What Stuhlmann took to be an egg 
was in fact a spermatophore. 

G. FRYER 


East African Fisheries 
Research Organization, 
P.O. Box 343, 
Jinja, Uganda. 
1 Stuhlmann, F., Zool. Jb., Syst., 8, 152 (1891). 


Retinal Pigments of a Labrid Fish 


Tax distribution of visual pigments in aquatic 
vertebrates has been assumed to follow this pattern? : 
marine fishes possess rhodopsin (Amax. 500 mu), based 
on. retinene,, and freshwater fishes possess porphyrop- 
sin (Amax. 522 mu), based on retinene.. Since the 
report by Wald? that labrid fishes have porphyropsin, 
the members of this family of marine teleosts have 
been regarded as exceptions to the general picture 
of visual pigment distribution. It should be made 


0:3 

È 
E 0-2 
o 
ro 
8 
= 0-1 
© 

0:08 

0-04 
o 
S o 
5 
ia -o—o- |-2 (x 2) 
A 0-04 -e--e- 2-3 
A v -> 3-4 


Arr 4- 
~a--a- 5-6 
v retinene, oxime 





400 500 600 
: Wave-length (my) 
‘Fig.1. A, Partial bleaching experiment. Curve 1,absorption of 


unbleached extract; curve 2, after 80-min. exposure to 650 mg 
light; curve 3, after 20-min. exposure to 605 my light; curve 4, 
after 45-min. further exposure to 606 my light; curve 6, after 75- 
min. exposure to 590 my light; curve 6, after 10-min. exposure to 
white light. B, Difference spectra of partial bleaching experiment, 
Curve 1~2 (drawn to x 2 scale) is the result of the 650 mg 
bleach, 2-3 and 3—4 the 605-myu bleaches, 4-5 the 590-myz bleach, 
and 5-6 the white light bleach. The inverted triangles are spectral 
densities of a digitonin solution (pH 8:3) of retinene, oxime. 
scaled for comparison with curve 1-2 


NATURE 


April DQ, 1958 VOL. 181 


100 


50 


Per cent 





400 500 600 
Wave-length (my) 


Fig. 2. Curve 1, absorption of unbleached extract: curve 2, con- 

structed from Dartnall’s homograni, assuming Amax. 500 mä; 

curve 3, difference spectrum of red-insensitive component ; 

curve 4, difference spectrum of red-sensitive component. Curves 

3 and 4 scaled so as to approximate in sum the total difference 
spectrum 


clear, however, that Wald did not study the visual 
pigment itself in the Atlantic species, Tautoga onitis 
and Tautogolabrus adspersus, which he examined, 
but based his conclusions on an analysis of the 
retinal vitamin A. Confirmation was reported by 
Kampa? for two unspecified corid (labrid) fishes in 
the Caribbean. She apparently studied the visual 
pigment, retinene and vitamin A, but only sum- 
marized her findings and has not published the full 
results. More recently, in a brief abstract?, Wald has 
stated again that Tautoga possesses porphyropsin. 

The sheep-head, Pimelometopon pulchrum (Ayres), 
is a labrid of the eastern Pacific. Over the last 
30 months, four digitonin extracts of the retinæ of 
this species (gratitude is expressed to Marineland of 
the Pacific for the specimens used in this study) have 
been prepared and analysed by methods described 
elsewhere*. The results have been consistently the 
same: the chief photosensitive retinal pigment of the 
sheep-head is a retinene, pigment with Amax. 497 mu. 
In addition there is a small amount of another retin- 
ene, pigment with Amax. 520 mu. These two photo- 
labile components were present in the extracts in the 
ratio 85:15. This mixture was disclosed by partial 
bleaching experiments without hydroxylamine (not 
figured) and with it (Fig. 1). Exposure to deep red 
light selectively removed the red-sensitive component 
(curve 1-2). Further exposure to non-isomerizing 
light of shorter wave-lengths then bleached the main 
photolabile component (curves 2-3, 3-4, 4-5). 

The product of bleaching of both components is 
characteristic of retinene, pigments. In Fig. 1B the 
absorption spectrum (inverted triangles) of retinene i 
oxime (prepared from crystalline all-trans retinene,) 
is plotted for comparison with the bleaching product 
of the red-sensitive component. In experiments 
without hydroxylamine the spectral position of the 
alkaline indicator yellow also suggested that retinene, 
is the chromophore. Neither light-sensitive com- 
ponent in the sheep-head retina, therefore, can be 
termed a porphyropsin. 

Comparison of the absorption of the unbleached 
extract (Fig. 2, curve 1) and the nomogram construct® 
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(curve 2) for a visual pigment with Amax, 500 mu 
shows that the nomogram curve is not broad enough 
to match the retinal extract. This suggests a mixture 
of components, confirming the result obtained in 
bleaching experiments. The hydroxylamine differ- 
ence spectra (curves 3, 4) of these pigments are shown 
in about the proportion that they are present in 
retinal extracts. 

It is clear that these results do not confirm the 
general statement of Wald‘! that the Labridae possess 
porphyropsin. In the sheep-head, at least, there are 
two pigments, one very similar to lamprey visual 
purple’, the other to the visual pigments of geckos’. 
Whether the red-sensitive component of Pimelome- 
topon is a cone pigment or a secondary rod pigment 
cannot be decided from the present observations. 
Unlike chicken iodopsin’, the red-sensitive pigment of 
the sheep-head is stable under alkaline conditions 
and in the presence of hydroxylamine. It would be 
very desirable to re-examine the Atlantic labrid 
fishes to determine whether they really do have 
porphyropsin and whether this marine family is split 
into two groups, those with retinene, photopigments, 
and those with retinene, pigments. 


Freprricn W. Munz 


Dept. of Zoology, 
University of California, 
Los Angeles, 24. 
Jan. 14, 


* Wald, G., J. Gen. Physiol., 25, 286 (1941). 

* Kampa, EH. M., Amer. Phil. Soc., Year Book, 1952, 161 (1952). 

` Wald, G., Brown, P. K., and Smith, P. H., Fed. Proc., 18, 316 (1954) 
1 Munz, F. W., J. Gen. Physiol., 40, 288 (1958). 

*Dartnall, H. J. A., Brit. Med. Bull., B, 24 (1953). 

° Crascitelli, F., J. Gen. Physiol., 39, 423 (1956). 

* Crescitelll, F., J. Gen. Physiol., 40, 217 (1958). 

' kr. Sy Brown, P. K., and Smith, P, H., J. Gen. Physiol., 88, 623 


Effects of Ultra-Violet Radiation on 
Oysters 


It seemed of value to examine the influence of 
ultra-violet light upon the rate of cleavage of arti- 
ficially fertilized eggs of Crassostrea angulata L., the 
larvee of Ostrea edulis L., as well as their adults. The 
oysters were collected in the summer of 1956 from 
their natural beds in south Brittany. The experi- 
ments were undertaken partly in the Auray 
Bacteriological Laboratory, and partly in the 
Arago Laboratory at Banyuls-sur-Mer. A wave- 
length of 3600 A. from a quartz mercury arc was 
used. 

The gametes and the fertilized eggs of C. angulata 
were irradiated with graded doses up to 30 min., 
with the ultra-violet source 50 em. above the water 
level. The sperms were found to be more resistant 
than were the eggs. After doses longer than 5 min., 
there was & pronounced reduction in the rate of 
cleavage ; when the controls had reached the second 
cleavage stage, some of the eggs irradiated for 10.min. 
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Normally, the newly hatched larve of O. edulis 
manifest positive phototropism and negative geotrop- 
ism. When irradiated for 6-7 min. in a container 
I m., deep, with the ultra-violet source 35-125 cm. 
above the water surface, they showed a tendency to 
occupy the lower levels in the aquarium and finally 
to stop swimming freely and to settle down near the 
bottom with their shelis almost closed. Evidently, 
it was a temporary tropistic response to avoid injury, 
as many were noticed, later, to regain their activity 
and to swim freely again. The percentage of larvæ 
recovered and the time of recovery depend largely 
upon the strength of the dose. 

An exposure of 15 min. from a source at 35 cm. 
above the surface of water only 20 cm. deep was 
lethal. The ultra-violet effect was, however, elim- 
inated when, in a new experiment, a glass plate was 
placed between the larve and the ultra-violet source, 
showing that the larval shell was not adequate 
protection against strong doses. 

The adult C. angulata and O. edulis were found to 
resist strong doses of 30-60 min. with the source 
35-50 cm. above the surface. All the oysters survived 
normally for the next two months, and some even 
showed a slight growth. Many of the parasites which 
happened to live on their shells were killed by the 
irradiation. 

The radiosensitivity of many planktonic organisms, 
including some oyster enemies, was found to vary 
widely in the different forms. While worms like 
Polydora, bacterians and some fungi were highly 
susceptible, crustacean larve and copepods proved to 
be less sensitive. 

in brief, the main conclusions are: 1, the cleavage 
of artificially fertilized eggs as well as the development 
of later stages of C. angulata is considerably retarded 
after irradiation; 2, the results of irradiating O. 
edulis larve help to explain—in the light of studies 
on solar radiation and its transmission through air 
and water—the variations noticed every year in the 
density of oyster spat setting at different levels on 
natural and artificial collectors; 3, the resistance of 
the animal, regardless of its size, depends upon the 
nature of its outer surface, its thickness, and the 
strength of the dose; 4, a great progress in artificial 
propagation of oyster culture would be achieved by 
discovering some control method involving the use of 
ultra-violet doses not harmful to the oysters, their 
larvee, or feeding organisms, but destructive to the 
enemies which compete with them for food and 
space. 

Although the practical application of such methods 
to natural shellfish grounds would be very difficult, I 
think they might be used on the small isolated bodies 
of water used for rearing oyster larve artificially and 
for growing their food cultures. 

My special thanks are due to Prof. G. Petit, director 
of the Arago Laboratory, and to M. L. Marteil, chief 
of the Bacteriological Laboratory at Auray, for the 
many courtesies extended to me during my work in 
France. 


I. A. ABOUL-BLA 
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1 Glese, A. C., Physiol. Zool., 18, 223 (1945). 
* Wells, P. H., and Giese, A. C., Biol. Bull., B9, 163 (1950). 
3 Kelner, A., J. Gen. Physiol., 34, 835 (1951). : 
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Labelling of Bull Semen with Phosphorus-32 
in vivo 


| RECENT work has indicated that when rams are 
injected intravenously with labelled phosphate and 
serial samples of semen collected, the various phos- 
phorus components of the semen appear with maximal 
radioactivity in a definite time sequence’. In this 
communication these experiments have been ex- 
tended to a bull, both with the view of obtaining 
information about various physiological processes in 
its reproductive tract and also for acquiring labelled 
sperm for other experimental purposes. 

A Shorthorn bull (780 kgm.) was injected intra- 
venously with 14 ml. isotopic saline containing 


25 me. labelled phosphate through a cannula inserted ` 


into the jugular vein. Semen samples were collected 
twice a week using an artificial vagina. The sperm 
were examined throughout the investigation for 
motility, morphological appearance and density, and 
no indication of any change became apparent. This 
showed that the testes cannot have suffered any 
gross radiological damage due to the administration 
of the isotope. The sperm and seminal plasma were 
then separated by centrifuging and the following 
fractions isolated and assayed for radioactivity and 
phosphorus: sperm acid-soluble phosphorus, phos- 
pholipids, deoxyribonucleic acid and residual phos- 
phorus (Schmidt and Thannhauser?, phosphoprotein + 
ribonucleic acid); seminal plasma glycerylphos- 
phorylcholine and total phosphorus. The methods 
used for fractionation and analysis have been described 
previously. However, d e to the presence of con- 
siderable mucoprotein in Ubull seminal plasma com- 
pared with that of the ram, 
it was necessary to modify 
the procedure for the iso- 
lation of glycerylphos- 
phorylcholine as follows. 
The seminal plasma (3- 
4 ml.) was treated with 
7 ml. ethanol, centrifuged 
and the supernatant taken 
to dryness in vacuo. The 
residue was extracted with 
10 ml. ethanol and the 
ethanol-soluble substances 
then partitioned between 
water, chloroform, butan- 
2-ol and chromatographed 
as described for the ram. 

In Fig. 1 is illustrated 
the pattern of activity 
appearing in ejaculates col- 
lected over æ period of 
70 days. The seminal 
plasma glycerylphosphory]- 
choline acquired maximal 
- activity in samples ob- 
tained 11 and 14 days 
after isotope injection and 
then its radioactivity slow- 
ly declined. The peak of 
its activity arrived before 
the activities of any of the 0 
sperm components ap- 
peared with maximal acti- 
vity which is consistent 
with observations made 
upon the ram, and the 
conclusion that the source 
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of semen glycerylphosphorylcholine is largely in the 
epididymides’*. It is interesting that the specific 
radioactivity of the seminal plasma total phosphorus 
fraction closely followed that of the glycerylphos- 
phorylcholine. Although this phosphodiester would 
be the major component in the seminal plasma 
phosphorus fraction, it is surprising that there is no 
evidence of an ejaculation of highly active phosphate 
immediately after the isotope administration or con- 
tamination of the semen with highly active urine 
phosphate. This is possibly because the injected 
labelled phosphate rapidly disappears from the blood 
stream and that equilibrium conditions are estab- 
lished long before the first semen sample was collected, 
that is, 4 days after the injection. 

The sperm phospholipid, residual phosphorus and 
acid-soluble phosphorus in the ejaculates reached 
a maximum initial labelling at 21, 18, and 25 days 
respectively. The acid-soluble phosphorus in the 
sperm shows some evidence of an exchange with the 
phosphorus in seminal plasma as there is a distinct 
kink in the curve at the time when seminal plasma 
phosphorus shows its maximum specific radioactivity. 
This probably occurs after ejaculation ; Bishop and 
Weinstock* have found, for example, that bull 
spermatozoa when suspended in saline containing 
labelled phosphate repidly acquire radioactivity in 
their acid-soluble phosphorus fraction. 

The main peak in the specific radioactivity time- 
curve of the sperm deoxyribonucleic acid phosphorus 
reaches & maximum 60 days after the injection, 
which compares with a time of 50-52 days found 
for the ram. Recently, H. H. Koefoed-Johnsen 
(personal communication), in similar experiments 
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Fig. 1. The appearance of labelled phosphorus om ponini: in samples of semen collected 
from a bullinjected with radioactive inorganic phosphate. The abscissa represents the time 
in days after theinjection and on a lower scaleis given the total number of sperm ejaculated 
after the administration of isotope. 
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which are as yet unpublished, found that in a bull 
dosed with labelled phosphate it required some 62 
days for the sperm deoxyribonucleic acid to be 
ejaculated with maximal activity: a value which 
is in good agreement with the present results. The 
sperm deoxyribonucleic acid possesses some low 
activity before the appearance of the main activity 
peak; such a phenomenon did not occur in the ram 
and it is consequently difficult to assess its significance 
trom an experiment on a single animal. In the ram 
it was suggested that the difference between the 
times of ejaculation of the main sperm phospholipid 
and deoxyribonucleic acid peaks was due to the fact 
that while the former would be added or turned 
over up to the end of spsrmatogenesis, no new deoxy- 
ribonucleic acid would be formed after the mitotic 
divisions forming the primary spermatocyte. If this 
explanation is correct, this would mean that in the 
present experiment the average time for the primary 
spermatocytes to be converted into the finished 
spermatozoa would be 39 days. 

Bronsch and Leidl® have recently found that in 
bulls given labelled phosphate intramuscularly maxi- 
mum activity was ejaculated in the semen 14 days 
after its administration : all the activity being found 
in the seminal plasma end none in the sperm. The 
present experiment agrees with these observations 
in that the seminal] plasma total phosphorus reaches 
peak activity in the Lli-14-day period after isotope 
administration, but shows in addition that at this 
time a small but significant part of the labelling is 
present in the ‘sperm and cannot be removed from 
it by saline washing. 

I am indebted to Miss N. Hemington and Mr. R. 
White for valuable laboratory assistance, and Messrs. 
Clarke and Wise for assistance in handling the bull. 

R. M. ©. Dawsox 

Biochemistry Department, 

Agricultural Research Council 

Institute of Animal Physiology, 
Babraham, Cambridge. Jan. 23. 
* Dawson, R. M. C., Biochem. J., 88, 612 (1958). 
* Schmidt, G., and Thannhauser, S. J., J. Biol. Chem., 161, 83 (1945), 
? ET O, Ry: M. C., Mann, T., and White, I. G., Biochem. J., 85, 627 


* Bishop, D. W., and Weinstock, I., Anat. Rec., 101, 731 (1948). 
* Bronsch, K., and Leid), W., Zbl. Veterinarmed, 4,175 (1957). 


Glycerol Metabolism of the Brown Rot 
Mouid Poria vaillantii 


THE characterization of the chemically unchanged 
lignin of woody tissues requires the removal of the 
cellulose with which it is associated. The successful 
utilization of wood-destroying organisms for the 
isolation of large amounts of enzymically liberated 
lignin' and for the elucidation of the mechanism of 
the biogenesis of lignin building stones** prompted 
an attempt at the isolation of a cellulolytic enzyme 
from the wood-destroying mould Poria valantis. 
During studies of the cultivation of the mould, an 
attempt was made to use a medium containing gly- 
cerol instead of glucose as the sole carbon source, 
since glucose interferes in the assay of the cellulolytie 
enzymes which is obtained from the filtrates. 

After 4-6 weeks of growth on a glycerol medium, 
the culture filtrates were collected and found to 
contain .reducing substances. Analysis of the con- 
centrated filtrate revealed the presence of acetalde- 
hyde, dihydroxyacetone, and glucose. Acetaldehyde 
was identified as its dimedone derivative. The 
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product after three reerystallizations did not depress 
the melting point of an authentic sample prepared 
in the same manner. The concentrated filtrate gave 
positive Seliwanoff and phosphomolybdate tests, 
indicating the presence of dibydroxyacetone. Glucose 
was identified by extraction from a paper chromato- 
gram as its 2,4-dinitrophenylhydrazone derivative. 
There wag no depression of melting point of amixture of 
this compound and an authentic hydrazone specimen. 

A cyclic mechanism, by which glucose could arise 
from glycerol, was first postulated by Horecker’. 

The identification of the above intermediates in 
the metabolic filtrates of the mould Poria vaillantii, 
grown on glycerol as sole carbon source, suggests that 
this cycle may be operative in the metabolism of 
this organism. 

This study was carried out within a programme 
sponsored by the National Science Foundation and 
the U.S. Public Health Service. ; 

BIENVENIDO C. SISON, JUN. 
WALTER J. SCHUBERT 
Department of Organic Chemistry 
and Enzymology, 
Fordham University, 
New York 58. 
: SET, W. J., and Nord, F. F., J. Amer. Chem. Sot., 72, 978 


a Sree G. and Nord, F. F., Arch. Biochem. and Biophys., 55, 578 

g Eberhardt, G., J. Amer. Chem. Soc., %8, 2832 (1958). 

4 ET G., and Schubert, W, J., J. Amer. Chem. Soc., 78, 2835 
26). 

$ T S aes Schubert, W. J., and Acerbo, S. N., Naturwiss,, 44, 35 


* Sison, jun., B, 0., Schubert, W. J.. and Nord, F. F., Arch. Biochem. 
Hiophys., 68, 502 (1957). 
* Horecker, B. L., Brewer's Digest, 28, 214 (1053). 


Breeding of Dragonflies in Temporary 
Waters 


THRoveHouT Western Australia there are five or 
more consecutive months in which there is little or 
no rain. Over the greater part of the State the mean 
annual rainfall is less than 20 in., derived mainly 
from a few heavy falls. The surface-waters which 
result from these rains usually persist for a few 
months at the most; there are very few permanent, 
natural fresh waters. In the south-west (as at 
Perth), the rainfall exceeds 35 in. and is derived 
from more frequent lighter falls, but even here many 
of the surface-waters dry up from about November 
until April or May. 

These temporary waters are colonized by many 
aquatic insects, and several species of both Zygoptera 
and Anisoptera, although not confined to such places, 
breed commonly in them. These include five species 
of Austrolestes, Anax papuensis, Hemicordulia tau, 
Oriheirum caledonicum and Diplacedes haematodes. 

To breed successfully in temporary waters larvæ 
must either survive drying or complete their develop- 
ment in six months or less. Although Tillyard! 
found that larve of Synthemis eustalacta (a swamp 
species from south-eastern Australia} could with- 
stand drying in sand for four months, there is no 
evidence that the common species of temporary 
ponds in Western Australia actually do so. Newly 
filled ponds have shown only young larve, and larve 
at all stages of development have been found dying 
in large numbers in pools from which the free water 
has evaporated. However, larve do complete 
development and emerge before the pools dry, and 
there can be little doubt that these have developed 
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from eggs laid in the previous April or May when 
the ponds first filled. 

' These observations have been made in the vicinity 
of Perth where pond temperatures vary from 40-60° 
F. in winter, up to 70-80° F. in early summer. 
Summer water temperatures are probably higher 
inland, and in the tropics they show a daily range 
of 75-112° F. ; 

In the laboratory, rearing experiments have been 
carried out on three Anisoptera of temporary ponds. 
During these experiments, larvæ were kept in individ- 
ual containers in circulating water and given an 
excess of food. At the upper temperature (85° F.) 
mortality was initially high. The results of the 
experiments are shown in Table 1. 


GROWTH OF ODONATA. AT DIFFERENT TEMPERATURES 


Table 1. 









Mean duration in days 
(No. of animals) 











Species Growth period 
Outdoors 
i 
A (| Oviposition to 
Anas | | hatching 
papuensis i 4-10 mm. larva to 
emergence : 
(~ 48 mm.) 176 (1) 70 (4) | 45 (2) 
Oviposition to 
Hemicor- hatching 20 10 6 
dulia tau 2-8 mm. larva to em- 
ergence(~ 21 mm.)} 132 (6) 56 (10) | 36 (2) 
Oviposition to 
Diplacodes, at 10 6 
haematodes Oviposition to 
emergence 89 (2) | 56 (3) 





It is evident that, at the high temperatures found 
in many shallow ponds, these three Anisoptera can 
complete their aquatic life well within the time 
required to make use of temporary waiters. Experi- 
ments performed by Gardner? with Orthetrum 
stemmale capense and Palpopleura lucia from Africa 
gavo similar results, and it seems probable that other 
pool breeders will also show rapid growth rates. By 
contrast, Acanthaeshna anacantha, which breeds in 
permanent hill streams of the south-west of . Western 
Australia, takes at least one and possibly two years 
to complete its development. Larve of this species 
have shown retarded. growth and extremely high 
mortality at 85° F. and little or no acceleration of 
growth at 70° F. 

The expenses of this investigation have been met 
from a University of Western Australia Research 
Grant. One of us (J. A. L. W.) was in receipt of a 
Commonwealth Scientific and Industrial Research 
Organization Studentship. 

. E. P. HODGKIN 
J. A. L. WATSON 


University of Western Australia, 
Nedlands, Western Australis. 

1 Tillyarå, R. J., Proc. Linn. Soc. N S.W., 35, 666 (1910). 

2 Gardner, A. E., Proc. S. Lond. Ent. Nat. Hist. Soe., for 1954-55, 109 
_ (1956). 


Occurrence of Donsiella limnoriae 
Stephensen (Copepoda, Harpacticoida) 
` in the Southampton Area 


Donsiella limnoriae was first described by Stephen- 
sen! in 1936 from some 20 specimens which had been 
found in association with Limnoria lignorum at 
Trondheim, Norway. Since then this species does not 
appear to have been found again, hence its occurrence 
in waters near Southampton is of interest. Three 
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Donsiella limnoriae Stephensen. 9, Female with egg 


: d and fourth leg of female; 
. End. P.d, End. Psd, endopodite of second and third leg of male 


females were found on Limnoria tripunctata collected 
at Cowes, Isle of Wight, and three females and two 
males from L. quadripunctata at Calshot. The 
‘infection’ was very low, at least during October 
when the collections were made. Only three Donsiella 
were taken from 220 L. tripunctata from Cowes and 
five from 69 L. quadripunctata at Calshot. While 
the specimens collected near Southampton could 
undoubtedly be identified as Donsiella limnoriae 
Stephensen, they show certain. differences in structure 
from the description of the Norwegian specimens. 

' The specimens collected here are similar to those 
from Trondheim in general body shape and size., 
The structure of the endopod of the second leg, 
however, exhibits certain differences. It is two- 
jointed, the terminal joint being only a little longer 
than the proximal, and carrying only one inner and 
one apical seta ; according to the original description 
the distal segment is more than twice the length of 
the proximal and carries one inner and three apical 
sotæ?. In the third leg also, the second joint of the 
endopod is a little longer than the first in the South- 
ampton specimens, whereas it is twice the length of 
the first joint in the Norwegian specimens. 

In the male, the structure of the endopod of the 
second leg exhibits certain differences from the 
original description. The endopod is three-jointed, 
the second joint being longer than the first and carry- 
ing an inner seta ; the terminal joint ends in a claw- 
like ‘structure without sete. In the Norwegian 
specimens, on the other hand, the terminal joint is 
shown as having an inner seta and to be nearly twice 
the length of the middle one. In the endopod of the 
third leg of the male, the terminal joint is small and 
narrow, ending in a bifid projection in the Southamp- 
ton material; in the specimens from Norway, the 
terminal joint is broad with its outer end produced 
into @ spinous projection and carrying two inner 
sete. 

` When living, these copepods cling to the isopod 
‘host’ with the help of the first leg or crawl about on 
the surface. They are often found in the spaces 
between the epimera of the body and the bases of 
the legs. It is likely that these copepods have been 
overlooked in the past because of their small size and 
transparent nature. Perhaps they are more widely 
distributed than appears from present records. A 
detailed description will be published when more 


specimens are available. 
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We wish to thank Prof. J. E. G. Raymont for 
several valuable suggestions and Mr. A. R. Hockley 
for some of the specimeéns.. - 


S. Krisonaswamy 
L. T. JONES 


Department of Zoology, 
The University, 
Southampton. 


1 Stephensen, K., Kongi. Norske. vid Selsk. sker., No. 89 (1935-86). 
? Lang, K., “Monographie der Harpacticiden”, 2 (1948). 


“Internal Seed Disinfection with 
Pyridine-2-thiol-N-oxide and a Derivative 


CONVENTIONAL seed disinfectants are unsatisfac- 
tory in the combat of internal parasites in seeds 
because they do not penetrate far enough. Successful 
disinfection of pea seed carrying the internal fungal 
parasite Ascochyta pisi has, however, been achieved 
by Dekker’? using the antibiotics rimocidin and 
pimaricin. Using the same methods and similar 
material we have now found that the strongly 
fungicidal agents pyridine-2-thiol-N-oxide and 2- 
pyridyl-N-oxide-isothiourea hydrobromide are as 
effective as these antibiotics. 

Of pea seeds (variety Eminent) which showed a 
high percentage of internal infection with Ascochyta 
pisi lots of 25 peas were soaked for 24 hr. in 0, 10, 
25 and 100 p.p.m. of pyridine-2-thiol-N-oxide. The 
seeds were afterwards placed on filter paper. The 
number of those from which A. pisi developed was 
17, 3, 1 and 1 respectively. Seeds of another sample 
were sown in soil after soaking lots of 200 peas in 
aqueous solutions containing 0, 10, 25, 50, 100 and 
200 p.p.m. of pyridine-2-thiol-N-oxide for 24 hr. 
After 13 days the number of diseased plants emerging 
from these seeds was 20, 9, 3, 3, 2 and 1 respectively. 
Germination of the seeds and development of the 
plants was unimpaired by the pyridine-2-thiol-N- 
oxide treatment. The effect of this treatment on A. 
pisi is quite clear from these two experiments. 

Bean seeds (Phaseolus vulgaris) could not be 
soaked because immersion in water for 24 hr. proved 
harmful. Thus a slurry consisting of 92 mgm. 
pyridine-2-thiol-N-oxide, 40 mgm. carboxymethyl- 
cellulose and 0-4 ml. water was applied to 80 seeds 


which were afterwards sown in soil. Emergence of - 


the plants from treated seeds was somewhat slower 
than that from untreated seeds. After 12 days, 
however, 54 plants had developed from the treated 
seeds and of these 2 showed disease symptoms. The 
80 control seeds gave rise to 53 plants of which 39 
showed Colletotrichum lindemuthianum infection. 

Treatment of pea seeds with 2-pyridyl-N-oxide- 
isothiourea hydrobromide proved as good as with 
pyridine-2-thiol-N-oxide. Lots of 50 seeds were soaked 
for 24 hr. in 0, 50, 100 and 200 p.p.m. of 2-pyridy]- 
N-oxide-isothiourea hydrobromide in water and after- 
wards placed on filter paper.- The number of seeds 
from which A. pisi developed was 35, 5, 0 and 0 
respectively. 

These results suggest that pyridine-2-thiol-N -oxide 
and 2-pyridyl-N-oxide-isothiourea, hydrobromide are 
able to penetrate into the seeds. This could be 
confirmed by bioassay of internal parts of treated 
seed. Slight systemic protection by pyridine-2-thiol- 
N-oxide has been earlier reported’ for cucumber 
seedlings egainst Cladosporium cucumerinum and for 
broad bean plants against Botrytis fabae. l 
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It is possible that the volatility of pyridine-2-thiol- 
N-oxide facilitates penetration into the seeds. 2- 
pyridyl-N-oxide-isothiourea hydrobromide is not 
volatile, however, but it is suggested to give rise to 
pyridine-2-thiol-N-oxide by hydrolysis under physiol- 
ogical conditions, for it has been found (unpublished 
results) to have the same fungicidal activity and mode 
of action in vitro as pyridine-2-thiol-N-oxide®, 

The insoluble copper complex of pyridine-2-thiol- 
N-oxide, which ig its actual toxic agent, shows no 
systemic effect on Ascochyta pisi in pea seeds, nor 
does the S-carboxymethyl derivative. This latter 
compound is not fungicidal in vitro, but showed a 
slight systemic effect when applied to broad bean 
plants‘. 

We are indebted to J. C. Overeem of the Institute 
for Organic Chemistry T.N.O. for preparing the 
compounds. 

This work was carried out ag part of the programme 
of the T.N.O. Research Unit for Internal Therapy of 
Plants. 

J. DEKKER ` 
l O. M. VAN ANDEL 
Laboratory of Phytopathology, 
Wageningen, The Netherlands. 
A. KAARS’ SIJPESTEIJN 
Institute for Organic Chemistry T.N.O., l 
Utrecht, The Netherlands. © 
Jan. 24. ` 
t Dekker, J., Nature, 195, 689 (1055). 
t Oori, A. J. P., and Dekker, J., Med. Landbouwhojeschool en Opzoe- 
kingsstgtions Gent, 20, 381 (1955). i , 
* Dekker, J., Tijdschr. Pl. ziekten, 63, 65 (1957). 


1 Rombouts, J. B., and Kaars Sijpesteijn, A., Ann. App. Biol. 
(in the press). 

* Kaars Sijpesteijn, A., Janssen, M. J., and Dekhuijzen, H. M., Nature, 
180, 505 (1957). 


‘ Choice and Application of Fungicides to 
` Plantation Crops, with Special Reference 
to Hevea brasiliensis 


It is clear from the correspondence of this Institute 
during the past two. to three years thet the extent of 
care sometimes required in the choice and application 
of a fungicide to plantation crops is not invariably 
appreciated. The hazards in the latter case do not 
necessarily include a significant effect on the ecology 
of the area, but they do sometimes include a serious 
effect on the visual or technological quality of the 
plantations’ finished product. This difficulty is 
encountered with an appreciable number of plantation 
crops, but it is probably particularly acute in the case 
of Hevea brasiliensis as so many valuable or poten- 
tially valuable fungicides are either (a) vulcanizing 
agents or accelerators of the vulcanization of natural 
rubber, for example, sulphur, which is used in the 
control of defoliation due to Oidium hevea?, and certain 
salts of substituted dithiocarbamic acid which are at 
present under examination for the control of defolia- 
tion due to Phytophihora palmivora, or (b) extremely 
effective catalysts of the oxidative degradation of 
natural rubber, for example, copper compounds 
which have been examined in Ceylon? and elsewhere 
for the control of defoliation due to Phytophthora 
palmivora. 

Clearly, the successful use of such fungicides in 
mature Hevea brasiliensis areas requires either the 
application of the dusting or spraying formulations 
under conditions where contamination of the product 
is physically impossible or the collection of data which 
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show that the extent of contamination of the product 
by the technologically active ingredient is, or can be 
made, of negligible significance. It has been assumed 
that when sprays or dusts are used for controlling 
leaf diseases the major sources of contamination in 
the field will be (a) drifting at the time of application, 
(b) rain-borne contamination arising through water 
washing down the trunks and (c) wind-borne con- 
tamination arising through wind, usually with rain, 
blowing the particles from point to point after 
application. On the basis of these assumptions, the 
first criteria mentioned above, namely, application of 
the fungicide under conditions where contamination 
is physically impossible, can probably be met either 
by the employment of, say, voluminous mackintosh- 
type rainguards which protect appropriate areas of 
the tree, or by the application of the fungicide at 
periods when the areas to be treated are out of 
production. It is now known? that rainguards which 
probably minimize only contamination arising through 
rain washing down the trunks are not invariably 
sufficiently effective, and detailed information on 
mackintosh type rainguards is not yet available. 

In the absence of protective devices which preclude 
the possibility of contamination by the technologic- 
ally active ingredients of fungicides, the actual and 
permissible extent of contamination must be con- 
sidered in detail for each fungicide. However, with 
the exception of a reference by Petch* to a brief 
experiment with Bordeaux mixture, this Institute is 
aware of very little published information on the 
actual extent of contamination found under commer- 
cial conditions with fungicides employed against leaf 
diseases of Hevea brasiliensis. 

In the case of fungicides based upon copper the 
permissible extent of contamination must at present 
generally be regarded as defined by the type descrip- 
tions of the Rubber Manufacturers’ Association of 
New York Inc., which contain a clause limiting the 
total copper content to 8 p.p.m. The corresponding 
figure for manganese is 10 p.p.m. 

Clearly, detailed information on the extent of 
contamination of processed natural rubber samples 
by the technologically active ingredient of one type 
of fungicide is only of value as an indication of the 
extent of contamination with other fungicides if 
(a) reasonable allowance is made for factors such as 
the relative proportions of the technologically active 
ingredients and the presence or absence of sticking 
and wetting agents, etc., and if (6) the annual differ- 
ences in the climatic conditions of the particular areas 
involved can be largely ignored. Subject to these 
and certain other provisos, the information published, 
or to be published, elsewhere**® on the copper 
content of samples of processed natural rubbers 
collected over the period 1955-57 from small experi- 
mental areas and from areas on commercial planta- 
tions which have been dusted with formulations 
containing 0-6 per cent copper at the rate of 8-16 Ib. 
per acre per round can be tentatively generalized as 
follows. First, under climatic conditions similar to 
those found during the Ceylon low country ‘Phyto- 
phthora season’, fungicides containing an ingredient 
which becomes of adverse technological significance 
when present in natural rubber at a concentration of 
the order of 8-10 p.p.m. should apparently only be 
used, against leaf diseases of mature Hevea brasiliensis 
in tapping, with very strict care at all stages in the 
field and in the plantation’s factory even when the 
dusting formulation contains preferably no more than 
l per cent of the technologically active ingredient. 
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Dusts containing 4 per cent of the technologically 
active ingredient can probably be employed ; but the 
probability that certain batches of the final product 
may have to be rejected or be submitted to special 
processes in the plantation’s factory appears to be 
increased. Secondly, in a similar manner it may be 
reasonable to suggest that where the care which 
would be taken on the plantation to minimize 
contamination or the effects of contamination is of 
an appreciably lower order, 1 or 4 per cent dusting 
formulations would probably be practicable, provided 
the relevant ingredient is not of adverse technological 
significance when present in natural rubber at 
concentrations below about 25 p.p.m. Thirdly, where 
the care on the plantation is of a distinctly low order 
the relevant concentration figure at which significant 
adverse technological effects are noted should prob- 
ably be not less than about 220 p.p.m. A further 
point at present of only local practical interest is 
that although this Institute at present suggests? 
copper for the control of defoliation due to Phyto- 
phthora palmivora, it would obviously prefer to use 
an alternative effective fungicide which does not have 
& significant undesirable technological effect below a 
concentration of about 220 p.p.m. in natural rubber 
and to use this fungicide with the care required for 
an ‘8 p.p.m. fungicide’ or a ‘25 p.p.m. fungicide’. 
The application of the general principle, that con- 
siderable care may be needed over the choice and 
utilization of fungicides for plantation crops, to the 
control of panel diseases of Hevea brasiliensis is also 
under examination. 

I wish to thank the Administration of this Institute 
for permission to publish this communication. 


E. J. Rispox 


Rubber Research Institute of Ceylon, 
Dartonfield, Agalawatta, 
Ceylon. 

Jan. 16. 


, coma E., Rubber Res. Inst. Ceylon Advisory Circular No. 43 


* Riggenbach, A., Rubber Res. Inst. Ceylon (unpublished leaflets). 


* Risdon, E. J., Rubber Res. Inst. Ceylon, Quarterly Circulars 1958 
(in preparation). 


* Petch, T., “The Diseases and Pests of the Rubber Tree”, 221 (Mac- 
° millan, 1921). 
? Risdon, E. J., Ann. Rept. Rubber Res. Board Ceylon, 33 (1955). 


* Risdon, E. J., Rubber Res. Inst. Ceylon, Quarterly Circulars, 33, 
1, 2.35 (1957). 


Selection for an Invariant Character— 
‘Vibrissa Number’—in the House Mouse 


WADDINGTON! has described selection experiments 
in Drosophila in which acquired characters were 
‘assimilated’ by the genotype. This communication 
describes the initial results of a mouse experiment 
of similar design. 

The character, ‘vibrissa number’, was scored by 
addition of the number of vibrissx# in the five minor 
groups found on the head and forelimbs of the mouse 
—a total of 19 ‘vibrisse’?. Inbred lines Aw101 and’ 
CBA showed no variation in ‘vibrissa number’ and 
it was decided to use a parent stock based on these 
two lines in an attempt to break down the invariant 
vibrissa development. If this could be done it should 
be possible to breed mice with more or less than 19 
vibrisse. 

Since it is possible for vibrisse to fall out or be 
eaten, the best evidence of a real change must, at 
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Fig. 1. Diagram illustrating the possible relationship between the 

genetic system determining the initiation of vibrissæ (mi — + 

genes); and the variation of vibrissa number in the (Ta — +) 
genotypes 


least in the early stages, be looked for in the high 
selection line, that is, an increase of ‘vibrissa number’ 
is more convincing than a decrease. However, in an 
examination of 6,000 mice involving 14 strains, the 
post-orbital vibrissa was invariably present. There- 
fore, if there is loss of post-orbitals in the low line 
this can be taken as critical. 

In order to produce phenotypic variance in ‘vibrissa 
number’, the sex-linked, semi-dominant gene Tabby 
(Ta) (Faleoner, 1953) was crossed into the selection 
stock. Three frequency distributions are shown 
below the abscissa of Fig. 1. From right to left they 
refer to the ‘vibrissa number’ in (a) wild-type mice 
(++) or (+ -)], (b) (Ta +) females and (c) (Ta -) 
males. High and low lines were established by 
selecting within this uncovered variance. 

Selection was applied both to (Ta +) females and 
(Ta-) males using consecutive matings of the form : 


1. (++) female x (Za-) male 
2. (La-+) female x (+) male 


The assumption was made that the same modifying 
genes influence both (Ta-+) and (Ta-) scores. The 
changes in (Ta+) score support this as the two 
selection lines have been separated by three standard 
deviations in four generations. 

Wild-type mice with low ‘vibrissa number’ became 
frequent in generations 5 and 6 of the low selection 
line and four of these mice had no post-orbital 
vibrissa. In generation 6, four mice with increased 
‘vibrissa number’ appeared in the high line. Three of 
these mice had an extra supra-orbital vibrissa and 
one, 4 inter-ramal vibriss. 

These results show, first, that there is genetic 
variation in vibrissa development which is not appar- 
ent in the absence of Ta. Using Waddington’s 
terminology, vibrissa development is ‘canalized’. 
Secondly, by selecting the variation which is apparent 
when Ta is present it has been possible to produce 
wild-type mice with both more and less than the 
standard number of vibrisse. Although the genetic 
basis of these changes is unknown, it seems reasonable 
to suggest that the polygenic system controlling 
vibrissa development has been altered by selection. 

It is possible to explain the absence of phenotypic 
variability in wild-type mice, despite the presence of 
genetic variability, by supposing a sigmoid relation- 
ship between the genetic actions and their phenotypic 
effects. If we assume a genetic system determining 
the- form of this sigmoid relationship which is inde- 
pendent of the genetic system determining the 
initiation of vibrisse, then it is possible to explain 
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these results in terms of (a) the T'a/-+ genes affecting 
the form of the sigmoid relationship and (6) a genetic 
system (mi/ +) determining the initiation of vibrissz. 
This is shown in Fig. 1, which demonstrates the parallel 
changes in ‘vibrissa number’ which occur when 
selection is applied within the Tabby genotype. 

These results illustrate a function of major gene 
mutations in evolution, that is, to break down 
developmental homeostasis and so expose concealed 
genetic variation to natural selection. 


R. B. Dtn 


New South Wales Department 
of Agriculture, 
Experiment Station, 
Trangie, Australia. 
A. S. FRASER 


Animal Genetics Section, 
Commonwealth Scientific and 
Industrial Research Organization, 
University of Sydney. 
Dee. 4. 
1 Waddington, C. H., Evolution, 7, 2, 118 (1953); 10, 1, 1 (1956). 
2 Dun, R. B., Aust. J. Biol. Sci. (in the press). 


Chromosome Variation in the Heleocharis 
palustris-uniglumis Complex 


Tue Heleocharis (Eleocharis) palustris-uniglumis 
complex shows @ considerable variation in chromo- 
some number, the following figures being recorded in 
the literature: 2n = 10, 16, 32, 36, 38, 46, c. 69, 92 1. 
The taxonomical implications of this variation is under 
discussion?-4, but no definite conclusions have been 
reached. It was felt that more information about the 
chromosome variation was needed before definite 
conclusions as to the taxonomical status of the 
different chromosome types could be drawn. 

Counts of 158 specimens, mainly collected in 
Denmark and Sweden, gave the chromosome numbers 
indicated in Table 1. 


Table 1. CHROMOSOME NUMBERS OF 158 Heleocharis PLANTS 





2n 16 38 39 40 42 44 46 47 48 49 51 
2 66 21 4 8 1 42 2 9 2 1 


No. of plants 





The taxonomical investigation of this material by 
Prof. Th. Sørensen is now in progress. Most of the 
plants with 2n = 38 correspond to H. palustris (L.) 
R. et S., whereas the 46-chromosome type corresponds 
to H. uniglumis (Link) Schult. Plants with 38-46 
chromosomes and those with more than 46 are more 
or less intermediate between H. palustris and H. 
uniglumis. They are all fertile, though some of them 
have a reduced fertility. It should be emphasized 
that the plants counted do not represent random 
samples from natural populations because inter- 
mediate types were deliberately selected for chromo- 
some counting. These results suggest that ‘H. 
palusiris’ and ‘H. uniglumis represent two semi- 
isolated entities. Hybridization takes place in 
Nature, and where H. uniglumis and H. palustris 
grow together the populations comprise both the two. 
pure types with 38 and 46 chromosomes respectively, 
F, hybrids with 42 chromosomes and various back- 
cross or Fa Fa . . . karyotypes. Hence the H. 
palustris—uniglumis complex represents another case 
of introgression in the sense of E. Anderson®. The 
16-chromosome type which is rare in Scandinavia 
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but is the only type found in Greenland‘ and which 
is also common in southern Europe is probably 
completely isolated from the 38- and 46-chromosome 
types and should most likely be considered a separate 
species. It is undoubtedly split up in a number of 
subspecies*. The final decision as to the taxonomical 
status of the 38-chromosome ‘palustris’-type and the 
46-chromosome ‘uniglumis’-type must await further 
morphological, cytological, and genetical investig- 
ations. The 10-chromosome type of Russian origin 
probably belongs to a different species. The plants 
of British origin with 92 and 69 chromosomes respec- 
tively which are referred to H. uniglumis? have not 
been found in Scandinavia. They may represent 
natural tetraploids and triploids respectively of this 
species or they may belong to a separate species. 
There is a conspicuous difference in chromosome 
morphology between Heleocharis and Scirpus species 
(which is one argument against merging the two 
genera into one). Heleocharis species have rather 
long chromosomes whereas Scirpus species have very 
tiny ones. Several Scirpus species have very high 
chromosome numbers (100 or more) and it would be 
interesting to know the chromosome morphology of 
the British 92-chromosome H. uniglumis type which 
was counted by Hartshorne (unpublished, ref. 1). 

This work was supported by a grant from the 
Carlsberg Foundation. 


List H. SAUNTE 


Institute of Genetics, 
University of Copenhagen. 


? Darlington, C. D., and Wylie, A. P., “Chromosome Atlas of Flower- 
ing Plants” (George Allen and Unwin, Ltd., London, 1955). 


* Walters, S. M., J. Ecol., 37, 192 (1949). 

° Love, A., and Löve, D., “Chromosome Numbers of Northern Plant 
Species” (Ingólfsprent, Reykjavík, 1948). x 

t Jørgensen, C. A., Sörensen, Th., and Westergaard, M., Biol. Skr. Dan. 
Vid. Selsk., 9, No. 4, 3 (1958). 


* Anderson, E., “Introgressive Hybridization” (John Wiley and Sons, 
Inc., New York; Chapman and Hall, Ltd., London, 1949). 


* Clapham, A. R., Tutin, T. G., and Warburg, E. F., “Flora of the 
ritish Isles” (Cambridge University Press, 1952). 


Decision-making and the Communication 
of Information in an Industrial Setting 


THIS communication is‘concerned with structural 
or organizational variables which may affect the 
transmission of information. It deals with a study 
which was made of variations in the communication 
patterns of four light engineering factories carrying 
out the same work. The communication structures 
in these factories were considered from the point of 
view of the individuals whose work required them 
to make decisions or estimates from production 
information available to them. 

‘Decision’ in this context refers to daily operationa] 
judgments which are similar and recurrent, the effect- 
iveness of which appears particularly dependent 
upon a knowledge of the outcome of previous 
judgments made earlier in the series. The particular 
decision discussed here concerns the estimate of 
delivery—the length of time which it is judged will 
be taken to complete a customer’s order. Accurate 
delivery was especially important in the four firms 
studied since they were supplying components to 
customers who were also manufacturers with, delivery 
dates to fulfil. 

The way in which delivery time was estimated 
differed in the four factories. In W and X it was 
carried ont by works estimators on the shop floor 
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who were also responsible for maintaining their 
estimates. In Y and Z estimating was the function 
of office staff, physically isolated from the works. 
Fulfilment of the estimate was here the responsibility 
of works personnel, themselves isolated from the 
estimating process. 

Jn order to assess whether variations existed in the 
ability of the four estimators to judge accurately, 
estimated and actual delivery times were compared 
in. each of the four firms for all orders received during 
the same period of four weeks. In making the com- 
parison error was measured in terms of the number 
of days by which fulfilment of an order exceeded 
or fell short of the estimated time. The range of 
error for each firm and a condensed distribution of 
items within this range are given in Table 1. 


Table 1 


Percentage frequency of 


error (+ and —) 
Range of error 
0-9 10-19 20-89 39-4 
days days days days 


—214 to + 78) 42 18 22 
—197 to + 74| 26 
—187 to +149| 23 
—198 to +115; 19 15 30 


Estimates 


18 100 


36 100 





A more refined firm-by-firm comparison yielded 
the ranking W, X, Y, Z in order of accuracy of 
delivery estimating. 

It is not sufficient to attribute this greater accuracy 
in W and X to the fact that estimators in these firms 
were responsible for their estimates and so ‘allowed 
themselves longer’, since their performance was 
superior whether the error taken into account was 
that of over- or under-estimation. A more reasonable 
explanation may be put forward in informational 
terms. Their position in the communication structure 
appeared to allow to estimators in W and X a direct, 
continuous and fairly immediate knowledge of the 
outcome of their estimates. Direct knowledge of 
results was available through their daily association 
with the manufacturing side of the business. In the 
case of Y and Z, any knowledge of results which 
existed appeared at best to be indirect, intermittent 
and retrospective. 

This example illustrates one way in which the 
position of an estimator in a communication net may 
increase or reduce the likelihood of error in his 
estimates. It suggests that closer attention to 
structural variables and manipulation of the way in 
which a communication system is organized may help 
to reduce error commonly ascribed to unforseeable 
circumstances and uncontrollable factors. 

The research to which this communication. refers 
was sponsored by the Department of Scientific and 
Industrial Research and the Medical Research Council 
Joint Committee on Human Relations in Industry, 
and financed from Counterpart Funds derived from 
United States Economic Aid. A report has been 
submitted to the Committee. I am indebted to Mr. 
J. W. Whitfield under whose direction the work was 
carried out. : 

R. SERGEAN 


Medical Research Council 
Industrial Psychology Research Group, 
Psychology Department, 
University College, 

London, W.C.1. 

Feb. 4. 
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FORTHCOMING EVENTS 


Wednesday, April 9 


OLIVER BIRD TRUST AND THE SOCIHTY FOR THE STUDY OF FERTILITY 
(in the Lecture Hall, London School of Hyg ene and Tropical Medicine, 
Keppel Street, Gower Street, London, W.0.1), at 5 p.m.— Dr. Gregory 
Pincus: “Fertility Control with Oral Medication” (Second Oliver 
Bird Lecture). 


INSTITUTION OF ELEOTRICAL ENGINEERS, RADIO AND TELECO3I- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m. 
—Informal Evening on “U.H.F. Test Transmissions”. 


- INSTITUTION OF MECHANICAL ENGINEERS, STEAM GROUP (at 1 Bird- 
cage Walk, Westminster, London, 8.W.1), at 6 p.m.—Discussion on 
“The Combined Nuclear/Fossil Fuel Cycle’. 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL 
(at 14 Belgrave Square, London, 8.W.1), at 6.15 p.m.—Annual General 
Meeting, followed by the Fourth Meeting on “Some Nutritional and 
‘Allied Problems Confronting the Food Manufacturer”. Dr. M. Ingram : 
“Technological Aspects of Chemical Preservatives’; Dr. J. MIL. 
Barnes: “Biochemical and Pharmacological Aspects of Chemical 

reservatives”’. 


















Wednesday, April 9—Friday, April 1! 


, INSTITUTE OF PHYSICS, EDUCATION GROUP (joint meeting with the 
H WESTERN BRANOH, af the University, Bristol)—Conference 
“The Teaching of Science in Schools”. 


Thursday, April [0 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
V.C.2), at 5.30 p.m.—Mr. J. A. Ratcliffe, O.B.E., F.R.S.: “Radio 
bservations on Artificial Satellites”, 


SOCIÉTÉ DES INGÉNIEURS CIVILS DE FRANOB, BRITISH SECTION 
(joint meeting with the INSTITUTE OF FUEL, at the Institution of 
Civil Engineers, Great George Street, London, S.W.1), at 5.30 p.m.— 
M. André Blanchard: “Lacq: Its Problems and Potentialities”. 


' SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at Queen 
ilizabeth College, Campden Hill Road, London W8) at 6 p.m.— 
nnual General Meeting, followed by Dr. E. F. Gale, F.R.S.: “Nucleic 
Acids, What, Where, Why”. 


ROYAL PHOTOGRAPHIC SOCIETY (at 16 Princes Gate, London, 


rS3.W.7), at 7 p.m.—Mr. D. Causley: “Electronic Control in Photo- 
graphic Printing”. i 


Friday, April I 


BRITISH PSYCHOLOGIOAL SOCIETY, INDUSTRIAL SEOTION (in the 
: Department of Eayonologys Birkbeck College, Malet Street, London 

W.C.1), at 1 p.m. —Mr. bert H. Guest: “Behavioural Effects of 
Managerial Change”, 


INSTITUTION OF ELECTRIOAL ENGINEERS, LONDON GRADUATE AND 

STUDENT SEOTION (at Savoy Place, London, W.C.2), at 6.80 p.m.— 

Mr. R. Carruthers: “The Engineering Aspects of the British Con- 
trolled Thermonuclear Reaction Experiments”. 


p Saturday, April 12 


SOUTH-EASTERN UNION OF SCIBNTIFIC SOCIETIES (at the House of 
the Zoological Society of London, Regent’s Park, London, N.W.1), 
at r apis womrerende on “Conservation of Nature in South-East 

ngland’’. 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or 
before the dates mentioned : : 

LECTURER IN INORGANIC CHEMISTRY ; and a LECTURER IN ORGANIO 
CHEMISTRY—The Registrar, Hatfield Technical College, Hatfield, 
Herts (April 10). 

SENIOR LECTURER (with a good honours degree or higher degree 
in chemistry and experience in industry, teaching and/or research) 
IN CHEMISTRY—The Principal, Wigan and District Mining and Tech- 
nical College, Wigan (April 11). ; 

ASSISTANT LECTURER IN PHILOSOPHY—The Registrar, The Univer- 
sity, Leicester (April 12). : 

LEOTURER (with an honours degree in botany with subsidiary 
qualifications in zoology, and teaching experience) IN BoTANy—The 
Principal, Derby and District College of Technology, Normanton 
Road, Derby (April 12). : 

PRINOIPAL (with high academic qualifications, and good teaching 
and industrial experience)—The Clerk to the Governors, North 
Staffordshire Technical College, P.O. Box No. 23, Town Hall, Hanley, 
Stoke-on-Trent (April 12). 

SENIOR LECTURER IN MATHEMATICS—The Secretary, Royal College 
of Science and Technology, Glasgow (April 14). 

LECTURER IN AESTHETIO PHILOSOPHY—The Secretary of Univer- 
sity Court, The University, Glasgow (April 15). 

ASSISTANT LECTURER IN MATHEMATIOAL STATISTICS—The Regis- 
trar, The University, Manchester 13 (April 18). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN BIO- 


OHEMISTRY, CHEMISTRY, ENGINEERING, PHARMACOLOGY or PHYSICS f 


—The Secretary, The University, Aberdeen (April 18). 
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ASSISTANT LECTURER (with special interests or training in experi- 

mental and statistical psychology) IN PsycHoLogy—tThe Registrar, 
The University, Manchester 13 (April 19). ; 
_ DEPUTY LIBRARIAN (with a good honours degree and experience 
in a university or similar academic library, and preferably professional 
library qualifications)—The Secretary, University College, Gower 
Street, London, W.C.1 (April 19). : 

LECTURER (with a special interest in plant biochemistry. micro- 
biology or associate flelds) IN Borany—The Registrar, Queen Mary 
College (University of London), Mile End Road, London, E.1 (April25). 

ASSISTANT IN MATHEMATIOS—The Secretary of University Court, 
The University, Glasgow (April 26). 

RESEARCH FELLOW IN MATHEMATIOS—The Secretary of University 
Court, The University, Glasgow (April 26). 

ASSISTANT LEOTURER (with a special interest in some aspect of 
vertebrate zoology) IN ZooLoGy—The Secretary and Registrar, 
Oe College of North Wales, Bangor, North Wales (April 


FOREST ENTOMOLOGIST (with a postgraduate degree in entomology, 
and preferably experience in forest entomology) IN THE DEPARTMENT 
OF ENTOMOLOGY, Waite Agricultural Research Institute (University 
of Adelaide)—The Secretary, Association of Universities of the British 
ere ealth, 36 Gordon Square, London, W.C.1 (Avstralia, 

pr f 

JUNIOR LECTURER IN PETROLOGY; and a JUNIOR LECTURER IN 
ZOOLOGY—The Registrar, Trinity College, Dublin (April 30). 

LECTURER (preferably with experience in electronics and instru- 
mentation for automatic control) IN ELEOTRICAL ENGINEERING— 
The Registrar, Queen Mary College (University of London), Mile 
End Road, London, E.1 (April 80). ee . 

LECTURERS (preferably with a special interest in thermodynamics) 
IN MECHANICAL ENGINEERING—The Secretary of University Court, 
The University, Glasgow (April 30). 

ENGLISH ELECTRIC RESEARCH FELLOW IN AERONAUTICS, for post- 
graduate research into the problems of vibration or stability and 
control of aircraft—The Warden, The College of Aeronautics, Cran- 
field, Bletchley, Bucks (May 1). 

LECTURER IN CHEMISTRY—The Secretary, Durham Colleges in the 
University of Durham, 38 North Bailey, Durham (May 1). 

READER IN MECHANICAL ENGINEERING at the Imperial College of 
Science and Technology—The Academic Registrar, University of 
London, Senate House, London, W.C.1 (May 1). 

READER IN THA HISTORY OF PHILOSOPHY at the London School 
of Economics and Political Sclence—The Academic Registrar, Univer- 
sity of London, Senate House, London, W.C.1 (May 2). 

ASSISTANT KEEPER IN THE DEPARTMENT OF GEOLOGY—The Secre- 
tary, National Museum of Wales, Cardiff (May 14). 

ASSISTANT LEOTURER (DEMONSTRATOR) IN ANATOMY, to undertake 
teaching and research—The Secretary, University College, Gower 
Street, London, W.C.1 (May 15). 

COMPUTER (preferably woman graduate) IN THE MATHEMATICS 
DEPARTMENT—The Assistant Secretary, University College, Gower 
Street, London, W.C.1. 

ELECTRICAL or MECHANICAL ENGINEER IN THE DEPARTMENT OF * 
PHYSICS, to form part of a research team developing a linear accelerator 
for nuclear physics research—Prof. S. Devons, The University, Oxford 
Road, Manchester 13. 

FISHERIES RESEAROH OFFICER (with an honours degree in biology 
with emphasis on zoology; appropriate knowledge of chemistry and 
of statistical methods; and the ability to read French and possibly 
German) with the Federation of Nigeria, to undertake research into 
pond culture of local species of fish and into the chemistry and 
plankton populations of fish ponds to ensure the most profitable use of 
available nutrients, foodstuffs and fertilizers—--The Director of 
Recruitment, Colonial Office, London, S.W.1, quoting Ref. 
BCD.65/14/01. à 

HEAD (graduate with good industrial and teaching experience) 
OF THE DEPARTMENT OF MECHANICAL ENGINEERING (Grade ITI)— 
Hie Eciuctpals City of Bath Technical College, Lower Borough Walls, 

ath. 


HEAD OF THE FEEDING AND METABOLISM DEPARTMENT—The 
Secretary, National Institute for Research in Dairying (University 
of Reading), Shinfield, Reading, quoting Ref. 58/8. 

LECTURER IN GEOGRAPHY, and a LEOIURER IN MATHEMATICS— 
The Warden, Goldsmiths’ College (University of London), New Cross, 
London, S.E.14. ; 

LECTURER or ASSISTANT LECTURER IN INORGANIO CHEMISTRY— 
Prof. G. Wilkinson, Imperial College, London, S.W.7. ; 

LECTURER (preferably with teaching experience and a special 
interest in biochemistry) IN PHysIoLoa@y—The Secretary, Queen 
anhalt College (University of London), Campden Hill Road, Lon- 

on, 8, 

LECTURER (with a suitable degree and industrial research ex- 
perience) IN METALLURGY—The Deputy Registrar, The University, 
Birmingham 16. 

LEOTURER (with some industrial research experience, and preferably 
teaching experience) IN Paysics—The Principal, Royal Technical 
College, Salford 5. f 

LECTURERS and ASSISTANT LECTURERS IN ELEOTRICAL INSTRU- 
MENTS, TELECOMMUNIOATIONS, APPLIED ELECTRONICS and GENERAL 
ELEOTRIOAL ENGINEERING—The Secretary, Northampton College of 
Advanced Technology, St. John Street, London, E.0.1. 

MASTER (well qualified) To TEACH CHEMISTRY—The Headmaster, 
School House, Berkhamsted, Herts. 

PHYSICIST (Scientific or Experimental Officer grade), to develop 
heavy particle detectors and undertake fundamental research as a 
member of a team studying charged particle reactions using a 50-MeV. 
proton linear accelerator—The Recruitment Officer (1047Y/84), 
Atomic Energy Research Establishment, Harwell, Didcot, Berks. 

PLANT PATHOLOGISTS (with some postgraduate experience), to 
investigate diseases of cotton in Africa—The Secretary, Empire Cotton. 
aoe Corporation, 12 Chantrey House, Eccleston Street, London, 

W.1 


"SENIOR PATHOLOGIOAL TECHNICIAN (male or female)—The Secretary, 
Wembley Hospital, Wembley, Middlesex. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Report of The Nature Conservancy for the year ended 30th Septem- 
ber 1957. Pp. v+99+-13 plates. (London: H.M. Stationery Office, 
71 


W Oe mt Į 
onlal Office. Colonial Research, 1956-1957 : orts of the 
Colonial Research Council; Committee for Colonial Aant, 
Animal Health, and Forestry Research: Colonial Economic Research 
Committee; Colonial Fisheries Advisory Committee: Colonial Medical 
Research ommittee; Colonial Pesticides Research Committee ; 
Colonial Products Council; Colonial Road Research Committee ; 
Colonial Social Science Research Council; Tsetse Fly and Trypano- 
somiasis Committee ; Director, Anti-Locust Research Centre; and 
aioe Maibors a Saa ADY a gas Reports of the Specialist 

S. ; : nd, $21. > H.M. 

Office, 1957.) 11s. net. ATRE T ag | 
Nistry of Labour and National Service. 
1956. Pp. vii+161+-8 plates. (Cmnd. 242.) (London: #H.M. 
Statlonery Office, 1957.) 6s. net. [71 
University of Hull. Third Report of Council and Report of Senate 
e ener year pean’ eet ʻo 30th September 1957, and 
s fo @ year ist Augus 6 to 31st July 1957. . 69. 
(Hull: The University, 1967.) y sd [71 
1958). Pp.98. Published 


Molecular Physics, Vol.1 , No. 1 (January, 
quarterly. Annual subscription : 95s; 13.30 dollars. Single issues : 
25s. ; 3.50 dollars. (London: Taylor and Francis, Ltd., 1958.) [131 
Department of Scientific and Industrial Research. Forest Products 
Research. Record No. 21: The Growth and Structure of Wood. 
By B. J. Rendle. Second edition. Pp. iii+20. (London: H.M. 
Stationery Office, 1957.) 1s. 9d. net. [131 
Aero Research Technical Notes. Bulletin No. 180 (December, 
1957): The ey of Wood Preservatives and Glues. Pp. 6. 
(Duxford: Aero Research Limited, 1957.) [131 
Antiquity: a Quarterly Review of Archeology. Special Evolution 


(71 
Report for the year 


Number, December, 1957. Edited by Dr. O. G. S. Crawford. Pp. 
if+185-257-+5 plates. (London: Phoenix House, Ltd., 1958.) 
10s. 6d. net. [181 


Philosophica] Transactions of the Royal Society of London. Series 
B: Biological Sciences. No. 679, Vol. 241 (9 January, 1958): The 
Influence and Importance of Daily Weather Conditions {n the Supply 


of Chloride, Sulphate and other Ions to Fresh Waters from Atmospheric 
Precipitation. By E. Gorham. Pp. 147-178. (London: The Royal 
Society, 1958.) 10s. [131 


Imperial College of Science and Technology. Postgraduate Courses, 
1958-59. Pp. ix+107. (London: Imperial College of Science and 


Technology, 1958.) ae 
Isceon. Pp. 183. (London: Imperial Smelting Corporation, ve 


1957.) 
Bardsey Bird and Field Observatory. 1956 Report. 47. 
Gelwyiach, Nr. Machynlleth, Mont.: W. M. Condry, Hon. Seoretary, 
1 $ 


Building Research Station Digest. No. 105 (December, 1957): 
Lime-blowingin Brickwork. Fire-Resistance Doors. Thiokol Jointing 
Compounds. Soil-pipe Branch Joints. Factory Priming of Iron and 
SPor Addling. Pp. 5. (London: H.M. Stationery Office, site 


Northampton College of Advanced Technology, London. Report of 
the Governing Body for the year 1956-57. Pp. 18. (London: 
Northampton College of Advanced Technology, Tga [181 
B.C. Engineering Monograph No. 15: New quipment and 
Methods for the Evaluation of the Performance of Lenses for Television. 
By W. N. Sproson. Pp. 16. (London : British Broadcasting Corpora- 
tion, 1957.) 5s. [131 

Bulletins of Marine Ecology (formerly Hull Bulletins of Marine 
Ecology). No. 38, Vol. 4: A Relationship Between Wind, Plankton 
Distribution and Haddock Brood Strength. By K. M. Rae. Pp. 
ace (Edinburgh: Scottish Marine Biological Association, 15r 


Research Association of British Rubber Manufacturers. Research 


Report No. 84: Dynamic Properties of Vulcanised Rubber: 5—Shape 
Factors and Functions in Bubber Engineering. By A. R. Payne. 
Pp. 27. (Shawbury, Shrewsbury : 


Research Association of British 

Rubber Manufacturers, 1957.) 21s. [131 
Selected British Technical Journals. Pp.15. (London: Federation 
of British Industries, 1957.) 28. {131 
The Rationalist Annual, 1958. Edited by Hector Hawton. Pp. 84. 
(London: Watts and Co.,1958.) 3s. 6d. net. [131 


Other Countries 


_ Annuaire pour l'An 1958 publié par le Bureau des Longitudes, avec 
un Supplément pour l'An 1959. Pp. viii+-716. (Paris: Gauthier- 
Villars, 1958.) [181 

The Snellus Expedition in the Eastern Part of the East Indian 
Archipelago, 1929-1930, under the leadership of P. M. Van Riel. 
Vol. 2: Oceanographic Results. Part 7: Quantitative Data con- 
cerning the Statics of the East-Indonesian Waters, Depths of Standard 
Pressures and Stability Values. By P. M. Van Riel, P. Groen and 
M. P. H. Weenink. Pp. v+45. (Leiden: E. J. Brill, 1957.) Cloth, 


25 guilders; Paper, 20, guilders. 131 
Académie Royale de Belgique. Classe des Sciences. Mémo es, 
Tome 30, Fascicule 6: Colloque Jules Boulvin. Pp. 262. (Bruxelles : 
Académie Royale; dej Belgique, 1957.) 300 francs. (131 
Linnaeus Commemorated : 1707-May . 23rd-1957: Addresses 


delivered at the Academic Session on the 28rd of May, 1957, in the 
Ridderzaal of the Town Hall, Haarlem. (Communication No. 103 
from the National Museum for the History of Science, Leyden.) Pp. 
2 pa 1 plates. (Leyden : National Museum for the History of eraan; 


$1 
Proceedings of the American Philosophical Society. Vol. 101, No. 6 
(December 19, 1957): Studies of Historical Documents in the Library 
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of the American Philosophical Soctety. Pp. ii+507-591. (Philadel- 
phia: American Philosophical Society, 1957.) 1 dollar. [181 
Fiskeridirektoratets Skrifter. Serie Havundersekelser. Vol. ll, 
No. 10: Notes on the Greenland Shark Acanthorhinus carchari 
(Gunn). 1: The Reproduction Problem of the Greenland Shark. 
By Paul Bjerkan. 2: <A Uterine Fotus and the Uterus from a 
Greenland Shark. By Einar Koefocd. Pp. 12. (Bergen: A/S John 
Griegs Boktrykkeri, 1957.) [181 
Food and Agriculture Organization of the United Nations. FAO 
Commodity Series, Bulletin No, 29: Agricultural Commodities and 
the European Common Market. Pp. ili+27. 1s. 3d.; 0.25 dollars. 
Program for the 1960 World Census of Agriculture. Pp. 1v+77. 
5s.; 1 dollar. (Rome: Food and Agriculture Organization of the 
United Nations; London: H.M. Stationery Office, 1957.) 
Institut Royal Météorologique de Belgique. Contributions. No.36: 


The Aeronomic Problem of Helium. By Marcel Nicolet. Pp. 21. ` 


No. 37: Variations Régionales et Influences Climatique dans uelques 
Rendements de la Betterave Sucrière en Belgique. Par Dr. R. Sneyers. 
Tp: 14. No. 38: Analyse de Résultats Ionosphériques obtenus en 

ique lors de l’Eclipse de Soleil du 25 Février, 1952. Par G. Bonnet, 
J. Hunaerts et M. Nicolet. Pp. 20. Publications, Série A, No. 6: 
Annuaire Climatologique pour 1956. Pp. 94. Pub cations, Série B, 
No. 22: Le Temps en 1956. Par Dr. R. Sneyers. Pp. 46. (Bruxelles : 
Institut Royal eS eoroloeique de Belgique, 1957.) [131 

Climatology: Reviews of Research. (Arid Zone Research Series 
No. 10.) Pp. 190. (Paris: Unesco; London: H.M. Stationer 
Office, 1958.) 1,500 frances; 25s.; 5 dollars. [18 

Anuario del Observatorio Astronómico de Madrid, para 196 
Pp. 366. (Madrid: Observatorio Astronémico, 1957.) 18 

Smithsonian Institution: Bureau of American Ethnology. Bullet 
164: Anthropological Papers, Nos. 49+56. Pp. x+855+73 plat 
(Yacningion, D.C.: Government Printing Office, „ 2957.) its 

(a) ars. 

Boletin do Museu Nactonal, Rio de Janeiro. Nova Series. No. 153 
Um Novo Genero para a “Cervo” ou “Veado do Pantanal” (Ruminan 
tia-Cervidae). Por Fernando Dias de Avila-Pires. Pp.10. No. 154. 
Tipos de Saturnioidea no United States National Museum. 7: Generc 
Coptopteryz Duncan, 1841 (Lepidoptera, Arsenurinae). Por Jost 
Oiticica-Filho. Pp.15. No. 155: Descricao de Duas Novas Expecies 
de Chorisoneura Brunn, 1865 (Oxyhaloinae-Blattidae) (1). Por 
Isolda Rocha e Silva Albuquerque. Pp. 7. No. 156: Tipos de 
Saturniwidea no United States National Museum. 8: Genero Lozo- 
lomia Maassen, 1869 (Lepidoptera, Arsenurinæ). Por José Oiticica- 
Filho. Pp. 15. No. 157: Leptobasis Costa-Limai sp. nov. Odonata 
Coenagriidae). Por Newton Dias dos Santos. Pp. 6. No. 158. 
Uma Nova Especie de Nyctiborinae do Estado de Minas Gerais 
Brasil (Blattidae),(1). Por Isolda Rocha e Silva Albuquerque. „Pp. 7. 
No. 159: Fauna do Distrito Federal. 36: Novas Especies e Bigotom 
yia Malloch, 1921 (Diptera-Muscidae) (1). Por Daley de Oliveira 
Albuquerque. Pp. 17. No. 160: Contribuicao ao Conhecimento de 
Hydrotaea R.-D., 1830 na America do Sul (Diptera-Muscidae) (1). 
Por Dalcy de O. Albuquerque. Pp. 18. No. 161: Tipos de Satur- 
noiodea no United States National Museum, 9: Genero Schaustella 
Bouvier, 1980 (Lepidoptera, Adelociephalidae). Por José Oiticica- 
Filho. Pp.41. No.162: Fauna do Distrito Federal. 87: Redescricao 
de Chyliza consanguinea Schiner, 1858, e Descricao de Duas Especies 
Novas (Diptera-Psilidae) (1). Por Dalcy de O. Albuquerque. Pp. 11. 
No. 163 : Um Novo Clinidae da Ilha da Trindade, Brasil (Actinoptery- 
gii-Perciformes). Por Sérgio Ypiranga Pinto. . 15. No. 164: 
Fauna do Distrito Federal. 41: Notas Sobre Alguns Muscideos, Com 
Descricao de Dois Alotipos (Diptera-Muscidae). Por Daley de O. 
Albuquerque. Pp. 13. No. 165: Contribuicao ao Conhecimento 
dos Arcti . 80: Anomalias Cromaticas em Phegoptera Histriontca 
H. Schaeffer, 1853 e Correcoes ao Trabalho Anterior Sobre o Referido 
Genero. Por Lauro Travassos. Pp. 7. No. 166: Da Presenca no 
Brasiido Genero Dicrana Burr, 1915, com a Descricao de Uma Especie 
Nova (Dermaptera-Pygidicranidae). Por Joaquim Pereira Machado 
Filho. Pp. 7. No. 167: Sobre o Genero Merulazis Pesson, 1830 
Aves, Rhinocriptidae). Por Herbert FranzoniBerla. Pp.7. No.168: 

pipleoneura Williamsoni SP. Nov. (Protoneuridae-Odonata). Por 
N rion Dias dos Santos. Pp. 5. (Rio de Janeiro: Museu Nacional, 
1957. 

Colony of Mauritius. Annual Report of the Mauritius Institute, 195 


Pp. i+20. 50 cents. Annual Report of the Mauritius Institute, 106 


Pp. 1+10. 25 cents. (Port Louis: Government Printer, 1956 an 
1957. 

Göteborgs Kungl. Vetenskaps- och Vitterhets-Samhalle. Reports 
of the Swedish Deep-Sea Expedition, 1947-1948. Vol. 1: The Ship, 
Its Equipment, and the Voyage. . 11-+159+-2 plates. 35 Sw. Kr. 
Vol. 2: Zoology, No. 20: Deep-Sea Bottom Fishes. B Orvar 
Bybelin. Pp. 4249-34647 Plates. Vol. 2: Zoology, No. 21: 
Pennatularians (Umbellula). By Hjalmar Broch. Pp. 347-3644+1 

late. Nos. 20 and 21 in one volume, 30 Sw. Kr. Vol. 6: Sediment 
ores from the West Pacific. No. 3: Radiolaris: a Preliminary 
Stratigraphy. By William E. Riedel. Pp. i+61-96+3 plates. 15 
Sw. Kr. (Gdteborg: Elanders Boktryckeri Aktiebolag, 1957.) [131 
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= be hadi in Dubia from the 9-3 at 
“er, 1958, at the joint invitation 


- College (University of Dublin) and vale 
College (National University ‘of Ireland). = 


7 ‘The Liiscussion will be divided into ‘two main 


sections ; © 


op Optical and Magnetic Properties. 
a Energetics of Complexes. 


ide rare earth and trans- 
; | concentrate. on those 
-aspects where the] 

-of the subject. come ON eather 


| Anyone wishing to contribute a paper haud 
write to the Secretary, enclosing a brief auri- 
mary, äs soon as possible. 


s The. Faraday Society, 6 Gray’s Inn Square, 
London, W.C.1. 


THE ARROW. ea 
_ PROJECTION TORCH 


The Arrow. ‘Projection ‘Torch is de: es 
signed for use, wherever teaching _ 
is accompanied ‘by screen illustra- ; 
tion. “An arrow of high intensity 
iflumination is- projected, and may 

be. focused to any distance from 
6 to 40 feet. 


CA descriptive and illustrated pame 
phlet is available and this will be 
- gladly sent on request. 


400 NEW BOND STREET, “LONDON, WAL 
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LABORATORY 


Í THERMAL EQUIPMENT LTD 


GREENFIELD, Nr. OLDHAM, ENGLAND i 
: Telephone" an 2788 Oe 


GLASS. 


All Glass Requirements for Scientific 
instrument Manufacturers and a 
Research Workers š 


@ SHEET & PLATE-GLASS—cut and 
ground to exact dimensions. 


@ LENSES, PRISMS & FLATS—to any 


standard of accuracy. | 


eo MIRRORS—back silvered and front : 
~ surface aluminised, etc. 


o BLOOMING ol optical components. 7 


c. j. WHILEMS, L LTD. 


ILFORD “OPTICAL | WORKS 


FOREST ROAD si BARKI NGSIDE 


Telephone : sas 5454- 
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J. BARCHAM GREEN LTD. 
 MAIDSTON E, EN GLA ND. Bs 


ee is now in. n přodacton: This divides 100 ‘enicrons 
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INDUSTRIAL HEALTH PROBLEMS IN THE USE OF NUCLEAR 
ENERGY 


6 Bex: second of the Committees of Inquiry ket up 
under the chairmanship of Sir Alexander Fleck 
following the accident to Windscale Pile No. 1 on 
October 10, 1957, was “to review the organization 
within the Atomic Energy Authority as a whole for 
control of health and safety and to make recom- 
mendations’ ; a survey of the report appears on p. 
1043 of this issue. The Committee appointed to ex- 
amine the organization and staffing of parts of the 
Authority has already reported and attributed the 
accident primarily to an insufficiency of senior tech- 
nical staff in the Operations Branch. The strengthen- 
ing of this Branch was regarded as a first essential even 
if it involved some curtailment of developments else- 
where. Understaffing is also the primary trouble re- 
vealed by the examination of the Authority’s organ- 
ization for control ‘of health and safety*. The Com- 
mittee is satisfied there are no fundamental weaknesses, 
but is concerned to note that the acute shortage of ex- 
pert health and safety staff means that the planned 
organization is seriously under strength in the higher 
_posts. The health and safety organization is called 
upon to perform a wide variety of duties, both 
internally and externally, many of which require 
expert qualifications in more than one of the fields 
of medicine, radiology, health, physics, mathematics, 
nuclear physics or nuclear engineering. The review 
revealed an acute shortage of people possessing the 
requisite qualifications; throughout the Authority 
there were only about ninety people possessing 
honours degrees or equivalent qualifications who were 
engaged full-time on the control of health and safety. 
Nér is it simply that these people are seriously 
over-burdened, with the result that the safety officers 
at Windscale had had little exact guidance about the 
amount of radioactivity that could safely be allowed 
to accumulate in the area. With the development of 
the nuclear power programme and the increasing use 
of radioactive materials in medicine, agriculture and 
many parts of industry, the demand for specialist 
health and safety staff will increase still further. 
That much is attested by the annual report} of the 
Chief Inspector of Factories for 1956 (see p. 1043 of this 
issue), which followed that of the Fleck Committee. 
Not only is the question of safety in nuclear power 
stations one of the four main topics which Sir George 
Barnett selects for discussion in this, his last, report, 
but also elsewhere in the report the use of ionizing 
radiations in industry is discussed at some length. 
What the Fleck Committee urges as to the desirability 
of making the field of health and safety provide an 
attractive career for those able to acquire the neces- 
* Atomic Energy Office. Report of the Committee apnoe. b 
the Prime Minister to examine the Organisation for Control of Healt 


and Safety in the United Kingdom Atomic Energy Authority. Pp 28. 
(Cmnd. 342.) (London: H.M. Stationery Office, 1958.) 1s. 8d. net. 


+ Ministry of Labour and National Service. Annual Report of the 
Chief Inspector of Factories for the year 1956. . 195. (Cmnd. 329.) 
(London: H.M. Stationery Office, 1958.) 9s. 6d. net. 


sary expert knowledge finds ample corroboration in 
Sir George Barnett’s report. 

For the Authority this would involve, the Com- 
mittee points out, permitting greater flexibility in 
salaries, particularly for the specialist medical staff 
needed to head the integrated health and safety 
organizations in the works of the Industrial Group. 
More important still, the Fleck Coramittee considers 
that the Authority, as the vanguard of the nation’s 
effort in nuclear energy, should assume responsibility 
for building up the supply of expert health and 
safety officers at all levels, from managers to the 
technicians who will be required in ever-increasing 
numbers by the electricity authorities and industry 
as well as by the Authority itself. The main instruc- 
tion in the United Kingdom on the health and safety 
problems of nuclear energy has hitherto been given 
by the Authority as part of its courses in the Reactor 
and Isotope Schools at Harwell and the Reactor 
Operations School attached to Calder Hall. Factory 
inspectors are now taking short courses at Harwell 
to help them in inspecting industrial establishments 
where radioisotopes are in use. 

This has covered only a small part of the field, and 
the Fleck Committee holds that more comprehensive 
instruction is needed. In view of the urgent need and 
the -impact of the shortage on the Authority, the 
Committee recommends that the Authority should 
take the lead in this matter, by establishing a national 
training centre for health physics and nuclear safety 
staff (under the administration and general super- 
vision of its Research Group) where courses should 
be graduated to suit all levels and cover not only 
problems of protection against radiation hazards, 
but also the health and safoty aspects of the use of 
isotopes in medicine, agriculture and industry. In 
the medical field, the Authority should be prepared 
to recruit and to finance the specialized training of 
candidates who will be required for future manage- 
ment posts, and the Committee visualizes this 
specialized training as being worthy of recognition 
as a new professional qualification. Moreover, the 
Authority should also recruit and give training on 
the job to the medical staff required to provide the 
new type of medical service, as well as recruit and 
train a cadre of health physicists and nuclear safety 
experts commensurate with the future needs of the 
nation’ as a whole. It is recommended that Govern- 
ment departments should be directed to ensure that 
appropriate training in radiological problems is given 
to the public services and industries for which they 
are responsible 

The Committee’s specific recommendations regard- 
ing the Authority’s internal responsibilities and 
organization are summarized elsewhere (see p. 1043 of 
this-issue) ; but before considering the implications 
of the assumption by the Authority of such national 
responsibilities for leadership, the background against 


i 
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which these recommendations are made must be 
appreciated. The Committee was particularly con- 
scious that the accident at Windscale brought to the 
surface the latent public anxiety about the hazards 
of nuclear energy. Now that the nation is committed 
to a large nuclear-power programme, the Committee 
holds, and rightly, that it is of the first importance 
that the hazards of nuclear energy should neither be 
exaggerated nor minimized in the public mind. The 
Authority has sought to err on the side of caution 
and, within the limits of existing knowledge, takes 
no chances. The Health and Safety Organization 
plays a mejor part in the Authority’s affairs, and the 
Committee is satisfied that in general the Authority’s 
policy has hitherto been governed by the considera- 
tions that operating procedures and codes of practice 


must not risk endangering workers or the public and, : 


within the limits of humen ingenuity, must be proof 
against human failure. 

Nevertheless, the Committee became aware that 
besides making good the deficiencies in the Author- 
ity’s organization, there is urgent need to clarify tho 
relations between the many Government departments 
concerned with health and safety in the field of 
nuclear energy and to strengthen the co-ordination 
between them. That is the reason for the recom- 
mendation that the Atomic Energy Authority should 
be built up to enable it to play the leading part and 
ensure that all necessary action is initiated in good 
time. Since tHe ultimate responsibility for assuring 
safety in relation to nuclear energy must be borne by 
the Government, it is of vital importance, the Com- 
mittee urges, that this major improvement in organ- 
ization should be made. Linked with it, of course, is 
the question of public confidence, and while the 
Committee endorses the arrangements for local 
liaison which the Authority has initiated, it recognizes 
that special care is required in public relations; and 
it therefore recommends that the Authority should 
review present procedures for publishing information 
about accidents, with the view of giving a prompt 
account of such occurrences in as much detail as 
may be appropriate. Moreover, apart from its 
bearing on health and safety, public confidence could 
be a decisive factor in the smooth implementation of 
the nuclear power programme. 

The three most important implications of these 
recommendations are in respect of staff, of finance 
and of time, and all three are appropriately con- 
sidered in the context of Sir George Barnett’s vale- 
dictory report as chief inspector of factories. It will 
be recalled that even before the publication in 
October 1956 of the report on the staffing and 
organization of the factory inspectorate, the Minister 
of Labour had announced his decision to treble the 
size of the Engineering and Chemical Branch of the 
inspectorate, and to increase that of the general 
inspectorate by 26 posts. Nevertheless, at the end 
of 1956 Sir George Barnett reports that only 375 out 
of an authorized 439 posts were filled, and 25 
inspectors were lost during the year, 17 by resignation. 
On February 5 the Minister of Labour, Mr. Iain 
MacLeod, said there were still 33 vacancies, though 
the number of inspectors had risen to 894 with 15 
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awaiting appointment, and there had been only 9 
resignations in 1957. The present recruitment 
situation in the general inspectorate was not unsatis- 
factory, and it was hoped to fill the three vacancies 
in the Medical Branch from an open competition. 

This position, as the White Paper on the Factory 
Inspectorate fully recogaized, is related to the 
national shortage of scientists and technologists. Of 
this the Fleck Committee was no less cognisant ; but 
none the less its argument that an adequate pro- 
portion of that scarce and limited man-power must 
be directed to this field, even at the cost of curtail- 
ment elsewhere, cannot be gainsaid. Moreover, in 
stressing the need for making the conditions and 
opportunities of service more attractive, it is again 
in harmony with the findings of the White Paper, 
and these steps could well further that greater 
esteem and understanding of the factory inspec- 
torate’s work which is so important for efficiency 
and recruitment. Taking a long view, that report 
was concerned not to advance unreasonable claims 
for expanding or even maintaining the factory 
inspectorate. On the contrary, it conceded the 
possibility, and even the probability, that »with con- 
tinuing improvements in the design and operation of 
factories and industrial processes, the cumulative 
effect of the work of the inspectorate would permit a 
substantial reduction in the resources of man-power 
devoted to factory inspection. 

That almost certainly is the way in which the most 
efficient use of highly trained man-power is to be 
achieved and if, by emphasizing the opportunities 
for scientific work which careers in industrial health 
and safety offer, and ensuring that the conditions of 
service are appropriate, we can attract sufficient 
recruits of high ability, the purpose of industrial 
health and safety should itself be more effectively 
served than by reliance mainly or solely upon the 
inspectorate. For many years to come, the need for 
close co-operation will remain and there will be much, 
possibly even more than to-day, for the inspectorate 
to do; but it is in harmony with the whole trend of 
the Chief Inspector’s report that such work should 
be done primarily and to the maximum. degree from 
within industry. — 

That is only part of the picture. The Fleck Com- 
mittee was not solely concerned with the supply ‘of 
specialists of high qualifications and ability; it 
recognized the need for expert health and safety 
staff at all levels—from managers to technicians. 
There is a significant section in the chapter on 
accident prevention in Sir George Barnett’s report 
which bears on this. In many sections of the Fac- 
tories Acts and in some codes of special regulations 
made under the Acts, an employer is required to 
have certain duties carried out by a ‘competent 
person” or a “responsible person”. These duties are 
very varied and include, among others, the detailed 
technical inspection, examination or testing of boilers 
and autoclaves, lifting machines and appliances, scaf- 
folds, breathing apparatus and ventilating plant. This 
work plays a most important part in ensuring the 
safety and health of workers, but in general receives 
little public notice unless something goes wrong. 
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There are two points to be emphasized here. First, 
the adequacy and effectiveness of such work go far 
to determine both the effectiveness of the control 
exercised by the more highly qualified health and 
safety officers, and also the number of such officers 
required. In other words, it determines the most 
efficient and economical use of the most highly 
trained categories of scientists and technologists. 
Secondly, those carrying out such duties are them- 
selves essentially specialists. Indeed, at one extreme 
they may require to be scientists or technologists pos- 
sessing fundamental theoretical knowledge combined 
with sound practical experience of the kind of plant 


to be examined ; and while other work may require . 


less technical knowledge, good experience and sound 
judgment are invariably required. 

We are thus once again touching an important 
facet of the problem of technical education, and it is 
obvious that if the full benefit of the recommenda- 
tions of the Fleck Committee in the comparatively 
limited field of nuclear energy are to be realized, due 
attention must be given to the extension and im- 
provement of technical education, as the Chief 
Inspector himself notes in a specific reference to the 
technical colleges. Where that reaches sufficient 
standard, it is clear from the Chief Inspector’s current 
report there is little cause of complaint, for example, 
in chemical works. Nevertheless, as the report insists, 
the work of the “competent person”, however high 
his qualifications, must be integrated with that of the 
accident prevention organization as a whole; and 
meticulous care and close and harmonious relations 
between the different works departments concerned, 
the safety organization and the inspectorate are 
essential. 

That, of course, means finance as well as man- 
power, and it is important to emphasize, at a time 
when the Government is pre-occupied with economy, 
that industrial health and safety involve expenditure. 
But wise investment in this way brings a return 
many times over in industrial efficiency, alto- 
gether apart from the elimination of human suffering 
and loss of life. A programme such as the Fleck 
Committee has outlined will involve the expenditure 
of considerable sums, which will have to be found, 
even at the cost of curtailing expenditure elsewhere. 

Thirdly, there is the question of timing. The Fleck 
Committee rightly insists that action is urgently 
needed and cannot wisely or safely be postponed. 
The health and safety specialists, the safety organ- 
ization and codes and the supporting technicians 
must be trained in advance, so that they are ready 
to take up their duties as soon as they are needed. 
Preparation cannot be deferred just because the new 
power stations are only being planned or under con- 
struction, still less because a time of national economy 
is inconvenient for incurring such expansion in 
expenditure. There could be no plainer warning to 
both major political parties to seek to agree on what 
sacrifices in non-essentials—even in the social services 
—it may be necessary to recommend to the country, 
to ensure that the health and safety of the workers 
concerned and of the nation as a whole are fully 
secured. 
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EVOLUTION AND ORGANIZATION 


The Strategy of the Genes 

A Discussion of Some Aspects of Theoretical Biology. 
By Prof. C. H. Waddington. With an Appendix by 
Dr. H. Kacser. Pp. ix+262. (London: George Allen 
and Unwin, Ltd., 1957.) 288. net. 


MONG the more important of the advances that 

are at last really bringing us to grips with the 
relation between genetics and evolution is Wadding- 
ton’s experimental demonstration of the genetic 
assimilation of acquired characters, an apparently 
‘Lamarckian’ phenomenon that needs no ‘Lamarck- 
ian’ explanation. In this book Waddington dis- 
cusses the concepts that led to and arise from such 
experiments and considers some of their consequences. 
There is also a discussion by Kacser of models based 
on chemical kinetics that have relevant properties. 

The most essential concept is that the processes of 
development are canalized so that the effects of dis- 
turbances are not random, but tend to be buffered 
or damped or otherwise compensated for by conse- 
quential effects that leave the resulting organisms 
‘organized’. From this basis, through a@ discussion 
of “theo cybernetics of development” Waddington 
develops his model, the ‘epigenetic landscape”, 
which pictures the probabilities that development 
will follow particular paths to given end-results. The 
contours of the landscape are determined by the 
genotype, and the process of development is repre- 
sented by a ball rolling down the valleys. 

This model provides & picture of the organization 
of developmental processes that aids discussion of the 
different properties of epigenetic systems and classi- 
fication of selection “in relation to the type of effect 
which it produces”. Canalized development may m- 
volve narrow valleys, or broad U-shaped valleys that 
permit minor modification by environmental or genetic 
variation. It may be flexible, alternative valleys be- 
ing available into which the ball may be pushed, 
perhaps over a threshold, by environmental switches, 
and which lead the organism to different adapted 
forms; and it may be “‘noisy”’ in the sense that ran- 
dom sources of variation.are inadequately buffered 
(represented by imperfections of the ball’s surface). 
Selection in consequence may be not only progressive 
or directional, but also it may be stabilizing if it in- 
creases the canalization of the valleys (as opposed to 
normalizing if it reduces the variety of genotypes), and 
it may operate against “noise’’ so that homologous 
organs come to differ less. It may also be “disruptive” 
(Mather), though Waddington thinks, surely errone- 
ously, that “this can be adequately regarded as a 
sub-type of the more usual unidirectional selection”. 

Such a model of developmental organization helps 
greatly the understanding of the effects we may 
expect different modes of selection to have. It is 
especially helpful in illustrating the way in which 
an environmental switch that pushes development 
over a threshold into an alternative path may aid 
selection of those genotypes which make the threshold 
lowest. Selection may thus produce a population in 
which the new path may be canalized by further 
selection until it becomes the norm even in the absence 
of the environmental switch. Waddington’s dis- 
cussions of these topics should interest all and 
stimulate many biologists. 

But the model has its limitations. Waddington is 
aware of this; but nevertheless seems to push it too 
far in some respects. The model to some extent 
divorces genotype from environment and genes from 
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other genes in a new way. Thus the landscape 
(Fig. 5) has its form determined by genotype, and an 
acquired character results if an environmental factor 
pushes the ball over a threshold mto a valley not 
normally followed. “Organic selection” can then 
(Fig. 30) select a mutant allele that replaces the 
environmental switch, or “genetic assimilation” can 
change the landscape so that the threshold is removed. 
This seoms to involve a distinction between landscape 
genes, ball-pushing genes and ball-smoothness genes 
(responsible for reducing developmental noise), 
though they are all landscape genes by definition. 
' Thus noise genes “‘probably play relatively little part 
in evolution”, though it seems impossible to see any 
difference in principle between them and canalizing 
genes which do. 

It seems to be this tendency to push the model too 
far that leads Waddington to wonder speculatively 
at the origin of the ball-pushing mutants in his 
experiments, and he tentatively speculates whether 
the biochemical situation responsible for the land- 
scape and altered by the environmental switch may 
not itself be responsible for the mutations. Here 
Waddington comes full circle and wonders whether 
the ‘Lamarckian’ phenomenon that he has demon- 
strated to need no “Lamarckian’ explanation does 
not need a ‘Lamarckian’ explanation after all. Now 
we must agree that mutation is often termed random 
very loosely, and that the class of viable mutations 
is clearly restricted to those to which the rest of the 
genotype is preadapted in the environment(s) in 
which the organisms must survive; and we must 
also keep an open mind concerning the possibility of 
genuine directed mutation. But it seems inappro- 
priate to speculate whether directed mutation may be 
involved in particular experiments without first 
eliminating other more plausible hypotheses. Even 
if it were necessary to suppose that the mutant genes 
in Waddington’s experimental populations have been 
produced by his experimental conditions, there is 
more than one plausible mechanism that does not 
involve directed mutation. In particular there is 
evidence thet the stability of meiosis is easily dis- 
turbed, and therefore it is possible that selection may 
change the frequency and spectrum of recombination 
and thus increase the likelihood that particular 
recombinations with relevant effects may arise. 
Waddington admits that rare recombination and 
mutation may be herd to distinguish, but does not 
seem to see that this does not make the distinction 
any the less important. 

This leads to the major criticism that must be made 
of this book. Throughout, the part played by linkage 
in maintaining the organization of development is 
belittled or ignored (as a consequence of which secant 
recognition is given to Mather’s work). But tn the 
face of evidence that genes of major effect are them- 
selves linked complexes and that recombination can 
of itself give lethal effects, especially when the recom- 
bining chromosomes come from unrelated populations, 
it is impossible to believe that the organization of 
development does not involve the organization of 
genetic material into linked groups. To Waddington, 
the role of linkage is to be viewed in terms of the 
tactics of the genes; their strategy involves their 
part in the organization of development. But this is 
because he clearly regards the egg as the hen’s means 
of making another hen, for he is discussing (preface) 
“biological organization and the developmental 
processes that bring it into being” (my italies). 
But “the hen is the egg’s means of making another 
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egg is a re-statement of the same truth. More 
attention to the biological organization at the 
beginning of the developmental time-scale would 
improve this illuminating and stimulating discussion 
of the organized developmental processes that Wad- 
dington calls the epigenetic system. J. M. THODAY 


THE WEALTH OF INDIA 


The Wealth of India 

A Dictionary of Indian Raw Materials and Industria! 
Products. Raw Materials, Vol. 4: F-G (with Index). 
Pp. xxvili+287-+13 plates+viili, (New Delhi: 
Council of Scientific and Industrial Research, 1956.) 
n.p. 


HE fourth volume of “The Wealth of India” 

closely resembles its predecessors, that is to say, 
it is a scholarly production overflowing with up-to- 
date information. Unfortunately, much to the 
regret of the compilers, circumstances over which 
they have no control have resulted in an interval of 
nearly four years between the dates of issue of Vol. 3 
and 4, and even now it has not been possible to inelude 
the obviously important article on “Fish and 
Fisheries”. It is pleasing to note that those respon- 


sible are taking all possible steps to expedite the 


completion of the series. 

It is difficult to compile information; it is still 
more difficult to decide what to leave out in order to 
satisfy the average reader who requires his informa- 
tion to be as concise as possible, especially when 
economic subjects are in question. The advisory 
board for the present publication realized this fully, 
and in 1943, before work was started, drew up a 
number of admirable directions for the editorial 
board. It is regrettable to find that many of these 
have now been ignored. The maximum length of a 
major contribution was not to exceed twenty-five 
pages of the book as now printed, and yet 
“Gossypium” covers eighty-two. This article, with 
its three beautiful coloured plates, 44 figures and 64 
tables, occupies nearly one-third of the whole volume, 
and although difficult to compress, contains much 
which could be omitted with advantage. Photographs 
of 158 cotton samples distributed through 63 pages so 
that comparison is hindered seem unduly numerous ; 
the table showing the properties of these fibres is 
much more informative. On the other hand, two 
excellent maps indicate so clearly the acreage and 
production of cotton and the spread of improved 
types that the corresponding tables appear unneces- 
sary. Many of the tables are of interest only to 
specialists who might prefer to consult the original 
sources, reference to which is invariably given. Much 
space is taken up by detailed statistics for each main 
political division of India. This seems inappropriate 
in view of the almost complete absence of correlation 
between cotton growing and State boundaries. One 
table gives a number of analyses of black cotton soils 
differing widely in composition, but no indication of 
their value for growing cotton. The large amount of 
matter of secondary importance tends to obscure 
much that ts interesting and informative, and it is 
suggested that in future all major articles should be 
preceded by a table of contents. 

There is some tendency to give over-elaborate 
descriptions of products not well established in India 


-although common in other countries. For example, 
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the comprehensive article on soybean, admirably 
written, seems far more detailed than is required to 
show the importance of this commodity and the 
desirability of extending its cultivation in India. 
Many of the analyses given refer to material of foreign 
or unknown origin and are of little value, whereas 
comparative figures for Indian and foreign products, 
such as those given for fennel and tallow, often 
reveal striking and important differences. Production 
figures for cotton in tons, bales, maunds and candies 
do not conduce to clarity. Lastly, a few of the 
illustrations are of poor quality in marked contrast 
to the majority, and do nothing to elucidate the text. 

The above remarks are not intended to disparage, 
but to convey a few impressions of an important and 
valuable book. To increase its value still more it is 
hoped that the practice of issuing provisional subject 
indexes will be continued and that they will be in even 
greater detail than that attached to Vol. 3. 

H. E. WATSON 


EAST AFRICAN MOUNTAIN FLORA 


Afroalpine Vascular Piants 

A Taxonomic Revision. By Olov Hedberg. (Sym- 
bolae Botanicae Upsalienses 15:1.) Pp. 411412 
plates. (Uppsala: A.-B. Lundequistske Bokhan- 
deln, 1957.) 40 Kr. 


INCE the extraordinary vegetation of the African 

equatorial mountains was revealed during the 
latter part of last century, the problems of its relation- 
ships and the reasons for its occurrence have exercised. 
_the minds of botanists. In this region, where the 
chill of a rarified atmosphere tempers the heat of a 
tropical sun, and where there is little variation 
throughout the year in the length of day and night 
and in the range of temperature, the flora is of excep- 
tional interest. Nowhere in the world are alpme 
landscapes so weirdly beautiful as on these mountains 
of East Africa. Each mountain group in its higher 
zones has an assemblage of species the nearest relatives 
of which do not occur at lower altitudes on the same 
mountain, but in the corresponding zones of neigh- 
pouring though totally isolated mountains. In the 
alpine regions there is some degree of endemism, but 
it is the vicarious species of genera such as Lobelia, 
Senecio, Helichrysum and Alchemilla that pose inter- 
esting problems in regard to common ancestry and 
comparatively rapid rates of evolutionary diversifica- 
tion on the various mountains. On the other hand, 
there are species which are common to some of 
these mountains and the north temperate region 
the isolation of which has not produced any sig- 
nificant morphological change. 

The first attempt to consolidate and summarize 
knowledge on the flora of the tropical African moun- 
tains was Engler’s work “Über die Hochgebirgsflora 
des tropischen Afrikas”, which was published in 1892. 
Engler’s material was very sparse and almost entirely 
confined to collections made on Kilimanjaro, the 
other mountain groups at that time being virtually 
unexplored botanically. In the present century there 
have been a number of well-organized expeditions to 
all the high mountains of East Africa and splendid 
collections have accumulated, especially at the 
British Museum, Kew and botanical institutions in 
Sweden. There was urgent need for a thorough 
taxonomic study of this unique dispersed flora and 
Dr. Hedberg’s revision is a massive and authoritative 
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exposé of the subject. His survey is rather arbitrarily 
confined to the species which occur in the alpme 
belt immediately above the heath forest. This 
has the merit of giving some definite topographical 
and ecological limits to the work and bringing the 
treatment of the material within manageable scope, 
though, with the exclusion of the ericaceous belt, 
and also the bamboo zone and the mountain forest, 
many of the most interesting elements in the flora are 
eliminated. The closeness of the links between the 
mountains is thus more obscure and the interesting 
intra-continental relationships with floras of West 
Africa, the Cape and the Mediterranean basin are 
unrecorded. 

In his taxonomic analysis Dr. Hedberg has taken a 
tolerant and sensible view of the various taxa, par- 
ticularly in his conclusions on the species which heve 
a wide distribution in the north temperate zone. He 
has leid stress on resemblances rather than on 
differences and has thus resisted the modern tendency 
to recognize critical units. 

The work is well produced with a judicious number 
of text figures and a supplement of habitat photo- 
graphs of certain species. Altogether this account 
of the Afroalpine vegetation is one of the most signi- 
ficant and meritorious recent contributions to the 
study of the African flora. G. TAYLOR 


ECONOMIC THEORY 


The Theory of General Static Equilibrium 

By Prof. Eraldo Fossati. Edited by Prof. G. L. 5. 
Shackle. Pp. xvi+247. (Oxford: Basil Blackwell, 
1957.) 30s. net. 


HE lectures on economics which Prof. E. Fossati 

gave when he was at the University of Trieste 
have been known at second hand by many economists 
in Britain, and by the few proficient in Italian im 
more detail through his “Elementi di economia 
rezionalo”, first published in 1946. The volume now 
reviewed is an English version of the fourth edition 
(1954) of Prof. Fossati’s text. It is not simply a 
translation, but rather a new edition by an outstand- 
ing English theoretical economist. Prof. G. L. 8. 
Shackle explains in his foreword that he found the 
text in need of “‘re-expression in the forms of thought 
with which the English-speaking economist works”. 
Consequently “this English version has been entirely 
written out in my own hand in phrases which are 
mostly of my own choosing”. 

The student of economie principles in Britain, 
brought up. in the Marshallian tradition, tends to 
acquire & knack for improvization, to assume away 
the less immediately relevant interdependencies in 
his problem and to concentrate on those analyses 
which involve the view of the problem through time. 
He usually lacks the guidance which can be provided 
by Pareto’s unifying concept of general static equilib- 
rium. As Prof. Shackle points out, it is not generally 
possible to get him to read Pareto’s “Manuel”. The 
present’ version of a text by a brilliant successor and 
expositor of Pareto should redress the balance. It 
will certainly be welcomed by all teachers of courses 
in general economic principles and it should make a 
most valuable, if subsidiary, text to put in the hands 
of students. : 

The scope of the book is not quite as limited as the 
title might indicate. One of Prof. Fossati’s conten- 
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tions is that the theory of general static equilibrium 
is not only of importance in itself but also serves as 
“a powerful apparatus for dynamic analysis . . . by 
offering deep insight into the reaction of representa- 
tive consumers and entrepreneurs to given situations 
... and through the process of model construction, it 
paves the way to econometric research”? (author’s 
preface, p. xii). There are chapters towards the end 
of the book, simple and even sketchy though they 
may be, which introduce the student to stability 
conditions, to money, risk and uncertainty, and to the 
stochastic approach in econometrics. 

On the other hand, though Prof. Fossati has written 
with recent developments in economic theory in 
mind, the text remains & version of the scheme origin- 
ally elaborated more than ten years ago. It cannot be 
expected, therefore, that the analysis is completely 
up to date, still less that it should emphasize those 
particular lines of thought most familiar to Anglo- 
American economists. Indeed, Keynes gets no more 
than one incidental mention and Leontief none at 
all; nor is the ‘linear programming’ school represen- 
ted. In fact, following Pareto, the treatment is 
strictly confined to continuous analysis of the familiar 
marginal type, easily expressible in terms of the 
calculus. 

The mathematics, it should be noted, are largely 
relegated to appendixes to the various chapters. The 
exposition is designed to be simple, clear and lucid, 
and it succeeds admirably. There are adequate lists of 
books and articles to assist the student in his further 
reading. R. G. D. ALLEN 


LIPID BIOCHEMISTRY 


The Lipids 

Their Chemistry and Biochemistry. By Prof. Harry 
J. Deuel, Jr. Vol. 3: Biochemistry—Biosynthesis, 
Oxidation, Metabolism, and Nutritional Value. 
Pp. xxxvi +1065. (New York: Interscience Pub- 
lishers, Inc.; London: Interscience Publishers, 
Ltd., 1957.) 25 dollars. 


HE late Prof. H. J. Deuel set himself to write a 

single treatise on the chemistry and biochemistry 
of lipids and, with the appearance of this third volume 
his monumental task is complete. Volume I describes 
the chemistry of the lipids (Nature, 170, 727; 1952) 
and Volume 2 deals with some aspects of their bio- 
chemistry : digestion, absorption, transport, and 
storage (Nature, 177, 1050; 1956). The present 
volume covers other aspects of lipid biochemistry, in 
particular biosynthesis, oxidation, metabolism, and 
nutritional value. 

After a brief introductory chapter, three chapters 
(266 pp.) are given to an account of the biosynthesis, 
oxidation, and metabolism of fatty acids, glycerol, 
and the triglycerides. Then come chapters on the 
oxidation and metabolism of. phospholipids and their 
hydrolysis products (18 pp.), on the role of formic, 
acetic, and propionic acids in fat metabolism (38 pp.), 
and on the metabolism of branched-chain acids, 
hydroxy- and keto-acids, di- and tri-basic acids, acid 
amides, aldehydes, and hydrocarbons (70 pp.) 
There follows an account of the metabolism of chole- 
sterol and related sterols (60 pp.), the carotenoids and 
vitamins A (200 pp.), vitamins D (62 pp.), vitamins E 
(68 pp.) and vitamins K (32 pp.), and the final 
chapters are devoted to the essential fatty acids 
(52, pp.) and the nutritional value of fats (99 pp.). 
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The book has three indexes covering 130 pp. Each 
topic is covered in the same comprehensive and 
impartial manner which the author has displayed in 
earlier volumes. More than five thousand references 
are listed including several to publications in 1956, 
and only very few trivial errors have been noted in 
the text. 

Prof. Deuel had prepared the text of this volume 
before his death in 1956, so that, although his 
colleagues and friends assisted in the later stages of 
publication, the book remains his. With its com- 
panion volumes it will long be a standard work in 
this field and a tribute to H. J. Deuel’s zeal, industry, 
and enthusiasm. The text is prefaced by a biograph- 
ical note about the author written by George R. 
Cowgill. F. D. GuNsTonE 


ENGINEERING THERMODYNAMICS 


Engineering Thermodynamics 

Work and Heat Transfer. By G. F. C. Rogers and 
Y. R. Mayhew. Pp. x+619. (London: Longmans, 
Green and Co., Ltd., 1957.) 650s. net. 


HE authors have succeeded in providing the 

first English publication (rather than English 
republication of works by American authors) to give 
a rigorous treatment of fundamental and applied 
thermodynamics for the engineering student. 

The first section discusses the principles of thermo- 
dynamics, and here the authors wisely follow the lines 
of Keenan’s “Thermodynamics”. They have ampli- 
fied and added to Keenan’s presentation. (For 
example, they discuss the statement of the second law 
for a control surface.) In general a simple lucid survey 
of basic thermodynamics is given, although in the 
discussion of the thermodynamic scale of temperature 
rigour has been sacrificed in the attempt to simplify 
the presentation. 

A second section discusses “Application to Parti- 
cular Fluids”. Properties of fluids, non-flow and flow 
processes, power and refrigeration cycles, properties 
of mixtures and combustion processes are logically 
dealt with in a readable yet rigorous fashion. The 
section on feed heating is not as good as other parts 
of the book, the distinction between direct contact 
and surface heating not being adequately developed. 

Components used in thermodynamic cycles are 
discussed in two sections on work and heat transfer. 
In their discussion of turbo-machinery, the authors 
point out the limitations of the so-called ‘diagram 
efficiency’ or utilization factor (in that the exhaust 
kinetic energy is used in most turbine stages). It is 
unfortunate that they do not develop definitions of 
turbine and compressor efficiency in terms of stagna- 
tion states, which are but briefly discussed in the 
section on isentropic flow. 

It is pleasing to note that the heat transfer section 
is competently and thoroughly written. 

If the division of the material into the four sections 
is somewhat artificial, if the book is a little too wordy 
and is slightly uneven (the omission of the subject 
of availability and the inclusion of detailed discussion 
of turbulent shear flows are examples of this), these 
are but very small criticisms in comparison with the 
fine overall achievement this book represents. The 
authors are to be congratulated on writing an excellent 
book, for student and teacher, and the publishers are 
to be congratulated on producing it at @ reasonable 
price. ~ J. H. Hortoox 
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Microdiffusion Analysis and Volumetric Error 

by Prof. Edward J. Conway. Fourth revised edition. 
Pp. xviii +465. (London: Crosby Lockwood and 
Son, Ltd., 1957.) 42s. net. 


NE may speculate as to the extent to which 
microdiffusion analysis is practised, but there 
can be little doubt of the existence of a widespread 
interest m the subject. This fourth revised edition of 
Prof. Conway’s book contains accounts of many new 
applications of microdiffusion analysis as well as 
enlarged and revised sections on, the apparatus used 
and the principles involved. New methods described 
include determinations of blood ammonia, total 
nitrogen, using @ mercury catalyst, glutamine, 
enzymes, including acetylcholinesterase, formalde- 
hydogenic steroids, @ group of volatile poisons, and 
organically bound halogens. A description is also 
given of the method of Burbridge, Hine and Schick 
(1950) for the determination of acetaldehyde in 
blood. It may be mentioned that recent work by 
Lundquist published since the appearance of the 
work under review throws doubt on the specificity 
of this method. Acetoacetate in the blood may, under 
the conditions of the analysis, give rise to amounts of 
acetone which interfere in the measurement. 

Part 3 of the book, a section of about 100 pages, 
deals with volumetric error. An analysis of the errors 
of micro methods compared with macro volumetric 
methods reveals many of the reasons which make 
micro work a practical possibility. 

The book is clearly written and well printed. It 
should be read not only by those who have an imme- 
diate interest in microdiffusion but also by all who 
use volumetric methods of any kind. Most of the 
text shows an intimate practical knowledge of the 
processes described and no analyst could fail to profit 
from a study of it. The author is not always orthodox 
in his opinions, but where controversial issues are 
raised, all the evidence and the opinions of others 
are clearly and fairly given. The book is well illus- 
trated and has a good bibliography and index. 

E. I. JOHNSON 


Introduction to the Mechanics of Stellar Systems 
By Rudolf Kurth. Pp. ix+174. (London and New 
York: Pergamon Press, 1957.) 55s. net. 


HIS book is intended to serve as an introduction 

to the subject for advanced students. After a 
discussion of the observational data, chapters are 
devoted to the mechanics of systems of mass-points, 
stellar systems as assemblies of gravitating mass- 
points, stellar systems as gravitating continua, and 
statistical mechanics of stellar systems. The book as 
a whole is written from a refreshingly novel point 
of view, and there is relatively little overlap with 
other text-books on the subject. Especially note- 
worthy are the treatments of the recurrence theorem 
of Poincaré, the little-known theorems of Hopf, 
similarity transformations and Poisson’s equation. 
Although a study of the book would be of considerable 
educational value to an advanced student, it would 
nevertheless give a very one-sided view of the subject 
without a supplementary study of its more practical 
aspects. The possibility that the observations of 
stellar motions in our own Galaxy should be inter- 


preted not as properties of an almost stationary stellar - 


system but as well-preserved evidence of initial 
conditions during the formation of the Galaxy 
suggests that much of the book may remain of 
academic interest only. The reviewer feels that the 
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kinematical rather on eT ni approach to 
the study of stellar systems may well prove to be 
more fertile for further development. Nevertheless, 
it is important to appreciate the achievements of the 
dynamical approach as well as its limitations, and this 
book serves as a useful aid to this end. 

R. H. GARSTANG 


Cytochemical Methods with Quantitative Aims 

Biophysical and Biochemical Approaches. Proceed- 
ings of the Symposium held September 27—29, 1956, 
by the Institute for Medical Cell Research and Gene- 
tics, Karolinska Institutet, Stockholm, Sweden. 
Edited by Dr. B. Lindström and Dr. R. Brown. 
(Experimental Cell Research, Supplement 4.) Pp. 
vili+296. (New York: Academic Press, Ine. ; 
London, : Academic Books, Ltd., 1957.) 9.50 dollars. 


HIS is a report of a conference held at the Karo- 

linska Institute, Stockholm, in September 1956, 
which was sponsored by the Institute of Medical Cell 
Research and Genetics. It consists of twenty-seven 
papers on different aspects of quantitative cytochem1- 
cal techniques, the majority of which are physical 
methods, based. on optical, absorption and inter- 
ference microscopy, and on X-ray techniques, which 
are taken to include quantitative autoradiography 
using radioactive tracers. These papers are a mine 
of information which will be invaluable to all workers 
in these fields. The chemical techniques are less 
exhaustively dealt with, but nevertheless some very 
useful discussions of the micro-determination of 
nucleic acids by a number of the workers in this field 
are included. These form a valuable addition to the 
information given in existing text-books. The 
supplement is quite reasonably priced and would 
form a useful addition to libraries which do not 
subscribe to the whole of Experimental Cell Research. 


Introduction to Enzymology . 
By Alan H. Mehler. Pp. viiit425. (New York: 
Academic Press, Inc., 1957.) 10.80 dollars. 


N this book the author has provided an outline of 

the main metabolic pathways by a description of 
the individual enzymes and cofactors concerned. 
He has not attempted to provide a comprehensive 
review of each enzyme, with the result that rather 
arbitrary and sometimes inaccurate descriptions are 
given, (for example, the section dealing with the 
general properties of flavins and flavoproteins ascribes 
a spurious ionization constant at pH 1-7 to flavins, 
and contains generalizations concerning the fluores- 
cence, redox potentials and absorption spectra not 
justified by the experimental evidence available). 
As the book gives many references to recent publica- 
tions, it is undoubtedly useful as a guide to current 
metabolic trends. It is difficult, however, to find any 
real justification for the title of “Introduction to 
Enzymology”. Little or no discussion is devoted to 
the general properties and theoretical principles of 
enzymic catalysis; hence very few unifying hypo- 
theses of the type valuable to a student are developed. 
To those people who have been awaiting publication 
of a book illustrating in detail the general principles 
of enzyme chemistry this work will therefore be 
disappointing. It can be recommended only as a 
reasonably up-to-date book on metabolism at the 
level of the individual enzymes. Contrary to its 
title, it should be of more use to the experienced 
investigator than to the beginner. 

Vincent MASSEY 


1030 


NATURE 


April 12, 1958 vow 181 


THE BRITISH NORTH GREENLAND EXPEDITION, 1952-54 


SCIENTIFIC RESULTS 
By R. A. HAMILTON, O.B.E. 


HE British North Greenland Expedition carried 

out & programme of research in Dronning 
Louise Land, north-east Greenland, and on the north- 
ern part of the inland ice. The scientific plans were 
outlined! before the departure of the expedition in 
July 1952 ; the purpose of this article is to summarize 
the scientific work which was carried out. 

The expedition’s bases were at Britannia Sø (77° 
09’ N., 23° 36’ W., 229 m.) and at ‘Northice’ (78° 04’ 
N., 38° 29’ W., 2,343 m.) on the inland ice. Many 
journeys were made and one party made a traverse 
across the inlarid ice from Britannia Sø to the Thule 
district on the west coast. A general description? of 
the expedition by the leader, Commander C. J. W. 
Simpson, was given in a lecture to the Royal Geo- 
graphical Society before Her Majesty the Queen, the 
expedition’s patron. 


Survey 


An aerial survey of Dronning Louise Land had 
been carried out by the Geodetic Institute, Copen- 
hagen, in 1950. Captain Hans Jensen, and after 
his death in an accident, Brooke*®, extended the 
triangulation of Germania Land which had been 
started by the Danmark Expedition and completely 
triangulated the whole of Dronning Louise Land. A 
map on the scale 1 to 250,000 is being produced by 
the Institute. A further aerial survey of north-east 
Dronning Louise Land was carried out by R.A.F. 
Coastal Command’, and from this a more detailed 
map on the scale 1 to 50,000 has been constructed by 
Arnold§, i ; 

During the traverse of the inland ice the altitude 
of the surface of the ice sheet was measured at 
intervals of about 4 km. by trigonometrical levelling®. 
Paterson and Slesser? have described the method of 
survey and estimated the standard error of the 
altitude of the higher stations to be 10 m. 


Geology 


The geologists Peacock and Wyllie made a geo- 
logical reconnaissance of Dronning Louise Land and 
of southern Germania, Land. Archæan gneisses un- 
conformally overlain by ‘what are believed to 
be representatives of the two Precambrian sedi- 
mentary groups of north and east Greenland were 
discovered in western Dronning Louise Land’, 
separated by a structural break from Caledonian 
schists farther east®. Four metamorphic zones cul- 
minating in lower amphibolite facies have been 
tentatively outlined, including a broad zone of low- 
grade cataclastic metamorphism in the originally 
high-grade Archean gneisses. In southern Germania 
Land, Wyllie discovered altogether higher-grade 
gneisses? which contain basic intercalations of con- 
siderable interest, and are intruded by granite in the 
eastern part of Saelsg. It is believed that Dronning 
Louise Land lies near or on the western boundary of 


the East Greenland Caledonian orogenic belt, and 
that much deeper Caledonian structures are expose 
in southern Germania Land. 


Meteorology 


Meteorological observations were made by Hamil- 
ton and Rollitt at Britannia So and at ‘Northice’. 
The ‘Northice’ observations have been published in 
full and climatological summaries? have been made 
of the observations of both stations. The tem- 
perature gradient in the air one or two metres above 
the surface of the inland ice was determined both at 
‘Northice’4* and on the traverse across the inland 
ice! by measurement of the optical index of refrac- 
tion. By this method the errors caused by the 
diffusely reflected solar radiation on thermometers!" 
are avoided. 

A detailed study!* of the synoptic meteorology of 
north Greenland in the midsummer period shows that 
the tendency for the glacial anticyclone to be estab- 
lished is disturbed by waves and depressions and 
their associated fronts which can be followed on the 
700-mb. charts. A similar study of midwinter con- 
ditions is being made. 

Measurements of humidity were made at Britannia 
So? by a lithium chloride hygrometer : the observa- 
tions suggest that at low temperatures in calm 
weather in the dark winter, hoar frost is not deposited 
until the air is saturated with respect to water. 

Visual observations of aurora were made at both 
stations, at the same time as the meteorological 
observations. The forms and brightness of the 
aurora were recorded, using the international classi- 
fication; the positions were also noted. The 
information was handed over to Mr. J. Paton, of the 
Department of Natural Philosophy, University of 
Edinburgh, and has been plotted on charts for each 
night covering the region bounded by geomagnetic 
latitudes 53° and 84° and geomagnetic longitudes 70° 
and 90° (English Channel to north Greenland). Brief 
analysis of these data indicates that the auroral 
frequency was greater than had been expected?®. 
The data will be examined more fully when the 
collection of the information made during the solar 
cycle 1951-62 is complete. 


Gravity 


The value of gravity was determined at approx- 
imately three hundred points on the traverse of 
inland ice!® with a standard error of less than 5 
milligals. The results show that the Earth’s crust, 
with its superimposed ice load, is approximately in a 
state of isostatic equilibrium. In the eastern part of 
the ice sheet, where direct determinations by seismic 
methods were not possible, ice thicknesses have been 
estimated from the values of gravity. 

During the winter when the lake was frozen, Bull?’ 
developed a technique of measuring the depth of the 
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lake by gravimetric methods and was able to con- 
struct a contour map of the lake bottom. 


Glaciology 


The expedition planned to measure the thickness 
of the ice sheet by seismic methods, but neither Cadd 
in the first year nor Bruce in the second year was 
able to detect reflexions from the ice — bedrock inter- 
face at any point between Dronning Louise Land 
and ‘Northice’, and it was not until shortly before 
the expedition was due to come back that an energy 
return was detected at a point farther west. There- 
after, strong reflexions were obtained west of a 
separating line?! running approximately 330° through 
77° N., 45° W., but no reflexions could be obtained 
east of it. In this region the bedrock is approximately 
200 m. below sea-level. The seismograms indicate 
that the reflexion coefficient east of the separating 
line is less than one-hundredth of that at points 
west of it. Bull suggests that the phenomenon may 
be explained by assuming that the bottom of the 
ice is melting to the east of the separating line and 
that the thickness of ground moraine varies greatly 
across it. The altitudes of the seismic stations on the 
inland ice were computed”? from the aneroid readings, 
by the use of meteorological upper-air charts, with an 
estimated error of 13 m. aa 

In addition to measuring the altitudes of the 
stations on the gravity traverse, Paterson® also 
determined the surface slope of the ice sheet at a 
number of places. These enabled Bull”? to calculate 
the shear stress on the bed from Nye’s formula.. The 
values of shear stress in the east are lower than those 
in the west, and it is suggested that the difference 
may be due to bottom melting in the east. 

At about thirty points on the gravity traverse the 
firn structure was examined. A Rammsonde was 
used for measuring the resistance to penetration 
which had. been related to the density by a series of 
calibrating experiments™ at ‘Northice’. The sound- 
ings show that the mean annual accumulation for 
the period 1948-53 was about 13 gm./em.’ and was 
almost constant along the gravity-traverse route, 
except near the coasts, where the accumulation is 
less, due, presumably, to increased abflation. Except 
near the coasts, the annual accumulation in the 
eastern part of the traverse for the period July 1953- 
July 1954 was approximately*® 16 gm./cm.’. 

Beacons were erected on the inland ice and their 
positions, as well as the height of a mark above the 
snow surface, were accurately determined, so that if 
these are remeasured about twenty years later the 
mean movement of the ice sheet and the net 
accumulation during the period can be determ- 
ined?s, 

A pit dug to a depth of 14 m. at ‘Northice’ enabled 
the annual accumulation back to the year 1878 to 
be determined2?. This decreased during the last part 
of the past century and continued to decrease to a 
minimum value in 1940, but has increased again in 
the past decade. 

The regime of two glaciers in northern Dronning 
Louise Land was studied??. There was a net loss 
from their surfaces of less than 1 m. depth of water 
equivalent, most of which was compensated by flow 
from the inland ice. Measurements of the rate of 
flow indicate that it is 12-20 m. per year. 

Lister and Taylor? studied the heat balance at the 
glacier surface. Of the total amount of heat which 
entered the glacier from above, the contributions due 
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to radiation, condensation and eddy conductivity 
were 69, 2 and 29 per cent. The proportions of this 
total heat used in melting, evaporation and con- 
duction into the ice were 54, 34 and 12 per cent. 
Similar micro-meteorological investigations were 
made by Lister at ‘Northice’, but the results have 
not yet been worked up. 

As a result of his study of all the major glaciers of 
Dronning Louise Land, Wyllie?* concludes that the 
decrease in the height of the inland ice and the con- 
sequent emergence of rock thresholds is the dominant 
factor in the final stages of glacial recession. Ice. 
recession in the neighbourhood of Britannia Sø was 
studied in detail®®, 


Physiology 


Though the emphasis was on research in the geo- 
physical sciences, a programme of physiological 
research had been drawn up by the Medical Research 
Council. A general account of the physiological and 
medical aspects of the expedition has been given by 
Lewis and Masterton®*. Acclimatization to cold was 
the main line of research. Body-weights were 
measured weekly and have been compared’? with 
comparable weights of intakes into the Regular 
Army. The annual increase of weight of the expedi- 


tion members was greater than that of the soldiers 


and showed also a seasonal fluctuation. with a 
maximum in the early spring. Measurements of fat 
thickness showed a close correlation with changes 'of 
body-weight®2 : the experiments indicated the need 
for simplification of the technique of measuring sub- 
cutaneous fat. The number of sites of the body was 
reduced from thirty-six to five®®, and subsequent 
work suggests that the subcutaneous fat at one site 
(namely, under the scapula) correlates extremely well 
with changes in body-weight™. 

The effect of seasonal light and darkness on the 
men’s sleep was studied. It was found that although 
sleep was taken very irregularly, there was no 
seasonal variation in the number of hours slept 
in a month. The average sleep taken was just under 
8 hr. per day, which may represent the natural 
biological demand*®. 

The men’s basal metabolic rate was measured fort- 
nightly : the mean was almost identical with that 
given for men in Britain. The figures confirm that 
British means are substantially smaller than the 
American figures. 

The physiological findings reflect the pattern of 
activity of the men rather than an effect of season 
per se; .in any event, the body was shielded 
from the extremes of environment by clothes and 
shelter*s, 

Measurements of the men’s physical efficiency were 
made ; but the results tend to be equivocal. Diurnal 
temperature measurements remained within normal 
limits and the blood cells were found to remain 
constant ; there was no rise in the red cell count 
in men who were subjected to the 2,500 m. altitude 
of the inland ice. These findings indicate the great 
stability of many body systems in spite of ‘great 
fluctuations in the external environment. 

Research was also carried out in the nutritional 
field. By way of experiment, samples of biltong were 
taken for eating on journeys: its use stimulated a 
fuller investigation into its calorific value*’. 

The observation that husky dogs eat human feces 
prompted an investigation which revealed that the 
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fæces did not contain excess fat®*. This in turn sug- 
gested a full investigation of the calorie requirements 
of men sledging®*®. There were wide variations, from 
4,000 to 5,500, with a mean of 4,800 calories a day. 
An estimate of energy expenditure tallies very closely 
with this figure, confirming that the food intake was 
just adequate. | 

This research has a two-fold significance. First, it 
has formed the nucleus of subsequent polar physio- 
logical programmes of Antarctic expeditions now in 
the field. The second feature is the fact that our 
figures show the sledging ration of 4,200 calories to 
be insufficient to maintain nutritional balance in the 
face of extremely hard work in the cold. The Medical 
Research Council reviewed the whole problem and 
advances in food technology packaging have been 
incorporated in prototypes now being tested in the 
polar regions*®. 

On the biological side, the incidence of trichinosis 
in those dogs which were shot or died in the 
second year were studied. It was found that the 
infested dogs were among those which had been 
brought from west Greenland, where they have been 
accustomed to eating raw meat, while none’ of the 
puppies which had been born on the expedition were 
infested*. 

The insects which were collected in the Britannia 
Sø area and placed in the British Museum are all 
well-known members of the Arctic fauna of Green- 
land**. A botanical collection has been examined by 
Dr. A. Melderis at the European Herbarium of the 
British Museum, where the specimens are now 
lodged. 

Small fish, an unusual variety of the Arctic char, 
Salvelinus alpinus, were taken from Britannia Sø and 
handed over to Mr. G. F. Friend, of the Department 
of Zoology, University of Edinburgh. These fish are 
undoubtedly descendants of migratory sea-char 
which once made their way up @ river, into the lake, 
and established themselves there. Since then, they 
have been isolated for thousands of years perhaps, 
and have evolved their own peculiarities, some prob- 
ably in ‘response to their difficult life in high latitudes 
and sealed as they are for five-sixths of the year 
under thick ice. Their eyes, nostrils and lateral-line 
pores—all sense organs—are large for the size of such 
small fish. They have a starved and juvenile appear- 
ance, while their growth-rate is slower than that of 
any known race of char. A low, flattened cranial-roof 
and a ‘turtle nose’ are other striking features. .These 
add much new material to the picture of the chars 
as a whole. 


COLONIAL RESEARCH, 


OLLOWING the pattern of the previous report, 
under the title ‘‘Colonial Research, 1956—-57’’*, are 
collected the annual report of the Colonial Research 
Council, the twelfth annual reports of the Committee 
for Colonial Agricultural, Animal Health and Forestry 
Research and the Colonial Medical Research Com- 


* Colonial Office. Colonial Research, 1956-1957 : arpar of the 
Colonial Research Council; Committee for Colonial Agricultural, 
Animal Health and Forestry Research; Colonial Economic Research 
Committee; Colonial Fisheries Advisory Committee; Colonial 
Medical Research Committee; Colonial Pesticides Research Com- 
mittee; Colonial Products Council; Colonial Road Research Com- 
mittee; Colonial Social Science Research Council; Tsetse Fly and 
Trypanosomiasis Committee; Director, Anti-Locust Research Centre ; 
and Research Matters not covered by the above Keports of the 
Specialist Advisory Bodies. Pp. 322. (Cmnd. 821.) (London: H.M. 
Stationery Office, 1957.) 11s. net. 


+ 


NATURE 


April. 12, 1958 von. 181 


Except where stated above, the results of the 
research carried out in the field have now been 
worked up and the following list of publications 
may be regarded as the scientific results of the 
expedition. 

1 Hamilton, R. A., Nature, 169, 727 (1952). 


* Simpson, C. J. W., Geog. J., 121, 274 (1955); “North Ice” (Hodder 
and Stoughton, 1957). i 


* Brooke, F. R., Geog. J., 122, 208 (1956). 

‘Bowater, 5., Geog. J., 122, 216 (1956). 

5 Arnold, K., Geog. J., 122, 213 (1056). 

ê Paterson, W. S. B., Meddelelser om Grenland, 187, No. 1 (1955). 


7 Tataran, W. 5. B., and Slesser, C. G. M., Emp. Sur. Rev., 18, 252 


® Peacock, J. D., Meddelelser om Grønland, 187, No. 7 (1956). 


° Peacock, J. D., Geog. J., 122, 210 (1956); Meddelels 
157, No. 4 (1957). SPARTE er om Gronland, 


10 Wylie, P. J., Meddelelser om Gronland, 157, No. 1 (1957). 


1! Hamilton, R. A., and Rollitt, G., Meddelels 
No. 3 (1957). er om Grønland, 158, 


32 Hamilton, R. A., and Rollitt, G., Meddelels 
No. 2 (1957). 3 er om Grønland, 158, 


1 Hamilton, R. A., Proc. Roy. Soc. Edin., 66, A (1956-57); Meteor. 
Mag. (in the press) , . 

4 Paterson, W. S. B., Bull. Géodésique, 38, 42 (1955). 

13 Hamilton, R. A., Meteor. Mag. (in the press). 

1¢ Hamilton, R. A., Quart. J. Roy. Meteor. Soc. (in the press). 

17 Haman, BR. A., Meteorological Research Paper, London. No. 983, 

18 certs} -, and McInnes, B., Observatory, 74, 46 (1954), and 75, 39 


Bull, C. B. B., Meddelelser om Grønland, 187, No. 1 (1955). 
*° Bull, C., Proe. Roy. Soc., Edin., B (in the press). 


2: Bruce, R. J. M., and Bull, O., Nature, 176, 892 (1956). 
Geog. J., 122, 219 (1956). : 


*2 Hamilton, R. A., Geog. J., 122, 225 (1956). 

23 Bull, C., J. Glaciol., 3, 67 (1957). ` 

24 Bull, C., J. Glaciol., 2, 714 (1956). 

25 Bull, C., J. Glaciol. (to be published). 

26 Paterson, W. 8. B., J. Glaciol. (in the press). 

1? Lister, H., Geog. J., 122, 280 (1956). : 

28 Lister, H., and Taylor, P. F. (to be published). 

29 Wyllie, P. J., J. Glactol., 2, 704 (1956). 

30 ar and Wyllie, P. J., Meddelelser om Grenland, 158, No. 1 
*1 Lewis, H. E., and Masterton, J. P., Lancet, ti, 494 and 549 (1955). 


54 Lewis, H. E., Masterton, J. P., and Rosenbaum, 8., Abstr. y 
Physiol. Congr., 665-566 (1956). str, XX Int 


33 Lewis, H. E., Masterton, J. P., and Ferres, Helen M., Clin. Sci 
17, 869 (1958). elon M., Clin. Sci., 


“ Lewis, H. E., Masterton, J. P., and, Rosenbaum, S. (to be published). 
36 Lewis, H. E., and Masterton, J. P., Lancet, i, 1262 (1956). 
ae Lowis, H. E., Masterton, J. P., and Rosenbaum, 8. (to be published). 


3? Lewis, H. E., Masterton, J. P., and Ward, P. G., Brit. J. i 
5 (1956). rit. J. Nutr., 11, 


38 Masterton, J. P., Lewis, H. E., and Widdowson, Elsie M., Proc. 
Nutr. Soc., 14, xvi (1955). 8 » Proc 


3° Masterton, J. P., Lewis, H. E., and Widdowson, Elsie M., Adv. Sci. 
414 (No. 53) (1957); Brit. J. Nutr., 1, 846 (1957). ones 


40 Lewis, H. E., and Masterton, J. P., Geog. J. (in the press). 
“1 Lewis, H. E., and Masterton, J. P., Lancet, li, 591 (1955). 
“a Freeman, R. B., Entomol. Mon. Mag., 42, 380 (1956). 


Bull, ©., 


1956-57 


mittee, the tenth annual reports of the Colonial 
Economic Research Committee and the Colonial 
Pesticides Research Committee, the fourth annual 
report of the Colonial Products Council, the thirteenth 
annual report of the Colonial Social Science Research 
Council, the second annual report of the Colonial 
Road Research Committee, the annual reports of the 
Colonial Fisheries Advisory Committee on Fisheries 
Research, 1956-57, of the Tsetse Fly and Trypano- 
somiasis Committee, and of the director, Anti-Locust 
Research Centre. There is also a section on research 
matters not covered by the reports of the specialist 
advisory bodies, which deals with building and 
housing research, the Falkland Islands Dependencies 
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Survey (an outstanding feature of the work of which 
has been the air survey of 35,000 square miles con- 
ducted during the past two years by Huntings 
Aerosurveys), meteorology, industrial and engineering 
research, water-pollution research and geodetic, topo- 
graphical and geological surveys. For the first time 
in many years, recruitment of surveyors and carto- 
graphical draughtsmen, exceeded losses and the total 
staff on March 31, 1957, was 390, while the number 
of geologists, geophysicists and geochemists overseas, 
where geological surveys continued in twenty terri- 
tories, rose to 211, although some vacancies remained 
unfilled. 

Other than the fact that the work is concerned 
with problems arising in various overseas territories 
there is little in common between the several 
reports, nor is any general conspectus attempted 
even. in that of the Colonial Research Council itself, 
other than the brief reference to Colonial Develop- 
ment and Welfare Schemes (a list of which is 
appended to the report). Expenditure on these 
schemes for the year ended March 31, 1957, was 
£1,538,412, compared with £1,374,323 in the pre- 
vious year. A review of the whole field of Colonial 
rasearch where Colonial Development and Welfare 
assistance is involved is being undertaken, and the 
Council will then consider the possible re-allocation of 


funds between the various fields to ensure that full. 


use is made of remaining funds under the current 
Colonial Development and Welfare Act to fulfil the 
various programmes envisaged. Even this, however, 
gives no true measure of the effort in Colonial research 
which Britain is making. As the various reports 
demonstrate, this effort is interwoven with that made 
by the various overseas Governments themselves, 
and with that of British as well as Colonial univer- 
sities, so that a complete assessment is difficult or 
impossible. Apart from the financial aspect, it 
represents an appreciable tax on British scientific 
and technical man-power which the universities and 
research institutions must be prepared to meet. 
During the year, thirty-four new appointments 
brought the complement of the Research Branch of 
the Overseas Civil Service in March 1957 to 189. In 
addition, two Research Fellows continued investi- 


gations on behalf of the Colonial territories, and ` 


fourteen research studentships were awarded. | 


The Committee for Colonial Agricultural, Animal 
Health and Forestry Research, which recommended 
grants totalling £925,921 during the year, still finds 
difficulty in securing suitable officers for senior posts, 
although recruitment of scientific staff for overseas 
duties was a little easier. To ensure closer co- 
ordination of work on control of pests and diseases, 
a special sub-committee, the Crop Protection Sub- 
Committee, was set up jointly with the Colonial 
Pesticides Research Committee. Under the Technical 
Aid Agreement, the Food and Agriculture Organiza- 
tion gave expert assistance for surveys of the Rufiji 
Basin in Tanganyika and the Accra Plain in Ghana, 
assisted Cyprus in controlling an outbreak of sheep- 
pox, and provided an expert for @ survey of swamp 
soils in Sarawak. Acknowledgment is again made of 
the help received from research organizations and 
universities in the United Kingdom. 

Much of the work of the Commonwealth Institute 
of Entomology is concerned with Colonial problems 
and 42 per cent of the Institute’s identifications 
during the year were concerned with Colonial in- 
quiries, notable help being given to a survey of forest 
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pests in East Africa and to the investigation of 
premature nutfall of coconuts in the British Solomon 
Islands Protectorate. Very satisfactory progress has 
been achieved in Jamaica with soil surveys, the 
results of which are being utilized in land rehabilita- 
tion schemes in overcrowded areas, while studies on 
soil fertility are receiving very close attention in 
nearly all Colonial territories. There is good prospect 
of remedying the deficiency of major and minor 
plant nutrients which prevent good growth of crops 
over large areas of Africa south of the Sahara. The 
Herbarium of the Commonwealth Mycological In- 
stitute is collaborating with the West African Maize 
Research Unit in a statistical analysis of spore sizes 
in collections from different parts of the world, and 
& serious outbreak of leaf-curl disease in flue-cured 
tobacco in Nigeria led to a recommendation for an 
immediate preliminary survey of economic-crop 
diseases. An electronic computer was used in a 
theoretical investigation for the Tsetse Fly and 
Trypanosomiasis Committee into the effect of intro- 
ducing sterilized males into a natural tsetse fly 
population. l 

It appears that research results are increasingly 
being applied in tropical agriculture. Extension of 
soil conservation measures with the concomitant 
practice of moisture conservation in areas of low or 
erratic rainfall has greatly improved farm conditions 
in Kenya, Swaziland, Uganda, Granada and Somali- 
land. ‘The soil nutrient status has also become clearer 
with discoveries of deficiencies of major and trace 
elements in many parts of Africa, particularly of 
phosphorus, nitrogen, sulphur, boron and molyb- 
denum. Maize breeding in Africa, particularly with 
strains from Mexico, has produced a series of high- 
yielding varieties highly resistant to tropical maize 
rust, while cocoa hybridization in the West Indies 
and West Africa has given new material of excep- 
tional yield and early bearing. Organic weed-killers 
also figure prominently in research programmes : 
thus, in West Africa & programme to spray 700,000 
acres against capsid has been approved, of which 
about 100,000 acres have been treated with power- 
sprayers, and about 20,000 hand-sprayers have 
already been sold to cocoa farmers. Considerable 
advances have been made in the control of pests and 
diseases of cotton, and practical and economic 
measures developed for controlling major insect pests 
of sorghum and other cereals. Much attention is 
being given to the prevention of damage by storage 
pests and valuable advances are being made in 
control or prevention, particularly with rice, cocoa 
and groundnuts. 

The large regional research organizations have 
advanced fundamental knowledge of the role and 
importance of organic matter in tropical soils, the 
nitrogen and sulphur cycles and phosphate fixation. 
Advances in banana breeding are recorded in the 
West Indies and the examination and description of 
flora, continued in East Africa, the Zambezi Basin, 
Cyprus, Malaya, Tropical West Africa, Jamaica and 
Trinidad. Particular attention was given to the 
co-ordination of research and the prompt exchange 
of information between workers in allied fields. In 
forestry the cultivation in plantations of the valuable 
African timber tree, mvule (Chlorophora excelsa), was 
specially examined in collaboration with the Imperial 
Forestry Institute. Work on hormonal arboricides 
has established their use in eliminating weed trees 
when making improvement fellings, and notable 
success has attended species trials on tropical pines 
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in Central Africa and the Caribbean, and work on 
ambrosia beetles in West Africa has led to the 
adoption of practical measures of control. While 
attention to animal breeding led to no spectacular 
results, stock of better quality is continually becom- 
ing available and progress in vaccine production 
and other biological products has permitted a high 
degree of control of rinderpest and pleuropneumonia 
of cattle and Newcastle disease of poultry, and much 
progress was made in fundamental work on protozoal 
diseases of animals in Kast Africa. The detailed 
accounts of the work of the regional organizations 
include lists of publications. The Committee’s 
report now occupies some lll pages out of a total 
of 322. 


The tenth annual report of the Colonial Economic 
Research Committee records the completion of Prof. 
A. T. Peacock’s inquiry on the national income of 
Tanganyika, and of Mr. D. T. Edwards’s analysis, in 
association with the Jamaican Department of Agri- 
culture, of the economics of small farms in Jamaica. 
A large-scale study of the economics of farming 
systems in Africa was commenced and also an 
investigation of the agricultural economy of Malta. 
Among new projects priority was given to a study 
of the economics of road development in Uganda ; 
an economic survey of the Seychelles; a survey 
of farm ‘production in British Honduras; studies 
of the Fijian community as an economic unit; 
and of the effects of diamond mining in Sierra Leone 
on @ predominantly subsistence economy. 


The annual report on Fisheries Research, 1956-57, 
which comprises the reports of the individual 
Colonial fisheries research stations, records the 
failure of a special mission to impress on local 
opinion ih Ghana and Nigeria the continuing need 
for fishery research in West African waters and the 
consequent winding-up of the West African Fishery 
Research Institute, Sierra Leone, as an inter- 
territorial body, though plans have been laid to 
safeguard the results already obtained by estab- 
lishing, in consultation with the Sierra Leone Govern- 
ment, a small territorial unit based on the Institute’s 
premises. Both the Federation of Malaya and the 
Singapore Government have withdrawn from the 
work of the Regional Fisheries Research Station at 
Singapore, and this station is also to be wound up. 
Efforts are being made to place the scientific staff of 
both stations in other parts of the Oversea, Research 
Service. ` 

Results obtained at the Jinja laboratory of the 


East Africa Inland Fisheries Research Organization . 


have been used. in advising the East African Govern- 
ments on the probable consequences of proposed 
changes in legislation for the protection of fish stocks 
in Lake Victoria. Experimental evidence has now 
shown that organic sulphur deposited on the lake 
bed as plant debris has little chance of being con- 
verted into available sulphates. Interest in snails as 
intermediate hosts has led to the observation that 
the ability of snails living in small streams and pools 
to survive the dry period depends on their degree of 
infestation by parasitic nematodes. Tho effects of 
DDT on insectivorous fishes have been studied, and 
work on the food and feeding habits of insect-eating 
and fish-eating species of fish in Lake Victoria is 
nearly complete. Steady progress is reported by the 
East African Marine Fisheries Research Organization, 
which has correlated the seasonal appearance of the 
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dolphin-fish, Coryphaena hippuris, with plankton and 
hydrographic data. 

The Northern Rhodesian-Nyasaland Joint Fisberies 
Research Organization gave priority to basic research 
on fish ecology in Lako Bangweulu, the Bangweulu 
swamps (where the importance of Vossia grass is 
being studied) and the Zambesi and Ianyeti rivers in 
the area to be covered by the Kariba Dam. Frora 
the Fisheries Research Unit, University of Hong 
Kong, a hydrographic survey of the sea around Hong 
Kong has now continued for two years and the 
possibility of developing an edible-oyster industry in 
Tolo Harbour has been investigated. The West 
African Fisheries Research Institute had fifteen 
scientific papers published or in preparation, including 
a complete scientific survey of the Sierra Leone 
estuary and an extensive survey of the bottom fauna 
on. the continental shelf off Freetown, correlating this 
fauna with the nature of the sea-bed and with the 
food of fish. 


The twelfth annual report of the Colonial Medical 
Research Committee refers to the termination of 
research on the physiology of hot climates which, in 
Nigeria and adjacent territories over the past eight 
years, has been very productive. With this exception, 
the various fields of research. have remained un- 
changed, although research on trachoma in Jordan 
had to be suspended. The Research Unit on Tuber- 
culosis in Ghana is now well established and has 
maintained effective contact with workers in Nigeria 
and Sierra Leone, while the formation of the Leprosy 
Sub-Committee has greatly stimulated interest and 
co-ordination ; pilot control measures based on data 
secured in filariasis research, whether loiasis or 
bancroftiasis, are increasingly applied or planned. 
On the recommendation of the Committee, modest 
block grants have been placed at the disposal of each 
of the three regional organizations for medical 
research, in East and West Africe, and the British 
Caribbean, from which each could make small 
Immediate grants annually to provide some additional 
research facility required by an individual research 
worker. 

Research on loiasis and onchocerciasis in the 
Cameroons and Nigeria indicated that use of DDT 
and dieldrin granules in high concentrations (say, 
5 per cent) to spray the mud of breeding-sites of 
Chrysops and Tabanus killed all larvæ, a process 
which, while very costly, may be economical in the 
rain-forest where the breeding-sites, though scattered 
and inaccessible, are small in total area. Investigations 
into the effects of ‘Antrypol’ and dimercaptosuccinate 
on the concentration of microfilaris in onchocerciasis 
gave promising results. Encouraging results were 
also obtained in East Africa in the control of filariasis 
in rural areas by treatment with 5 mgm./kgm. 
‘Hetrazan’ once a week for six weeks and by spraying 
houses with dieldrin at 100 mgm./ft.2 every six 
months. A pilot control scheme of bilharzia among 
schoolchildren is to be undertaken in the Mwanza 
area. Investigations on guinea-worm at University 
College, Ibadan, point to the value of ‘Hetrazan’ as 
& prophylactic for travellers journeying through 
endemic areas of dracontiasis, while in Tanganyika 
granulated dieldrin has proved a highly effective 
larvicide. 

No definite evidence of a relation between the 
frequency of the sickle-cell trait and the parasite-rate 
or parasite-density was obtained in investigations in 
Nigeria and Southern Cameroons on malaria and the 
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sickle-cell trait. At the West African Council for 
Medical Research Laboratories, Lagos, studies in 
hepatic pathology showed that monkeys hyper- 
immunized against Zika virus were more tolerant to 
the yellow fever virus than the normal controls, 
while at the Trinidad Regional Virus Laboratory, 
Port of Spain, research has centred around epidemio- 
logical investigations of Ilheus virus infections. 
Investigations on the yellow fever hazard at the 
Institute for Medical Research, Kuala, Lumpur, have 
been mainly concerned with whether local mosquitoes 
and animals can transmit and maintain the disease, 
whether the presence of other viruses in Malaya 
would affect its establishment, and methods of 
vaccination and mosquito-control. The United 
States Army Medical Research Unit (Malaya), in 
collaboration with the Institute, the nearby British 
Military Hospital and the Walter Reed Army In- 
stitute of Research, Washington, has made clinical 
and laboratory studies of children with pyrexias of 
unknown origin in the General Hospital, Kuala 
Lumpur, of encephalitis in Singapore and the 
Federation, and of the ecology of potential vectors 
of viral diseases in Malaya. 

Much progress has been made in building up 
facilities for nutrition research at the East African 
Medical Survey and Research Institute, Mwanza, 
and at Kampala the Infantile Malnutrition Research 
Unit continued to explore the use of various diets in 
treating kwashiorkor. The Tropical Metabolism 
Research Unit, Jamaica, continued work on the 
composition of tissues in malnutrition, especially of 
muscle, and some progress was made in the measure- 
ment of Krebs cyele oxidations. In a controlled pilot 
trial in Nigeria, which has now lasted twenty-five 
months, diphenylthiourea has proved an offective 
treatment for all types of leprosy in a dosage of 
1-0-3-0 gm. daily. It is at least as active as diamino- 
diphenylsulphone. With an isoniazid it combines 
effectively, is remarkably free from toxic action, and 
no evidence of drug resistance has appeared. Diamino- 
dìphenyl sulphoxide also continues to show consider- 
able promise. In studies at Makerere College on the 
enzymes of Mycobacteria, particularly the use of 
tetrazolium, salts to detect dehydrogenases, sabis- 
factory micro-methods have been developed which 
give consistent results with cultural organisms. At 
the National Institute of Medical Research studies 
have been made on the evolution of infection with 
Mycobacterium lepramurium in experimental animals, 
while at the Medical Research Council Laboratories 
in The Gambia, observations on the long-term thera- 
peutic effects of “Hetrazan’ in Wuchereria bancrofti 
infections indicate that the maximal effect of non- 
toxic dosage-levels is not discernible until two years 
after treatment. In research on the biology of sand- 
flies in East Africa, work with Phlebotomus guggisbergi 
may provide clues as to the real vector of kala-azar. 


The tenth annual report of the Colonial Pesticides 
Research Committee refers to further studies of the 
Colonial Insecticides Research Unit, Porton, on the 
sorption of insecticides by soils, which have shown 
that repeated sprayings do not affect the sorption- 
rate, whereas increase of temperature increases the 
sorption of DDT and dieldrin, and‘ that loss of 
insecticide by chemical decomposition is not a 
significant factor. A preliminary investigation has 
been made of the properties of residual DDT and 
dieldrin on some surfaces used in house construction, 
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insecticides, diazinon, chlorthion and malathion, to 
houseflies and some species of mosquitoes have been 
determined. Promising new variations in olfacto- 
metric technique have been developed at the Imperial 
College Field Station, Silwood Park, while at Long 
Ashton Research Station a technique has been 
evolved for controlling leaf-spot disease of Lacertan 
bananas. At Urambo, Tanganyika, the Colonial 
Pesticides Research Unit successfully controlled 
heavy infestations of bollworm (Heliothis armigera) 
and stainers (Calidea) on cotton by weekly sprayings 
of DDT at 1 Ib./acre, with BHC for aphid control 
when required. Control of bean fly, Agromyza 
(Melanagromyza) phaseoli, has been obtained with 
seed dressings of emulsifiable concentrates of aldrin, 


` endrin and dieldrin. The Biting Fly Research Unit, 


Uganda, extended its facilities for entomological 
research and has established a laboratory colony of 
Stomoxys calcitrans. In filariasis research in Fifi 
residual sprays of DDT and dieldrin gave satisfactory 
control of mosquitoes resting in houses, and in 
transmission experiments high infection-rates were 
obtained with A. polynestensis Marks in feeding 
experiments. In the Western Sokoto Malaria Control 
Pilot Project an improved technique for sampling 
insecticide deposits on mud surfaces was evolved, 
and on the 100-acre experimental plot at Kidichi 
Mdo, Zanzibar, effective economical control of 
Pseudotheraptus wayt on coconuts was obtained using 
10 per cent DDT with 1 per cent coumarone indene 
resin dissolved in a mixed aromatic petroleum solvent. 

Stress is also laid on research being done in the 
Colonies without the assistance of the Committee : 
for example, the preliminary survey at Aden of the 


‘relative importance of various pests of cotton; the 


promising results obtained in control of various weeds 
in Bermuda; the control of olive leaf spot (Cyclo- 
contum oleaginwm) .in Cyprus with 10: 1:100 
Bordeaux mixture; of scale insects on Hibiscus sp. 
in Malaya with dieldrin and ‘Nicotox’ ; and of white 
copper borer, Anthores leucondtus Pase., with 0:5 per 
cent dieldrin in Tanganyika. 


Almost half the fourth annual report of the 
Colonial Products Council and Laboratory is con- 
cerned with work conducted outside the Laboratory 
but under the direction or with the assistance of the 
Council. The 745 inquiries handled by the Laboratory 
during the year, of which sixty-two were still in 
hand, included such varied subjects as cedarwood 
oil, coconut products, the development of: Crambe 
abyssinica as an oilseed crop, the relative nutritional 
value of Oryza glaberrima and O. sativa, the packing 
and transport of fresh mangoes, nutritional biscuits 
from local ingredients for school-children in Uganda, 
and the extraction of vitamin C from the West 
Indian cherry. Among the ninety-five investigations 
completed by the Laboratory during the period were 
those relating to oil of Leptospermum citratum, oil 
from the bark of C. pedatinervium as a source of 
safrole, Illipe butter, sugar cane wax, sisal wax, 
starches from arrowroot and sago, and animal feeding 
stuffs from waste materials. Other work included the 
separation, by chromatographic and counter-current 
techniques, of the constituents of pyrethrum, work on 
the seaweed Corailopsis opuntia, which has good jelly- 
ing properties, the comparative properties of abaca 
fibre from. Borneo, Sumatra and the Philippines, and 
pulping’ trials of Ricinodendron rautanenii timber 
fram Northern Rhodesia and of British Honduras 


and the relative toxicities of the organic phosphorus~ slash pine, P. caribaea. 
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Further work on the curing of the cacao bean and 
on the structure of the cacao leucocyanidin com- 
pounds was carried out at the Colonial Micro- 
biological Research Institute, Trinidad, where a 
3 : 4-diol structure has been indicated for peltogynol 
in place of the accepted structure, and the isolation 
of the intermediate oxidation products of sub- 
stituted catechols is in progress. The Sugar Tech- 
nological Laboratory, Trinidad, carried out much 
work on the fundamental physico-chemical aspects of 
clarification and also further work on the removal of 
evaporator scalo and the chemistry of constituents of 
ammoniated molasses, but pilot-plant work indicates 
that the production of levulinic acid from molasses 
is unlikely to be economical. At Makerere College, 
besides investigations on the natural products of 
East African plants, the methane fermentation of 
vegetable wastes has been studied up to pilot-plant 
scale; and studies at the Forest Products Research 
Laboratory, Princes Risborough, on the production 
of fibreboard from secondary Colonial timbers 
indicated that after treatment with steam alone in 
the ‘defibrator’, pulp from all the species tested 
required further refining to give boards of adequate 
strength. Work on sugar derivatives continued at 
the University of. Birmingham, where the series of 
oligosaccharides produced by acid reversion of 
N-acetyl-p-glucosamine has been fractionated and 
two. disaccharides.. isolated, and a unit has been 
established for studying the pharmacological activity 
vof extractives’ from plants and other materials of 
+ interest to Colonial territories. The study of medicinal 
plants which might contain hepatoxie agents by the 
Medical Research Council’s Toxicology Research 
Unit continued and also work on the constitution of 
the alkaloid dioscorine at University College, Cardiff, 
chemical investigations on the leaves of Anona 
senegalensis and the structure of the pectie com- 
pounds of Agave sisalana flesh at the University of 
Edinburgh. Further investigation at the Institute of 
Animal Physiology, Cambridge, of: extracts of the 
seeds of Dichapetalum toxicarium indicates that amsjor 
part of the active fraction behaves mainly as a C,,- 
fatty acid with one double bond and one fluorine atom. 


In its second annual report the Committee on 


Colonial Road Research notes a slow but steady’ 


build-up of the Colonial Section of the Road Research 
Laboratory, which, at the end of March 1957, was 
short of its complement by two scientific officers, 
five experimental officers and five assistants (scientific) 
and emphasizes the adverse effect of the restrictions 
and delays in new buildings. Federal Nigeria proposes 
to establish its own central Road Research Laboratory, 
and Western Nigeria and Northern Nigeria are build- 
ing up their Materials Testing Laboratories.. Research 
teams have been recruited to study road-making 
materials available in Colonial territories and pave- 
‘ment. design, and & survey has been made of pub- 
lished information on corrugations, theories advanced 
to explain their formation, and on methods of 
alleviating or preventing them by selection and 
treatment of road-making materials. i 

The bearing capacity of representative soils from 
Uganda, Northern Rhodesia and The Gambia over a 
range of densities arid moisture contents has been 
determined using the California bearing ratio test. 
Road construction problems with fine-grained cohesion- 
less sands occurring in coastal and desert areas have 
been investigated in connexion with the propoged 
Ado—Badagry road in Western Nigeria and the George- 
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town—Rosignol road in British Guiana. -A range_of 
full-scale experiments on the use of rubber in surface 
dressing, bitumen macadam and rolled asphalt is in 
progress, and examination of the economies of roads 
and road transport in under-developed territories has 
begun. This work has included a review of methods 
of road accidents with the view of helping territories 
to adopt methods within their capacities and suited to 
their needs, and ensuring that the data are so pre- 
sented that they provide a reliable measure of the pat- 
tern of road accidents and their economic importance. 


To the thirteenth annual report of the Colonial 
Social Science Research Council are appended the 
customary reports for 1956-57 of the East African 
Institute of Social Research, the West African 
Institute of Social and Economic Research, the - 
Institute of Social and Economic Research, University 
College of the West Indies and the Rhodes—Living- 
stone Institute. Work was commenced on the 
project initiated at University College, Ibadan, for a 
history of Benim, to be financed jointly by the 
Carnegie Corporation and. the Governments of 
Nigeria, and a study of family attitudes in Jamaica. 
The fourth volume, ‘Bantu Languages of Africa”, 
of the Handbook of African Languages is in the 
press, and forty volumes of the Ethnographic Survey 
of Africa have now been published, while further 
sections on peoples of East Africa and of Nigeria are 
in preparation. A new relation between the East 
African Institute of Social Research and the Social 
Studies Department of Makerere College is being 
inaugurated which will establish a closer link between 
teaching and research, while maintaining the Institute 
ag an autonomous organization within the College. 
The Institute of Social and Economic Research, 
University College of the West Indies, is studying 
West Indian agriculture and agricultural develop- 
ment, the labour market, the analysis and supple- 
mentation of West Indian national accounts and the 
role of investment in economic development. Ai the 
Rhodes—Livingstone Institute for Social Research, 
studies are in progress of European communities in 
the Copperbelt and in Southern Rhodesia; of the 
economics of peasant farms and of African education ; 
and of urban sociology and the sociology of industry 
as well as two tribal studies. 


Lhe major field of activity of the Tsetse Fly and 
Trypanosomiasis Committee was in chemotherapy, 
and at a conference at the Colonial Office agreement 
was reached on procedures for the fullest co-ordination 
of full trials of promising new trypanocidal drugs and 
the prompt dissemination of such results. The néw 
procedures have already been implemented, and the 
suramin complexes developed at the West African 
Institute for Trypanogomiasis Research appear to 
offer a considerable increase in the period of pro- 
tection obtamable.’ In human trypanosomiasis the 
Institute has closely studied changes occurring in the 
saliva of tsetse infected with the brucei group of 
trypanosomes, and its clinical trials indicate that 
‘Malarsen’ is a valuable alternative for treating T. 
gambiense infection under field conditions, especially 
in late or relapsed cages. Research on the forest 
species of tsetse continued at the Field Station and 
a comparative experiment on ‘man-fly contact’ was 
started near Kaduna during the rains. The study, 
by the East African Trypanosomiasis: Research 
Organization, of the resting-places of the tsetse flies 
Glossina swynnertont, pallidipes and morsitans ia 
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likely to lead to new ideas on the use of insecticides, 
An investigation of the mechanism of water control 
in the pupa of Glossina is contributing to an under- 
standing of the success and failure of some current 
methods of reclamation. 

At the Sukulu Laboratory a small hospital was 
opened’ for the reception of patients from the lake- 
shore.“fly-belts, and a joint investigation with the 
Kenya Medical Department has shown that in that 
area G. pallidipes is a carrier of T. rhodesiense. The 
epidemiology ‘of palpalis-borne sleeping sickness in 
Uganda is also being investigated. In Northern 
Rhodesia trypanosomiasis research has been limited 
to drug trials and prophylaxis. The Veterinary 
Department of the Northern Region of Nigeria is 
pursuing a vigorous programme of research into 
cattle trypanosomiasis, while the Department of 
Veterinary Services, Tanganyika, has compared tho 
protection given by prothidium, ethidium-suramin 
complex and RD290 suramin complex with that 
given'by ‘Antrycide’ prosalt. Prothidium was also the 
outstanding new prophylactic tested by the Depart- 
= ment of Veterinary Services, Kenya. 

The report of the direstor of the Anti-Locust 
Research Centre for 1956-57—in which the Centre 
received 984 reports of the desert locust situation 
from thirty-two territories, including reports on low- 
density locust populations from survey officers in the 


OBITUARIES 


Dr Willis R. Whitney — 


Wrru the death on January 9 of Dr. Willis Rodney 
Whitney, at the age of eighty-nine, there ended a 
very remarkable career. 

Although Dr. Whitney was a first-class scientist in 
his own right, his great contribution was the organ- 
ization and successful direction, for thirty-two years, 
of the Research Laboratory of the General Electric 
Co., Schenectady, New York. It is hard to under- 
stand now what a truly pioneer task this was, for in 
1900 there were no organized industrial research 
laboratories in the United States. He had to prove 
that industrial research could be made to pay. When 
he did this, other industries quickly followed General 
Electric’s example. To-day, a research laboratory is 
considered essential for industrial success. 

-Born in Jamestown, New York, on August 22, 
1868, Dr. Whitney’s interest in science began with 
the acquisition of a microscope when he was in high 
school. After graduating from the Massachusetts 
Institute of Technology in 1890, he firat spent four 
years as instructor in chemistry there, then went to 
the University of Leipzig, where he received his Ph.D. 
degree in 1896. After six months at the Sorbonne, 
he returned to the Massachusetts Institute of Tech- 
nology as assistant professor and later full professor. 

It was at this point that E. W. Rice, vice-president 
of the General Electric Co., visited him and proposed. 
that he should start a research laboratory—a thing 
new to industry. The fact that it was an experiment 
appealed to Whitney—he loved an experiment. But 
he also believed in proceeding cautiously and slowly, 
feeling one’s way. So he agreed to try ibt on a part- 
time basis, spending three days a week in Schen- 
-ectady and. the other three at. the Massachusetts 
Institute. 
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Somali Peninsula, Ethiopia and parts of Arabia— 
notes that the desert locust situation improved some- 
what in Eastern Africa, Iran, Pakistan and India, 
although heavy breeding’ occurred in the Sudan, the 
French Chad territory and the Niger Colony. A ‘panel 
of international experts which met at the Anti-Locust 
Research Centre in April 1956 recommended that 
permanent surveys of the whole of the distribution 
area should be established by ail governments con- 
cerned, and that all information on the state of 
desert locust populations and relevant weather 
phenomena should be centralized. 

The International Red Locust Control Service 
continued studies on red locust populations in 
relation to vegetation dynamics and on control 
methods, and the International African Migratory 
Locust Organization became a permanent inter- 
national body in 1956, when a research service was 
established. The Anti-Locust Research Centre con- 
tinued to work on phase variation and its inheritance ; 
maturation and fecundity in the red locust; weight 
and water-content of the desert locust in relation to 
flight and the life-cycle of Hyprepocnensis plorans, 
Acrida bicolor and Gastrinargus africanus. Annual 
and seasonal frequency maps of the incidence of 
desert locust swarms and hoppers were completed 
and maps of the major seasonal swarm movements 


were prepared. College 
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His first laboratory was a barn in the rear of Dr. 
Steinmetz’s house, and the laboratory staff consisted 
of Whitney and half the time of an assistant shared 
with Dr. Steinmetz. When the barn burned down in 
the following year, he moved to a building in the 
Schenectady works, and gradually began to add more 
employees, being very careful to preserve the atmo- 
sphere of friendly co-operation. 

This atmosphere he himself generated by personal 
example. As long as the size of the laboratory per- 
mitted, he made a practice of visiting every member 
of the staff every day. His usual greeting on these 
visits was, “Are you having any fun ?”’. To him, 
research was fun, ‘‘tho finest of sports”, as he once 
expressed it. Frequently, on his visits, he brought 
some new project or experiment, suggested by com- 
pany activities or scientific progress, which he liter- 
ally peddled from room to room, but seldom assigned. 

Tt was one of his key principles that members of 
his staff were given freedom, in proportion to their 
proved ability, to choose their own research problems, 
and to publish important results promptly in their 
own names. He was a pioneer in the championing of 
such publication. 

Optimism, enthusiasm and sound Judgment were 
conspicuous qualities of Dr. Whitney, but above all 
was his devotion to science. It was literally true of 
him that science was his religion. He often talked _ 
about religion, but always concluded that the “search 
for truth” was the best kind of religion. 

Scientific curiosity, which he once defined as the 
greatest asset of a research man, was his most con- 
spicuous quality. If you visited him on a Saturday 
afternoon, you were likely to find him in a field near 
his home, putting a small piece of iron wire in the 
stem of a golden-rod and surrounding it by a high- 
frequency coil, to find out whether it was the heat of 


1038 


the bug inside that caused the swelling called a gall 
to grow. Or you might find him sitting on a log m 
the woods, counting the mosquitoes that alighted on 
him and on a quarter of beef beside him, to find out 
how they knew what to bite. 

Dr.. Whitney retired as director in 1932, becoming 
an honorary vice-president of the General Electric Co. 
But he still came to the laboratory every day, at 
first devoting his time to personel experiment, his 
first love, which he had missed during his director- 
ship; and later to visiting the research workers, 
with interest and encouragement. 

Dr. Whitney’s success as a pioneer of industriel 
research is a lasting contribution. The secret of that 
success was a combination of remarkable personal 
qualities—friendliness, mental vigour, breadth of 
interest and knowledge, stimulating originality, 
delightful flashes of humour, modesty, courage, 
directness and simplicity. A. W. Horr 


Dr. K. H. Barker 


Dr. K. H. Barker, who died suddenly in London 
on March 3, was born in Manchester in 1925 and 
educated in the Department of Physics at the 
University of Manchester, graduating in 1948. His 
university education was interrupted between 1946 
and 1947 when he worked on the Tube Alloys Project 
in the Department of Physics at the University of 
Liverpool. 

In 1948 Barker started research work in cosmic- 
ray physies at Manchester, under the direction of 
Prof. P. M. S5. Blackett. At the beginning of his 


research career he joined my group, then engaged in. 


studying high-energy nuclear collisions using a cloud 
chamber equipped with an electromagnet. This col- 
laboration lasted until his death, a period of almost 
ten years without a break. His death is ə very 
great loss to the group and to the subject of high- 
energy nuclear physics in which he had achieved a 
world-wide reputation. 

The Manchester electromagnet was moved to the 
Observatory on the Pic-du-Midi im the French 
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Mastership of Ciare College, Cambridge : 


Sir Henry Thirkill, C.B.E. 


Sir Henry TAIRKILL retires from the mastership 
of Clare College, Cambridge, on September 30 next. 
Apart from the war years 1914-19, Sir Henry has 
been in residence since he entered the College as an 
undergraduate in 1905. He sat for the Natural 
Sciences Tripos, Part I, in 1907, and for Part II in the 
following year. He was elected a Fellow of Clare in 
1910, having embarked on research at the Cavendish 
Laboratory under J. J. Thomson, being later one of 
his demonstrators in the somewhat precarious days 
when. the professor was personally responsible for his 
assistant’s stipends. During the First World War, 
Thirkill served in the Royal Engineers, being O.C. 
Wireless in East Africa, 1915-18, and receiving the 
Military Cross. On returning to Cambridge, he was 
appointed College lecturer and a University lecturer 
in experimental physics. It is, however, as tutor of 
Clare College from 1920 that he will best be remem- 
bered by many generations of Clare men—not only 
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Pyrenees in the autumn of 1949. Barker was 
responsible for installing the magnet and cloud 
chamber in the mountain laboratory at an altitude 
of 9,500 ft. Altogether, he spent between two and 
three years of his life working with the apparatus. 
In the early years he often climbed to the mountain 
top during the winter months; but a cable railway 
has now been installed. Barker was a first-class 
experimental physicist able to operate and maintain 
efficiently a complicated piece of equipment in very 
difficult circumstances. 

In 1950 Barker obtained a very valuable set of 
photographs showing many decays of V°-particles. 
From the analysis of these pictures the group demon- 
strated, for the first time, that the V°-particles, dis- 
covered by Rochester and myself in 1947, consisted 
of two kinds: neutral A-hyperons which are heavier 
than the proton and heavy mesons, with mass inter- 
mediate between the x-meson and the proton. Barker 
played a leading part in obtaining and interpreting 
these photographs. He also observed, in 1950, the 
first decay of a &—-hyperon. 

In 1953 Prof. Blackett and a number of his staff 
moved from Manchester to the Imperial College of 
Science and Technology, London. Barker was at 
once appointed a lecturer in physics at the Imperial 
College and continued to spend part of his time at 
the Pic-du-Midi working on the same general research 
programme. During the past year or so the group 
has been studying the properties of nucleon-nucleon 
collisions with energies of 50 GeV. and upwards. In 
this work Barker collaborated very successfully and 
fruitfully with French physicists from Prof. Leprince- 
Ringuet’s Laboratory at the Ecole Polytechnique in 
Paris. At the time of his death he was enthusiastically 
planning new experiments in high-energy nuclear 
physics using an accelerator, instead of the cosmic- 
rays, a8 a source of particles. 

Barker was a good teacher, both of undergraduates 
and research students, and, as a friendly and helpful 
colleague, will be sadly missed by the staff of the 
Department of Physics at the Imperial College. 

C. C. BUTLER 
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for his gentle if determined guidance but also for his 
hospitality at breakfast or Sunday evening music 
and, for the more energetic, on thé tennis or squash 
court. Though made president of the College in 
1930, he retained the tutorship until he was elected 
master in 1939. 

Always a great worker, Thirkill found time from 
an early date to serve the University as well as 
his College. He was elected a member of the Council 
of the Senate so far back as 1927, serving con- 
tinuously for thirty years. This was only a beginning ; 
for many years he was also a member of the General 
Board of the Faculties, of the Financial Board 
and of many other committees. It would be 
difficult to find a man in any age who has given 
longer or more devoted service in the sometimes 
thankless task of university administration. Thirkill 
was vice-chancellor in the particulerly busy -years 
1945-47 when plans for post-war developments were 
being prepared on every hand. It fell to him to 
entertain the many war leaders on whom honorary 
degrees were conferred. His brilliant speeches at the 
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luncheons following the degree congregations will 
long be remembered. It will be difficult for old Clare 
men to think of the College without Thirkill as 
master or tutor, but they may be comforted by the 
knowledge that he will continue in residence on his 
retirement. 


Sir Eric Ashby 


Tue Fellows -of Clare College have announced their 
intention of electing Sir Eric Ashby into the master- 
ship of the College on the retirement of Sir Henry 
Thirkill. Sir Eric, who has been vice-chancellor of 
The ,Queen’s University, Belfast, since 1950, was 
elected on March 13 into a Fellowship of the College. 
From the City of London School, Ashby went to the 
Imperial College of Science and Technology, where 
he later became a demonstrator in botany and, after 
two years in America as a Commonwealth Fellow, a 
lecturer during 1931-35. His next post was reader 
in the University of Bristol until 1938, when he was 
appointed professor of botany in the University of 
Sydney. The sea-trip to Australia with a young 
family was so turbulent that Ashby swore never to 
return. Fortunately for the cause of education in 
Britain, the busy years that followed made him 
forget his resolve. Scarcely was he settled in. Sydney 
when the Second World War made heavy demands 
upon him. He was chairman of the Australian 
National Research Council, 1940-42, and director of 
the Scientific Liaison Bureau, 1942-43, having con- 
ducted an inquiry for the Prime Minister into the 
enlistment of scientific resources in 1942. In 1945 he 
went to Moscow as Counsellor and chargé d’affaires 
at the Australian legation. His experiences there are 
recounted in the Penguin book, ‘Scientist in Russia’. 
In 1946 he left Australia to become Harrison pro- 
fessor of botany and director of the Botanical 
Laboratories in the University of Manchester, where 
he remained until he went to Belfast as vice-chan- 
cellor. While continuing his interest in botany, 
Ashby has found time for many other activities, 
including the administration of research, having been 
a member of the Advisory Council on Scientific 
Policy (1950-53), of the Advisory Council on Scientific 
and Industrial Research since 1954 and chairman of 
the Scientific Grants Committee since 1955. Above 
all, he is well known as a writer, and thinker, on 
educational problems. 


Research at Imperial Chemical Industries : 
Mr. R. M. Winter 


Mr. R. M. WINTER, who is retiring from the post 
of research controller of Imperial Chemical Indus- 
tries, Ltd., after thirty years service with the Com- 
pany, was born in Scotland in 1896, and emigrated 
in early childhood to New Zealand, where he received 
most of his formal education. On graduating B.Sc. 
in 1916, he volunteered for military service and 
served with the New Zealand Division in France, 
where he was wounded. At the end of the War he 
worked for a time at the Royal College of Science as 
a research student under Prof. H. Brereton Baker, 
and on his return to New Zealand was awarded an 
1851 Exhibition science research scholarship. After 
a year’s research at the Rothamsted Experimental 
Station, he joined the staff of the Explosives Research 
Department at Woolwich Arsenal, where he remained 
until the end of 1927. He joined Synthetic Ammonia 
and Nitrates, Ltd. (now the Billingham Division of 
Imperial Chemical Industries), early in 1928 and was 
transferred to the General Chemical Division as 
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research manager in 1931. In 1937 he moved to 
Head Office as chief assistant to Dr. R. E. Slade, who 
was then research general manager, and was appointed 
research controller in 1946. í 


Dr. M. A. T. Rogers 


Dr. M. A. T. Rogers, head of the Academic 
Relations Department of Imperial Chemical Indus- 
tries, has been appointed research controller in 
succession to Mr. R. M. Winter. Dr. Rogers was 
born at Mill Hill in 1911, and received both the B.Sc. ° 
and Ph.D. degrees from University College, London, 
where he was. & Tuffnell Research Scholar and the 
Ramsey Memorial Medallist for 1933. Dr. Rogers 
joined the Dyestuffs Division of Imperial Chemical 
Industries as a chemist in 1934, and served in the 
Azo Section until 1936, the Textile Auxiliary Section 
until 1939 and the Exploratory Research Section 
until 1942. In that year, Dr. Rogers joined the 
Royal Artillery, and when he returned from his 
military service he became engaged in research on 
penicillin with Sir Robert Robinson at the Dyson 
Perrins Laboratory, Oxford. In 1946, Dr. Rogers 
joined the Medicinal Research Division, and in 1949 
he became head of the Academic Relations Depart- 
ment of the Dyestuffs Division of Imperial Chemical 
Industries. - 


Atomic Energy Insurance 


THE second international Atomic Energy Insurance 
Conference, held in London during February 26—28, 
under the chairmanship of Mr. H. T. Silversides, 
issued in a widespread agreement by representatives 
from fifteen European countries on the broad approach 
to the insurance of risks arising out of the use of 
nuclear energy reactor installations. Essential 
foatures -of pool management agreoments were dis- 
cussed, and it was decided that the material damage 
risks to be pooled should be the insurance of damage 
to nuclear installations (defined as nuclear reactors, 
nuclear power stations, and plant and facilities for 
producing nuclear energy), including contamination 
by radioactivity. Third party liability for damage 
and, loss of life or injury arising out of the use of 
nuclear installations is also to be pooled, and each 
reactor and third party liability must be compre- 
hensively covered. All the participants in the Con- 
ference endorsed the principle that a single insurance 
policy should be effected by the owner or operator of 
the reactor, who should also accept all responsibility 
for radiation liabilities for contractors and suppliers 
of parts, and undertake to indemnify the contractors 
and suppliers from any legal liability for radiation 
risks. The Government of the United Kingdom has 
already agreed to this approach in fixing an absolute 
liability at law and requiring insurance to a sum of 
£5 million or proof of equivalent liquid assets. A 
special committee of representatives of Belgium, 
France, Germany, Holland, Italy, Sweden, Switzer- 
land and the United Kingdom is meeting in April to 
consider hazards, evaluations and surveys; the basis 
of premium rating; and the policy cover to be 
offered ; while legislative aspects of nuclear insurance 
will continue to be handled by the Organization for 
European Economic Co-operation and the European 
Committee for Insurance. 


Industry and Atomic Power 


An illustrated brochure entitled ‘‘Atomic Power 
Achievements” (chairman’s address at the Fifty- 
seventh Annual General Meeting, London, September 
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5, 1957. Pp. 36. London: General Electric Co., 
Ltd., 1957) describes the part to be, played by the 
General Electric Company, Ltd., in the implementa- 
tion of the British nuclear power programme. The 
Company is building at Hunterson on the Ayrshire 
coast one of the world’s largest full-scale commercial 
nuclear power stations, for use by the South of 
Scotland Electricity Board. Photographs of models 
of the station and details of its capacity are given in 
the brochure. The generating capacity will be 360,000 
kW., of which 320,000 kW. will be fed into the 
National Grid system, the remainder being consumed 
in the station. The two reactors will be loaded 
initially with 500 tons of uranium. The graphite 
core of each reactor will consist of about 115,000 
graphite blocks and will be enclosed by a spherical 
steel pressure-shell 70 ft. in diameter. In addition 
to the reactors and the turbine hall, housing six 
turbo-generator sets ‘with feed water and condensing 
plant, administration and laboratory blocks and a 
number of ancillary structures will be built. Between 
the two. reactor structures a pond for the storage of 
irradiated or spent fuel elements from the reactors, 
prior to their removal to the processing plant, will 
be constructed. The first reactor and three turbo- 
generator sets. are scheduled for commissioning in 
1961 and the whole station will be fully operational 
in 1962. 


Milford Haven Conservancy Bill 


On March 26, during the committee stage in the 
House of Commons of the Milford Haven Con- 
servancy Bill (see Nature, April 5, p. 937), the 
amendments moved by Lords Silkin and Ogmore 
and others were negatived, although Lord Brecon, 
for the Government, promised to consider further 
before the report stage the desirability of placing 
the provision for amenities in a separate section. 
Some disturbing disclosures were made during 
the debate. Lord Ogmore revealed that the Chair- 
man of the Pembrokeshire County Council had 
opposed the suggestion that the whole scheme 
for development should first be explained to the 
nation in a White Paper, and appeared to be con- 
cerned solely with local benefits. The Minister of 
Housing and Local Government had taken a wider 
view, and had refused the Esso Company permission 
to develop 1,000 acres, and permission to develop 
350 acres had been given only under very stringent 
conditions. Lord Ogmore pointed out that there 
were eight developments proposed in the area; 
besides this proposal for a £20 million refinery on 
the north shore, there was the landing stage for 
the harbour at Popton Point capable of taking the 
largest tankers afloat; a £9 million project for two 
dry docks, five wet-berths and a discharging pier; a 
deep-water unloading berth for iron ore; the iron 
ore stocking ground at Angle or near by; another 
refinery on or near the Haven; a group of chemical 
and kindred factories; and a ship-repairimg project 
at Pembroke Dock. 

These developments, which it was estimated would 
bring a further 50,000 people into the area, were 
likely to have a profound effect on the whole 
of west Wales and, apart from the effect on the 
National Park area itself, Lord Ogmore and other 
speakers were concerned. that any essential develop- 
ment should not be allowed to create industrial slums 
in the way that some nineteenth-century develop- 
ments had done. His contention that due regard 
should be had to cultural and social development was 
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strongly ere by Lord Lloyd and by Lord 
Hurcomb, who welcomed the writing into the Bill of 
the powers. which the Minister of Power agreed to 
write into the Electricity Bill. Lord Hurcomb was 
concerned that planning authorities should not be 
allowed to give free play at the expense of all other 
considerations to any profitable industrial .or com- 
mercial development, and referred to the probable 
deleterious effect of the proposed dredging on the 
marine biological station at Dale Fort. As regards 
oil pollution, he thought that much of the evil could 
be avoided if the responsible authorities were vigilant 
and exercised their great powers. The oil companies 
in Britain had always taken an enlightened attitude. 

Lord: Brecon, in replying to the debate, said that 
the Government had very carefully considered the 
amenity question, and thought that the Bill, as it 
stood, provided all the care for amenity that will be 
required in the development of Milford Haven. The 
Minister of Housing and Local Government and for 
Welsh Affairs had taken great personal interest in 
the question, and could call in all the planning 
applications for consideration by his Department. 
The National Parks Commission would be repre- 
sented on the Board, which would have greater 
responsibilities for amenities than any other harbour 
board in Britain. The Government, he said, is really 
keen to see that full consideration is given to amenity, 
and that as little despoliation as possible occurs in 
the area ; but matters of cultural and social develop- 
ment are the responsibility of the local county council, 
the committee for further education, youth clubs and 
other organizations. 


Entomologia Experimentalis et Applicata 


WITHIN a year of the first appearance of the new 
Journal of Insect Physiology, yet another scientific 
journal dealing with entomology has made its debut. 
Entomologia Haperimentalis et Applicata (1, No. 1; 
February 1958. Pp. 72. Published quarterly. 
Annual subscription (for a volume of at least 320 
pages): 32 Dutch guilders; 63s.; 8.50 dollars. 
Amsterdam: North-Holland Publishing Co., 1958) 
has a distinguished board of editors drawn from the 
Netherlands, France, Germany and Great Britain. 
The first number contains nine papers which formed 
part of a symposium on “Insect and Foodpleant”’ 
held ‘at Wageningen in 1957. These interesting 
papers cover a wide range of topics in insect physio- 
logy and biochemistry, ecology, behaviour and plant: 
breeding ; but they cannot be regarded as typical of 
the kind of papers the new journal will carry in the 
future. The intention is to provide a meeting-ground 
between experimental and applied entomology. Such 
problems as the resistance of crop plants to insects, 
diapause, phenology, biological control and resistance 
to insecticides are among those which may be expected 
to figure in future numbers. This journal will cer- 
tainly serve a most useful purpose. It is well printed 
and produced on a rather small page measuring 6 in. 
by 94 in. 


Worthing Museum 


In 1956 work commenced on a complete re- 
presentation of the collections in the Worthing 
Museum. During its fifty years history, the Museum’s 
collections have undergone a shift of emphasis from 
natural history and folk material to archeology, a 
process which has increased rapidly in momentum in 
the past decade. This might well have been foreseen, 
since the South Downs near Worthing have been 
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occupied during every prehistoric period with the 
exception of the Paleolithic, and the activity of 
archeologists and archeological societies has brought 
an increasing yield of displayable material from which 
a connected and absorbing story oan be told. Latterly, 
too, the Museum staff has undertaken excavations 
which have made valuable contributions to the pre- 
history of Worthing. The theme of the new displays, 
therefore, is the habitation of the South Downs and 
coastal plain of West Sussex. Small models and 
diagrams were prepared to assist in the presentation 
of an easily assimilated visual story, and three more 
ambitious models and reconstructions were designed 
to focus attention and hold the interest of the casual 
visitor. The first of these is & copy of the geological 
relief map of the Weald in the Geological Museum, 
South Kensington—the first copy to have been 
attempted. The second is & large-scale model of a 
room in the Roman villa at Bignor, originally made 
for the Festival of Britain Exhibition, and the third 
is a reconstruction of a Roman cist buriel from 
Avisford, complete with grave furniture. On March I, 
Dr. W. E. Swinton, of the British Museum (Natural 
History), opened the sections already completed, 
containing material of the periods from Paleolithic 
to Mediæval times. Cases have already been provided 
for a new geology bay, and work will commence 
shortly on a series of period rooms which will con- 
tinue the sequence down to the nineteenth century: 


Gas Chromatography Discussion Group 


Ton Gas Chromatography Discussion Group was 
formed in association with the Hydrocarbon Research 
Group of the Institute of Petroleum following the 
Symposium on Gas Chromatography in London, 
May 1956, and has the following objects : to promote 
interest in gas chromatography ; to organize meetings 
devoted to gas chromatography ; to compile and 
distribute gas chromatographic data. The expanding 
interest shown in the activities of the Group over 
the past year has necessitated some changes in the 
present organization. It is proposed to invite inter- 
ested workers in the field to become members of the 
Group and to contribute to the planning and execu- 
tion of its work in the future. The annual sub- 
scription will be 1 guinea, which will entitle members 
to vote at general meetings, attend the informal 
symposia organized twice yearly and receive such 
compilations of data or other information as may 
become available from time to time. The first annual 
general meeting will be held in London in the autumn 
of 1958 in conjunction with the next informal sym- 
posium. Further information can be obtained from 
the secretary, D. H. Desty, British Petroleum Co., 
Ltd., Sunbury-on-Thames, Middlesex. 


Geological Society of Australia 


Tap following officers of the Geological Society of 
Australia have been-elected for the year 1957—58 : 
President, Prof. A. R. Alderman (Adelaide); Vice- 
President, Prof. R. T. Prider (Western Australia) ; 
Hon. Secretary, Dr. N. H. Ludbrook (Department of 
Mines, Adelaide); Hon. Treasurer, Dr. O. A. Jones 
(Queensland) ; Hon. Editor, Dr. M. F. -Glaessner 
(Adelaide). 

The Geological Society of Australia was formally con- 
stituted in 1952. Developing originally from informal 
groups of geologists, it has attained in its sixth year 
about 470 members and 130 associates. The Society 
is organized on & Federal and State basis with seven 
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State Divisions. Plenary meetings of the Federal 
body are held with the meetings of the Australian 
and New Zealand Association for the Advancement 
of Science. Until permanent headquarters are estab- 
lished, the headquarters of the Society move after 
each meeting to the place of the next plenary meeting. 
The Journal of the Geological Society of Australia has 
been published annually since 1953 ; Vol. 4, part 2, 
and two parts of Vol. 5 are due early in 1958. 
Inquiries regarding subscriptions to the Journal 
should be addressed to the Hon. Treasurer, Dr. O. A. 
Jones, Department of Geology, University of Queens- 
land, St. Lucia, Brisbane. 


A Cytotaxonomic Study of Carex 


Áskell and Doris Love and Marcel Raymond have 
given & cytotaxonomic account of the Capillares 
section of Carex (Canadian J. Bot., 35, 715; 1957). 
This section comprises nine distinct species, one of 
which (C. boechertana) is raised to specific status in 
this paper. Three species include two distinct sub- 
species each; two varieties and three forme are 
accepted for two species, respectively. The chromo- 
some numbers of the taxa involved are 2n = 18, 36, 
38, 40, 54, 56 and 58. The authors point out that 
the chromosomes of Carex have & polycentric or 
diffuse kinetochore and that this explains the aneu- 
ploid variations in number known to be typical of 
the genus. Karyotypic analysis of the chromosome 
complements of the section Capillares revealed that 
in the basic diploid set of 2n = 18 chromosomes, 
four units are long, ten are medium and about half 
the length of the long ones, while four are small and 
about half the length of the medium ones. This 
frequency of size classes is also met with in the plants 
with 2n = 36 and 54 chromosomes. Those taxa with 
on = 38, 40, 56 and 58 chromosomes show, however, 
such a deviation in the frequency of the size classes 
that it seems logical that these numbers have been 
produced by a. secondary fragmentation of the 
chromosomes. On the basis of karyotypic analysis 
of this section and other groups of the genus, it is 
concluded that the primary basic number for the 
genus Carex in particular, and the family Cyperaceae 
in general, must have been x = 5, all other numbers 
having been derived mainly by fragmentation of 
chromosomes with a polycentric or diffuse kineto- 
chore. This phenomenon of partial agmatoploidy is 
widespread in Cyperaceae, whereas complete agmato- 
ploidy is typical of the closely related Juncaceae. 


Spectrophotometric Study of Stars with High 
Velocities 


MADELEINE CHOPINET has @ paper with the title 
“Ftude spectrophotométrique,de quelques étoiles à 
grande vitesse”, in Publications de Vobservatoire de 
Haute Provence (8, No. 42; 1957), which analyses & 
number of spectra of stars taken with the 120-cm. 
Newtonian telescope at Haute Provence. The dis- 
persion of this spectrograph with a flint prism was, 
unfortunately, rather low—about 50 A./mm. towards 
3900 A. and 80 A./mm. towards 4400 A. All the photo- 
graphs contained certain stars which were to be 
studied, together with several comparison stars. The 
deductions confirm the results of several other investi- 
gators, particularly of Keenan and Keller (Astrophys. 
J., 117, 241; 1953). In the opinion of the author, how- 
ever, they are not sufficiently characteristic to serve as 
criteria for stars with high velocities. She has searched 
the recorde of high-velocity stars the trigono- 
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metrical parallaxes of which are known; . about 
2,200 are given in Miczaika’s list (Astro. Nach., 270, 
249; 1940) and fifty others elsewhere. The Russell 
diagram for these stars is compared to the diagram 
for about. 650 normal stars in the vicinity of the Sun, 
for spectral types between F'O and Mö. It appears 
that the branch corresponding to the main sequence 
for stars of high velocity is-nearly 0-5 magnitude 
below that of the normal stars. The number of giants 
of both categories is too small to draw any con- 
clusions about them. 


1958 Waverley Gold Medal Essay Competition 


Tum Waverley Gold. Medal and £100 will be 
awarded for the best essay of about 3,000 words 
based on some recent scientific research or new 
development (whether the author’s work or not), 
giving some indication of the scientific background, 
the experimental results and its potential application 
in industry. The essay should be written in a form 
that is clearly intelligible to a scientist engaged in 
another field or a director of an industrial firm. The 
essays will be judged for technical content by 
specialists in that field, for clarity of presentation 
and style. A second prize of £50 will also be awarded, 
and an additional prize, also of £50, for the best entry 
from a competitor under thirty years of age on July 
31, 1958. The competition is open only to persons 
at present engaged in scientific work. Further 
information .cam be obtained from the Editor, 
Research, 4/5 Bell Yard, London, W.C.2. All entries 
must be received on or before July 31. 


“Natural Gas in Scotland” — 


REFERRING to the article under this title in Nature 
of December 28, p. 1444, Mr. T. S. Ricketts writes : 
“Phe British Petroleum Co., Ltd., has pointed out 
that the Cousland articline was not discovered by 
the D’Arcy Exploration Co., Ltd., but is a well- 
known ‘feature of the geological maps published by 
H.M. Geological Survey and has been known for a 
very long time. It was first tested shortly after the 
First World War, when a small amount of gas was 
proved. Most of the present sub-surface knowledge 
of the Cousland anticline was obtained by test 
drillings by the D'Arcy Exploration Co. and the 
Anglo-American Oil Co. during the period 1937-39. 
Ti was at this time that the gas accumulation now 
boeing used by the Scottish Gas Board was discovered 
by the D’Arcy Exploration Co. The local crest 
maximum with the natural gas in it may have an 
east-to-west long axis, but the anticline runs north, 
and south and not east and wost”. 


University News : Belfast 


Tue following appointments to supernumerary 
lectureships have recently been made in The Queen’s 
University of Belfast: R. H. Buchanan (geography) ; 
J. F. Gracey and W. A. M. Gordon (veterinary 
science); J. Patton (agricultural bacteriology) ; Dr. 
C. E. Wright (plant genetics and plant breeding) ; 
Dr. A. M. Raven (agricultural chemistry); and Dr. 
A. G. Smith (botany). Dr. J. L. Douce has been 
appointed lecturer in electrical engineering. 


London 


Dr. LESLIE Cromer, lecturer in organic chemistry 
at the- Imperial College of Science and Technology, 
has been appointed to the University readership in 
organic chemistry tenable at King’s College. 
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Announcements 


Tan National Institute of Industrial Psychology | 
has appointed Mr. J. D. Handyside to the post of 
controller of research, with effect from April 1. 


Dr. ETHELWYNN Trewavas has been appointed a 
deputy keeper in the Department of Zoology, British 
Museum (Natural History). She has been a member 
of the scientific staff of the Museum since 1935 and 
is a leading taxonomic ichthyologist, her special - 
study being freshwater fishes. 


Mr. J. D. Atsron, & well-known Norfolk farmer, 
has been appointed a member of the Agricultural 
Research Council, to fill a vacancy on the Council. 
Mr. David Lowe, a member of the Council smce 1954, 
has been appointed deputy chairman in succession to 
Prof. S. J. Watson; Prof. Watson will continue, to 


-serve as a member of the Council and as chairman of 


tho Councils Standing Committee on Research 
affecting Plants and Soils. 


Tue Physical Society is holding a conference on 
“Spectroscopy of Solids” at the. Royal Radar Estab- 
lishment, Malvern, on May 28 and 29. Further 
information can be obtained from the Secretary, 
Physical Society, 1 Lowther Gardens, Prince Consort 
Road, London, §.W.7. 


Tum eleventh Brookhaven symposium in biology 
will be on “The Photochemical Apparatus: its 
Structure and Function’. It is sponsored by the 
Biology Department, Brookhaven National Labor- 
atory, Associated Universities, Inc., Upton, New 
York, and will be held during June 16-18. Further 
information can be obtained from Dr. R. C. Fuller 
at the above address. 


Tum seventeenth meeting of the European Fed- 
eration of Chemical Engineering will be a Joint 
symposium on “The Organization of Chemical 
Engineering Projects”. It will be held at Olympia, 
London, during June 24-26. Further information 
can be obtained from the Institution of Chemical 
Engineers, 16 Belgrave Square, London, S.W.1. 


A sympostum on “Continuous Cultivation of 
Micro-organisms”, sponsored by the Institute of 
Biology of the Czechoslovak Academy of Sciences, 
will be held during June 23-28 in Prague. The 
symposium will deal with some theoretical aspects of 
continuous cultivation and the possibilities of the 
practical applications of this method. Further 
information can be obtained from Academician I. 
Malek, Institute of Biology, Czechoslovak Academy 
of Sciences, Na cvidisti 2, Praha 6, Czechoslovakia. 


DuwpEz Technical College offers two one-week 
special summer programmes to bring information on 
electronic data processing methods and developments 
to those who are or may be involved in selecting, 
programming, operating or managing electronic com- 
puters. These are “Electronic Computers and 
Business Problems”, to be held during June 23-27, 
and “Developments in Electronic Data Processing 
for Business”, to be held during June 30-July 4. 
Both programmes will be directly supervised by Dr. 
Robert H. Gregory, professor of accounting, Massa- 
chusetts Institute of Technology, assisted by Dr. 
Stanley Gill, head of the Computing Research Group, 
Ferranti, Ltd., England. Further information can be 
obtained from the Head of the Department of 
Management Studies, Dundee Technical. College, 
40 Boil Street, Dundee. 
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HEALTH AND SAFETY IN THE 


HE report of the Committee appointed under 

the chairmanship of Sir Alexander Fleck to 
review the organization of the Atomic Energy 
Authority as a whole for the control of health and 
safety* begins by describing the measures which the 
Committee considers essential. Safe technological 
practice, it believes, involves: (a) formulating codes 
of practice for design and operation based on experi- 
mental facts and experience; the special problems 
of nuclear energy require that preparation of the 
codes should be the responsibility of specialist health 
and safety staff; (b) designing plant using these 
codes of practice ; this is the responsibility of design 
engineers ; (c) operating and maintaining the plant 
to these codes; the executive responsibility for this 
rests with the works general manager and his oper- 
ating staff; (d) overall monitoring of both design 
and operations by the safety staff, whose duty it is 
to direct the attention of the executive authority to 
any lapse from the prescribed codes. 

The report next considers the functions of Govern- 
ment departments in this field and, after defining the 
Authority’s role in relation to health and safety 
measures, the Authority’s organization against this 
background. The national implications of the acute 
shortage of specialist health and safety staff in the 
field of nuclear energy to which the report directs 
attention, and the recommendations of the Committee 
in this connexion, and in regard to the Authority’s 
external relations and responsibilities, are discussed 
elsewhere (p. 1023 of this issue). The internal recom- 
mendations are summarized below. 

The Fleck Committee endorses the Authority’s 
decision to establish a committee of the Atomic 
Energy Executive to be responsible for the overall 
supervision of all matters of health and safety, but 
recommends some minor changes in the terms of 
reference. It considers that the new committee 


* Atomic Energy Office. Report of the Committee appointed b 
the Prime Minister to examine the Organisation for Control of Healt 
and Safety in the United Kingdom Atomic Energy Authority. Pp. 28. 
(Cmnd. 342.) (London: H.M. Stationery Office, 1958.) 1s. 3d. net. 
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ATOMIC ENERGY AUTHORITY 


structure established under the Executive Committee 
on Health and Safety provides an effective means of 
controlling health and safety throughout the Auth- 
ority. Recommended terms of reference for the 
subordinate Weapons Safety Executive Committee, 
Safety Executive Committee and Health Executive 
Committee are suggested. It also recommends that 
the management of health and safety in the factories 
of the Industrial Group should be fully integrated 
into & single section responsible directly to the works 
general manager and endorses the new health and 
safety organization at Risley and the concept of an 
Authority Safety Branch which it contains. This 
organization, it is suggested, should be brought up 
to strength as a matter of urgency, and detailed terms 
of reference for the Industrial Group Health and 
Safety Branch are suggested covering the preparation 
of codes of practice, and provision of a medical 
service, radiological safety service and industrial 
safety service at each site, and provision of an 
independent inspection service. 

The Committee recommends that there should be 
one senior member of the scientific staff at the 
Radiochemical Centre, whose principal duty would 
be functional responsibility to the manager for all 
safety matters. Existing members of the staff should 
be given this duty on a rota basis, and a first task 
of the new safety officer should be to investigate 
storage arrangements for radioactive materials. It is 
also recommended that the Authority should bring 
the site emergency procedures in each of its estab- 
lishments to a uniformly high standard. The pro- 
cedures should be co-ordinated to ensure that the 
maximum technical resources of the whole Authority 
may be deployed to counter an emergency in any 
single establishment. Finally, there should be closer 
collaboration between the Authority’s three Groups 
on the problems concerned with the control of 
criticality, and each Group should have a nominated 
officer to bear functional responsibility for criticality 
probloms. 


INDUSTRIAL HEALTH IN GREAT BRITAIN 


HE annual report* of the Chief Inspector of 

Factories for 1956 records a reduction of 2 per 
cent in the number of accidents, from 163,332 in 
1955 to 160,116, although the estimated number 
employed in factories increased by 0:4 per cent. 
The downward trend in the accident rate per thousand 
employed continued, as did the fatality rate per 
million employed (54), the number of fatal accidents 
in factories being 426; and of 184,785 accidents 
notified during the year from all premises subject to 
the Factories Acts, 687 were fatal. The Chief In- 
spector observes that probably greater efforts have 
never been made than during the past year to reduce 
the risk of accidents due to fire; and these efforts, 


* Ministry of Labour and National Service. Annual Report of the 
Chief Inspector of Factories for the year 1956. ED. 195. (Cmnd. 329.) 
(London: I.M. Stationery Office, 1958.) 9s. 6d. net. 


which are part of a continuing campaign carried out 
by the inspectorate, other Ministries, local author- 
ities, fire services and various organizations, have 
been intensified, and co-operation between the 
authorities and services has been strengthened and 
extended. 

The cardinal importance of the contribution of the 
scientist and technologist to health and safety in 
industry is again apparent from this report. Thus, 
reviewing progress on safety, the report stresses four 
aspects, in all of which that contribution is decisive. 
First, the need to design for safety. Secondly, the 
tendency for electrical and electronic apparatus to 
be included where formerly reliance was placed only 
on & mechanical system of control. Thirdly, and in 
consequence, greater reliability is required of such 
apparatus to ensure the safety of operators, since 
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failure may lead to unexpected and dangerous move- 
ment. Accordingly, extensive studies are being 
undertaken of the reliability of complex electrical 
and electronic equipment, and there is every expecta- 
tion that, in future, fauit-finding will be made to. 
some extent automatic, so that the production process 
may be kept going with a minimum of costly inter- 
ruption: Fourthly, the problems of safety m the 
nuclear power stations are briefly reviewed (see 
p. 1023 of this issue). 

There has been steady improvement in all fields 
of safety, and the Chief Inspector believes that 
accident prevention is gaining momentum, but that 
we need to set our sights a good deal higher. In 
referring to training in safety, he expresses the hope 
that the technical colleges will take greater interest, 
and that in the expanded programmes a place will 
be found for spreading the fundamental principles of 
safe working. The Clean Air Act, where ib reduces 
the pollution of the atmosphere, has immediate 
repercussions on standards of cleanliness and lighting, 
and the Food Hygiene Regulations, 1955, have 
stimulated both food-products: factories and factory 
canteens to further effort in cleanliness, both general 
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and personal. Work continued on the surveys 
initiated by the Industrial Health Advisory Com- 
mittee into conditions affecting health, and that on 
the Halifax Survey was practically completed during 
the year. 

At the end of 1966, some 362 factories, including five 
receiving depleted uranium oxide from the Industrial 
Group of the Atomic Energy Authority at Risley, 
were receiving radioisotopes from Harwell and the 
Radiochemical Centre, Amersham, compared with 
300 at the end of 1955, the most extensive use being 
for y-radiography of castings, wells, ete., chiefly 
with iridium-192 and cobalt-60, though cx#sium-137 
continues to gain in favour. A draft code of regula- 
tions for the use of radioactive materials (other than 
for luminizing) was examined by an expert committee, 
and as & result draft regulations in respect of sealed ` 
sources were nearly complete by the end of the year 
and have since been published. The Radiological 
Protection Service made a concerted drive, with the 
Factory Inspectorate, to improve still further the 
protection of radium luminizors. The use of radio- 
active material for the elimination of static electrical 
charges continues to increase slowly. 


SCIENTIFIC AND TECHNICAL TRANSLATION 


CONFERENCE on “Scientific and Technical 
} Translation”, organized by Aslib, was held at 
the Connaught Rooms, London, W.C.2, on March 5. 
Dr. J. E. Holmstrom of Unesco and Mr. E. B. Uvarov 
were chairmen for the morning and, afternoon 
sessions respectively and about two hundred visitors 
attended. Mr. L. Wilson (director of Aslib) and 
Dr. Holmstrom introduced the subject, indicating 
that it had been examined in a report by Unesco* and 
was of increasing importance in facilitating scientific 
communication. Even if the problem were restricted 
to that experienced by those speaking English, it was 
found that about half of the world literature was un- 
intelligible without translation. For those with other 
mother tongues the difficulties were far worse. The 
Unesco report, contains the bulk of the factual informa- 
tion now available on translating methods, services, 
costs and indexes. 

Three papers were presented: “The Organization 
and Availability of Technical Transletion’’, by Dr. 
A. L. Mackay (Birkbeck Coilege, London); “The 
Economics of Translation”, by Mr. Felix Liebesny 
(Mond Nickel Company); and “Training for Trans- 
lating Work”, by Mr. A. G. Readett (Netional Coal 
Board, vice-chairman of the Institute of Linguists). 

Dr. Mackay surveyed possible and actual methods 
of organizing the extraction of information from 
foreign-language literature, translation being regarded 
as an unproductive activity-to be. avoided if possible. 
The inofficiency of making a translation for one person 
who found only a fraction of it Informative could be 
mitigated by circulating translations widely, regular 
cover-to-cover translations of major periodicals 
being the most systematic way of sharing expenses. 
Indexes of individual translations were thought to be 
only marginally useful. Persons properly qualitied 
for scientific translation work would be better 
employed as full members of research and develop- 


* “Scientific and Technical Translating and Other Aspects of the 
Language Problem’. Unesco, 1957; second edition, 1958. (H.M. 
Stationery Office.) 208. 


ment groups working with linguistic and lbrary 
rather than, say, chemical techniques. Materiel for 
translation. should be selected for its value, reviews, 
digests and books being preferred ; and an estimate 
of the premium to be placed on rapid processing could 
be made by attaching half-lives to various categories 
of literature. Training students in languages and 
maintaining scientific representatives abroad could 
reduce the volume of translation necessary. 

Mr. Liebesny examined the actual costs, to an 
organization using translations, of various methods 
of preparation. He found that, where a complete 
text was required, the cost of translating a 1,000- 
word article from Russian to English was about 50s. 
to 120s., depending on particular techniques (use of 
recorder, typist, etc.) and salary rates. If the 
translator worked through the paper orally with the 
inquirer, translating only part, the cost could be 
reduced to 17s. to 28s. Mechanical translation, 
according to the most optimistic forecasts, might 
cost 2s. per thousand words. Under various co-opera- 
tive schemes, such as that run by the Department of 
Scientific and Industrial Research, where the casts are 
shared, the charges might vary from 8s. to 30s: For 
cover-to-cover translations of periodicals the cost 
would be only 4d. to 6d., so that even assuming that 
only 24 per cent of the papers which had to be bought 
were actually required and worth translating, the 
cost per thousand words would still be only 13s. to 
20s. For such co-operative translations the choice of 
material is not wholly under the inquirer’s control 
and certain papers would still have to be dealt with. 
individually. 

Mr. Readett described how translators. at the 
London. office of the National Coal Board were trained 
to prepare abstracts, to make full translations and 
to provide interpreter services. Only professional 
linguists of honours degree standard were recruited 
and they were familiarized with the technology of the 
subject. The close and harmonious relations main- 
tained with the Board’s technicians were especially 
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emphasized. Visits, lectures and films, such as 
instructional films on new machinery, were used in 
addition to background reading material to .ensure 
that translators were familiar with the subjects 
of the papers they had to translate. Only 
the highest quality of written translation was 
produced but, for speed, when only one inquirer 
wished for a translation, the paper could be very 
satisfactorily examined orally by the translator and 
the subject specialist. The concept of a ‘rough 
translation’ as something cheaper and easier to make 
than proper translation was based on a misunder- 
standing of the translation process which was to 
understand first, and ‘then to re-express in English. 
Many papers could be clearer in a well-expressed 
translation, but those papers which were obscure, 
because they were ill-written and ambiguous even 
to & specialist, imposed an intolerable burden on the 
translator. 

In discussion, Dr. D. J. Urquhart (Department of 
Scientific and Industrial Research) supported an 
organized system of cover-to-cover translation as the 
only real answer to the situation, together with the 
widest possible use of English by scientific journals. 
There was general agreement with this and with the 
proposition that students should be trained in foreign 
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languages, particularly Russian, if only to employ 
translators more effectively. It was recommended 
that those translating papers should notify the Aslib 
index when they begin a translation so that duplica- 
tion might be avoided. Many enthusiasts spoke on 
various aspects of translation without expressing 
views which diverged seriously from those of the 
main speakers, except that many preferred that 
scientists should be trained in languages rather than 
that linguists should be taught technology. 

It was resolved, on the initiative of Dr. Urquhart, 
that Aslib should be’ recommended to convene & 
further conference “to see what measures can be 
taken to make Russian scientific and technical 
literature available in English”. The meeting also 
passed a resolution from Dr. Clason (Philips, Eind- 
hoven) that the whole question of translation required 
fuller consideration by a three-day conference. Dis- 
cussion, was terminated with a resolution that the 
Unesco Report proposals, circulated with the con- 
ference documents, should be sent out to participants 
as a questionnaire, so that the opportunity of obtain- 
ing the opinions of those attending the conference 
should not be lost through lack of time. The papers 
and discussion will be published later in “‘Aslib 
Proceedings’. A. L. MACKAY 


HIGH -POLYMERS 


HE Kelvin Lecture, delivered on February 6 to 
the Institution of Electrical Engineers by Sir 
Harry Melville, dealt with the chemical structure and 
physical behaviour of high polymers. After giving 
an account of'the underlying principles, Sir Harry 
dealt with natural and artificial rubber, polyethylene, 
synthetic fibres and ion-exchange fibres. The lecture 
brought out very well the co-ordination of chemistry, 
‘physics and engineering in the field of high polymers, 
and showed to what a large extent materials of this 
kind are findmg all kinds of uses, and how their 
properties may to some extent be controlled on the 
basis of theory. À 
The fundamental property of a high polymeric 
material is its high molecular weight, which may 
increase from upwards of 10,000 to values of the 
order of a million for linear molecules and indefinitely 
large values for non-linear systems. The molecules 
should consist of long chains of atoms to which side- 
chains are attached. The groups in these side-chains 
may be able to rotate freely or may be joined by 
cross-links. If the main chain contains double bonds, 
its members will be hindered from rotation. If the 
number of molecules in the chain is not very large, 
the chain may coil into a spherical shape, and rubber 
is normally in this form. In stretching the rubber, 
the chains uncoil under moderate tension. Unvul- 
canized rubber behaves differently and tends to 
crystallize on extension. Vulcanization puts in cross- 
links, which are not extensive enough to prevent 
uncoiling. In synthetic rubbers the aim is to produce 
chains not long enough to form crystallites, and a 
recent discovery by the British Rubber Producers 
Research Association consists in modifying the 
chemical composition so that the chains cannot form 
such crystallites. 
Silicones have chains of silicon and oxygen atoms 
in repeating units with various groups attached to 


the silicon atoms. They vary from mobile liquids, 
the viscosity of which is only very little affected by 
temperature, to rubber-like solids. 

Polyethylene is a linear chain of carbon atoms with 
hydrogen atoms attached when the polymerization is 
carried out at room temperature.. At higher tem- 
peratures and high pressures the molecules have 
many branches attached to the linear chain, and this 
has an important effect on the properties. By ex- 
posure to high-energy radiation such as gamma- 
radiation, hydrogen atoms are removed from the 
chains, leaving free radicals, which join to give cross- 
links, forming a three-dimensional structure which at 
high enough temperatures decomposes rather than 
melts. 

Synthetic fibres must have a high tensile strength. 
It is curious that among the strongest natural and 
synthetic fibres the tensile strength does not vary 
much. The strength is much less than that calculated 
for breaking the chemical bonds, and it is less than 
the calculated value for other plausible structures, 80 
that no explanation is yet known. The modulus of 
elasticity is close to the calculated value. The lecture 
dealt with the changes produced by altering 
the chemical composition. Fibres and rubber are 
closely related and relatively small changes in 
chemical structure influence their properties quite 
markedly. 

Ton-exchange fibres are made by mixing high- 
polymer molecules containing carboxyl or acid 
groups and hydroxyl or alcohol groups, and heat 
treatment. They are in effect solid acids. In an 
acid liquid the fibre swells. If the acid is replaced 
by an alkali the molecules stretch, but if the 
fibre is put into acid its original state is restored. 
Theoretically, mechanical energy could be derived 
from such a system, but at present the efficiency is 
very low. 
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NEW INSTALLATIONS FOR B.B.C. TELEVISION 


INCE June 1955 a series of Engineering Mono- 
graphs* has been published by the B.B.C., 
dealing with technical subjects within the field of 
television and sound broadcasting. Each Monograph 
describes work carried out by the Engineering Division 
of the Corporation and includes, where appropriate, 
@ survey of earlier work on the same subject. About 
six Monographs are; “produced each year. 
Monograph No. 12.-is ‘entitled “An Improved 
‘Roving Eye”, by T. Worswick and G. W. H. 
Larkby, and it ' describes the new design of mobile 
television camera which, with its associated equipment 
and short-range radio-link transmitter, permits 
pictures and their sound accompaniment to be broad- 
cast while the vehicle is in motion and unimpeded 
by any connecting cables. The vehicle is equipped 
with two cameras, one of which gets a direct view 
forward through the windscreen or at right-angles 
to take kerbside interview shots. The second camera 
is mounted on a machine-gun ring and can be elevated 
with its operator to a position well clear of the roof. 
With this arrangement the camera can be swung to 
look all around the vehicle ; and it can also be tilted 
on the mounting to take steep downward shots, 
for example to look on the pavement or in shop 
windows. The sound and vision signals are trans- 
mitted to the broadcasting network by a radio link 
on @ frequency of about 660 Me.js. When the 
vehicle is ‘roving’, a short aerial a few feet high is 
used to enable the van to pass under bridges ; and in 
this case the maximum distance from the receiving 
base is some two or three miles. The vehicle is, how- 
ever, also provided with a 45-ft. pneumatically oper- 
ated telescopic mast, which can be used from a fixed 
position to send the signals over a distance of ten to 


* Obtainable from B.B.C. Publications, 35 Marylebone High Street, 
London, W.1. 5s. each, 20s. per year, 


THE PHYSICAL SOCIETY DURING 


HE 1957 Year Book of the Physical Society (pp. 
iv+132. London: The Physical Society, 1957. 
_ 12s. 6d.) is the third in the annual series and contains 
the report of the Council of the Society for 1956; 
the proceedings of the meetings of the Society ; 
obituary notices of five fellows, including Sir Francis 
Simon and Sir John Townsend; and the texts of 
the presidential address and of the special lectures 
and. discourses delivered to the Society during the 
year. 

The presidential address, entitled “The Physics 
and Chemistry of Metals”, was delivered by Prof. 
N. F. Mott on June 4, following the annual general 
meeting of the Society (see Nature, 180, 272; 1957). 
The forty-first Guthrie Lecture, given by Prof. H. C. 
Urey on April 9 during the spring meeting of the 
Society at the University of Nottingham, was 
originally entitled “Some Chemical Limitations on 
Theories for the Origin of the Solar System”. How- 
ever, Prof. Urey has since been able to study the 
interesting observations of E. K. Gerling and L. K. 


Levskii made in 1956 in the U.S.S.R. and he has ` 


consequently: modified and added many points and 
_ details to his lecture, with the result that the revised 


fifteen miles from the receiving base. The normal crew 
of the vehicle comprises @ driver, two cameramen, 
two operators, a commentator and producer; and 
the equipment is complete with an engine-driven 
alternator for the power required by the cameras, 
control units and the radio transmitter. 

The two succeeding Monographs describe the 
premises at Hammersmith which the B.B.C. has re- 
cently converted into a self-contained television studio 
centre. No. 13 is entitled: ‘The B.B.C. Riverside 
Television Studios: The Architectural Aspects”, 
by E. A. Fowler. It describes in some detail, 
with appropriate drawings and photographs, the 
planning and construction of the two studios, occupy- 
ing 6,000 and 4,200 sq. ft., respectively, together 
with all the necessary equipment and facilities for 
the staging and production of television programmes. 
The incorporation of many new features on the 
engineering side, particularly in the fields of lighting 
control and co-ordination of the production and 
engineering staffs, has been made possible by the 
careful planning and layout of the studios and their 
auxiliary areas. 

The technical accommodation and equipment are 
described in more detail in Monograph No. 14, 
entitled: “The B.B.C. Riverside Television Studios : 
Some Aspects of Technical Planning and Equipment”, 
by H. C. Nickels and D. M. B. Grubb. As in the 
former case this number is well illustrated with plans, 
diagrams, photographs showing the studios, control 
rooms and associated lighting, camera and telecine 
equipment. The Riverside Studios represent the 
latest and most modern practice in the equipment of ` 
television studios in Britain: while they include 
certain novel features, they are essentially the out- 
come of experience gained over a considerable 
number of years. i 
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text appears under the title ‘‘Meteorites and the 
Origin of the Solar System”. Prof. Urey points out 
that though meteorites have been investigated by 
chemists and mineralogists for more than a century, 
since the Second World War new and modern tech- 
niques have been applied to the problem, and he 
proceeds to review both the older and more recent 
data, and to outline possible series of events which 
may have led to the formation of meteorites. Recent 
work on radioactive dating methods, it is stated, 
shows conclusively that a most involved series of 
chemical and physical processes took place some 
4-5 aeons ago (an acon is 10? years) during the period 
in which the solar system originated. 

In the nineteenth Thomas Young Oration which 
he delivered on May 15, Dr. J. Guild, of the National 
Physical Laboratory, describes observations on the 
behaviour of diffraction gratings, dealing particularly 
with those properties which affect image formation. 
Following a description of the test-bench employed 
at the Laboratory for the examination of the gratings, 
a number of examples are given of the peculiarities 
of behaviour of typical diffraction gratings of various 
origins as revealed by the tests. The examples show 
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that the best gratings, regarded as optical instru- 
ments, are of poor quality by the standards normally 
applied to plane or concave reflectors, thus leaving 
considerable room for improvement in the technique 
_of their production. 

‘The magnetic refrigerator for temperatures below 
-1° K. was the subject of the thirty-third Duddell 
Medal address given by Prof. J. G. Daunt. A shortened 
version of the address (for the full text see Proc. Phys. 
Soc., B, 70, 641; 1957) is included in the Year Book, 
together with the thirty-fourth Duddell Medal 
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address on the scale-of-two counter by Dr. C. E. 
Wynn-Williams ; the twelfth Charles Vernon Boys 
Prize address on “Hyperons and K-mesons: a 
Survey of the Results of the First Decade” by Prof. 
G. D. Rochester and Dr. C. C. Butler ; the thirteenth 
Charles Vernon Boys Prize address by Dr. L. Essen 
on the measurement of the velocity of light; and 
the three evening discourses delivered at the forty- 
first Physical Society exhibition of scientific instru- 
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PUBLIC HEALTH TRAINING OF GENERAL PRACTITIONERS 


N many countries, general practitioners are re- 
quired, in addition to their private practice, to 
devote part of their time to public health activities. 
They are thus called upon to play an important part 


in the protection of public health—a role for which . 


they have not always received adequate training. A 
conference* to discuss this problem was organized by 
the World Health Organization in October and 

ovember 1956. 

NThe main tasks of the conference were to examine 
the reasons for the frequent indifference of general 
practitioners to public health questions, to seek a 
means of arousing their interest in them, and to 
establish certain general principles for the guidance 
of those responsible for the organization of the public 
health training of general practitioners. 

It was agreed that the first cause of indifference is 
in ‘the present university and post-university cur- 
ricula, which lay the main emphasis on diagnostic 
and therapeutic aspects. This is a gap which has to 
be bridged if the general practitioner is to be able to 
fulfil his public health role efficiently. Another reason 
for the lack of interest is that the young medical 
graduate finds the prestige and material compensa- 
tions of private practice more attractive than public 
health work. 

If the general practitioner’s interest in public 
health work is to be aroused, the health authorities 
have to keep him informed of their plans for col- 


* World Health Organization. Technical Report Series, No. 140 
p. 21. (Geneva: World Health Organization; London: H.M 
Stationery Office, 1957.) 1 Swiss franc; 1s. 9d.‘ 0.30 dollars. 


lective activities, and—whenever possible—invite 
his participation. For his part, the practitioner 
should realize that, even from the point of view of 
individual therapeutic care, there are advantages in 
having a modern public health service at his 
disposal. 

There are. various ways of maintaining effective 
haison between the health administration and general 
practitioners, including periodic health bulletins, 
personal contacts and organization of meetings. 
Courses and seminars in which general practitioners 
are invited to participate are particularly helpful, 
and in several countries excellent results have been 
obtained by international teaching teams which have 
organized. lectures and discussions in hospital centres 
on public health. 

The report examines in detail the organization of 
courses for part-time public health medical officers 
and the various related problems, including time snd 
place of courses, selection of teachers, content and 
arrangement of syllabuses. If physicians are to 
become familiar with the nature and aims of public 
health activities, if they are to take as much interest 
in these as in other aspects of their profession, and 
if they are to acquire the necessary technical com- 
petence, training programmes should: cover, among 
others, the following subjects: role of the physician 
in society ; role of the public health administration ; 
reciprocal collaboration ; epidemiological methods ; 
environmental sanitation; importance of external 
services (social services); and the interrelationship 
of curative and preventive medicine. 


SENSORY DEPRIVATION AND THE CAT’S OPTIC NERVOUS SYSTEM 


By Dr. LAWRENCE WEISKRANTZ 
Psychological Laboratory, University of Cambridge 


HAT rearing in darkness of rabbits!, cats* and 

chimpanzees? can produce severe behavioural 
impairment in visual tasks is now well established. 
Less certain is whether this impairment can be 
attributed to peripheral neural changes, to the lack 
of opportunity to learn how to see—treflected, 
presumably, in neural changes limited to more central 
loci—or to both these factors. 

The present investigation was undertaken to 
examine carefully the visual system of cats reared in 
darkness. The rearing was intentionally designed to 
conform to the schedule of an earlier study by Riesen, 


Kurke and Mellinger*. The five experimental 
animals were put into a dark room from the age of 
7 days (before their eyes were opened) until they were 
17 weeks old. From their fourteenth to seventeenth 
weeks, they were given a daily }-hr. run in a normally 
illuminated room. During this period, the left eye of 
each animal received only diffuse illumination. This 
was achieved by fitting the animal with a mask with 
& semi-translucent insert in front of the left eye. 
The right eye received normal unobstructed stim- 
ulation. Riesen, Kurke and Mellinger found that 
cats reared in this manner not only had difficulty in 
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Fig. 1. Photomicrograph of the retina of a cat. A,inner plexiform 
ayer; B, inner nuclear layer; C, Müller fibres. (x c. 450) 


learning pattern discriminations with either eye, but 
had a deficit in transferring habits learned with one 
eye to the other eye. I observed, similarly, that 
the cats were severely impaired in discriminating 
objects and depth during their runs, although since 
my animals were killed at the end of the 17-week 
period there was not time to carry out the extended 
behavioural procedures which would be required for 
a complete replication of the earlier study, part- 
icularly those aspects concerned with interocular 
transfer. l 

The five experimental kittens were litter mates. 
As it was not practically possible to have matched or 
litter-mate controls, an attempt was made to obtain 
a fairly wide range of ages of control animals. At 
tho time of death these ages were 10, 13, 18, 18 and 
75 weeks (the last being the mother of the experi- 
mental kittens). The control cats were kept in well- 
lit laboratory rooms in cages identical to those of 
the experimental animals. The experimental kittens 
were 17 weeks old at the time of death. 

All animals were killed with coal gas, and the eyes 
and optic nerves fixed in Bouin’s solution. The 
brains were fixed in formol. The eyes and nerves 
were eventually embedded in ‘Celloidin’, the brains 
in paraffin. <A variety of staining procedures were 
employed. 

In microscopic examination of the retinas, no differ- 
ences between controls and experimental animals were 
immediately obvious. After considerable examina- 
tion, however, the impression was gained that there 
were some differences of a statistical or relative 
nature rather than all-or-none. In particular, experi- 
mental retinas seemed to have fewer clearly stained 
fibres transversing the inner plexiform layer, parti- 
cularly Müller fibres. In addition, the inner plexiform 
layer appeared to be relatively thinner in the experi- 
mental retinas. Measures of these two features, 
therefore, were obtained. Molybdic acid hematoxylin 
was found to be the most suitable stain for both 
purposes. The sections were 10yu thick. 

Before measuring the thickness of the inner plexi- 
form layer, the slides were coded by an assistant so 
that it was not evident which was control and which 
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experimental. Four specified points on each of two 
slides for each of the twenty eyes were used. The 
slides were chosen at random, the only restriction 
being that the sections had to be cut through the 
blind spot. The thickness of the over-all retina; the 
inner plexiform layer, and the inner nuclear layer was 
measured under high-power oil immersion (Fig. 1). 
Upon decoding and averaging, the distribution shown 
in Fig. 2 was obtained. The inner plexiform layers 
in the experimental eyes were thinner than those in 
controls. This was true both in absolute terms and ` 
in terms of the thickness relative to the over-all 
retina. The latter was about a 15 per cent difference, 
on the average, and was significant at the 1 per cent 
level by the Mann-Whitney non-parametric test‘. 
There was some tendency for the retinas of control 
animals to be thicker over-all than those of experi- 
mental animals (Fig. 3); but this was not marked nor 
statistically significant. ‘There was no suggestion of 
a difference in the relative thickness of the inner 
nuclear layer (Fig. 4). These measurements were 
repeated by another member of the laboratory, with 
comparable results. 

Miiller fibres were counted in two sections of each 
retina, the only condition being, again, that the 
sections had to include the blind spot. Under oil 
immersion, every recognizable fibre which travelled 
at least half the distance from the ganglionic layer 
through the inner plexiform layer was counted. The 
sections were not coded. The fibre counts were 
converted into density measures (fibres per unit 
length) since there was considerable variation in the 
actual retinal perimeters. The results are shown in 
Fig. 5. The experimental retinas are about 20 per 
cent less dense in the populations of Miller fibres 
than the controls. This difference is also significant 
at the 1 per cent level by the Mann—Whitney test. 
(Actually, ‘Müller fibres’ is certainly too broad a 
designation, since the count included a variety of 
fibre types. However, Müller fibres—so far as it is 
possible to identify them on the basis of the usual 
descriptions of them—certainly dominated.) 
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No significant difference between the right and left 
retinas of the experimental animals could be found 
in the above measures. No differences in the size or 
distribution of ganglion cells appeared between groups 
or between left and right experimental eyes. 

Finally, density measurements were obtained of 
fibres in the optic tract. Glees silver stain was used, 
with control and experimental brains embedded in 
the same block, sectioned and stained together. This 
was done as control, for variation is often characteris- 
tic of silver stain. Each tract on each side of each 
brain was sampled at twelve designated positions and 
fibres crossing a particular grid line under high-power 
magnification were counted. Experimental tracts 
were compared only with the corresponding control 
tracts on the same section. Out of nine such com- 
parisons (one comparison was impossible to make 
because of poor staining), control tracts were more 
dense than experimentals in eight cases. Such a 
difference is significant at the 5 per cent level by simple 
binomial analysis. The amount of the difference was 
small, averaging about 6 per cent. 

Chow, Riesen and Newell’ have recently published 
a study of retinal changes produced by rearing chim- 
panzees in the dark. They found almost complete 
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disappearance of ganglion cells in the case of two 
animals kept in darkness for 14 and 24 years. A 
‘normal’ retina was found for a third chimpanzee 
reared in the dark for 7 months, with limited daily 
experience of non-patterned stimulation, and which 
was afterwards brought out into the light for two. 
years. But these investigators do not report any 
control material, and give no basis for assuming that. 
this third retina was in fact entirely normal. Nor 
is it known, of course, whether it was not more 
obviously abnormal when the animal was first brought 
out into the light. 

Brattgard® has reported an elegant study of the 
pentose nucleoprotein fraction of retinal ganglion 
cells of rabbits reared in darkness. It was found 
that 10 weeks of darkness from birth yielded a 
pentose nucleoprotein fraction of zero. Animals 
afterwards brought out into the light did not develop 
pentose nucleoprotein as rapidly as did controls. To 
quote his conclusion, “The cell is dependent on 
adequate stimulation for the continued development 
of the nucleoprotein fraction. If it is deprived of this 
stimulation, the production is reduced or inhibited” 
(p. 67). 

Thus, there seems little doubt that retinal ganglion 
cells are implicated ; but the questions of the time- 
course and the sequence of events remain to be 
settled. Chow, Riesen and Newell have considered 
abnormal only the instance of rather complete dis- 
appearance of ganglion cells—a somewhat advanced 
state. Brattgard found ganglion cells well developed 
in terms of conventional histological examination, 
but altered in cell chemistry, in rabbits reared in 
darkness for 10 weeks. My cats, after 17 weeks of 
darkness, showed normal ganglion cell bodies, by 
conventional histological examination, but altered 
cell processes. That is, the inner plexiform layer, 
which includes the dendrites of the ganglion cells, 
was thinner, and the optic tract, which includes the 
axons of the ganglion cells, was less dense. The 
significance of the difference in Miiller fibre density 
may be related to Brattgard’s results, since one of the 
functions ascribed to the Miller fibres by some 
authorities (for example, Polyak’) is a metabolic 
one. l 

Attempts have been made to avoid the suspected 
peripheral atrophic reactions by rearing -animals in 
diffuse, non-patterned light. In many such mam- 
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malian studies, however, animals were first kept in 
total darkness for some period prior to such ẹxpeəri- 
ence, presumably for practical reasons. We have 
tried to duplicate this period in one such study by 
Riesen et al. Hence, by the time diffuse experience 
is permitted, the eye may already be retarded in its 
development, although perhaps not irrevocably if the 
period was not too long. Even where such a con- 
sideration does not apply, it is reasonable to assume 
that diffuse illumination may involve disuse of 
peripheral mechanisms, since ‘on’ and ‘off’ receptors 
would operate less frequently. Whether, in fact, 
rearing from birth under conditions of diffuse stim- 
ulation results in peripheral alteration awaits system- 
atic study. In tho present experiment, no histological 
difference could be found between the eye given 
diffuse stimulation and the eye given normal stim- 
ulation; but it should be remembered that this 
experience was necessarily very liniited. 
There are s few reports in the literature failing to 
find neural changes after rearing in darkness. Thus, 
Goodman! kept rabbits in the dark for 6 months, 
producing a clear behavioural deficit for vision. 
Unfortunately, data are not presented for the thick- 
ness of the inner plexiform layer of the retina, but 
only for the combined thickness of the optic fibre, 
ganglion cell, and internal plexiform layers, taken 
together. Nevertheless, this combined figure is 
smaller in experimental than control retinas. No 
counts of the optic tract are reported. But the 
density of cells in the superior colliculi of experi- 
mental brains was slightly greater than in control 
brains, as was, also, the density of pyramidal cells 
in the striate cortex. Both findings ere consistent 
with a general notion of reduction of fibre field 
density. Interestingly enough, the lamina mole- 
cularis of the striate cortex, which is almost exclusively 
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a fibre layer, was slightly thicker in controls than in 
experimental animals. All these differences are 
admittedly slight; but, since only group averages 
are reported, it is impossible to apply statistical 
treatment. The direction of the differences would, 
in general, support my findings. 

Chow! kept two monkeys in total darkness for 
8 months. The only retinal measure reported, 
however, was the density of ganglion cells, which did 
not differ from the control figures. There was no 
change in cell density in the lateral geniculate. 
Fibre counts are not reported. 

It should be made clear that my findings do not 
rule out the hypothesis that sensory learning may 
occur as a necessary part of development. They merely 
cast doubt on the use of total sensory deprivation 
as & method of testing the hypothesis. While it might 
be convenient for psychological theory for sensory 
deprivation to produce changes limited to central 
neural structures, it is not convenient, perhaps, for 
the nervous system itself to make such a distinction. 

This work wag begun in the University Laboratory 
of Physiology, Oxford. My thanks are due to Prof. 
E. G. T. Liddell for the use of facilities and animals, 
to Messrs. Leach and Chesterman for invaluable 
advice and help in histological processing of the 
retinas, and to Mr. R. Hutchison for assistance 
throughout the entire experiment. 
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CELL-WALL SYNTHESIS BY STAPHYLOCOCCUS AUREUS IN THE 
PRESENCE OF CHLORAMPHENICOL 


By R. HANCOCK and Dr. JAMES T. PARK* 


Medical Research Council Unit for Chemical Microbiology, Department of Biochemistry, University of Cambridge 


URING investigations of the effect of chloram- 

phenicol on the level of free amino-acids within 
growing cells of Staphylococcus aureus (strain Duncan)! 
it was necessary to measure the rate at which synthe- 
sis of cell material in the presence of the antibiotic 
was responsible for removal of amino-acids from the 
internal pool. Since chloramphenicol at the concen- 
tration used (50 gm. jml.) causes complete inhibition 
of protein synthesis (measured by increase in 5 per 
cent trichloracetic acid-insoluble L-glutamic acid) in 
S. aureus*, it was surprising to find that the increase 
in hot-trichloracetic acid-insoluble nitrogen in the 
culture was only inhibited to the extent of 70 per cent 
(measured over @ period of 1 hr.). It seemed possible 
that this increase in the presence of chloramphenicol 
represented synthesis of the hexosamine-peptide 
polymer which in many Gram-positive bacteria is the 
predominant component of the cell wall; in S. aureus 
this polymer contains two hexosamines, glycine, D- 
and i-alanine, L-lysine and b-glutamic acid‘. 
Accordingly, in the experiment described in Table I, 
colls grown for 60 min. in the presence of chloram- 


* National Science Foundation Senior Post-Doctoral Fellow, 


phenicol (50 ugm. jml.) were analysed for hot-trichlor- 
acetic acid-insoluble nitrogen before and after solu- 
bilization of the cell wall by complete digestion with 
the enzyme lysopeptidase, which specifically degrades 
the cell wall of S. aureus and is without detectable 


-proteolytic activity®.: It can be seen that all the 


increase in hot-trichloracetic acid-precipitable nitro- 
gen in the presence of chloramphenicol can be 
ascribed to an increase in lysopeptidase-sensitive 


Table 1 





Hot-trichloracetic acid-insoluble 
nitrogen (pgm./ml. culture) 


Treated with 
lysopeptidase 


Optical density 
of culture at 


Contra} 


34 
3b 


+ Culture without chloramphenicol 
Chloramphenicol (50 «gm./ml.) was added at time 0 to a culture of 
S. aureus (strain Duncan) growing exponentially in 2 per cent peptone- 
2 per cent glucose medium. Cells were harvested at time 0, and after 
60 min. , washed and an aliquot treated with lysopeptidase (50 pgm, /mi.) 
for 15 hr. Hot-trichloracetic acld-insoluble nitrogen was determined 
on treated and control samples, 
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Table 2 
Total Protein Cell wall 
Inhibition Inhibition Inhibition 
Carbon-14 amino-acid Control pet cent) + Control er cent) +- Control (per cent) + 
(counts/min.) chloramphenicol (counta/min.) chloramphenicol (counts/min.) chloramphenicol 
L-~Leucine (2,900)* 5,135 92 4,917 98 2834 95 
L-Proline (2:900) 4,280 95 4,200 97 14 90 
L-Phenylalanine (0,660) 7,170 04 7,050 04 58 92 
Glycine (3,760) 4,400 37 8,700 90 15,700 8 
L-Lysine (7,180) 31,400 71 21,050 06 10,850 6 
L~Alanine (1,410) ,700 54 2320 85 4,300 5 
L-Glutamle acid (8,100) 26,950 82 20,100 97 5,850 4 
Increase In hexosamine 1:3 0 0 0 r3 0 
{umoles) 


* Final specific activity, counts/min./umole. 


An equal quantity of an amino-acid uniformly labelled with carbon- 
growing exponentially in synthetic medium (ref. 1}; chloramphenicol ( 
rvested and fractionated as described. Samples were taken for radi 


was determined by the procedure of Boas (ref, 6). 


material, suggesting that under these conditions 
synthesis of cell-wall material continues although 
protein synthesis is completely inhibited. 

Confirmation of this finding was sought using 
amino-acids labelled with carbon-l4. A method 
developed in this laboratory was used for preparation 
of cell-wall fractions which allows rapid sampling, 
quantitative recovery and avoids the possibility of 
autolytic degradation during preparation. This 
procedure will be described in detail elsewhere; it 
entails extraction of cells with 5 per cent trichloracetic 
acid at 100° C, for 15 min. and digestion of the residue 
at 37° with trypsin (500 ygm./ml.) in 0-01 M ammon- 
ium bicarbonate (pH 8-0) until the optical density at 
700 my ceases to drop; the residue is 
washed in ammonium bicarbonate and 
in 1 N ammonia. From the followin 
evidence it appears that this fraction 
consists of all the cell-wall material 
contaminated with not more than about 
5 per cent of cytoplasmic protein : 

(a) After hydrolysis and separation 
of the amino-acids by paper chromato- 
graphy, more than 90 per cent of the 
ninhydrin-reacting material is ac- 
counted for by alanine, glycine, lysine 
and glutamic acid, the characteristic 
amino-acids of §. aureus cell walls®. 
All the hexosamine of the cell, estim- 
ated by the procedure of Boas’ after 
hydrolysis in 6 N hydrochloric acid for 
5 hr. at 105°, is present in this fraction 
(Table 2). 

(b) Less than 5 per cent of the radio- 
activity incorporated into growing cells 
from labelled non-wall amino-acids ap- 
pears in this fraction, but between 40 
22 per cont (glutamic acid) and 65 per 
cent (glycine) from wall amino-acids 
(Table 2). 

(c) On treatment with lysopeptidase 
the turbidity of such preparations falls 
by 90 per cent, and from preparations 
containing carbon-14 in all the wall 
amino-acids 96 per cent of the radio- 
activity becomes non-sedimentable 
(3,000 for 30 min.) and 31 per cent be- 
comes dialysable. It was considered 
that the ease of quantitative recovery 
and the smal] amount of contamination 
with cytoplasmic protein made such 
preparations suitable for studies of 
cell-wall synthesis. 
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iS 
Š 


Glycine uptake (#molesjgm. of cells) 
S 





14 was added to each of a pair of cultures of S. aureus (strain Duncan) 
50 En m was added to one flask. After 45 min. at 37° C., cells were 
oactivity de 


inations using ‘infinitely thin’ samples, and hexosamine 


`~ 


The incorporation of amino-acids labelled with 
carbon-14 into the cell wall and protein of S. aureus 
(strain Duncan) during 45 min. growth in synthetic 
medium}, together with the effect of 50 ugm./ml. 
chloramphenicol, is presented in Table 2. Considering 
the fraction insoluble in hot trichloracetic acid as a 
whole, the chloramphenicol-sensitive incorporation 
appears to be exclusively into the protein; incorpora- 
tion into the cell wall is insensitive to chloramphenicol 
at this concentration (incorporation of alanine into the 
cell wall is unaffected by chloramphenicol at concentra- 
tions up to 500 ugm./ml.). Over longer periods some 
inhibition of wall synthesis is observed; this is 
probably because chloramphenicol prevents the 


rs 
INTO WALL 7 
PA 
“ 


A 
+ CHLORAMPHENICOL „7 P 
a 
/ 
Z 


CONTROL 
“ 
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Lysine uptake (umoles/gm, of cells) 


Time (min.) 


Fig. 1. Rate of incorporation of lysine (——) and glycine (-—-) into 
S, aureus H. Cells 
population reached 0'5 mgm. dry weight/ml,, washed, resuspended at 
a concentration of 1 mgm.} 
medium which contained, per ml.: L-lysine, 0-5 umole; glycine, 
0-6 pmole; L-glutamic acid, 2 
20 wem.; glucose, 4 mgm.; phosphate buffer, pH 7-0, 80 pmoles: 
magnesium 
thiamin, 2 pgm.; nicotinic acid, 1 «gm. Uniformly-labelled amino- 
acid -Ù ue. fmi.) was used and the cells were fractionated as described 


were harvested from nutrient broth when the cell 
ml., and shaken at 37° C. in the following 
oles ; Di-alanine, 2 moles; uracil, 


sulphate, 1 umole; manganese chloride, 0:1 umole: 


in the text 
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formation of the wall-synthesizing system so that 
wall synthesis is linear, compared with an exponential 
control. Moreover, the wall synthesized in the pre- 
sence of chlorarnaphenico] appears to be normal in at 
loast two respects : the ratios of increases in glutamic 
acid : glycine : alanine : lysine : hexosamine were 
1: 58 : 4-2 : 20: 1-8, compared with ratios of 
1: 6-3: 2-8: 1-9: 1-8 in the wall present initially, 
and the extent of digestion by lysopeptidase (which 
is probably the result of a highly specific structure in 
view of the limited specificity of the enzyme") was 
the same in wall synthesized in the presence and in 
the absence of chloramphenicol. 

It has been found that S. aureus (strain H) will 
synthesize cell-wall material under conditions in 
which amino-acid incorporation, into the protein 
fraction is severely reduced. by the absence of essential 
amino-acids. As shown in Fig. 1, in the presence of 
L-lysine, alanine, glutamic acid, glycine, uracil and 
glucose, 8. aureus (strain H) will almost double its 
wall in 40 min. as measured by the incorporation of 
lysine or glycine. The rate of synthesis of new wall 
material is linear, and chloramphenicol (20 ugm./ml.) 
has no significant effect on this synthesis. 

Hence, in both growing cells and cella in which the 
synthetic activity is directed predominantly towards 
wall synthesis, chloramphenicol has no inhibi- 
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tory effect on this synthesis. It is clear from these 
results that the fraction of bacterial cells insoluble in 
hot trichloracetic acid cannot be regarded as homo- 
geneous with respect to the incorporation of labelled 
amino-acids, particularly in the case of the Gram- 
positive bacteria, where the hexosamine-peptide 
polymer may account for 30 per cent or’more of the 
material insoluble in hot trichloracetic acid (Park, 
J. T., unpublished work). It is probable that hexosa- 
mine-peptide structural elements similar to those 
occurring in the Gram-positive cell wall are present 
also in the wall of Gram-negative bacteria, for 
example, Escherichia colt’, but in smaller quantity ; 
hence in all bacteria it is advisable to distinguish 
between amino-acid incorporation into the protein 
and that into cell-wall structures other than protein. 
We are indebted to Dr. M. R. J. Salton for a 
preparation of lysopeptidase ; this work was carried 
out during the tenure by one of us (R. H.) of a Medical 
Research Council Scholarship. 
1 Hancock, R., Biochim. Biophys. Acta (in the press). 
2 Gale, E, F., and Folkes, J. P., Biochem. J., 53, 493 (1953). 
3 Cummins, C. S., and Harris, H., J. Gen. Microbiol., 14, 583 (1956). 
1 Park, J. T., and Strominger, J. L., Science, 125, 99 (1957). 
5 Salton, M. R. J., and Ghuysen, J. M., Biochim. Biophys. Acta, 24, 
160 (1957). 
6 Boas, N. F., J. Biol. Chem., 204, 553 (1953). 
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A NOVEL TYPE OF AROMATICITY 
By Pror. D. P. CRAIG 


William Ramsay and Ralph Forster Laboratories, University College, London 
AND 


N. L. PADDOCK 
Research Department, Albright and Wilson, Ltd., Oldbury, Birmingham 


HE two ideas of aromatic character and the 
aromatic sextet are closely bound up together m 
aromatic hydrocarbon, theory, but their association 
is not invariable, either in theory or, we believe, 
in practice. We present an outline of the theory of 
a second type of aromaticity and illustrate its appli- 
cation by reference to the monocyclic phospho- 
nitrilic chlorides (NPCI,),, which, certainly for n = 3 
and 4 and possibly higher, display aromatic character 
without special preference for a group of six electrons. 
Take & ring of 2n atoms, n of one species A and, 
alternating with them, n of a second species B. Let 
their Coulomb parameters be «4 and «p, and their 
resonance integral be @, with non-neighbour inter- 
actions neglected. Each A and B has an orbital of 
the x-type to use in conjugation. If A and B are 
both carbon, or are carbon and nitrogen, or boron 
and nitrogen, both orbitals are pm. If A is carbon or 
nitrogen and B is phosphorus it is possible that one 
is pr and the other dr. 

The atoms A being numbered k = 1, 2...% 
cyclically, the atoms B can be given the numbers 
k + 1/2 = 3/2,...n + 1/2. Using molecular orbital 
theory of the simplest type, we begin with com- 
binations of the sets 4 and B with irreducible sym- 
metry : 


n 
A= nm E expl rikin) pr 
k=l 


v 
B= n? Rs cs (k + 1f2)/n} by + ate 


9; denotes the m orbital at the “th centre, and 
k- ae that at the k + 1/2. Z is the ring quantum 
number with allowed values 0, +1, ... #/2 or 
+ (n — 1)/2 for n even or odd. Pairs of the same 
l have now to be combined to form molecular 
orbitals for the system. ‘This leads in the usual way 
to a set of second-degree secular equations, one for 
each 2 value, of the form: 


“A — E x SÜ 
y7 aR — £ 


where 


y = n> È exp(— 2ril/2n) f oz H Yh + ijs dr 
k 


+n È exp(2rilj2n) fox H Y k—ij2 dt 
k 


H being the hamiltonian. Two cases only can occur : 
one is that of the aromatic hydrocarbons, and the 
other is distinct but not, so far as we are aware, 
hitherto recognized as such. They are illustrated in 
Fig. 1. 

For convenience in fixing signs each member of the 
A set is generated by successive n-fold rotations 
from. the first, and likewise in the 6 set. Then in 
case (1) every atom interacts with both its neighbours 
in the same way, that is, 


S or Hepp iedt = fox H pr~ dt 
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This holds when A and B use the same 
species of atomic orbitals, both pr, or 
both dx, and also under somewhat 
wider conditions, as, for example, when 
A and B use orbitals which have in 
common both x-character and char- 
acter for a reflexion oy. In case (2) the 
interaction of an atom with one 
neighbour is the negative of that with 
the other, 


J oe H Yrtti dt = — for H Yki dr 


as illustrated for px — dr interactions 

in the diagram. This case only 

occurs when A and B use different 

species of atomic orbitals and not 

always then. The orbitals must differ in character 
under Gp. 

Returning to the secular equation, for case (1) we 
find y = + 28 cos (rlin), the sign depending on how 
the set of A orbitals is oriented, by initial choice, 
relative to the set of B. For benzene (n = 3, «4 = 
ap = «) this leads to the usual results for molecular 
orbital energies: co = a + 28, c4,=a+f6 (both 
twice). In case (2) y = + 226 sin (xl/n) leading to the 
energy expression 


e; = («a + ap)/2 + { («4 — ag)? + 1662 sin? (lr /n)} 2/2 


For n = 3, a4 = op = &, > = œ (twice) e4, =a + 
4/38 (both twice). This example shows that the 
lowest energy is associated with e, in case (1), with 
€41 in case (2); to be realistic we should allow « for 
the 2px orbitals (for example, nitrogen) to be more 
negative than the 3dr (for example, phosphorus), and 
putting ay = op + B for purposes of illustration 
leads to the results shown in Fig. 2. The dotted 
line is placed at aç for the benzene calculation and 
at (wn + ap)/2 for (NPCI,)s. 

The differences between cases (1) and (2) run deep, 
but we wish now only to emphasize the matter of the 
aromatic sextet. The states | = 0 always lie at the 
extremes of the energy band in case (1), so that the top 
oceupied orbital is always doubly degenerate in hydro- 
carbons. Closed shells associated with typically arom- 
atic inertness therefore contain 4n +2 electrons; 4n 
electron systems leave a half-filled orbital and are 
not aromatic. This is, of course, Hiickel’s rule, and 
the particular example of the stability of six com- 
pared with four and eight electrons supports the 
notion of the sextet. In case (2) the two states 1 = 0 
have different symmetries and always (any n) lie 


NATURE 


1053 
2 -¢—e— 
-o—8- 3 
o—e—- -39—e- 
—o—-e— 
Benzene (NPC) 


Fig. 2 


adjacent to one another half-way up the energy band. 
Since except for exact equality in the electro- 
negativity parameters of A and B these states are 
non-degenerate, a closed shell is obtained for any 
even number of electrons, both 4n and 4n + 2. In 
the planer system in case (2) there is no preference 
for six over four or eight electrons, therefore no 
special stability is expected for a sextet. On the 


‘ contrary, the energy per 7-electron rises slowly but 


monotonically with the number of electrons to a 


‘limiting value, so that for planar molecules eight 


electrons are more stable than six. Fully in harmony 
with this is the fact that both the trimeric and 
tetrameric (n = 3 and 4) phosphonitrilic chlorides 
show unexpected stability and equal bond-lengths, 
both roughly speaking displaying equally well- 
developed aromaticity, in contrast to benzene and 
cyclo-octatetraene. 

In the phosphonitrilic halides there is the further 
consideration that the px — dr system is less affected 
by puckering than is the px — pr system, so that 
the probable non-planarity of the tetramer is not a 
serious hindrance to maintenance of aromatic inber- 
actions and need not affect arguments based on 
plane structures. 

Conventional calculations of z-electron energies 
made for the case ay = «p + 8, where 8 is now used 
for the P-N resonance integral, are compared with 
the hydrocarbons in Table 1. Values are given per 
z-electron. We emphasize that the choice of «-values 
is an arbitrary one, and merely serves to indicate 
the pattern of the problem. 


Table 1. CALCULATED ENERGIES PER ELECTRON 


No. of electrons 


Aromatic hydrocarbons 


ao + 
(NPCI,)n ap + 





The alternation of values shown by the hydro- 
carbons, corresponding to the 4n + 2 versus 4n rule, 
is not shown by the phosphonitrilic halides. Both 
series approach limiting energies per n-electron with 
increasing size; but in the hydrocarbons successive 
members fall above (4m + 2 electrons) and below 
(4n), while in the second case the approach to the 
limit is always from below, showing that if x-electrons 
were the only consideration, bigger molecules would 
be favoured over smaller ones. These quantitative 
results are, however, secondary to the main point, 
which is the distinction between the two types of 
aromaticity ; this distinction depends on symmetry 
and is independent of the more disputable quanti- 
tative features of z-electron theories. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
Jor opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Variation in the Speed of Rotation 
Earth since June 1955- 


Time and frequency comparisons have been made 
since June 1955 between the National Physical 
Laboratory, Teddington, and the U.S. Naval Obser- 


vatory, Washington, with the ultimate purpose of | 


establishing the value of the transition frequency of 
cesium, (4,0) = (3,0), in terms of the second of 
Ephemeris Time based on the 
orbital motion of the Moont?. ; 
The second of Ephemeris Time 
is being determined at the Naval 
Observatory from photographic 
observations of the Moon, and 
will be reported on later. 
As an intermediate step, the 
frequency of cæsium is currently 
being determined with respect 
to the second of Universal Time, 
called UT2, which is based on 
the rotation of the Earth. This 
frequency is denoted vy. The 
intervals between time signals 
from WWV (Washington, D.C., 
U.S.A.) and GBR (Rugby, U.K.) 
are measured at the National 
Physical Laboratory in terms  — 9192631800 
of the cesium -standard, and - 15 
at the Naval Observatory in 1966 
terms of UT2. By using sig- 
nals near the first of each 
month, the average frequency 


9192631950 





for the intervening month is intercompared with a. 


probable error of 3 parts in 10?°. ; 

If it is assumed that the time occupied by a speci- 
fied number of vibrations’ of the National Physical 
Laboratory standard is constant, we may use it to 
determine changes in the speed of rotation of the 
Earth. Such changes would be indicated by changes 
in vy. The precision of the cesium standard is so 
high that the accuracy with which the changes in 
speed of rotation can be determined depends almost 
entirely on the accuracy with which Universal Time 
can be determined. The results given here are based 
on observations made with the photographie zenith 
tubes at Washington, D.C., and Richmond, Florida, 
which are known to be instruments of high accuracy. 

In order to interpret changes in vy, it is necessary 
to describe the types of variation in speed of rotation 
and how U'T2 is computed. 

There are three types of variation in speed: 
secular, irregular and periodic. The first, due to 
tidal friction, is too small to be significant hero. 


Irregular variation refers to departures from the- 


average speed of rotation which continue for the 
order of 5 or 10 years. This effect has been surmised 
but not previously exhibited. Periodic terms have 
been found with periods of 1 year, 0-5 year, 27-6 days 
and 13-6 days*. The first two of these terms com- 
prise what is known as the seasonal variation. 

By international agreement, an empirical correction 
for seasonal variation has been applied since January 
1, 1956, in obtaining the time called UT2. The 
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formula adopted by the Bureau’ International de 
l’Heure is: l i 


ASV = 0022 sin Int — 0-0175 cos Int — 


-0:0078 sin 47t + 0:0065 cos 4nt 


where ż is the fraction of a year. 

. The terms of period 27-6 days and 13-6 days are- 
eliminated by the smoothing process used in obtaining 
the adopted UT2 published in the Time Service 
Bulletins of the U.S. Naval Observatory. Hence,- 
UT2 represents, in effect, thé speed of rotation of 
the Earth when freed of periodic terms. ._ . 

The values of vg since June -1955 are’ shown in 
Fig. 1. In addition to month-to-month, variations 
which are of an accidental nature, there is seen to be 
@ systematic trend. The length of: the day was a 
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Fig. 1. Frequency of the cæsium, resonance in terms of UT2 


minimum about September 1955-(speed of rotation 
at-maximum) and has been increasing at a practically 
constant rate since then (speed of rotation decreasing). 

vg can be well represented since September 1955 
by a straight line. This means that the seasonal 
variation for the past two years as determined with 
the aid of the cæsium standard is practically the same 
as determined with the aid of quartz-crystal clocks 
for several years previous to 1955. 

Fig. 1 represents the non-periodic portion of the 
variation in the speed of rotation of the Earth. 
Since September 1955, this has been a constant — 
deceleration of 5 parts in 10° per year, equivalent to 
an increase in the period of rotation of 0-43 msec.- 
a year. This deceleration is about fifty times as 
large as that attributed to tidal friction. It is 
probable that it represents the irregular variation, 
but further observations are needed to confirm this. 


L. Essen 
J. V. L. PARRY 
National Physical Laboratory, ' 
Teddington, Middlesex. 
v.38 Wan. MARKOWITZ 
R. G. HALL 
U.S. Naval Observatory, : 
Washington 25, D.C. 
March 12. 


E r: p and Parry, J. V. L., Phil. Trans. Roy. Soc., A, 250, 45 


, Markowitz, W., and Hall, R. G., Astrophys. J., 62, 25 (1957). 
Markowitz, W., Astrophys. J. 60, 171 (1955). 
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Effect of the Earth’s Equatorial Bulge on 
the Life-time of Artificial Satellites and its 
use in determining Atmospheric Scale- 
Heights 


PREVIOUS correspondents!-? have discussed the 
derivation of a simple formula for the life-time T of 
an Earth satellite. The formula concerned is: 


TEETE 


where P is the period, dP/dt the rate of change of 
period with time, ¢ the eccentricity, a the semi-major 
axis and l/k the atmospheric scale-height. This 
formula is valid provided e is both sufficiently small 
and sufficiently large, and the last two terms on the 
right-hand side (given here for the first time) indicate 
the limitations on e. 

From various sets of available orbit data, I find 
that the descent dates predicted by (1) vary with the 
epoch of the data, more recent data leading to earlier 
descent dates. For the Sputnik 1 sphere (1957«,}, 
data of October 15 give January 30 (+ 4), whereas 
data of November 9 give January 18 (+ 2). The 
actual descent date was about January 2 For 
Sputnik 2 (19578), data of November 9 give June 24 
(+ 10), whereas data of February 4 give April 30 
(41). Although these dates refer strictly to the 
time when the orbit becomes nearly circular, they 
should be only a few days short of the descent dates. 

This shortening of the-life-time is attributed to the 
fact that the perigeo points of both satellites have 
been rotating slowly towards the equator and hence, 
on account of the equatorial bulge, into denser air. 
The perigee of sphere 1957a. moved from 42° N. to 
5° N. during its life-time; whereas for 19578, the 
perigee was initially at about 53° N., and will reach 
the equator by March 19. An equatorial radius is in 
excess of a radius at latitude 45° by 11 km., and so 
the bulge is equivalent to an sir-density change of 
about 60 per cent in the 200-km. altitude region. 
Formule 1 should therefore not be applied without 
considering the latitude variation of perigee. The 
neglect of this effect in Scott’s* estimates happened 
to compensate for the omission of the last two terms 
in (1), so leading to surprisingly good predictions. 

My attention was first directed to the effect of 
the equatorial bulge on perigee air-density p by the 
values in Table 1, which were derived from the 


T = 


formula : 
— 1 {1 — ep! (2keN* 8 dP 
e S 3k +e)? a) (- di ‘a 


where x = SOp/m, S being the effective cross-sec- 
tional area and m the mass of the satellite, and Cp 
the drag coefficient. (This formula is valid so long 
at e is not too small; and, in all cases considered, 
the contributions from higher-order forms and the 
effect of the Earth’s oblateness amount to only of the 
order of a per cent.) 

Perigee air-density values cannot be guaranteed to 
better than about 30 per cent on account of 
uncertainties in k and x. Density ratios relating to 
the same satellite object are, however, independent 
of k and x and should be accurate to a few per cent. 
Thus the perigee air-density for 19576 increased 
between November 9 and February 3 by a factor of 
1:51(-+0-06), The change in perigee distance between 
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Table 1. VALUES oF AIR DENSITY IN THE REGION OF 200-KM, ALTITUDE 


Sphere, ° Sphere, Rocket, 
= Ob o 1957a,* 057a,* 1957a,t 19578 19578; 
och o 
date October 15 November 9 February 3 
(approx. )} 

Perigree 

latitude 37° N. 26° N. 26° N. 49° N. 19° N 
Perigree 

height 

; 206(47) 201¢(+4) 202(44) 211 (+4) 197 (+1) 

Perigree air 


ensBILy 
(gm.jc.o.)§ 5410-8 807x10 73x10 4£:6x10-" 7:0 x10-* 


* Cp taken equal to 2. 

t x taken equal to 1-3 times that of sphere 1957a, ( 
ratio of their initial rates of ciange of perlod with 

+ x taken equal to 5-8 times that of rocket 1057a, on account of 
its hace mass. 

§ Scale-height 1/k taken to be 25 km, a ene 2 shows that p varies 
inversely as the square root of the scale-height. 


as derived from the 
time). 


two epochs can be shown to correspond to a change 
of density of approximately 


P/Po = (Geo/aoe)*/? (3) 


and this amounts to only 1-17 (+ 0:01) for 19578 
between November 9 and February 3. The dis- 
crepancy between these two factors, amounting to 
1-29 (+ 0:05), can be satisfactorily accounted for by 
the increase of 9:8 km. in the Earth’s radius between 
49° N. and 19° N. The value obtained for the 
atmospheric scale-height is then 39 (+ 6) km. The 
data for perigee-height for 19578 in Table 1 enables 
the scale-height to be determined as 34 (+ 11) km. 
For sphere 1957a, the height data above are not 
sufficiently accurate for the scale-height to be found ; 
but use can be made of the fact that 3-7 km. of the 
change arises from the equatorial bulge. Of the 
observed increase in air density by a factor 1:24 
(+ 0:05), a factor 1-08 (+ 0-02) of this arises from 
the decrease in perigee distance as calculated from 
equation 3, so leaving a factor of 1-16 (+ 0-08) 
attributable to the 3-7-km. change in height. This 
leads to a value of 26 (+ 9) km. for the scale-height. 
More accurate orbital data, particularly on the 
rate of change of period, are needed to take full 
advantage of the above method. It may then be 
possible to study the variations of scale-height with 


latitude. 
G. V. Grovzs 
Department of Physics, 
University College, 
Gower Street, London, W.C.1. 
Feb. 24. 


1 Fejer, J. A., Nature, 180, 1413 (1957). 
Scott, J. D. O., Nature, 180, 1467 (1957). 
3 Leslis, D. O. ML, Nature, 181, 403 (1958). 


Application of the Kurie Plot to the . 
Standardization of Pure Beta-Emitters 


THe standardization of pure f-emitting nuclides 
becomes increasingly difficult as the energy of the 
radiation decreases, because of absorption and scatter- 
ing effects which occur at the low-energy end of the 
8-spectrum. It may be possible to circumvent 
these effects by a technique employed by Waggoner, 
Moon and Roberts in connexion with a magnetic 
B-ray spectrometer’, This method consists of extra- 
polating to zero the straight Kurie plot which should 
be obtained for a single allowed f-ray transition. 
It is the purpose of this communication to show the 
relation between the slope of the Kurie plot and the 
absolute disintegration-rate of a radioactive source, 
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and to describe the proposed method of application 
to 4n-counting. 

The notation adopted is that used by M. E. Rose?. 
For the sake of clarity, simplified equations are used 
which refer to allowed 8-spectra only. The 8-spectrum 
can be represented by a simplified form of the well- 
known Fermi equation : 


N(W)dW = KYW, — W)*pWE(Z,W)aW (1) 


where N(W)dW is the probability per unit time that 
an atom will emit a B-particle in the energy range W 
to W+dW; pis the momentum of the 8-particle 
and W is its total energy ; W, is the energy released 
in the nuclear transition; F(Z, W) is the Coulomb 
field factor (Z referring to the daughter nucleus) and 
K? is a constant independent of W. The Coulomb 
field factor is also known as the Fermi function, and 
has been well tabulated for & range of Z and W 
values*,?, A measurement of the spectrum N(W)dW 
is made by means of a B-ray spectrometer the 
transmission factor of which ig T. T is defined as 
the fraction of the particles emitted in a given 
onergy-range detected by the Spectrometer counter. 
If the number of atoms in the source is n, then the 
number of particles detected per unit time by the 
counter in the energy interval W to W +aW is 


Na(W)dW = nTN(W)aw (2) 


where N4(W)dW has 
and dead-time. 
Equations 1 and 2 can be rearranged to give 


( NeW) 
pPWF(Z,W) 


been corrected for background 


142 
) 0 = OTEN, ~ W) ~ (8) 


which is the equation used for obtaining the Kurie 
plot. The left-hand side of (3) is plotted against W, 
as shown in Fig. 1. The graph is linear until the 
low-energy region is reached, and then deviates 
from a straight line because in this region, the trans- 
mission T' varies with the energy W. The variation 
is caused by the absorption and scattering of the 
low-energy 8-particles. Over that portion of the 
Kurie plot which is linear, T ig constant, and the 
square of the slope gives nT K*, that is: 


tan? 0 = nT K? (4) 
By definition 
W, 
à = f N(W)aw (5) 
a 


where ?, the decay constant, is the 
decay per unit time, and from (1): 


probability of 


T N(W)dW = K'Z,W) ` (6) 

where 
{(Z,W,) = TW, — W)pWKZ,W)aw (7) 
Also, the law of radioactive decay7can be expressed 


in magnitude as: 
An (8) 
where N, is the number of atoms disintegrating in 


unit time. 
Therefore, by rearranging (5), (6) and (8): 


Ny = ni *t(Z,W o) (9) 
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Fig.1. Kurie plot of a pure f-emitter, according to equation (3); 
tant = nT K? 


and combining (4) and (9) 


Neds AEW) . tan? 0 (10) 


Numerical values of f(Z, W.) have been extensively 
tabulatedt. If T is also known, then the absolute 
of a radioactive source can be 
derived directly from the slope of the Kurie plot by 


B-particle shall expend its entire energy in the sensi- 
This can be 


accuracy of this method, compared with integral drB 
counting, is being assessed. 

This work forms part of the research programme 
of the National Physical Laboratory, and is published 
by permission of the Director. 

R. A. LroYD 


National Physical Laboratory 
(Department of Scientific and Industrial] Research), 
Teddington, Middlesex. 

Feb. 24. 


1 Waggoner, M. A., Moon, M. L., and Roberts, A., Phys, Rev., 80, 420 
(1060). See also Burhop, E. H. S., “The Auger Effect”, 111 (Camb. 
Univ. Press, 1952). 

* Rose, M. E., “Beta- and Gamma-ray § ectroscopy”, 273 ~- 
Holand Pub. Co., London, 1955). j PY oon 

* “Tables for the Analysis of Beta § ectra”, National Bureau of 
Standards (U.S. Government Print g Office, Washington, 1959). 

t Feenberg, E., and Trigg, G., Rev, Mod. Phys., 22, 399 (1950). 

§ Wilkinson, D. H., “Ionization Chambers and Counters” (C i 
Univ. Press, 1950). ne” (Cambridge 

* Fulbright, H., “Beta- and Gamma-ray Spectrogeo ”, 184 - 
Holland Pub. Co., London, 1965). > vy za North 
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Photoelectric Response of Selenium-type 
Photovoltaic Cells to X-Rays 


A COMMERCIALLY available selenium-type photo- 
voltaic cell was irradiated with X-rays produced 
with a commercial type of low-voltage X-ray tube 
with a thermionic cathode and an inclined copper 
target. Lead covers with circular apertures of different 
diameters were placed over the photocell to alter the 
flux of X-rays on the surface of the cell at a constant 
X-radiation intensity, and the X-radiation intensity 
was varied by changing the anode current of the 
X-ray tube. Fig. 1 shows a family of curves represent- 
ing the photocell current, Ip, as a function of the 
X-ray tube anode current, Ie, with the anode voltage, 
Va as parameter, the curves having been obtained 
with a distance of 25 mm. between the photosensitive 
surface of the cell and the centre of the target of the 
X-ray tube, 17:5 mm. of the distance being in the 
vacuum space of the tube, 1-5 mm. the thickness of 
its cylindrical envelope of soda-lime glass, and the 
remainder of the air space between the tube and the 
photocell surface. The curves marked A refer to an 
. aperture of 240 mm.? in the lead cover, and those 
marked B refer to a 60-mm.? aperture. 

The characteristics of Fig. 1 indicate a linear 
relation between photoelectric response and X-radia- 
tion flux irrespective of whether the flux is changed 
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Fig. 1. Curves A, irradiation area, 240 mm.*; curves B, irradia- 
tion area, 60 mm.? 


NATURE 


1057 


by altering the X-radiation intensity or by varying 
the size of the area of irradiation. 

Increasing the aperture of the lead cover over the 
photocell to a diameter of 25 mm., compared with 
17-5 mm. for obtaining the curves A in Fig. 1, 
demonstrated .the reduction of radiation intensity 
towards the boundary of the X-ray beam. The photo- 
current response indicated that the X-radiation flux 
increased only by 50 per cent, whereas it would have 
doubled if the X-radiation intensity had been uniform 


_ over the whole area of the aperture. 


A second photocell of the same type gave a similar 
photoelectric response characteristic, but all photo- 
current values were reduced to one-third of those of 
Fig. 1, although the two cells had the same photo- 
electric sensitivity to light. The fact that both cells 
were equally sensitive to light but differently sensitive 
to X-rays may probably be interpreted in terms of 
light being effective only at the surface of the photo- 
sensitive layer and X-rays being effective in its depth, 
and that there was a difference in the thickness 
and/or the structure of the photosensitive layers of 
the two cells. The depth effect of X-rays may possibly 
in part also account for the dependence of the photo- 
electric response on the anode voltage of the X-ray 
tube. 

R. FEINBERG 
Ferranti, Ltd., at present 
Electrical Engineering Department, 
Manchester College of Science and Technology. 
Feb. 24. 


Plasticity of Graphite 


THE creep behaviour of graphite in the temperature 
range 1,300—2,000° C. has been examined for the first 
time. The experiments were carried out by applying 
loads to cantilevers heated in vacuo by the passage 
of an electric current and to spring specimens heated 
in & high-temperature high-vacuum furnace. The 
specimens were made in the laboratory by extruding 
@ wide range of raw materials (pitch coke, petroleum 
coke, lamp black, cellulose and natural graphite). 
Springs of rectangular section were also machined 
from commercially manufactured materials (reactor 
graphite and commercial electrode graphite). The 
apparatus and techniques used in these experiments 
were similar to those used in dynamic experiments 
previously described}. 

It was found that, for a wide range of temperatures, 
raw materials, specimen geometries, flexural and 
torsional stresses, the creep deformation could be 
statistically fitted within the limits of experimental 
error to the function : 


Dı =A + klogt + Bt (1) 


where Dg is strain at time ¢ and ž is time (min.). 

A, k and B are constants for each experiment. 
Similarly, the creep recovery on removing the load 
conformed to the function : 


Dt = A! + kb logt (2) 


A typical creep curve is shown as a linearized plot 
in Fig. la. Fig. 16 is a plot of the deviations of 
the experimental points from the function determined 
by the method of least squares. 

The coefficients & and B were linearly dependent 
on the applied stress at constant temperature and 
were related to the absolute temperature as follows : 


~ 
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Fig. 1. (a) Linearized plot of typical creep curve; equation, 


derived bysjmethod of least squares: D: = 0:87 x 107° + 7:0 x 

1078 ¢ + 8:9 x 10-5 log: é Graphitized cellulose carbon spring 

No. C12, temperature 1,560° C., maximum stress 8-9 x 107 dynes/ 

cm,?. (b) Deviation of experimental points from the function 
derived by the method of least squares 


AEN — 
k = K (stress) oxp( + RT) (3) 


and 
Aff} 


B = K(stress) exp( — RT (4) 


where K and Kt, and AF and AE! are constants, 
Rithe gas constant and T the absolute temperature. 
The stress relationship is demonstrated in Fig. 2. 
^The linearity of the stress-strain relationship made 
possible the use of specimens in which the applied 
stress was not uniform throughout, and strengthens 
the belief that equation 1 relates to the structure 
of the graphites examined and not to the particular 
stress systems applied to the specimens. 

The available evidence shows that K = CIM in 
equation 3, where M is the elastic modulus at room 
temperature appropriate to the stress system applied 
and C a constant for all the materials studied. This 





ee Ya 5 t 
is illustrated: in Table} 1. The; product stress 


is a constant at each temperature. 
It is therefore reasonable to rewrite equation 3] as 
follows : 
C AE 
k = M (stress) oxp( — aD) (C = 13) (5) 
Since modulus and stress should depend on the 
same function of the density, this treatment eliminates 
the effect of density from equation 5. The constant 
AE in equation 5 was found to have a value of 
21 keal./mole for petroleum coke and cellulose carbon 


NATURE 


x M 


April 12, 1958 VoL. 181 


CORRELATION OF TRANSIENT CREEP COEFFICIENTS, STRESS 
AND ELASTIO MODULUS FOR A RANGE OF MATERIALS. 
(a) Spring specimens at 1,560° C. 


Table 1. 


Modulus of rigidity k 
at room tempera- stress 
ure 
G, dynes/ 
om," x 1071 


Material 


d 
omi) iX 10" 


Commercial 
electrode _ 
graphite 

Reactor graphite 

Petroleum coke 
Reactor graphite 
Cellulose carbon 





(b) Cantilever specimens at 1,900° ©. 


-| Young’s modulusat| _ k _ 
room temperature stress 
E, dynes/ (dynes/ 
em,* x 10719 om.?)72 x 10} 


7-0 


Material aeeone 


Pitch coke 

Petroleum coke 
(uncalcined) 

Petroleum coke 
(calcined) 

Lamp black 

Cellulose carbon 

Natural graphite 


Mean=12-0 





springs, which were studied over a range of tem- 





peratures. Since the correlation between 


stress 


l 
and 77 was found to be true at two temperatures, 


and if C is assumed to be @ universal constant in 
equation 5, this leads to one value of 20 kceal./mole 
for all the materials, in reasonable agreement with 
the value quoted above. No such relationships were 
found for the coefficient B. 

By examining repeated identical cycles of creep 
and recovery, it- was shown that the Bt term in 


B x 10° (min.~”) 





0 4 8 12 16 20 
Maximum stress x 10-7 (dynes/em.?) 
Fig. 2. Variation of creep equation coefficients with maximum 


applied stress for graphitized eellulose carbon sprin cimens, 
PE Temperature, 1,560° 0. ai 
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equation l contributed to a permanent set which 
could be removed only at graphitizing temperatures. 

The effect of the gross grain structure on the 
plastic behaviour of graphite is not noticeable, since 
it appears possible to relate the transient term to 
the elastic modulus which, it has already been 
demonstrated!, depends on the crystallite para- 
meters of the ‘grist’ material. The steady-state term 
has not yet been found to be correlated with any of 
the known parameters of the materials. 

This work forms part of æ study of the plastic 
behaviour of graphite carried cut under contract to 
the Atomie Energy Research Establishment, Harwell. 

H. W. DAVIDSON 
ie. H. H. W. Losty 
Research. Laboratories, 
The General Electric Co., Lid., 
Wembley, Middlesex. 


1 Davidson, H. W., Losty, H. H. W., and Ross, A. M., “Mechanical 
Properties of Graphite at Blevyated Temperatures”, Soc. Chem. 
Indust. Conf, on Industrial Carbon and Graphite (Sept. 1957). 


Ease of Reduction of a Series of Coals 
and its Relation to their Structure 


We wish to report an interesting variation in the 
. ease of reduction of coals and solvent extracts of coals 
with change in ash-free carbon content (change in 
rank). 
`. Two methods of reduction, each initially involving 
electron trensfer, have been used. -They are the 
redustion of coal with lithium in ethylamine! and the 
- controlled potential electrolysis of dimethylformamide 
extracts of coal in dimethylformamide. The latter 
- was’ carried out in a cell similar to that used by 
Bergman and James? at —2-2 V. (versus mercury 
pool) with 0:1N tetraethylammonium iodide as 
supporting electrolyte : the electrolysis was followed 
by acetylation of the products in situ with acetic 
anhydride to prevént oxidation of hydroquinones 
- produced from quinones present in the coal. Proton 
addition from the solvent normally follows electron 
addition from the lithium or from the mercury cath- 
ode*®. In known aromatics a greater degree of re- 
duction is effected by lithium in ethylamine than 
by electrolysis (for example, naphthalene is reduced 
to octalin! and to dihydronaphthalene‘ respectively). 

The elementary analyses and infra-red spectra of 
the products showed that reduction had teken place ; 
the electricity consumed in the electrolyses and the 
polarographic behaviour, in the case of solvent ex- 
tracts, also supported this conclusion. Various 
measures of the degree of reduction are presented 
graphically in Fig. 1 as @ function of the carbon con- 
tent of the coal. The proportion of the reduced coals 
soluble in cold pyridine varied widely with the carbon 
content of the coal, and was very high for the coking 
coals (86-90 per cent carbon); it appears to be a 
valid and convenient index of the degree of reduction, 
and is also shown in Fig. 1. The results show that 
the extent of reduction of the cogls increases markedly 
with increase in rank up to about 89 per cent carbon 
content and falls rapidly thereafter; that is, both 
low-rank coals and the anthracite show a marked 
reluctance, compared with the intermediate coking 
coals, to suffer addition of hydrogen. The solvent 
extracts show changes in the same sense, but less 
marked. 

A further point arises from polarography of the 
products of electrolysis : although polarograms of the 
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%o Soluble in pyridine 
© 
he 
O. 
Number of H atoms or electrons added per IOO C atoms. 


83 85 87 a9 ql 93 
fo Carbon by weight, dry osh-free 
Fig. 1. Reduction of coals and coal extracts. ——, Coals: A, 
number of hydrogen atoms added per 100 carbon atoms (from 
elementary analysis); ©, per cent reduced coal soluble in 
pyridine (cold) ; —, per cent original coalsolublein pyridine (cold). 
—-——-, Coa] extracts: x, number of electrons added per 100 
carbon atoms (from current consumption); ©, number of hydro- 
gen atoms added per 100 carbon atoms (from elementary an ig). 

calculating these figures the- product reduced and acetylated 
at —2-2 V. has been compared with that reduced and acetylated 
at —1°0 V. where only-quinone groups are reduced (ref. 12) 


electrolysed solutions showed complete absence of 
waves, those of. the products isolated from these 
solutions showed partial reappearance of the waves 
associated, in previous work’, with aromatic reduction. 
This effect was most noticeable with the products 
from the low-rank coal extracts. The re-emergence 
of waves in the polarograms of the isolated products 
indicates a failure of the ions to complete the re- 
duction by adding protons. This reluctance of the 
hydrocarbon ions to add protons evidently decreases 
with increase in rank of the coal. 

The only explanation we are able to suggest at 
present for these changes in behaviour with rank 
concerns the deformation from planarity which in 
general ocours when hydrogen is added to aromatic 
systems, or more specifically, on proton addition to 
a hydrocarbon ion. Presumably this deformation of 
structure can only occur to a limited extent with 
low-rank coals, which indicates that the aromatic 
systems are held in æ rigid cross-linked structure. 
The greater ease of deformation in the coals of higher 
rank would therefore indicate lesa rigidity and con- 
sequently less cross-linking of the aromatic systems. 
This idea has already been suggested by Given® in 
connexion with the poor reduction of a low-rank 
coal with lithium in ethylamine. Some confirmation | 
for the idea can be deduced from the work of J. K. 
Brown’, who, from an estimate of the aliphatic) 
aromatic hydrogen ratio determined speetroscopically 
in & series of coals, concluded that in low-rank coals 
the greater part of the hydrogen is present in methyl- 
ene groups with little appearing on eromatic rings 
and still less as —-CH, (Brown, J. K., private com- 
munication, and ref. 8). This, together with Hirsch’s* 
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estimation of aromatic cluster size, suggests that the 
aromatic, clusters in low-rank coals have little re- 
placeable hydrogen; if therefore the clusters are 
highly substituted by alkyl side-chains the function 
of which is, in the main, to join one cluster to another, 
then the whole molecule, consisting of a number of 
clusters each tied to others by numerous linkages, 
would probably be particularly resistant to deforma- 
tion. This resistance could slow down materially the 
rate of addition of hydrogen, and might even render 
the addition thermodynamically impossible. I. Wender 
(private communication, and ref. 10) has recently 
achieved a considerable degree of reduction of a low- 
rank coal with lithium in ethylene diamine at 
100-117°. This suggests that the resistance to 
deformation slows down, but does not entirely pre- 
vent, addition of hydrogen. 

The work of Brown and Hirsch also shows that 
there must be less aliphatic material and more 
aromatic hydrogen as rank is increased, in accordance 
with a more readily deformed structure. The argu- 
ment applies to the coals studied up to about 89 per 
cent carbon content ; the decreased ease of reduction 
beyond this point is probably due to the rapid 
increase in aromatic cluster size which is generally 
believed?.*,11 to occur at this point. 

P. H. GIVEN 
V. LUPTON 
M. E. PEOVER 
British Coal Utilisation Research Association, 
Randalls Road, 
Leatherhead, Surrey. 
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Electrocapillary Action of Corrosion 
Inhibitors 


Indelli and Pancaldi! and I? have compared some 
characteristic phenomena occurring at the interface 
of a dropping mercury microelectrode and electrolyte 
solutions with phenomena encountered in corrosion 
inhibition?. It was found? that the effectiveness of 
numerous corrosion inhibitors is reflected in their 
ability to suppress various polarographic maxima 
(abnormal current peaks in the current-voltage curves 
of the mercury microelectrode). In particular, it was 
shown that the order of relative inhibiting effective- 
ness of a number of amine inhibitors (for the iron — 
sulphuric acid system) is the same as that of their 
effectiveness in suppressing certain polarographic 
maxima. These amines (both aliphatic and aromatic) 
were most effective in suppressing maxima correspond- 
ing to the negative branch of the electrocapillary 
curve at which mercury is negatively charged with 
respect to the solution. This is consistent with 
Mann’s’ conclusion that amines inhibit the corrosion 
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of iron in sulphuric acid by becoming adsorbed on 
the cathodic areas of this metal. It was thus demon- 
strated that significant similarities exist between the 
processes involved in polarographic maxima and their 
suppression, on one hand, and in metallic corrosion 
and its inhibition, on the other‘. Campbell® has also 
employed polarographic techniques in detecting 
corrosion inhibitors. 

Based on similar reasoning, De? has recently pro- 
posed “A Unified Theory of the Mechanism of 
Inhibition of Corrosion of Iron in Acid and Neutral 
Media based on the Electrocapillary Behavior of 
Tons’. This theory provides a basic approach to 
many aspects of corrosion inhibition processes. A 
few years ago, I obtained some experimental results 
on the electrocapillary properties of representative 
corrosion. inhibitors ; these results are quite pertinent 
to the above theory. Mercury was employed, since 
electrocapillary studies with solid metals present 
serious experimental difficulties. 

The electrocapillary curves of mercury were 
obtained in 1N sulphuric acid, 1 N hydrochloric 
acid and 0-1 potassium chloride by applying a 
potential across a dropping mercury electrode and a 
mercury pool. The dropping time, which is propor- 
tional to the surface tension of mercury, was employed 
in plotting the electrocapillary curves. The results 
obtained with aliphatic amines are shown in Fig. 1. 
It is seen that the inhibiting behaviour of these 
amines as discussed by Mann? is reflected in their 
electrocapillary properties; that is, their overall 
effect on the électrocapillary curve of mercury, their 
specific effect on the negative branch of the curve, 
and the shift of the electrocapillary maximum 
towards less negative values, increase with increasing 
molecular weight of the amines. This behaviour, of 
course, indicates that in acid solutions amines are 
adsorbed in the form of ammonium ions, RNH,+ 
The lower members of the aliphatic amines, namely, 
methyl- and ethyl-amine, in the concentration range 
considered, affected the electrocapillary curve only 
to a small extent. 

Representative inorganic inhibitors were also 
tested for their effect on the electrocapillary curve of 
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Fig, 1. Effect of aliphatic amines on the plecbedcapelaty: curve of 
mercury in sulphuric acid 
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mercury in 0-1 N sodium chloride and 0-1 N pot- 
assium chloride solutions. The following inhibitors 
were included at a concentration of 0:03 per cent : 
sodium tetraborate, sodium benzoate, trisodium 
orthophosphate, potassium’ dichromate, sodium ni- 
trite and sodium silicate. All these inhibitors 
affected the positive (less negative) branch of the 
electrocapillary curve, indicating the adsorption of 
the anions of these inhibitors on the positively charged 
mercury surface. Such behaviour in this type of 
inhibitors is among the requirements of De’s theory 
regarding solid metals. 

In electrocapilary phenomena, particularly from 
the point of view of corrosion inhibition, competitive 
adsorption must be of importance. In aqueous solu- 
tions a number of ions are usually present which 
can compete for sites on & metal surface. Phenomena 
associated with such competitive processes should, 
therefore, be taken into consideration in an electro- 


capillary approach to corrosion inhibition. With this ` 


in mind, an attempt was made to determine the 
action of a given inhibitor on the electrocapillary 
curve which was obtained in the presence of another 
inhibitor. Among the above inorganic inhibitors 
studied, it was found that the effect of potassium 
dichromate on the electrocapillary curve was inde- 
pendent of any other inhibitor present. Alternatively, 
in a solution containing potassium dichromate, 
addition of one or more of the rest of the inhibitors 
had no further effect on the electrocapillary curve. 
This result can be considered as representing a case 
of competitive adsorption where dichromate ions are 
the most strongly adsorbing among the ions con- 
sidered. They can thus displace the other ions from 
the mercury surface; the reverse process does not 
take place at the concentrations employed. Com- 
petitive adsorption in corrosion inhibition could 
probably be studied indirectly—by dissolution rates 
and/or electrode potential measurements—much 
more conveniently than by the electrocapillary action 
of inhibitors on solid metals. 

These results on mercury cannot, of course, serve 
as a direct verification of the electrocapillary action 
of corrosion inhibitors; but they will encourage 
electrocapillary studies on solid metals. 

l Harry C. Gatos* 
Engineering Research Laboratory, 
E. I. du Pont de Nemours and Co., Inc., 
Wilmington, Delaware. 


* Present address: Lincoln Laboratory, Massachusetts Institute 
of Technology, Lexington, Massachusetts. 
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Influence of Metallic Ions on the Reaction 
of Ethylene Diamine with Epinephrine 
and Norepinephrine 


THE reaction of ethylene diamine with epinephrine 
(and norepinephrine) leads to the formation of a 
highly fluorescent material which is used for the 
estimation of catechol amines in biological fluids 
according to a procedure first described by Weil- 
Malherbe and Bone? and slightly modified by a number 
of other workers. 

We found that the presence of metallic ions, even 
in traces, greatly influences the intensity of fluores- 
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cence obtained by this reaction. Among the salts 
that possess such. a marked catalytic action are 
chiefly aluminium chloride (or acetate) and copper 
sulphate, although Erne and Canbäck? have utilized 
ammonium molybdate for the same purpose. Ferric 
chloride, on the other hand, appears to decrease the 
fluorescence of epinephrine while copper sulphate 
decreases that of norepinephrine. 

In the light of these findings, it is more than 
probable that the presence of aluminium salts in the 
eluate should be responsible, at least in part, for the 
increase of fluorescence observed when ethylene 
diamine is allowed to react with epinephrine dissolved 
in aqueous acetic acid solutions that have passed 
through an alumina column, as compared with 
solutions in pure acetic acid®4. 10 ml. of acetic 
acid solution that had been passed through a column 
of 0-7 gm. of alumina prepared according to Weil- 
Malherbe and Bone were found to contain about - 
10 ugm. Al+++, The increase of fluorescence under 
such conditions was about 30 per cent. The addition 
of 10 ugm. Al+++ (in the form of acetate or chloride) 
to pure acetic acid increased the fluorescence by 
17 per cent. The difference, however, could be 
explained by the presence of other impurities in 
alumina. Spectrographic analysis of one sample of 
purified product (Brickman and Co., suitable for 
chromatographic adsorption) revealed the presence 
of minute amounts of copper, iron, gallium and 
silicium. The influence of these elements on this 
reaction is under investigation. 

Guy NADEAU 
L. P. JoLY 
G. SOBOLEWSKI 
Department of Chemistry, l 
Laval University 
and 
Hospital St.-Michel Archange, 
Quebec, Canada. 
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A Suggested Revision of Nomenclature— 
Angiotensin 


THE vasoactive peptide resulting from the action 
of renin on an alpha-globulin was discovered by two 
groups of investigators with the result that it received 
two trivial names, angiotonin and hypertensin. 
Synthesis of the octapeptide has now confirmed the 
identity of this peptide and justifies dropping the 
double nomenclature. We propose the simplified 
name, angiotensin, and its derivatives angiotensinase 
and angiotensinogen. Angiotensin is a hybrid word 
but does, we think, have the advantage of being easy 
to pronounce even with a variety of accents, is 
euphonious, and is understandable despite the most 
recalcitrant microphone. 

EDUARDO BRAUN-MENENDEZ 
Instituto de Biologia y Medicina Experimental, 
Costa Rica 4185, 
Buenos Aires, Argentina. 


Irvine H. PAGE 
Research. Division of the 
Cleveland Clinic Foundation, 
and the Frank E. Bunts 
Educational Institute, 
Cleveland, Ohio. 
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Allelomorphism and the Chemical 
Differences of the Human Hemoglobins 
A, S and C 


In previous communications on this subject, one 
of ust? reported that normal human hemoglobin {A) 
and sickle-cell hemoglobin (S) differ in only one out 
of nearly 300 amino-acids in the half-molecule, and 
that this is the only demonstrable difference in primary 

chemical structure. We now wish to report on & 
similar investigation into the structure of another 
abnormal human hemoglobin—that of hemoglobin C 
disease. 

The protein was obtained from individuals known 
to be homozygous. for the hemoglobin C gene. It 
was first denatured by heat and then digested with 
trypsin, and the resulting mixture of peptides was 
analysed by the two-dimensional combination of 
paper electrophoresis and paper chromatography 
called ‘fingerprinting’. The trypsin-resistant ‘core’ 
of hemoglobin C was treated with hydrochloric acid— 
acetone to remove the hem group. It was then made 
completely soluble by digestion with chymotrypsin, 
resulting in a second mixture of peptides. Further 
examination followed, both by fingerprinting and 
by more detailed paper chromatography and electro- 
phoresis of groups of peptides from those parts of the 
fingerprints where the resolution had not been good 
enough. 

When fingerprints of both the chymotryptic and 
tryptic digests were compared with those of hemo- 


globins A or S, all the peptides of the normal protein 


were found in their correct positions with the excep- 
tion of one, which had disappeared. Its place was 
taken by two peptides in new positions (Fig. 1). The 
missing peptide is No. 4, the same one which carries 
the difference between hemoglobins A and'S. There- 
fore it is clear that the identical portion of the 
hæmoglobin A molecule is involved in the change to 
hæmoglobin C. Moreover this appears to be the only 
change, since all the other peptides in the tryptic 
fingerprint had amino-acid compositions indistin- 
guishable from those of their hemogicobin A, or S, 
counterparts. The peptides of the ‘core’ still remain 
to be analysed. ` 

The two new hæmoglobin C peptides, called 4a 
‘and 4b, were isolated from tryptic digests by eluting 
appropriate peptide bands obtained by paper electro- 
phoresis’, at pH 6-4 at 20 V.jem.; this was followed 
by e second purification using cooled paper electro- 
phoresis at pH 3°6* and 35 V./cm. The amino-acid 
composition and the N-terminal amino-acid of each 
peptide were determined qualitatively using the 
methods previously described’. The sequence of 
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Table 1. STRUCTURE oY THE HÆMOGLOBIN A. AND S NO. 4 PRPTIDES 
-AND THE HÆMOGLOBIN C Nos. 4a AND 4b PEPTIDES 


(His = bistidyl-, Val = valyl-, Leu = leucyl-, Thr = threonyl-, 
Pro = prolyl, Glu = glutamyl, Lys = lysine). 


+-+ - — +- 
Hamoglobin 4... uaaa a 
Î 


l + + - 
Hemoglobin S.. i His—Val—-Leu—Leu-—Thr—Pro— Val—Qlu— 
+ — 
Lys... 
t 


++ te +~ p 
Hemoglobin C... His-Val-Leu-Leu-Thr-Pro-Iys Gin-Lys...- 
t t t 


amino-acids was found by partial acid hydrolysis and 
end-group analysis! of the products. 

The amino-acid sequences of the No. da and 46 
peptides from hæmoglobin O are given in the last line 
of Table 1. Together they add up to the sequence 
of amino-acids found in the normal No. 4 peptide 
with the exception of the first glutamic acid residue, 
which is replaced by lysine. Tho splitting of the 
No. 4 peptide into two components during trypsin 
digestion is now explained, since the new lysine 
residue constitutes an additional trypsin-sensitive 
bond. On the basis of these findings we conclude 
that hemoglobin C differs from hemoglobin A and 8 
by only @ single amino-acid residue out of nearly 
300 in the half-molecule. Moreover, the same glutamic 
acid residue of hamoglobin 4 which was changed to 
valine in hæmoglobin. § is now replaced by lysine in . 
hemoglobin O. This change from an acidic to a 
basic amino-acid, involving the loss of two net 
negative charges per half-molecule, is In agreement 
with the observed electrophoretic behaviour of 
hemoglobin C5. 

These results have interesting genetic implications. 
They are the first steps in @ search for a correlation 
between the linear fine structure of a gene such as that 
determined recently by Benzer’ and Pontecorvo®, and 
the linear structure of the polypeptide chain of the 
protein the synthesis of which that gene controls. 

The gene mutations which cause the production of 
the abnormal hamoglobins S and C are inherited 
in a Mendelien manner through nuclear genes. 
Hemoglobin C provides a second example, after 
hæmoglobin S, of the effect exerted by a mutation of 
this kind on the protem which the gene produces. 
In. both cases the effect is small, since only one out 
of nearly 300 amino-acids has been altered. We 
would assume that there have been small alterations 
in corresponding places on the gene. Hemoglobin C 
and S are most probably independent examples of 
the same phenomenon, since there is no reason for 
believing thet the two mutations did not arise 
independently. ‘The fact that both abnormalities 
occur with high frequency and alter the same amino- 
acid might well be an accident of natural selection 
and not an indication of a high mutation-rate at this 
one particular locus. 

Our results also shed light on the position of 
these two mutations on the hemoglobin gene or 
genes. Genetic evidence’? shows that the hemo- 
globin S and C mutations are allelic or occur ab 
linked sites; but the statistical evidence is not 
sufficiently strong to distinguish between these two 
possibilities. If we assume a direct relationship 
between the internal (linear) structure of the gene, 
and the linear arrangement of the amino-acid residues 
in the hemoglobin molecule, then the finding that the 


- gamo amino-acid residue, glutamic acid, is altered in 


both mutations implies that they are indeed allelic 
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mutations and occupy the same site on the gene. 
Thus if these ideas are correct the chemical inves- 
tigation of proteins such as the human hemoglobins 
can provide a powerful, though indirect, tool to help 
the geneticist in mapping the positions on the gene 
where certain mutations occur. 

In order to obtain sufficient statistical data and a 
sufficient number of mutants, such a programme must 
eventually turn to proteins from micro-organisms. 
However, it is hoped that the abnormal human 
hemoglobins will provide a few more useful examples 
of the effects of gene mutations on protein structure. 

We are very grateful to Dr. H. Lehmann, London, 
Dr. H. A. Itano, Bethesda, and Dr. I. H. Scheinberg, 
New York, for generous samples of hemoglobin C. 
We would also like to thank them and Drs. M. F. 
Perutz and F. H. C. Crick, Cambridge, and Prof. 
J. V. Neel, Ann Arbor, for many stimulating dis- 
cussions. 

One of us (J. A. H.) is grateful to the Medical 
Research Council for a scholarship. 
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Protection against Death due to Ozone 
Poisoning 
IN a research programme on the physiological 
effects of ozone, an attempt was made to determine 
the mechanism of ozone poisoning by studying 
chemical protection before exposure. Swiss albino 
mice were treated by intraperitoneal injections of the 
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test chemical followed by exposure for 3 hr. to a 
concentration of 8-25 p.p.m. of ozone. This ozone 
concentration caused death in 10-80 per cent of the 
animals?. Usually 10 control (no prior treatment) 
animals and 10 treated animals were exposed together 
in a large glass chamber 12-5 in. x 30 in. x 16 in. to 
ozone generated by a water-cooled corona discharge 
type of ozonizer. The results of these experiments 
are recorded in Table 1. 

Since death due to ozone poisoning is accompanied 
by considerable cedematous fluid in the respiratory 
system’, atropine sulphate was tested as a possible 
protective agent, for it is widely used in surgery to 
minimize bronchial and nasal secretion. It was 
successful in preventing death in some of the mice 
exposed to ozone. Whether this protection is due 
to the blockage of the response of effector cells to 
stimulation of postganglionic cholinergic fibres is 
unknown. The role of the nervous system in pul- 
monary cedema is not clear. However, Balagot, 
Reyes and Sadove' believe that the autonomic nervous 
system is implicated. Sarnoff and Sarnoff! report 
that blockade of the sympathetic impulses to systemic 
vessels lowers pulmonary blood volume and pressure. 
Avaido and Schmidt? present evidence of chemo- 
receptors in the lungs, with a possible implication in 
cedema. 

Thė success of the atropine sulphate, a cholinergic 
blocking drug, in affording some protection against 
ozone poisoning may be explained by reduction of 
cedema via the nervous system. However, hexa- 
methonium chloride (Table 1), a ganglionic blocking 
drug, did not protect mice from death induced by 
ozone. The ganglion-blocking agents prevent the 
initiation of postganglionic impulses at the ganglia, 
while atropine prevents the action of postganglionic 
impulses upon smooth muscles or glands. 

Several reducing substances were tested to de- 
termine whether they would protect mice against 
death from ozone. Since ozone is & powerful oxidizing 
agent, there is a good possibility that damage to the 
respiratory system is due to the formation of free 
radicals and peroxides. Thus a reducing agent should 
aid animals to survive an exposure to ozone, provided 
that an intraperitoneally injected reducing substance 
would be carried as a reducing agent in the blood 
stream. to the respiratory system. Cole et al.* found 
that sodium nitrite injected intraperitoneally afforded 
some protection against death due to radiation. 


Table 1. EFFECTS OF VARIOUS AGENTS INJECTED INTO MICH IN PROTECTION AGAINST DEATH FROM 8-25 P.P.M. OF OZONE FOR 3 HR. 





Dosage/mouse 
Agent 
(mgm.) | (ml.) 
Atropine sulphate 0:00825 0'1 
Hexamethonium chloride 0-125 0-1 
(‘Hexameton', Burroughs Welcome) 
Sodium thiosulphate 40 0°5 
(pH 7-7, sodium hydroxide) 
Ascorbic acid 20 0:2 
odium ascorbate, Barry Laboratories) ° 
Glutathione 65-8 1-0 
(pH 8:0, sodium hydroxide) 
Sodium nitrite 2°5 0-5 
(pH 7-2, sodium hydroxide) 
Sodium nitrite 1-75 0-25 
(pH 7-2, sodium hydroxide) 
p-Aminopropiophenone 0 0-1 


(in 2 parts 100 per cent ethyl alcohol and 
8 parts propylene glycol) 


Total 






Treated mice Control mice 











Survived | Dead Survived | Dead x? 
(a) (b) (a) (b) 
118 88 45 4'2 
110 70 48 0°59 
71 55 28 4-62 
90 70 34 5'18 
20 12 9 0-0 
20 7 2 0-0 
67 35 33 0:0 
40 11 18 0'0 


* G. 8. Snedecor, “Statistical Methods”, p. 19 (Iowa State College Press, Ames, Iowa, 1940). 


(ad — bc)? (@+b+c¢ +d) 


*2" = @+qye +a) a+b) +d) 


If the value of X? is 3-84, there is more than a 95 per cent chance that the treated population is different from the control. 
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With this in mind, other reducing agents were used. 
Both sodium thiosulphate and ascorbic acid (Table 1) 
protected mice against death by ozone poisoning. 
These compounds may react with ozone before it has 
a chance to come into contact with lung tissue, or 
afford protection by decreasing capillary permeability 
in the lungs, and by sustaining the alveolar capillary 
cells during conditions of anoxia. Sodium nitrite at 
2-5 mgm. per mouse (Table 1) did not protect mice 
but made ozone more toxic. At a level of 1:75 mgm. 
per mouse there was no effect on mortality due to 
ozone. The apparent increase in death-rate of mice 
injected with 2:5 mgm. of sodium nitrite can be 
explained by the induction of methemoglobinemia’ 
by this compound. A sharp reduction in available 
hemoglobin would handicap an animal severely 
injured by ozone and would hasten death due to 
asphyxiation. 

Glutathione and p-aminopropiophenone®, which 
have had some success in protection against death 
due to radiation, were not successful in protecting 
against death induced by ozone poisoning. Gersch- 
mann and colleagues!” pointed out the similarities 
between oxygen poisoning and injury due to radiation 
and found that glutathione protected against oxygen 
poisoning. It appears that compounds which protect 
against death by radiation and oxygen poisoning are 
not effective against ozone poisoning. The differencu 
in. protection is due to the fact that damage in ozone 
poisoning appears to be limited to the respiratory 
tract only, whereas in radiation and oxygen poisoning 
the whole body is involved. 

This study was supported by funds provided ur.der 
Contract AF 18(600)-944 with the U.S.A.F. Sclool 
of Aviation Medicine, Randolph Field, Texas. 
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Isolation of 8-Sitosterol-p-Glucoside from 
Groundnut Phospholipids 


NATURALLY occurring sterol glycosides (sterolins) 
were first characterized in 1913 by Power and Salway', 
since which time these compounds have been isolated 
from a variety of plant materials?.*. 

In the course of experiments on the lipids of 
groundnuts, a sterol glycoside has been isolated from 
a crude phospholipid fraction and has been identified 
as 8-sitosterol-D-glucoside. 

The initial phospholipid was produced on an 
industrial scale; in order to remove small amounts 
of triglyceride the material was washed several times 
with three times its weight of acetone, dissolved in 
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ether and reprecipitated with acetone. The pre- 
cipitate was filtered off on a Buchner funnel and 
final traces of solvent then removed in vacuo. 

129 gm. of this material was ground with about 
300 gm. of anhydrous sodium sulphate and the mix- 
ture extracted with acetone in a large Soxhlet 
extractor for 22 hr. The acetone extract on cooling 
gave a yellow waxy solid which after washing with 
ether yielded a white powder, insoluble in most of 
the usual solvents but soluble in pyridine. Further 
quantities of this material were obtained by 
concentrating the acetone extract, and in all 
2:3 gm. (1:8 per cent of the crude phospholipid) 
was obtained. 

The product was recrystallized from pyridine— 
ethanol as a loose white solid giving positive Lieber- 
man-—Burchard and Molisch tests, m.p. 290—292° (dec.) 
and [a«]3? — 45-7. These values correspond with 
those reported by other workers*.> for §-sitosterol-D- 
glucoside, and the identity of the solid was confirmed 
by the melting points and specific rotations of the 
acetyl and benzoyl derivatives, and by identification 
of the sterol and sugar components following hydro- 
lysis of the glycoside by the method of Thornton 
and co-workers*. Chromatographic analysis showed 
glucose to be the only carbohydrate component in 
the water-soluble portion of the hydrolysis products, 
and the presence of glucose was confirmed by osazone 
formation. Recrystallization of the ether-soluble 
hydrolysis products yielded a sterol, m.p. 135—136°, 
[a ]2? — 37-17, in 75 per cent yield. The acetate 
(m.p. 126° [«a]}? — 43-01) and benzoate (m.p. 142- 
143°, [x]}f — 15-1) correspond to §-sitosterol de- 
rivatives. 

In further experiments the crude phospholipid was 
fractionated with alcohol; the aleohol-insoluble 
material corresponded to 75 per cent of the initial 
phospholipid and contained 87-5 per cent of the 
total sterol glycoside. 

Thanks are due to the Nuffield Foundation for 
their support of this work and to Messrs. J. Bibby 
and Sons for the supply of phospholipid. 

FRANCIS AYLWARD 
B. W. NicHoxs 
Department of Chemistry and Food Technology, 
Borough Polytechnic, 
London, S.E.1. 
| Jan. 22. 
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Site of Catabolism of Serum Albumin 


Tue relative importance of the liver, kidneys and 
intestines for the catabolism of serum albumin has 
been examined in Swiss albino mice, 5-6 weeks of 
age. Mouse serum albumin and human serum 
albumin. were labelled with iodine-131 as described 
elsewhere! and given to the mice intravenously, about 
0-5 ue. or 5-15 ugm. iodoalbumin per mouse. The 
biological half-lives of the radioiodinated albumins 
were determined by one or more of three methods : 
(1) the living whole mouse was counted at intervals in 
a crystal scintillator ; (2) pooled serum was obtained 
by exsanguination of two or three mice at a time 
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Table 1. HALF-LIVES OF IODINATED ALBUMINS IN MIOB 


Half-lives during 
first 24 hr.* 


Conditions (see text) 
(days) 


Normal diet : unoperated or sham-operated 
Partial hepatectomy (40 per cent) 
‘Thorotrast’ (0'6 ml.) 

Indian ink (0-1 ml.) 


Starvation 

Sham operation and starvation 
Bilateral ureteral obstruction 
Bilateral nephrectomy 
Intestinal resection 


© 
~] 


IRR ODA 


m 
Omm mpm 





* Average values for at least 15 animals per group, exceptin 
nephrectomy, which included eight animals. Data on individua 
animals varied by less than 20 per cent from the average. 


from a given group and the protein-bound radio- 
activity of the serum determined ; (3) protein-bound 
radioactivity in the individual whole mouse of a given 
group was estimated after homogenization of the 
animal in 10 per cent trichloracetic acid. All animals 
were given sodium iodide in their drinking water 
throughout the period of an experiment. Surgical 
Operations were performed under ether anesthesia. 
In these experiments, iodinated human albumin 
behaved in vivo as did iodinated mouse albumin ; 
detectable antibodies to human serum albumin were 
not formed during the periods of study chosen. 

The half-life of serum albumin in normal mice was 
found to be about 0:7 day (Table 1) (this value has 
been averaged with additional data obtained by 
G. Terres and W. Wolins and is based on more than 
50 animals). Since the mice in several experiments 
were anorexic, the half-life of albumin in mice not 
given food was determined and found to be about 
1-1 days. Sham operations were also performed in 
which the peritoneal cavity was opened and the 
intestines lifted out and replaced. The half-life of 
albumin in sham-operated mice with or without food 
was similar to that obtained for unoperated mice on 
the same diet (Table 1). 

The ureters were obstructed bilaterally in a group 
of mice approximately 3 hr. prior to injecting labelled 
albumin by applying a gold clamp at the base of the 
bladder. These animals were not given food. The 
half-life of serum albumin under these conditions 
was found to vary from 1:4 to 1-7 days in different 
groups of mice; these values should be compared 
with 1-2 days for the sham-operated controls. The 
half-life of albumin in mice that were bilaterally 
nephrectomized was 1-4 days. 

Removal of both large and small intestines appeared 
to accelerate the catabolism of iodinated albumin, 
since the half-life was only 0-7 days as compared 
with 1:2 days for starved controls (Table 1). 

Removal of 40 per cent of the liver resulted in a 
marked decrease in the catabolism of albumin 
(Table 1). During the first day after the operation, 
the half-life was found to be 1-7 days. During the 
second day, the half-life of albumin was 0-9 days. 
Five days after the operation, the half-life of albumin 
was normal and post-mortem examination revealed 
that the liver had regenerated to normal size. The 
hepatectomized mice were eating soon after the opera- 
tion, and the half-life value found is to be compared 
with that for mice on anormal diet. Removal of approx- 
imately 40 per cent of the liver decreased the frac- 
tional rate of catabolism by about 50 per cent. 
Similarly, removal of about 20 per cent of the liver 
decreased the fractional rate of catabolism about 
20 per cent. 


NATURE 


1065 


An attempt was made to determine the relative 
influence of the hepatic cells and the Kupffer cells 
on albumin catabolism. ‘“Thorotrast’, which is a 
24-26 per cent suspension of thorium dioxide, and 
indian ink are known to block the reticulo-endothelial 
system. Consequently, 0:05-0-1 ml. of indian ink 
or 0-2-0:6 ml. of “‘Thorotrast’ was given to mice 
intravenously, followed 1 hr. later by iodinated 
albumin, ; there was a profound inhibition of albumin 
catabolism (Table 1). Large doses of “Thorotrast’ 
reduced the catabolism of iodinated albumin to an 
extent even greater than that observed in mice with 
40 per cent of their livers removed. 

It would appear from these results that the liver 
and kidneys in mice play significant parts in the 
catabolism of albumin. The liver would seem to 
have the greater importance, since removal of only 
40 per cent of the liver was more effective than 
complete nephrectomy. At the cellular level, the 
experiments with indian ink and “Thorotrast’ strongly 
implicate the reticulo-endothelial system of the liver 
in this catabolism, although a possible role of the 
hepatic cells cannot be excluded. 

This work was supported by the Lalor Foundation 
and the U.S. Atomic Energy Commission. 

Davip GITLIN* 
JAMES R. KLINENBERG 
WALTER L. HUGHES 


Medical Division, 
Brookhaven National Laboratory, 
Upton, Long Island, 
New York. 
Jan. 15. 
* Present address: Department of Pediatrics, Harvard Medica? 
School, Boston. 
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Effects of Pituitary Hormones and 
Cortisone upon Liver Regeneration in the 
Hypophysectomized Rat 


THE finding that growth hormone increased the 
rate of mitosis and nucleic acid synthesis in rat 
regenerating liver!, suggested that this hormone 
might play an important part in liver regeneration 
following partial hepatectomy. To test this hypo- 
thesis it was necessary to study the effect of hormones 
upon. liver regeneration after removal of the pituitary. 

Three series of experiments were performed on 
rats subjected to partial hepatectomy 7—28 days after 
hypophysectomy. It is believed that the use of this 
preparation has not been previously described ; full 
details will be reported later (by J. T. H.). Rats were 
killed at two hourly intervals from 27 hr. to 50 hr. 
after partial hepatectomy and mitotic counts were 
made on the livers. 

The first series of saline-injected controls (80 rats) 
14-21 days after hypophysectomy showed that liver 
regeneration can occur in the absence of the pituitary, 
but is delayed. Normal rats show a peak of regenera- 
tion of about 40 mitoses/1,000 cells at about 284 hr. 
after partial hepatectomy? ; but in hypophysectom- 
ized rats the peak is at 38-45 hr. and is only 
20-30 mitoses/1,000 cells. 

A second series of 80 hypophysectomized rats were 
given hormone replacement at hepatectomy and dur- 
ing liver regeneration. Six groups were used, given 
respectlvely : growth hormone only, crude pituitary 
extract only, cortisone only, growth hormone + 
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cortisone, crude pituitary extract + cortisone, and 
@ control group injected with saline. Giving growth 
hormone + cortisone or crude pituitary extract 
+ cortisone resulted in an increase of the height of 
the mitotic peak with little alteration of the time 
at which maximum regeneration occurred. Results 
from growth hormone and crude pituitary extract 
alone were equivocal. 

In the group treated with cortisone only, a consistent 
and characteristic cytoplasmic and nuclear degenera- 
tion was noted (by D. B. C., who did mitotic counts 
on these two first series of rats). The cells undergoing 
degeneration appeared to follow a series of changes, 
beginning with a hyaline droplet type of degeneration 
of the cytoplasm, followed by vacuolation of the 
nucleus and extrusion of the nucleolus. The nucleus 
in the more degenerate cells became pyknotic and 
finally broke into fragments. These changes were 
much more marked than the cytoplasmic vacuolation 
and nuclear displacement reported in liver cells of 
mice treated with cortisone®. 

A third series of experiments was then begun 
{by J.T. H.) to test the hypothesis suggested by 
the work of Bullough (recently reviewed‘), that the 
nutritional state of the liver at hepatectomy greatly 
influenced the subsequent regeneration, and that some 
conditioning of the cell by hormone activity was 
essential for normal regeneration. 

Injections of the same combinations of hormones 
were therefore given three days prior to hepatectomy 
and during the period of regeneration. 

65 hypophysectomized rats have so far been 
examined, and in all those receiving cortisone only 
(2 mgm./100 gm. rat twice daily) no mitoses were 
found at any regeneration time from 27 to 60 hr. 
(Cortisone inhibition of liver regeneration in the 
mouse, with intact pituitary, has been reported?®.) 
Glycogen content of the liver was high at hepatectomy 
and was still high at post-mortem, suggesting that 
glycogen utilization was small in the cortisone- 
treated rat. Except in very small doses, growth 


hormone or crude pituitary extract given alone ` 


was toxic to hypophysectomized — partially hepa- 
tectomized. rats, many animals dying through hypo- 
glycemia and ketosis. Such material as was available 
indicated that mitotic rates were low (5-20 mitoses/ 
1,000), and that glycogen accumulation was also low. 
Further work is in progress. 

When growth hormone or crude pituitary extract 
was given with cortisone the whole picture changed ; 
the highly pyknotic and degenerating nucleus gave 
place to more normal appearances with clear mitotic 
figures. When the dose of growth hormone was in 
the correct proportion to the dose of cortisone high 
mitotic counts were seen. High accumulation and 
utilization of glycogen also occurred. Thus, 1-5 mgm. 
growth hormone. or 0-6 ml. crude pituitary extract 
` (100 gm. rat twice daily)- with 2 mgm. cortisone gave 
high counts of 45-60 mitoses/1,000 cells. Reducing 
the dosage of either to an eighth and keeping the 
cortisone dose at 2 mgm. gave low mitotic counts and 
slight signs of cytoplasmic and nuclear degeneration. 

Thus growth hormone prevented the inhibition of 


mitosis and the nuclear degeneration produced by . 


cortisone. With cortisone alone there was nuclear 
degeneration in spite of accumulation of glycogen in 
the cytoplasm. Failure to regenerate deoxyribonucleic 
acid has also been reported after cortisone administra- 
tion to the intact mouse*. These facts suggest the 
possibility of a metabolic block set up by cortisone 
between the cytoplasm and the nucleus; this block 


NATURE 


April 12, 1958 VoL. 181 


is removed or neutralized by growth hormone. Con- 
versely, this work supports that of many workers 
showing growth hormone to diminish glucose uptake 
by the cell in hypophysectomized animals, and in 
particular is direct support for the view that growth 
hormone requires the co-operation of adrenal corticoids ` 
for normal carbohydrate metabolism’. l 

In physiological conditions it may well be that 
growth hormone is the more constant basal secretion 
allowing nuclear activity and this is modified by hour- 
to-hour variation in adrenal corticoid output. When 
cortisone is excluded there are indications that glyco- 
gen utilization is related to mitotic rate. It is possible 
that the autonomy of neoplastic cells is in, part a loss 
of response to corticoid inhibition, and the relation 
between these two possibilities is being examined. 
In those cases of inoperable cancer which have been - 
treated by hypophysectomy and maintained ` on 
cortisone, these studies suggest that part of the 
beneficial therapeutic response may be due to a direct 
effect of cortisone on the dividing cancer cells, prob- 
ably accentuated by absence of pituitary growth 
hormone. 

We are grateful to Prof. J. 8. Mitchell for his 
advice and encouragement, and to Prof. F. G. Young 
for his generous gifts of growth hormone and crude 
pituitary extract. One of us (J. T. H.) acknow- 
ledges a Medical Research Council grant, and the 
other (D. B. C.) a British Empire Cancer Campaign 
research fellowship. 

J. T. Hemmneway* 
D. B. CATER 
Department of Radiotherapeutics, 
University of Cambridge. 
Dec. 2. 
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Fine Structure of the Alveolar Wall of 
the Lung 


Since electron microscope techniques have been 
applied to histology, several workers have confirmed 
that the blood—air barrier of the lung consists of a 
capillary endothelium, a basement membrane and an 
uninterrupted alveolar endothelium. The permeability 
of this three-layered wall is explained, in the classical 
physiological literature, solely by @ passive physico- 
chemical mechanism. 

Palade? was the first tu observe with the electron 
microscope that the fine structure of the capillary 
wall was much more intricate than had been pre- 
viously assumed. He saw invaginations of the plasma, 
membrane which are pinched off to form smail vesicles 
of 500-750 A. diameter. It seems likely that they move 
across the endothelial cytoplasm and approach the 
opposite plasma membrane. Palade? himself believes 
that substances from the capillary lumen can thus 
be actively and selectively incorporated into the 
endothelial cytoplasm. This mechanism, formerly 
called pinocytosis, appeared to depend, so far as the 
capillary endothelium is concerned, upon the require- 
ments of the surrounding medium. 

Quite recently, Moore and Ruska? described 
capillary endothelia of the mammalian heart and 





















of of the absence of cytopempsis, therefore we 
1ave re-investigated the fine structure of this three- 
yered wäll.. 
The present observations are based upon tech- 
ques recently described‘ and were made on lungs 
adult albino mice. 
Structural details assumed to be concerned in 
ytopempsis are shown in the alveolar wall in Figs. 
and 2. There are many small vesicles of 500-700 A. 
diameter in the endothelial eytoplasm. They are 
usually spherical, consisting of a relatively light 
portion surrounded by a thin dark membrane. The 
xterior and the interior plasma membrane invagina- 
‘tions show in several places. Some of the spherules 
= approach these invaginations and often fuse with 
_ the bottom of them. 
<The thin epithelial lining of the alveolar cells 
ee surrounding the capillary vessels. has a structure 
_ remarkably like that of the endothelial cytoplasm. 
‘There are also small vesicles of about the same size as 
those described in the endothelium. Invaginations 
_. of exterior and interior plasma membranes can easily 
ae be identified. | 
Finally, numerous small cell-membrane infoldings, 
similar to those belonging to the exterior cell mem- 
‘branes, are found in contact with the alveolar 
basement membrane. Some of these in profile are 
-glosed, whereas others appear to be partially or 
‘completely open at the level of the basement 
membrane. 





































































i Blood-air barrier in mouse lung. A large capillary lumen 
‘is ‘visible. below, with a red blood cell (Er) and a thrombo- 
eyte (T) in close contact with the endothelial lining. Vesicles, 
wi Le are bounded by dense membranes, appear throughout the 
toplasm W), often in connexion Si io 
mito- 





TA not AR the ponp ah ront convincing i 


“plood-air barrier in lungs of mammals submitted ` 


ant evidence in favour of both alveolar epithelia 
and capillary endothelial cells being active a 


crenacat It seemed to us papas orally | administered 


Fig. 2. Another portion of tlie bloadsair barrier in mouse lung, 
showing numerous small vesicles in. the capillary endothelial 
and the alveolar epithelial (A) cytoplasm, and invagination 
of the exterior and interior plasma membranes. The vesicl 
often associated with the bottom of an infolding of the cell: 
brane. Two endothelial junctions (J) are visible. (x 26; 

















Schulz’ described vesicles of 500-1000 A. diare 
within the alveolar and endothelial cytoplasm of t 





artificial lung-edema. He is convinced that th 
structural details must be due to the experiment 
cedema produced. Obviously, he did not know that 
Palade’? had found the same vesicles three years 
before in quite normal circumstances, within the 
capillary endothelium of the mammalian. heart. 
Moreover, Schulz did not use controls, an omigsior 
which makes his conclusion less convincing. | Th 
electron microscope literature is still too small + 
distinguish between the so-called ‘normal fin 
structures’ and artefacts. 

On the basis of these results, we believe tha 
the idea that transmission of substances through 
the alveolar wall occurs only by passive diffusion: 
should be further studied. The occurrence of cyto- 
pempsis within the normal alveolar wall is impo 





selective in the exchange of substances: in t 

lung. : 
M. DE Groo 
A. LAGASSE 
M. SEBRUYNS 

Institute for Histology and 
Laboratory for Electron Microscopy, 
University of Ghent. 
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Inability of Hydrogen Peroxide to 
influence the Survival-Time of Rats 
bearing RD3 Sarcoma and the Walker 
Carcinoma 


Ir has recently been claimed that orally’ uct 
istered hydrogen peroxide (0-45 per cent. by we: 
causes regression of the transplantable Walke 
carcinoma in rats!, and it was also claimed that two 
of four cancerous patients benefited from this 


aseptic © conditions. 
mec _ ‘Barcoma. ) | 
The diet used throughout these experiments was 
diet 86 purchased from the North-Eastern Agricultural 
Co-operative Society Ltd., Bannermill Place, Aber- 
deen. All animals wore fod ad lib. and were housed 
=o in separating cages and weighed individually twice 
Uns a weok. 


© eoncentration 
 oecurred. 



















" difference. ‘affecting. the” ‘rate: “of. tumo : 

in the two- groups: (possibly slower in ‘the 

s treated’ with hydrogen peroxide) and -an 

ition of that phenomenon is giua in the 
iseussion below. =- 

© RD3 sarcoma used in the E was 

inally induced by 1:2: 5: 6- dibenzanthracene 





University of Leeds. 





:-  — The commercial concentrated aqueous solution of = 
es hydrogen peroxide (Laporte Chemicals Ltd., Luton) 
-was diluted to give a final concentration of 0-45 per 
 -eent (by wt.: the suggested optimum of Holman’). 
This solution was fed ad lib. to the experimental: 
eS The solution was replaced every — 
: 3 days and an analysis of the hydrogen peroxide’ 
showed that no deterioration had 


Se groups of animals. 


xperiment L 





on until the end of the experiment while. the control 
group B received ordinary tap-water. -Tablo 

mmarizes the results obtained. Therë was n 
istically significant difference between the survival 
Table 1, Tue EFFECT OF 0-45 PER CENT HYDROGEN PEROXIDE (48 


UBSTITUTE. FOR DRINKING WATER) ON THE GROWTH OF TRAN 
D: RDS. ‘SARCOMA, Host TEETE, AND oN. SURVIVAL-TIMH: 





i THE RAT- 
jent started SI days after transplantation of “the tumor 
l “Group A: Fed 0 45. per | 


a a -cent t hydrogen porogide apn par n 
orr F "Baa wih boon 

Complete + continued — 
| | regressions | pos 
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times and the 
l groups. e 


Animals used in these experiments were inooulated na 
_ subeutaneously in the right flank with 0-2 ml. of a. 
-o thick pasty suspension of tumour mince under strict _ 
(Walker carcinoma or RD3 


ee Male rats were inoculated with RD3 
z sarcoma in the right flank. At the end of 5 days, 

_ 66 animals showing fairly uniform palpable tumour _ 
nodules measuring approximately 1-0 em. in diameter - 
were selected and divided into twogroups. Group A 
received 0-45 per cent hydrogen peroxide from then 
| effect. of hydrogen peroxide on the food intake an 


body-weight in animals receiving hydrogen peroxid: 














received.. The amount of food eaten by each grou] 
was. estimated by. weighing the amount. of food given 
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final ‘tumour weights _ in thos 





Experiment 2. Male rats were thoonlated swith the: 


Walker carcinoma. At the end of 5 days, 29 animals _ 
showing fairly uniform palpable tumour nodules _ 


measuring about 1-0 em. diameter were selected and _ 


divided into two groups and treated in the same way — 
Table 2 summarizes the results 
obtained. Once again there was no- statistically E 

significant difference between the survival times and — 
_ the final tumour weights in these groups, although as 
in exp, 1 there was a lower final body-weight and 
tumour weight in the experimental animals. En 
_ Experiment 3. This is a repeat of exp. 2; but,as 
in this experiment the Walker carcinoma grew ata 
faster rate than that in exp. 2, the results were 


as animals in exp. 1. 


considered separately from those in exp. 2. 


Once again. hydrogen peroxide failed to prolong oe 
significantly the survival rate of the treated animals, — 
-The tumours in group A were, however, significantly 
smaller than those in group B: ae 
of group A was less. than that of. group B, but not: 
significantly 80. Wes 


“In view of the persistent tendency to. a ‘amaller 
in all our experiments, it was decided to study th 


ody weight of normal animals. 
Experiment 4.. Forty-eight rats were s divided: int 
wo groups. Both groups were fed ad lib., but grou 
| (24 rats) received 0-45 per cont hydrogen peroxid 
instead of the tap-water which group B (24 rats 


d that loft o~ ona and wasted. -The a wa 











e ats su the ‘control group weighed 
a the experimental rats weigher 











y p. wo 6 find oid evidence to. ERES that hydro 
en: eee i — tho Samal sine of rat: 
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Spontaneous: Crystallization of Amylase 
a from Pancreatic Juice of the ‘Rat 


“Is the assay of secretin: by Love's method! in 
which pancreatic secretion. from. the fasted rat is 
-collected in calibrated capillary tubes, it was observed 
_ that a slight precipitate very occasionally formed in 
the tube at room temperature, When the secretion 
was kept at +2° C. a heavy white deposit almost 
invariably formed within two days or so which 
-consisted of very fine birefringent needles, often in 
balls, fans, or sheaves (Fig. 1). The difference in 
ultra-violet absorption of the secretion before and 
after formation of the deposit (Fig. 2) suggested that 
the latter might be a protein. Further experiments 
‘showed it to be amylase, and it became of interest 





























“pancreatic «-amylase from human® and pig’. 

solation and recrystallization. ‘The erystals were 
ly sparingly soluble in water and | could be washed 
repeatedly in cold water. They were much more 


spending in water, adding ammonia to a final 
ration of 0-2 M, agitating for 15-20 min., 
eentrifuging; about one-quarter of an equivalent 
k ydrochlorie acid was then added, the slight 
bidity was spun down after half an hour, and the 
übe placed in a closed container with several ml. of 





polarized light. x 144) _ 








Optical Pa 


to compare its properties with those of crystalline : 


uble above pH 10, and could be recrystallized by 


He sale acid to absorb ammonia, the wha, 


at 37° C., 3 mgm. jml. 


Houses ‘Analar’ starch as substrate. The potene 


` Crystals. separating: sppntancously, fron from rat_ “pancreatic — 
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Fig. 2. Ultra-violet absorption (1.cm.) of; (1) pure pasted’ oe 
creatic secretion of three rats, collected over a period of 11-12 pir 
(with frequent stimulation by secretin) diluted eh in 40; @) super 
natant from the same after 7 days at 2° 0., diluted in: 40; 
(3) recrystallized material, 0-256 mgm./ml., pH 7; (aye differenos 
between 1 and 2 














































being kept at 2° C. Several days were sequined fo 
crystallization, and the crystals thus obtained have 
not yet been larger than those separating spontano. : 
ously from crude pancreatic juice. 

Stability. Well-washed crystals suspended in wate 
appeared to retain their activity at 2° C. for many 
weeks. At 20° C. all activity was destroyed i in a fe 
seconds in 0-02 N hydrochloric acid; in acota 
buffer pH 4, about nine-tenths of the original activi 
remained fafter 3 hr., and at pH 5 there was littl | 
no destruction. In the pH range correspondin; 
0-1-1:0 M ammonia the stability showed a 
change. Thus, in 1-0 M ammonia at 20° C. de 
tion was virtually complete after 30 min. 
and 0-1 M ammonia after 3 hr. about 30 pi 
and 90; per cent of the original activity re 
A suspension of crystals dried quickly over phosp! 
pentoxide and kept over it for two weeks 
only about one-quarter of its original activity 

Solubility. A dense suspension of crys 
distributed among a number of sealed glass cap 
which were gently agitated at the app 
temperature for varying lengths of time. 
centrifuging, the concentration of amylase 
supernatant was estimated in terms of its 
activity. In water the approximate. solubi ty 
at 2° C, 0-3 mgm./ml.; at 20° C., LS 1 
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The erystals still formed spontaneous! 
presence of bile or of ‘Teepol’ (which was som 
used for ensuring smooth movement of tho meor 
in the secretin assay). a t 

Amylolytic activity. This was. meag ur ed by 
method described by Noelting and Bernfeldé 
on that of Sumner and Howell’, using British Dr 


expressed in units equivalent to the number of 
milligrams of maltose liberated by: l ml. af: erp 
Perens in 3 min. at 20° C.. ; 


ell-was 
-almos 


pH range of. | 
stability < 


Human pancreas* |. 
Rat pancreatic juice | 


* Based on results summarized by Bernfeld (ref. 6) 


mparison with human and porcine pancreatic 


lase. All three enzymes have certain properties 
common, (ultra-violet absorption spectrum, low. 
olubility, high stability when pure). The porcine 


d human enzymes differ in their pH stability-range - Sa 
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catalysing this reaction has also been shown to occur 
in extracts of immature cauliflower. 

Further work is in progress on quantitative aspects 
of this reaction and similar C,-transferring reactions 
are being studied. 

We are indebted to the Royal Society and the 
Agricultural Research Council for grants towards the 
purchase of apparatus and chemicals. 


A. P. WILKINSON 
D. D. DAVIES 


Botany Department, 
King’s College, University of London, 
68 Half Moon Lane, 
London, S.E.24. 
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Carbon Dioxide Fixation in Particulate 
Preparations from Barley Roots 


CARBOXYLATION of phosphoenolpyruvate in plant 
material has been reported by various workers!-*. In 
the present investigation we have observed it in 
particulate preparations from barley roots. This 
reaction, coupled with malic dehydrogenase activity 
in the presence of reduced diphosphopyridine nucleo- 
tide, leads to the incorporation of carbon-14 dioxide 
into malate and other organic acids. 

The particles prepared from 6-day old barley 
roots were separated by centrifuging between 2,000 
and 16,000 x g. Exposure bo labelled potassium bi- 
. carbonate was carried out for a period of l hr. After 
acidification to terminate the reaction and removal 
of the excess carbon-14 dioxide, the medium was 
centrifuged to give two fractions: the supernatant 
and the residue. Aliquots of the supernatant and 
the residue were plated and from these the total 
carbon-14 dioxide fixation was determined. 

Initial experiments in the absence of reduced 
diphosphopyridine nucleotide and with phospho- 
enolpyruvate showed a marked stimulation of the 
carbon dioxide fixation as compared to the fixation 
with pyruvate. Table 1 shows the fixation obtained 
in the two systems. Radioautographs of the paper 
chromatograms of the supernatants from both 
systems showed that only traces of labelled malate 
were present. 9,4-Diphenylhydrazones were prepared, 
and the activity expressed as the percentage of the 
total carbon-14 fixed gave figures of 80 per cent for 
the phosphoenolpyruvate and 5 per cent for the 
pyruvate. Radioautographs of paper chromatograms 
showed that in both systems labelled oxalacetate and 
pyruvate were formed, with a large accumulation of 
labelled oxalacetate in the presence of phosphoenol- 
pyruvate. The results indicated that conditions were 
limiting for the further metabolism of the labelled 
oxalacetate. ; 

The presence of added reduced diphosphopyridine 
nucleotide resulted not only in an increase in the total 
carbon dioxide fixation, but also in the activity 
-of the other-soluble fraction, particularly in malate. 
The organic acids in the supernatant were isolated 
by ether extraction followed by silica gel chromato- 
graphy after the method of Bulen et al.°. Addition 
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Table 1. CARBON-14 DIOXIDE FIXATION IN BARLEY ROOT PARTIOLES 
No ADDED REDUCED DIPHOSPHOPYRIDINE NUCLEOTIDE 
(Activity as percentage of total carbon-14 added) 

Fractions 


Substrate 


Supernatant Residue | Total 
| 


1-1 
12-0 


1:0 
2°6 


21 
14°6 


1. rae (sodium salt) 
Pho 


2. sphoenolpyruvate 


(cyclohexamine salt) 


1 ml. particles containing 1°30 mgm. nitrogen, 
moles magnesium chloride, 0°6 prmoles 
manganese chloride, 90 «moles phosphate buffer (1) pH 5-6, (2) pH 7-4 
and 1 mole potassium picarbonate-“C with 2'5 x 10° counts/sec. 
carbon-14 activity in a total volume of 3:3 ml. 
te 9 moles; (2) adenosine 
monophosphate 9 „moles. 

Experimental conditions : Temperature, 25° C. ; exposure perlod, 
1hr.: reaction terminated by 0:5 mi. 2 N sulphuric acid ; excess carbon- 
14 dioxide removed by bubbling with inert carbon dioxide for 15 min. 


of malate increased the total fixation ; however, the 
proportion of activity in the ether-soluble fraction 
remained the same except in the presence of added 
reduced diphosphopyridine nucleotide. 

The addition of reduced diphosphopyridine nucleo- 
tide to the medium stimulated the malic dehydro- 
genase activity, resulting in reduction of labelled 
oxalacetate to malate. Spectrophotometric determin.- 
ations had shown the presence of malic dehydro- 
genase in the preparations. The presence of added 
malate apparently stimulated carbon dioxide fixa- 
tion. The addition of malate in the presence of reduced. 
diphosphopyridine nucleotide would result not only 
in this increase in fixation, but also serve as & trap 
for the malate formed by the reduction of the labelled 
oxalacetate. Results from experiments. in which 
the added reduced. diphosphopyridine nucleotide was 
increased twofold in the presence of malate showed 
a reduction in the total carbon dioxide fixation. The 
addition of oxalacetate (18 moles) to the medium 
markedly decreased the fixation. 

The results show that this particulate preparation 
from barley roots provides an active system for 
carbon dioxide fixation through carboxylation of 
phosphoenolpyruvate. The results shown in Table 2 
are representative of the general level of fixation, 
although in some experiments with added reduced di- 
phosphopyridine nucleotide and malate as much as 


Table 2. CARBON-14 DIOXIDE FIXATION IN BARLEY. ROOT PARTIOLES. 
(Activity as percentage of total carbon-14 added) 


PEP PEP + 
Treatment + DPNH + 


DPNH | Malate | Mala 


Total fixation 
Total ether extract 
Fraction 
Acetate 
Pyruvate 
Fumarate 
Succinate 
Pyrrolidone carboxyl- 


2O6obOHu óo 
manors OF 


‘Tartrate 

Fixation in ether extract 
expressed a8 percentage 
of total carbon-14 fixed 


1 ml. particles containing 1-2 mgm. nitrogen, 
1 pmole phosphoenolpyruvate (PEP) cyclohexamine galt, 3 #zmoles 
magnesium chloride, 1 2 pmoles manganese chloride, 9 moles adeno- 
gine monophosphate, 90 moles phosphate buffer at pH 7'4, and 
1 umole potassium bicarbonate-“C with 2:5 x 10% counts/sec. car- 
bon-14 activity in a total volume of 4:3 ml. 1°6 pmoles reduced 


as indicated. 


Experimental conditions: see Table 1. 
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75. per cent fixation of the total carbon-14 added, 
and 53 per cent incorporation into the ether-soluble 
fraction, have been obtained.. z - 
` A full account of the work will be presented else- 
where. We wish to thank Dr. L. Jacobson for his 
helpful suggestions throughout the investigation, and 
Dr. E. Conn for his generous supply of reduced 
diphosphopyridine nucleotide. 

This communication is based on work performed in 
part under contract No. AT-(11-1)-34 project 5, with 
the United States Atomic Energy Commission. 


L. ©. T: Youne 
JANET S. D. Granam* 


Department of Soils and Plant Nutrition, 
University of California, l 
Berkeley. 
Feb. 3: 
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Decumbin, a New Compound from a 
Species of Penicillium 


An organism isolated during a microbiological 
study of corn spoiled in storage produced an aroma 
reminiscent of exaltone and crystalline bodies in 
artificial culture. The chief component of the 
crystalline bodies has been isolated as colourless, 
odourless needles, melting at 204° C. We have 
named this compound decumbin. We have concluded 
from work to be presented elsewhere that it is a 
previously unreported dihydroxy, «-f. unsaturated 
lactone (CygH.,.0,). 

The organism producing decumbin has beon 
identified as a strain of Penicillium decumbens Thom. 
(We thank Dr. Kenneth Raper for assistance in 
specific identification of the mould.) Our strain 
differed from ‘the American Type Culture Collection 
No. 10436 (Raper N.R.R.L. 742) strain in that the 
A.T.C.C, strain did not produce detectable amounts 
of decumbin in comparable cultures. Both strains 
produce the characteristic aroma, however, and other 
characteristics convince us they are the same species. 

Among several media tried, the production of 
visible crystals was best upon a broth prepared by 
steaming 200 gm. of peeled diced potatoes in 500 mi. 
of tap. water for 30 min. The fluid was drained 
through one layer of cheese cloth, added to 20 gm. 
of commercial glucose, and made up to 1 litre. 
Stationary surface culture was used since the decum- 
bin produced in submerged culture was more difficult 
to purify. Sterile potato dextrose broth, 300 ml. per 
rectangular, 2-quart milk bottle, was inoculated with 
a heavy spore suspension of P. decumbens. In about 
six days at 23-26° C., growth appeared complete with. 
uniform grey-green sporulation and orange droplets 
of fluid on the surface of the mycelium. Needles of 
decumbin up to $ in. long attached to the submerged 
side of the mycelium began to appear after about 
eight days. Cultures were usually harvested after 
10-12 days, bub a small increase in decumbin yield 
continued for several more days. 


NATURE 


‘toms (6 hr.) were removed to fresh water ; 
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To isolate decumbin, the contents of 100 bottles 
were strained through two layers of cheese cloth, 
and the mycelium extracted with three l-litre portions 
of boiling methanol. The beer was chilled to 10° C., 
the precipitate collected, and extracted with 200- 
300 ml. of hot methanol. The combined methanol 
extracts were chilled overnight, filtered, diluted with 
100 mł. of distilled water, and concentrated im vacuo 
until free of methanol. During the concentration, 
decumbin crystals began to form and, after chilling 
to 10° C., were filtered from the aqueous solution and 
the latter discarded. The average yield of this crude 
decumbin, m.p. about 190° C., was 278 mgm./l. of 
medium in a total of 1,404 bottles processed. Indi- 
vidual cultures yielded up to double this amount. 

Decumbim wes purified by washing the crude 
crystals with petroleum ether (3 ml./gm.) and recry- 
stallizing them from 50 per cent (v/v) aqueous 
methanol (33 ml.jgm.) and ethyl acetate (60 ml./gm.). 
The pure decumbin produced by several recrystal- 
lizations from these two solvents was not altered by 
eareful sublimation in vacuo or drying in vacuo over 
phosphoric anhydride at 100° C. 

. The solubility of decumbin at 26° C., determined 
by weight loss from a single crystal after 19 hr. with 
frequent stirring, was 0-6 mgm./l. of water ‘and 
1-2 mgm.ji. of 9-5 per cent ethanol. Absolute 
ethanol! dissolved about 24:9 gm./l. These solubility 
characteristics made biological testing of decumbin 
difficult. For example, decumbin crystals were 
tasteless, but a saturated’ solution in 50 per cent 
ethanol applied to the back of the tongue was bitter. 
. Preliminary tests with decumbin showed it to be 
toxic to rats and to goldfish, and inhibitory to wheat 
germination, but not an active antibiotic under the 
tested conditions. Decumbin gave no zones of 
inhibition when 1 mgm./ml. solutions in 40. per cent 
(viv) methanol in water were used in agar cup 
diffusion tests against Staphylococcus aureus, Escheri- 
chia coli, and Hormedenrum cladosporoides. A. sample 
of Triticum aestivum var. Knox, of which 92 per cent 
germinated on filter paper moistened with water, was 


‘ reduced to 82 per cent germination by 10 per cent 


(v/v) ethanol in water and to 62 per cent by 1:2 mgm./ 
1. of decumbin in 10 per cent ethenol. Eight goldfish 
(Carassius auratus), average weight 1-7 gm., were 
each placed in 250 ml. of a filtered aqueous solution 
of decumbin containing 0-6 migm./l. In about 4 hr. 
they became noticeably inco-ordinated. Death fol- 
lowed in about 20 hr.; the smallest (0-9 gm.) suc- 
cumbed in 12 hr., the largest (2-95 gm.) in 29 hr. 
Three other fish which had developed definite symp- 
one 
survived. Control fish in 250 ml. of distilled water 
remained normal. Young (approximately 100 gm.) 
albino rats (Rattus norvegicus, Wistar—Purdue strain) 
were fed measured doses of decumbin mixed with 
about + gm. of their normal diet. Fasted rats 
ate the material readily and consumed the entire 
dose. From a total of 38 rats dosed with 400 mgm./ 
kgm. body-weight or more, only one rat survived. 
The toxic symptoms included & rapid onset of loss of 
appetite (about 2 hr) and diarrhea (about 6 hr.), 
followed by increasing lethargy and finally cyanosis, 
Jaboured breathing, stupor, and death in about 
24 hours. Many rats had slight nasal bleeding. The 
typical autopsy findings included congestion of the 
auricles and associated blood vessels with dark blood 
and fullness of the stomach with undigested food. 
Ten rats received a dose of 300 mgm.fkgm. and two 
survived. All five rats which received 250 mgm./kgm., 
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survived. The rats that survived began to eat in 
about 36 hr. and became apparently normal in five 
days or less. The acute, oral LD50 for rats would be of 
the order of 275 mgm./kgm. based on these results. 
Hydrogenated decumbin was not toxic to two rats 
at 2,700 mgm./kgm. The physiological activity or 
toxicity of decumbin in mammals, cold-blooded 
animals and plants is similar to that found with 
other unsaturated lactones and the loss of toxicity 
upon hydrogenation is also typical’. 

In addition to its interest as a new compound and 
one with physiological activity, decumbin was con- 
sidered as a possible though uncommon grain con- 
taminant. The results of feeding tests with corn meal 
infected with this mould: suggest that decumbin is 
produced, but not to a degree highly toxic to rats. 

‘This work is published with the approval of the 
Director of the Agricultural Experiment Station, 
Purdue University. 

V. L. SINGLETON* 
N. Bomoxost 
Department of Biochemistry, 
A. J. ULLSTRUP 
Department of Botany and Plant_ 
Pathology, 
Agricultural Experiment Station, 
Purdue University, 
Lafayette, Indiana, 
and Crops Research Division, 
U.S. Dept. of Agriculture. 
* Present address : Pineapple Research Institute, Honolulu, Hawaii. 
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Muscle Fibres of the Fast and the Slow 
Contracting Muscles of the Mesothoracic 
Leg of the American Cockroach (Periplaneta 
americana L.) 


Ir is well known that some muscle fibres in the coxa 
of the mesothoracic leg of the American cockroach 
contract rapidly while others contract slowly1:3. Until 
recently the difference in contraction-speed of insect 
muscles was attributed mainly to a difference in 
innervation. Krüger’, however, discovered that in 
vertebrates the structures of fast and slow muscles 
did not differ only in degree of innervation. The 
specific locomotory muscles apparently consist of 
fibres that show a uniform distribution of the myo- 
fibrils in cross-section (zbrillenstruktur), whereas 
in posture muscles the fibrils are in small groups, in 
which the individual muscle fibres are sometimes 
scarcely discernible. These groups often form angular 
areas (Felklerstrukiur). The question now arises 
whether similar differences occur in insect muscles. 
In order to investigate this problem some muscles of 
the coxa have been examined in cross-section. They 
were fixed in 15 per cent formol, Champy, Susa and 
Bodian 2, and embedded in the usual way in paraffin 
(alcohol, methyl benzoate, benzol, benzolparaffin). 
For frozen sections the muscles were embedded in 
15 per cent gelatine. 

Examination of the whole muscle in cross-section 
shows that the muscle fibres do not all have the same 
structure. Two types may be distinguished. 

Type A. Muscles 136 and 137 (Carbonell’s number- 
ingt). Inthe periphery of the fibres radially arranged 
partitions are observed, wherein, at greater magni- 
fication, the sarcostyles may be discerned. The 
protoplasm between the sheets is of a lighter colour. 
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Fig. 1. Cross-section from the fast muscle 137 fixed ef Champy 
paraffin section, iron—hematoxylin stain. (x 640) 





Fig. 2. Right, cross-section from the fast muscle 136. Left, from 
the slow muscle 135 e, fixed by Bodian 2, frozen section, sudan 
0) 


black stain. (x 540 


In the middle of the fibre is a large central lumen. 
The nuclei are always situated in the layer of sar- 
coplasm just under the sarcolemma. This picture 
is obtained both in paraffin and in frozen sections 
(Figs. 1 and 2). The radial arrangement is not 
always equally clear and sometimes not one can be 
seen in the whole fibre. Fibres without a central 
lumen are always smaller than the others in cross- 
section and their fixation is different. 

Type B. Muscles 135 6, d and e. In paraffin 
sections the fibres of these muscles generally have no 
central lumen. The sarcostyles are not radially 
arranged in partitions, but are either arranged in 
arbitrary rows or scattered all over the fibres. Cross- 
sections (Fig. 3) show these fibres to be smaller than 
those of Type A. In frozen sections, however, a 
central lumen is found not infrequently, in which 
case the sarcostyles are radially arranged (Fig. 2). 


a? x 





Fig. 3. Cross-section from the slow muscle 135 g, fixed by Bodian 
2, paraffin section, stained with haematoxylin and eosin. (x 540) 
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With sudan black the fibres of muscles 135 b, d and e 
stain darker than those of muscles 136 and 137, 
moreover, with methylene blue the reducing capacity 
of 135 b, d and e is stronger than that of 136 and 137. 
As was the case with Type A, the nuclei of this type 
are situated in the layer of protoplasm right under 
the sarcolemma. Occasionally, however, they may 
be found nearer the centre of the fibre. 

Muscles 135 a and c do not always give the 
same picture as 136 and 137;. generally these are 
identical, but in some cases there is a closer resem- 
blance to 135 b, d and e. This phenomenon was 
observed especially after fixation in Bodian 2. 

According to Becht and Dresden* the muscles 
136, 137 and 135 a and ec are fast-contracting, and 
135 b, d and e slow- contracting. The observations 
described above show that in frozen sections þoth the 
slow and the fast muscles are of Type A, whereas in 
paraffin sections the fast muscles are for the greater 
part of Type A, but the slow muscles are always of 
Type B. This ‘difference can be explained only in 
terms of a different reaction with the fixation liquids, 
alcohol, methyl benzoate, benzol and paraffin. 

This seems to indicate a difference in physico- 
chemical composition that causes the slow muscles to 
shrink more under the influence of the fixation liquids 
than the fast ones and that also causes the radial 
arrangement of the sarcostyles to be lost. Moreover, 
it is evident that the fibres of the slow muscles contain 
more lipoids and water and have a stronger reducing 
capacity than the fibres of the fast muscles. 


W. A. SMT 
Zoological Laboratory, ` 
University of Amsterdam. 
Dec. 17. 
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Masculinizing Action of Pregneninolone 
on Female Gonads in the Cyprinodont, 
Lebistes reticulatus R. 


SEVERAL authors have tried to induce sex inversion 
in Lebistes reticulatus experimentally by the use 
of sex hormones. Berkowitz! found that a high 
percentage of males treated from birth with cstro- 
genic substances developed ovotestes. The expected 
result with androgenic hormones would ‚be the pro- 
duction of ovotestes in treated females. Treating 
young from birth, for a period of two to three months, 
Eversole? and Gallien? arrived separately at the same 
conclusion: that pregneninolone causes the ovaries to 
undergo a considerable regression, but that they 
always keep their female structure. Gallien added 
that after the cessation of treatment the ovaries 
returned to normal. 

Suspecting that their failure to produce masculin- 
ization of the gonads was due to the relatively short 
duration of their experiments, and to the excessively 
high dose of pregneninolone used, we have carried out 
the folowing experiment: 55 animals, all the same 
brood of Lebistes, were treated from birth for a period 
of 6 months. Treated animals were divided into two 
groups: the first was given a high dose of 0-03 mgm. 
of pregneninolone (Ethistérone, UCLAF), three 
times a week. ‘The second received a low dose of 
0-015 mgm. of the same hormone, thricé weekly. 
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A third group of control animals was raised in a 
manner identical with the treated ones. At the 
end of the experiment, histological examination of 
gonads showed that out of 55 treated animals, 37 
were males, 15 possessed hermaphrodite gonads and 
2 were typical females. Out of 16 control fish, we 
found 11 males and 5 females. 

All treated animals, regardless of sex, showed a 
transformation of the anal fin into @ more or less 
typical gonopodium. Gonopodia of treated animals 
were shorter than those of the control ones, and those 
of the high-dose group were shorter than those 
of the low-dose. group. Specific characters of the 
gonopodium were present (that is, ventral and dorsal 
spines, as well as the terminal hook). There were not 
so many in treated fish as in the controls. Terminal 
bifurcations, -normally found in both sexes, on the 
fourth, fifth and sixth rays of the anal fin, were par- 
tially or completely absent in treated animals. 
Treatment inhibited growth to a great extent, in 
both sexes. While treated males had typical body 
colorations, females had few, if any, body pigments, 
and when present they were very pale. 

The first hemal spine persisted in all treated. 
animals except one; normally this regresses in both 
males and females*®, This spine has the same 
morphology as the following hemal spines. In almost 
all treated animals, the gonactines (interhzmal spines) 
have normal male morphology; in the others the 
gonactines are completely welded together. 

The chronology of development between different 
secondary sexual characters is disturbed in many 
cases, due to an acceleration in the development and 
differentiation of the gonopodium with regard to 
internal suspensorial elements. 

Treated males have testes more or less normal 

in structure, but in the high-dose group there is an 
obvious stimulation of spermatogenesis, in such a 
way that late stages predominate. Sperm ducts are 
more numerous than in control testes, and their epi- 
thelium seems to be. highly stimulated. 
. Gonads of all treated animals, presumed to be 
genetic females (except two), are transformed into 
ovotestes. These gonads show different degrees of 
masculinization. Male elements existing include cysts 
of spermatogonia, spermatocyte I and II. Cysts of 
spermatids are less numerous, and spermatophores 
are rare; whenever present, these are. abnormal in 
structure. In the ovotestes, a certain number of 
tubules can be distinguished, probably deriving from 
the epithelium of the ovarian cavity. Those tubules 
are the homologues of sperm-ducts ‘in female gonads. 
The cranial region of gonads seems to be more sensitive 
to the masculinizing action than the posterior region, 
which sometimes maintains its typical ovarian aspect. 
In most cases, the persisting ovarian cavity is much 
expanded. Besides these male elements, and sidé by 
side with them, cysts of oogonia, and ovules at 
different stages of development, can be distinguished. 
Fully mature ovules are exceptional. Atrophied 
follicles appear here. and there in the gonad. 


i T. MOHSEN 
Laboratoire de Zoologie et 
d’Embryologie expérimentale, 

Université de Strasbourg. 

Dec. 2. 
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Preservation of Hzmocyanin 


THe hemocyanins are important proteins since 
they contain a marker atom (copper) and are remark- 
ably good antigens. Since other investigators may 
wish to prepare and preserve hemocyanins, we wish 
to direct their attention to our observations. In the 
course of experiments with preparations from 


Busycon canaliculatum and Limulus polyphemus, we — 


noted that the dry product obtained by lyophilization 
(freeze-drying) could not be dissolved in water, in 
0-85 per cent saline or in Tyrode’s solution (pH 3-0— 
11-0). The hemocyanin had also lost its oxygen- 
binding capacity and no longer turned blue when 
exposed to air. On the other hand, we have kept 
_ serum containing hemocyanin at 4° C. under a layer 
of toluene, and find that it has retained antigenicity 
in guinea pigs, rabbits and mice after as long as ten 
years storage. 


MORTIMER LITT- 


Department of Bacteriology and 
Immunology, 
Harvard Medical School. 


WurrmĮm C. Boyp 


Department of Immunochemistry, 
Boston University School of Medicine. 


Detection of Polythionate in Cultures of 
Thiobacilli by Means of the Folin-—Ciocalteu 
Reagent 


A SUBSTANCE giving a typical blue colour with the 
phospho-tungstate—-phospho-molybdate reagent of 
Folin and Ciocalteu1 was found to accumulate in 
cultures of Thidbacillus thioparus and T. thiocyan- 
oxidans growing in a medium containing thiosulphate. 
The component in question was not associated with 
the bacterial cells since it remained in the supernatant 
fluid of cultures centrifuged at high speeds. The 
possibility suggested itself that the material involved 
was an oxidation product of thiosulphate, possibly 
tetrathionate or one of the other polythionates. 


These compounds have been reported to be inter- . 


mediate oxidation products of thiosulphate by the 
Thiobacilli?. 

Polythionate was found to form in cultures of 
both species when culture fluids were analysed by 
means of Starkey’s qualitative test®. This test 
-depends upon the action of potassium hydroxide on 
the polythionates, converting them to mixtures of 
thiosulphate and sulphite, products which can be 
estimated by titration with iodine. Increased titration 
values during the incubation of cultures would in- 
dicate in a general way an increase in the amount of 
polythionate. The formation of trithionate at the 
expense of the other polythionates would confound 
this observation, since this compound on treatment 
with potassium hydroxide gives a higher iodine titra- 
tion than do the others. The production of the Folin- 
Ciocalteu reactive substance was found to parallel 
the accumulation of polythionate. This was especially 
noticeable in cultures of T. thiocyanoxidans, which 
failed to produce any reactive substance until late 
in the incubation period (Table 1). 

Sodium tetrathionate was prepared according to 
the technique described by Partington* and was 
purified by two recrystallizations from ethyl alcohol. 
_ The phenol reagent was readily reduced by the puri- 
fied salt, which was very nearly as active in this 
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Table 1. POLYTHIONATE ACCUMULATION IN CULTURES OF T. thioparus 
AND T. thiocyanoxidans AND THE FORMATION OF THE FOLIN—CIOOALTEU- 
ACTIVE SUBSTANCE 













Incubation Optical density 
Organism (days) Polythionate* | of blue colour 
T. thioparus 0 0 0-00 





SAPO Noea 





* Expressed as microequivalents of iodine per 5 ml. of culture fluid. 
The cultures were grownin Roux bottles containing 50 ml. of medium‘. 
Individual cultures were used for the daily analyses. The optical 
density measurements were made using the ‘Unicam model SP.500’ 
spectrophotometer,. Wave-length, 500 mz. 


capacity as tyrosine. Sulphite also reduced the 
reagent, but was considerably less active than tetra- 
thionate (Table 2). If formalin were present during 
the reaction, the colour produced by sulphite was 
completely eradicated and the density of that pro- 
duced by polythionate was reduced. The activities 
of these two substances differ from each other to 
such an extent as to make untenable the seemingly 
likely explanation that the mechanism involves the 
formation of sulphite from tetrathionate. That some 
alteration does occur was indicated by the necessity 
for the pre-incubation period in the alkaline copper 
solution of the usual Folin-Ciocalteu procedure. 


Table 2. RELATIVE CHROMOGENIO ACTIVITY OF TYROSINE, TETRA- 
THIONATE, SULPHITE AND CULTURE FLUID. EFFECT OF FORMALIN 


Optical density of colour formed 
Without formalin With formalin 


Sample 


Tyrosine, 0-5 uM 
Tetrathionate, 1:2 uM 
Sulphite, 30 uM 
Culture fluid, 1:0 ml. 





The optical density was measured in the Klett-Summerson photo- 
meter, employing the No. 47 filter. The culture fluid was a sample 
from a culture of T. thiocyanoxidans grown for five days in the usual 
thiosulphate medium, except that it contained a reduced concentration 
of phosphate. The medium after incubation was centrifuged for 30 min. 
at 10,000 r.p.m. and the supernatant was used for analysis. 


The material formed in the culture fluids was found 
to behave toward formaldehyde in much the same 
way as tetrathionate; however, further work is 
needed to identify the culture material positively as 
a particular polythionate. 

The use of the Folin—Ciocalteu reagent appeared 
to give an easy procedure for indicating the presence 
of polythionates in bacterial cultures. Its use for 
more quantitative purposes will require further study 
to determine the relative reactivity, if any, of the 
polythionates other than tetrathionate. Possibly 
alteration of the reagent and procedure would enhance 
its specificity. 

D. P. Pratr* 


Department of Biochemistry, 
University of Leeds. 
Feb. 24. 


* Present address: 
Florida, Gainesville. 


1 Folin, O., and Ciocalteu,[V., J. Biol. Chem., 78, 627 (1927). 

3 Vishniac, W., and Santer, M., Bact. Rev., 21, 195 (1957). 

3 Starkey, R. L., J. Bact., 28, 387 (1934). 

‘Partington, J. R., “General and Inorganic Chemistry”, 726 (Mac- 
milan, London, 1951). 


Department of Bacteriology, University of 
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A Ripple Effect in the Audiogram 


In the course of some psycho-acoustic experiments 
it was found that one observer’s thresholds of acuity 
at two frequencies separated by only a few tens of 
cycles differed by nearly 10 decibels. Dips in an 
audiogram are not uncommon; but the difference 
observed pointed to an uncommonly sharp change of 
sensitivity.. Further tests revealed other equally 
sharp fluctuations in this observer’s audiogram. 
Eventually a systematic exploration of the right-ear 
thresholds of this and one other observer was under- 
taken. Thresholds were measured at 10-cycle 
intervals over the range 400—3,000 c./s. 


—10 


1600 1800 
Frequency (c./-.) 


600 800 1000 1200 1400 


Hearing loss (db.) 


1600 1800 2000 
Frequency (c./s.) 
Fig. 1. Audiograms (a) for subject A, aged 21, and (b) for subject B, aged 28 years 


600 800 1000 1200 1400 


The remarkable feature of these audiograms 
(Fig. 1) is the appearance of distinct ripples covering 
the range of frequencies up to about 2,000 c./s. 
Further experiments showed (1) that the ripples were 
stable over a period of at least two months, (2) that 
the left-ear audiograms also showed ripples, but the 
periods and amplitudes differed, and (3) that the 
ripple effect must be a very common, if not & univer- 
sal phenomenon, since three additional observers 
also had the same sort of rippling audiograms in the 
narrower band from 1,000 to 1,400 ¢./s. This ripple 
phenomenon seems to have been unnoticed hitherto. 

Threshold sensitivity fluctuates quite widely from 
one test session to another, and even within a single 
` session if it is at all prolonged. To demonstrate the 
ripple effect it was necessary, therefore, to keep the 
test sessions short ; but each session included measure- 
ments of threshold at frequency intervals which were 
small compared with the period of the ripple, and 
the frequency band re was more than twice the 
period. 

E. ELLIOTT 
Admiralty Research 
Laboratory, Teddington. 
Feb. 6. l 


Magnitude of Discomfort caused by 
High Brightness 
HrraERTo the greatest care has been taken here in 
the-studies of building efficiency to avoid methods of 
subjective judgment which depend on assessment of 
sensation magnitude in terms of numbers. For 
certain reasons, however, a numerical assessment of 


NATURE 


2000 2200 





2200 2400 2600 2800 3000 


April 12, 1958 VoL. 181 


the magnitude of the sensation of discomfort due to 
glare was required. 

An experiment was designed in which subjects, so 
far as possible naive in the context, were asked to- 
adjust conditions in a room with glaring light sources 
until the sensation of discomfort was ‘twice’, ‘ten 
times’, ‘one-half’ and ‘one-tenth’ of the original level 
of discomfort. Eight out of twelve subjects were able 
to make judgments without trouble, the other four 
being either unco-operative or unable to follow what 
was required of them. The results were consistent 
and showed less variance than expected. The precise 
relations, which will be reported elsewhere, are not 
of importance in the present context because they 

depend on the experi- 

mental conditions. 

It is of interest, how- 
ever, that discomfort mag- 
nitude was found not to 
be correlated linearly 
with (apparent) brightness 
of the glaring sources. 
Whereas, under the given 
conditions of adaptation, 
apparent brightness was 
known from previous work? 
to be related to photo- 

` metric brightness (lumin- 
ance) by a power law of 


a 


2400 2600 2800 3000 


the form : 
M=—kL*® 
where M is apparent 


brightness magnitude and 

L is luminance, the magni- 

tude G@- assigned to the 

glare discomfort was found, 

under essentially the same conditions, to follow a law 
 @ = Bye 


In other words, whereas the luminance of the . 
0g Ee" to 





sources must be raised four times (antilog ` 


. appear twice as bright, the sources will appear twice 


as uncomfortable (for glare) if their luminance is 


108102) | 
1-23. 


If these data are valid, it raises an important 
principle in: practical engineering matters involving 
subjective judgments of magnitude, especially if this 
principle is applicable in other modalities, such as 
noise. This is, that if a stimulus gives rise to both a 
primary sensation (loudness or brightness) and also 
an associated secondary sensation (pain or discomfort), 
it does not follow that the magnitude of the secondary 
sensation is directly or simply linked to the magnitude 
of the primary sensation. Hence, if we wish to find 
out about discomfort or pain, we must assess dis- 
comfort or pain directly in relation to stimulus energy, 
and must not make implications from brightness or 
loudness magnitude assessments. 

The experimental work was undertaken by Mr. 
R. C. Bradley (Cornell University) working at the 
Building Research Station with .a grant from the 
Illuminating Engineering Research Institute of the 
United States. 


raised only l; 8 times (antilog 


R. G. HOPEINSON 
Building Research Station, 
Garston, Watford. Feb. 14. 


1 Hopkinson, R. G., Nature, 178, 1065 (1956). 
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Interaction between Consecutive Responses 
in a Hemileucid Moth, and the Evolution 
of Insect Communication 


Motus of the neotropical Saturnioid family 
Hemileucidae perform a special movement on assuming 
the resting position from any preceding activity, which 
has been termed ‘rocking’!. It is rigidly co-ordinated, 
and consists of fast, rhythmic side-to-side oscillations 
of the entire animal. This movement is unique to 
the Hemileucidae, and appears to be a highly con- 
servative character within that family, for it occurs 
in all species so far examined, irrespective of either 
size or mode of protective coloration?. Its function, 
if any, is unknown, but it is not concerned with the 
sexual responses of either sex, nor do the moths 
possess any known non-sexual social behaviour. The 
strength of this response may be scored as the number 
of complete oscillations performed ; an analysis has 
shown that the strength of rocking executed by 
unconstrained moths. of the Brazilian species Auto- 
meris aurantiaca Weym. is related to the nature of 
the sequence of acts preceding it’. 

The experiment here reported investigates the 
effect of different periods of forced, tethered flight 
upon the strength of the rocking response, at two 
different intervals after eclosion. Pupal development 
and emergence were allowed to proceed at about 
25°C. Moths stored for intervals after eclosion were 
transferred to 20° C. in continuous artificial ight and 
remained undisturbed throughout that period. They 
were suspended for flight in one of two ways. Either 
a small tab of paper was attached to the dorsal 
surface of the thorax with a quick-drying cellulose 
adhesive, and held in a clip, or a small dorso-lateral 
pinch of the second abdominal tergite was held in 
fine curved artery forceps, from which it could be 
released as required. The method of suspension did 
not influence the results. All moths were de-alated 
at the time of preparation. They were stimulated to 
fly at 26-29° C. by the tarsal reflex®, at 4-8 hr. 
(26 moths) and 24-48 hr. (15 moths) after eclosion, 
immediately placed on a standardized vertical sur- 
face, and the number of rocks performed counted 
(Fig. 1). The strength of the rocking response increases 
with increase in preceding duration of flight, to which 
it bears a simple linear relationship which shifts as the 
moths age. For moths 4-8 hr. old, y, = 2:45 + 
0:790z; and for moths 24—48 hr. old, Ya = —0-°75 + 
0:663z. The difference between the two regression 
coefficients is not significant (P < 0-2, >0-1).- 

Moths may be re-tested for the strength of the 
rocking response at intervals after settling following 
flight ; in moths of both ages it is stable, certainly for 
periods of 30 min., and probably for at least 90 min., 
and would seem not to be affected by intercalated 
activities unrelated to flight. Further preliminary 
experiments, to be reported in full elsewhere, suggest 
that these relationships are not mediated either by 
feed-back from peripheral receptors‘ or by the 
chemoreception of the state of metabolic reserves’. 

Results of this kind have been obtained in studies 
of the behaviour of other arthropods*. They suggest 
that the arthropod nervous system may be so con- 
structed as necessarily to store information about its 
past performance. The present case is of particular 
interest, for it concerns a rhythmic response. Recent 
work’ tends to confirm the prediction® that the 
rhythmic ‘waggle’ phase of the honey-bee dance is a 
potentially important carrier of information about 
distance from hive to food-source when this is greater 
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Strength of rocking response (No. of oscillations) 





O 
0 5 10 15 20 25 30 
Duration of forced flight (min.) 
Fig. 1. The relation between the duration of forced flight 


(abseissa) and the strength of the rocking response (ordinate), 
for Autonris aurantiaca S ane sauterons ages: (a) 4-8 hr.; 


than 50-100 metres. The relationship between 
distance flown and the number of oscillations in each 
repetition of the straight run of the dance is simple 
and nearly linear over much of its range? ;’ it differs 
from certain other quantitative features of the 
dance® in that it is not affected by the sugar-con- 
centration of the food-source. 

Dethier® has shown that those features of the 
bee-dance which show simultaneous dependence upon 
flight-distance and sugar-concentration may plausibly 
be interpreted in terms of the known mechanisms 
governing the central regulation of taste-thresholds, 
once it is assumed that feeding is itself the stimulus 
to dance. But such a mechanism cannot be assumed 
to mediate the ‘waggle’ phase of the dance in its 
quantal aspect, and for this some alternative evolu- 
tionary precursor must be found. Such a system 
would appear to be involved in the interaction 
between flight and settling behaviour in Automeris, 
which already possesses two of the most salient 
features of the ‘waggle’ dance, namely, the linear 
relationship described above, and a considerable 
measure of quantitative temporal stability. It is 
not, however, used in communication. It is likely 
that a full understanding of the causal basis of the 
bee-dance will only be possible when mechanisms of 
both kinds are taken into account. 

The present results do not permit any very exact 
comparison of the two performances. However, if it 
is assumed that foraging bees fly at an average speed‘ 
of 14 mp.h. (=375-5 m./min.) and that both the 
outward and return journeys are registered in the 
waggle phase’, then for the bee, 3-34 oscillations = 
1 min. of flight, as compared with 0-79 oscillations for 
moths 4-8 hr. old. Reproducible information, there- 
fore, is stored with less efficiency in the moths than 
in the honey-bee. These results emphasize a further 
problem: the presence of a teleologically perfect 
relationship of this kind in a non-communicating 


f 


1078 


insect implies that it is dangerous to assume that the 
mere presence of an isolable factor in the bee-dance 
necessarily means that it is used in communication. 
These experiments were started during a visit to the 
Ornithological Field Station, Madingley, Cambridge, 
part, of the expenses of which were met by a Parlia- 
mentary grant-in-aid administered by the Royal 
Society. I am also indebted to Prof. V. G. Dethier, 
Johns Hopkins University, for a discussion of some 
unpublished work on Phormia. 
A. D. BLEST 
Department of Zoology and 
Comperative Anatomy, 
University College, London, W.C.1. 
Jan. 21. 
1 Bastock, M., and Blest, A. D., Behaviour, 12, 243 (1958). 
* Blest, A. D., Behaviour, 11, 257 (1957). 
2 Weis-Fogh, T., Phil. Trans. Roy. Soc., B, 239, 553 (1956). Fraenkel, 
G., Z. vergl. Physiol., 16, 371 (1932). 
: mae R., “Behaviour and Social Life of Honeybees” (London, 
8 Dethier, V. G., Science, 125, 331 (1957). 
€ Kennedy, J. S., Proc. 10th Internat. Ent. Congr., (1958). Precht, 
H., Z. Tierpsychol., 9, 207 (1952). 
? Steche, W., Insectes Sociaugz, 4, 305 (1957). 
8 Haldane, J. B. S., and Spurway, H., Insectes Sociaux, 1, 247 (1954), 
° Frisch, K. von, “The Dancing Bees” (London, 1953). 


Feulgen-Positive Cytoplasm of Molgula 
Eggs 

Tue Feulgen technique has been used with success 
for chromosome studies in whole mounts of the eggs 
of marine animals such as Arbacia and Chaetopterus!. 
Hundreds of specimens can be fixed, stained and 
mounted in an hour or two—a fraction of the time 
and effort involved in an embedding-sectioning 
procedure. 

Recently, in expectation of preparations suitable 
for scoring chromosomal aberrations (investigations 
supported by a U.S. Atomic Energy Commission 
grant to the Marine Biological Laboratory), I applied 
exactly the same methods to fertilized eggs from the 
ascidian Molgula manhattensis. To my surprise, the 
cytoplasm stained so deeply that nuclei and chromo- 
somes were completely obscured. Several papers of 
historical interest? report intense cytoplasmic color- 
ation of Molgula eggs with non-specific staining 
methods. However, deep staining with the classic 
means of demonstrating deoxyribonucleic acid was 
not expected. 

A maturing series of oocytes carried simultaneously 
through the solutions demonstrated that the stainable 
material accumulated during maturation. Only 
mature oocytes stained deeply. 

Substituting one fixative for another made little 
difference. The cytoplasm was Feulgen-positive if 
Gilson’s fixative, which contains no aldehyde, was 
used instead of Kahle’s fluid. Digestion with cold 
perchloric acid (10 per cent for 11 hr..at 4° C.) did 
not eliminate the cytoplasmic stainability. This is a 
recognized method of removing ribonucleic acid. 
The Schiff reagent was a standard batch which was 

performing normally in the staining of Habrobracon 
| (wasp) eggs. 

Brachet? has referred to positive Feulgen reactions 
of the ooplasm of higher chordates but was unwilling 
to admit that deoxyribonucleic acid could be re- 
sponsible. Amphibian and hen eggs were outstanding 
examples. Since that time, scattered reports of 
cytoplasmic deoxyribonucleic acid or deoxyribosides 
have appeared for a variety of organisms‘, and a 
hypothesis has emerged that the cytoplasm serves as 
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a deposit for nuclear building materials required 
promptly and in quantity during cleavage’. 

The cytoplasm of Molgula eggs suggests itself as 
material worthy of attention by biochemists inter- 
ested in morphogenesis. 

DANIEL,S. GROSCH 

Marine Biological Laboratory, 

l Woods Hole, Mass., 
and 
North Carolina State College, 
Raleigh. 
Jan. 2. 
1 Whiting, Anna R., Stain Technol., 25, 21 (1950). 
* Crampton, H. E., J. Morph., Supp., 15, 29 (1899). 
Arch, Zeliforsch.., 4, 265 (1910). 
? Brachet, J., “Chemical Embryology’, 61 (Interscience Pub., 1950). 
1 Hoff-Jorgensen, H., and Zeuthen, E., Nature, 169, 245 (1952). 
s Zeuthen, E., Pubbl. Staz. Zool. Napoli, Supp. 23, 47 (1951). 
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Relation between Breeding and Ecdysis 
in Cirripedes 


In all major groups of Crustacea except in cirripedes 
it is well known that breeding is closely boundjup 
with the moulting cycle. First, the male generally 
copulates with-a female which has just moulted. 
Secondly, the moulting cycle is often interrupted 
while the eggs are being carried so that eggs are not 
lost by the shedding of the cuticle to which they 
are attached. 

The Cirripedia are exceptional in being hermaphro- 
dite and in having the egg masses lying free in the 
mantle cavity during’ incubation. As a result they 
do not necessarily lose them when they moult}. 
Crisp’ suggested that a moult might be expected to 
accompany copulation as it does in other arthropods. 
Barnes and Barnes’ later discussed the same idea, 
and without giving any definite evidence suggested 
that it occurred after fertilization. i 

During the past three years we have investigated 
six species of sessile barnacles, Balanus balanoides (L.), 
Balanus balanus (L.) (= B. porcatus da Costa), Bala- 


‘nus crenatus Brugière, Balanus perforatus Brugiére, 


Elminius modestus Darwin and Chthamalus stellatus 
Poli. 

In none of these species have we found evidence 
for a moult soon after copulation. On the contrary, 
the intermoult period is prolonged when the’barnacle 
is carrying embryos, although the extension of the 
intermoult period is not absolutely regular. Normally 
ecdysis does not occur until after the young have 
hatched and escaped from the mantle cavity. 

When hatching is delayed by withholding food! 
the intermoult period is further prolonged so that 
in the majority of individuals moulting still occurs 
just after liberation. Sometimes the moulting cycle 
seems to reassert itself before liberation; but the 
eggs still develop normally and a further moult 
usually occurs after liberation. Very occasionally 
developing eggs are ejected from the mantle cavity ; 
but this usually occurs under abnormal temperature 
conditions and is not necessarily related to moulting. 

In B. balanoides the breeding cycle is long and the 
period of anecdysis, which commences with the 
copulation in November, lasts until sometime between 
December and March, varying with the individual 
(Fig. 1). In this species the first cast skin after the 
period of anecdysis, irrespective of whether fertiliza- 
tion has occurred or not, contains all the tissues of the 
penis. The penis is thus separated by an abscission 
layer of new cuticle, and a new penis gradually 
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Fig. 1. Moulting-rate of small groups of B. balanoides kept 
without food. A1, As, As, groups of fertilized barnacles showing 
resumption of casting after anecdysis; A,, 5-7° C. semp. ; 
As, sea temp. (8° C. rising to 15° C.; As,18-15° C.; Z, liberation 
of nauplii. B, groups of barnacles which had previously fed in 
the sea during spring. C, groups of barnacles fed in the sea until 


September, showing anecdysis; S, sperm pool indicating 


fertilizations 


develops before the onset of the next breeding season. 
This remarkable phenomenon is natural, and is not 
the result of abnormal laboratory conditions. It 
occurs in the sea, since barnacles from the shore in 
January have either a complete penis or none at all. 
Moreover, it has been shown to occur regularly each 
year since 1954 in the laboratory and is therefore 
@ part of an ‘annual rhythm. l 

We have also found that individuals of this species 
which have moulted less than about a week previously 
are better able to act as females, fertilization occurring 
more frequently than in barnacles which had cast 
the skin more than a week before. In none of the 
other species could this effect be demonstrated, 
perhaps because the normal intermoult period of 
only 6-10 days is so short that every individual can 
be regarded as having recently moulted. 

In B. crenatus, B. perforatus, Elminius modestus 
and Chthamalus stellatus embryonic development is 
relatively short, especially at higher temperatures, 
and after the brief interval for incubation normal 
moulting is resumed, its rate depending on the food 
supply and temperature. In B. balanoides, on the other 
hand, the moulting-rate only gradually increases after 
anecdysis, its resumption depending upon the amount 
of food taken in and the temperature. The inter-moult 
period usually reaches the normal summer value of 
10-15 days by May. If the individuals are not fed in 
the spring, hatching is delayed and the resumed moult- 
ing continues at a slower rate (Fig. 1, curve 4a). The 
slower rate of moulting after anecdysis is not, however, 
a direct consequence of carrying the eggs but is due 
to prevailing lower temperature in April and lack 
of food. The moulting-rate does not increase appre- 
ciably when the eggs are artificially hatched with an 
extract of shell tissue1; but it does increase if the 
barnacle is fed or the temperature raised. . 

The continued regular casting of starved specimens 
which are losing rather than gaining weight is 
interesting. It suggests that ecdysis may have an- 
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other function in addition to that of allowing for 
growth. Indeed, where casting is disadvantageous, 
as it is for the caterpillars of some butterflies which 
live with ants (for example, Maculinea arion), the 
body can grow four or five times in length by simply 
stretching the skin‘. Perhaps another important 
function of eedysis in filter-feeding Crustacea is to 
renew the fine sete and so prevent the filtering 
apparatus from becoming clogged and ixefficient. 
These observations, which bring the Cirripedia in 
line with other arthropods, will be published in detail 
elsewhere. 
D. J. Crise 
B. S. PATEL 


Marine Biology Station, Menai Bridge, 
Anglesey. Jan. 27. 
? Crisp, D. J., Nature» 178, 263 (1956). 
? Crisp, D. J., J. Mar. Biol. Assoc. U.K., 38, 473 (1954). 
? Barnes, H., and Barnes, M., Arch. Soc. Zool. Bot. Fenn. Vanamo, 
11, 11 (1956). ‘ 
‘Frohawk, E. W., “Natural History of Butterflies” (Hutchinson, 
London, 1924). 


Plant Growth on ‘Fly Ash’ 


Dy a previous communication!, reference was made 
to research work in progress at Leeds on the reclama- 
tion’ of land covered with pulverized fuel waste (‘fly 
ash’). Further to that work, we have concluded that 
aluminium and manganese, as found by Rees and 
Sidrak?, are not the dominant causes of the 
toxicity in the ‘fly ashes’ investigated at Leeds. 

Evidence from records on the tolerances of crop 
plants to ‘fly ash’, together with observations of leaf, 
symptoms, suggest that boron is the dominant toxic 
element, and this theory has been strengthened by 
direct agronomic tests, together with relevant chemical 
analyses. The evidence is summarized below. 

Information gained from pot and plot experiments 
has enabled a preliminary classification of agricultural 
and horticultural crops into the following three main 
groups on the basis of their ash tolerance: 

Tolerant : Fodder beet, mangels, red beet, spinach, 
swede, turnip and sweet clover. 

Moderately tolerant: Clovers, lucerne, kales, rape 
and mustard, other cultivated members of the 
Cruciferae and ryegrass. 

Sensitive: Cereals (especially barley), peas, vetches, 
beans, potatoes, lettuce, carrots, parsnips, buck- 
wheat and cocksfoot. 

This list bears close resemblance to those of Eaton’ 
and Bergert, who grouped crops according to their 
boron tolerance. : 

Visual symptoms which develop on plant leaves 
under conditions of boron toxicity have been de- 
scribed by Eaton’. There is a close similarity between 
the recorded symptoms and those which have been 
observed on plants grown in ‘fly ash’, although the 
leaves of beets and kales in our experiments have 
not shown the characteristic marginal scorch. Barley 


Table 1 


Boron content 
of plants ` 
(p.p.m. in d.m.) 


Conc. of added 
boron in borax 
solution (p.p.m.) 


Severity of 
leaf symptoms 


Dry weight 
of plants 
(gm.) 


0 
+++ 
+++ 

+++ 
+++ 
{ leaves dying 
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Table 2 
Percentage 
"ash (by vol.) Boron con- Boron con- 
added to soil tent (p.p.m. 


in d.m.) 









tent (p.p.m. 
in d.m.) 





Table 3 


- Untreated fly ash pH 9:0 
Percentage ash C 


Acid-treated fly ash pH 6:1 


added by volume to | Mean weight Severity of leaf Mean dry weight | p.p.m. of boron | Severity of leaf 
gand/vermiculite per pot (gm.) symptoms* per pot (gm.) in d.m. symptoms* 

0 33 0 

6 75 0 

, 12 138 0 

25 310 + 

50 867 + 

100 1,246 ++++ 


ry weights L.S.D. = 1:07 





P =0:05); boron content L.S.D. = 117 p.p.m. (P = 0°05 


D ). 
+ Mild leaf symptoms took the form of leaf tip die-back, severe symptoms showed in addition a white interveinal striping of the lamina. 


leaves, however, have consistently developed the 
marginal scorch, leaf tip die-back and brown necrotic 
spots and blotches associated with boron toxicity. 
Christensen’, investigating the cause of non-parasitic 
spotting of barley leaves, was able to reproduce the 
spotting experimentally by adding borax or boric 
acid to a soil which otherwise produced healthy 
plants. The lesions which occur on barley leaves 
under conditions of manganese deficiency and 
toxicity do not appear to be typical of those caused 
by ‘fly ash’. 

A small, non-replicated pot experiment was 
designed to compare the growth of barley on ‘fly 
ash’/soil mixtures and on soil irrigated with solutions 
of borax. Three ‘fly ashes’, A, B and C, were used 
in this experiment. The leaf symptoms which 
developed on plants grown in ‘fly ash’/soil mixtures 
were identical -to those developed on the boron- 
irrigated plants. The ‘soil’ results are presented in 
Table 1 and the ‘ash’ results in Table 2. 

Further evidence of boron toxicity has resulted 
from chemical analyses of oats from a replicated pot 
experiment specifically designed to compare the 
toxicities of untreated and acid-treated ‘fly ash’ 
when incorporated in increasing quantities with an 
inert medium of sand and vermiculite. The dry 
weights of oats, their boron contents and leaf symp- 
toms are summarized in Table 3. 

The accumulated evidence suggests that boron is 
a major component of the ‘toxic principle’ in “fly ash’ 
and determinations of the water-soluble boron con- 
tents confirm that this element is present in high 
concentration, samples A, B and C containing 19, 18 
and 51 p.p.m. respectively. The degree to which 
the toxicity manifests itself will be dependent partly 
on the source of the ash and the degree of weathering 
or leaching to which it has been subjected. It must 
be emphasized that work referred to in this com- 
munication has been carried out on unweathered 
ash, that is, that taken directly from the pulverized 
fuel furnaces. (Boron has been determined after 
Higgons’.) 

This work has been made possible by a research 
grant to the University of Leeds by the Central 


Electricity Authority to which full acknowledgment 
is made. 
R. HOLLIDAY 
D. R. Hopeson 
W. N. TOWNSEND 
: J. W. Woop 
Department of Agriculture, 
University of Leeds. Feb. 5. 


1 Holliday, R., Townsend, W. N., and Hodgson, D. R., Nature, 176, 
983 (1956). 


2 Rees, W. J., and Sidrak, G. H., Plant and Soil, 8, 141 (1956). 
* Maton, F. M., J. Agric. Res., 69, 237 (1944). 

1 Berger, K. C., “Adv. Agronomy”, 1, 321 (1949). 

8 Christensen, J. J., Phytopath., 24, 726 (1934). 


* Wallace, T., “Diagnosis of Mineral Deficiencies in Plants by Visual 
Symptoms” (1951). 


1! Higgons, D. J., J. Sci. Food and Agric., 2, 498 (1951). 


Effect of a Single Light Exposure on 
Germinating. Broad Bean Seeds 


In the course of investigations into the cytological 
and anatomical aspects of etiolation in Vicia faba L. 
(broad bean), experiments were carried out to de- 
termine the stage at which the germinating seeds 
first become sensitive to light in regard to subsequent 
development of the internodes. 

Seeds were soaked for 24 hr., planted in soil and 
grown for 12 days. Throughout the period of soak- 
ing, during planting and for the whole period of 
growth the material was kept at 20°C. and in com- 
plete darkness, except for a single exposure to light 
for 2 hr. at approximately 600 ft.-candles. The 
seeds were divided into batches of fifty, each batch 
being given @ single exposure to light, starting at 
various intervals up to 7 days from the beginning 
of soaking. As @ control, one batch was given no 
light. The internode length of all seedlings was 
measured at the end of the 12-day growth period. 
Fig. 1 summarizes the results. 

At 12-14 hr. after the beginning of soaking, when 
the testa is still intact, a 2-hr. exposure to light gives 
rise to a reduction of approximately 15 per cent in 
the mean ultimate length of the first internode as 
compared with seeds soaked and grown in complete 
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0 2 4 6 
Time from beginning of soaking to beginning of exposure (days) 
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Fig. 1. Effect of a single light exposure on germinating seeds. O—O—O, Whole shoot; @—®—®, first internode. 


bars indicate the fiducial limits at the P = 0°05 level. 


darkness. The reduction reaches @ maximum of 
approximately 35-per cent when. the light is given 
at 3-4 days. 


From the results it appears likely that the sensi- - 


tivity to light may develop earlier than 12 hr. This 
view is supported by the observation of @ pro- 
nounced increase in the frequency of plants in 
which a third internode elongates after an exposure 
to light as early as 6-8 hr. This development of the 
third internode, coupled with a general increase in 
the length of the second internode after early light 
-4reatment, appears to compensate for the reduction 
in length of the first internode, so that the effect of 
light is not revealed in the ultimate total length of 
the shoot. 

The situation seems to be similar to that shown in 
Avena by Lange’, Avery et al.2 and Goodwin’. 
Thomson‘, also working on 
light accelerates whatever growth processes are going 
on while the light stimulus acts, exposure early in 
the course of either cell division or cell elongation. 
accelerating that phase of growth. Exposure when 
either phase is well under way hastens transition to 
the next phase and reduces the final number or length 
of cells. The first internode in Avena is thus suppressed 
by light given at one day or earlier when cell division 
is already in progress. 

‘In Vicia, however, the light sensitivity, as revealed 
by suppression of the first internode, appears to 
develop in the partially soaked, intact seed imme- 
diately the embryo has taken up water, although no 
cell division was observed until the third day. It 
may well be that sensitivity has already developed 


in the maturing seed and is one of the factors con- | 


tributing to the great variation in development within 
batches of seeds germinated and grown. in the same 
conditions. This possibility is being investigated. 
Apart from these considerations, the practical 
implications of our findings for etiolation and light- 
growth studies is that seeds must be soaked in com- 
plete darkness if a true picture of the completely 


NATURE 


29 


Avena, concludes that - 


1081 








g : 
2 : 
go: 
a 
a 15 

11 

7 
0 6 12 

Time from beginning of soaking to beginning of exposure (br.) 


B 
The vertical 


The horizontal lines represent the dark control values and their fiducial limits 


etiolated “plant and the effects of light during 
subsequent growth is to be obtained. 
This work is supported by the Nuffield! Foundation. 


G. RIF Lanz 
R. D. BUTLER 
Department of Botany, 
University of Southampton. 
Jan. 23. 


1 Lange, S., Jahrb. Wise. Bot., 71, 1 (1929). 


2 Avery, G. S., Burkholder, P. R., and Creighton, H. B., Bot. Gaz., 88, 
126 (1937). 


“Goodwin, R. H., Amer. J. Bot., 28, 825 (1941). 


‘Thomson, B. F., Amer. J. Bot., 37, 284 (1950); 38, 685 (1951) £ 41, 
$26 (1954). 


Effect of Gibberellic Acid and Kinetin on 
Growth of the Primary Leaf of Dwarf 
Bean (Phaseolus vulgaris) 


In the course of experiments on the effect of 
gibberellic acid on leaf area it was found, that this 
substance accelerated expansion of the primary leaf 
of dwarf bean (var. Canadian Wonder); but the 
final area attained was identical with that of leaves 
receiving no treatment. Kinetin (6-furfurylamino- 
purine), on the other hand, depressed the rate of leaf l 
expansion. Areas were estimated by use of a regres- 
sion equation relating to the product of length x 
breadth calculated from measurements of more than 
100 leaves. This equation is: area (om.*) = 0-8682 
(+ 0:0196) x p + 3-19, where p is length x breadth 
in om.?.8 The application of the allometry formula 
‘ndicated that treatment produced no change in 
shape of leaf, so it is justifiable to apply this regression 
equation irrespective of treatment. The leaves were 
sprayed as soon as they had unfolded and assumed & 
horizontal position (length about 5:0 cm.), and were 
kept in darkness for about 16 hr. in case kinetin was 
destroyed by light. The average daily incréments in 
area plotted for the mean period are shown in Fig. 1. 


L 
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Fig. 1. @—e, Control; 


O—O, kinetin ; 


. Leaves sprayed with gibberellic acid (50 p.p.m.) or 
gibberellic acid +'kinetin (0-1 p.p.m.) at first in- 
creased in area at a greater rate than the control. 
Kinetin alone slightly depressed the rate of leaf 
expansion. , About six days. after spraying, ` the 
position was reversed and the control and kinetin- 
sprayed plants increased in area at a greater rate. 
The final area of the leaves sprayed with gibberellic 
acid was the same as that of the controls, but kinetin 
alone depressed final area (Table 1). 


Table 1. MEAN FINAL AREA OF PRIMARY LEAF OF DWARF BEAN 


- Treatment Final area (on 
` . a 
t=) 61-4 205°6 
Kinetin 54°38 187:5 
Gibberellic acid 62-4 1994 
Kinetin + gibberellic acid 61-2 202 +4 


a, Growing point intact; b, growing point removed. 


It is to be noted that the depressing effect of 
kinetin was overcome in the presence of gibberellic 
acid. It was thought possible that the growth of 
the primary leaves might be affected by initiation of 
growth of the main axis (which was greatly extended 
by gibberellic acid) and that the subsequent depres- 
sing effect of gibberellic acid might be due to this. 
Precisely similar results were obtained, however, 
when the growing point was removed before treat- 
ment, except that the primary leaves in all treatments 
reached a greater final size (Table 1). 

Morgan and Mess! found that gibberellic acid at 
first stimulated growth of grass swards but afterwards 
the yield was dopressed and the dry matter and 
crude protein yields at the second cut were depressed 
by approximately the amount of increase at the first 
cut. Leben and Barton? also found an ultimate 
depressing effect of gibberellic acid on growth of grass. 
Humphries* found that gibberellic acid at first 
increased and then diminished leaf area and dry- 
matter production in the potato plant. In addition, 
it was found that gibberellic acid overcame a depres- 
sing effect due to kmetin. ; 

Thus, the effect of gibberellic acid on the primary 
leaf of dwarf bean is analogous to its effect on whole 
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Mean increase in area per leaf per day. 
Cl---{, gibberellic acid; A—*—A, gibberellic 
acid|-+ kinetin 
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plants in the instances quoted, namely, a preliminary 
stimulation and subsequent depression of growth. 
E. C. HUMPHRIES 
Botany Department, 
Rothamsted Experimental Station, 
Harpenden, Herts. Jan. 23. 
1 Morgan, D. G., and Mees, G. C., Nature, 178, 1356 (1957). 


1 Leben, C., and Barton, L. V., Science, 125, 494 (1957). 
t Humphries, B. C., Ann, Appl. Biol. (in the press). 


Inhibitory Effect of Gibbereflins on 
Nodulization in Dwarf Beans, Phaseolus 
vulgaris 


GiBBERELLINS of fungal and higher plant origm 
are now widely used in experimental plant physiology, 
and are known to produce a great variety of effects 
on the growth and development of many different 
plants!. With very few exceptions, the effects noted 
are promotive, even high concentrations of gibberellins 
being relatively non-toxic, to both plants and animals’. 
The results to be reported in this communication, 
demonstrating an inhibition of nodule formation in 
dwarf beans, are therefore of interest. : 

Commercial dwarf beans (Phaseolus vulgaris) were 


planted in 3-in. clay pots containing potting soil 


supplemented with limestone. The plants were 
grown in a greenhouse uncontrolled as to tempera- 
ture and light conditions. On the sixth day after 
planting, the pots were divided into 5 equal groups 
of 4 plants each, and on the seventh day each plant 
was watered with 20 ml. of a 1: 500 (w/v) 15:15: 
15 fertilizer to ensure an adequate level of mineral 
nutrition during the growth experiment. 

Eleven days after planting, when the mean height 
of the plants approximated 15 cm., the groups were 
sprayed, according to different schedules, with 
‘Gibrel’, a Merck product containing 0°005 per cent 
potassium gibberellate in an aerosol preparation. 
Thirteen days later, the plants were carefully removed 
from the soil and various measurements made. The 
results are presented in Table 1. Among the notable 
effects of the gibberellin treatments are: (a) up to 
fourfold enhancement of elongation without signi- 
ficant offects on fresh weight; (6) enhanced lateral 
bud growth; (c) decreased dry weight in plants 
given daily sprays ; (d) greatly decreased nodulzation, 
especially in those plants subjected to daily sprays. 


Table 1. EFFECTS OF REPEATED APPLIOATIONS OF POTASSIUM GIB- 
BERELLATR ON Phaseolus vulgaris. ALL PLANTS WERE EXAMINED ON 
THE THIRTEENTH DAY OF GROWTH AFTER SPRAY APPLICATION 











Aver- | Aver- | Aver- | Aver- 
age age age age 
Spraying | height | lateral] fresh. dry Degree of 
Group , schedule to bud | weight | weight | nodulation 
term- {|growth/| (gm.) | (gm.) 
inal (cm.) 
bud 
(cm. ) 
A Controls 27:5 275 8'8 Numerous 
(no spray) large 
clusters 
B Every 112.75 | 148-75] 11-2 
5th day 
C Every 4th 93-25 | 93-25 8-1 
day 
D Every 100:0 | 145-0 8-2 
3rd day 
per plant 
E Every 2nd | 91:5 |150-5 8°8 ‘ 2 small 
day nodules on 
one plant 
F Dally 93.5 | 150°5 9-4 None 
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Table 2. EFFECT OF GIBBERELLIN APPLIOATIONS TO SOIL ALONE AND 
TO PLANT AND SOI. UREMENTS WERE MADE 19 DAYS AFTER 
PLANTING, THB PLANTS HAVING BEEN SPRAYED ONLY ONCH, 5 DAYS 


Treatment 
None Soilonly | Soil + plant 


No. of plants 


t 
Terminal bud height (cm.) 
Average dry weight per 
plant (gm.) 
Percentage of plants 
showing nodulization 





In a subsequent experiment, it was shown that 
gibberellin treatment of the soil was ine 
inhibiting nodulization, though some growth effects 
werereadily apparent. Gibberellinsprays applied to the 
plant and soil were more effective, both in increasing 
elongation and in decreasing nodulization (Table 2). 

Although the mechanism of the inhibition of 
nodulization is not clear from these experiments, the 
results indicate the need for caution in the application 
of gibberellins to leguminous plants. They also suggest 
the possibility that nodulization may result from @ 
local accumulation. of gibberellins. 

These experiments were performed as a project 
supplementing classroom exercises in plant physiology 
at a National Science Foundation-sponsored Summier 
Institute for Teachers held in the summer of 1957 at 
Iowa State Teachers’ College at Cedar Falls, Iowa. 


G. A. THURBER 
Montezuma Consolidated Schools, 
Montezuma, Iowa. 
J. R. DOUGLAS 
Coleman Public Schools, 
Coloman, Wisconsin. 
A. W. GALSTON 
Department of Botany, 
Yale University, New Haven, 
Connecticut. 
1 Stowe, B. B., and Yamaki, T., “Ann. Rev. Plant Physiol.”, 8, 181 
1957). Phinney, B. O., West, C. A., Ritzel, M., and Neely, F., 
mS Nat, Acad. Sei., 43, 308 (1957). Lang, A., Sandoval, 
J. å., and Bedri, A., ibid., 43, 960 (1957). 


2 Peck, H. M., McKinney, 8. E., Tytell, A., and Byham, B. B., Science, 
126, 1064 (1957). 


Mitotic Delay in Irradiated Roots of 
Vicia faba: the Effect of Oxygen 


Tr is well known that the presence of oxygen during 
the irradiation of biological materials by X- or 
gamma-rays usually increases the amount of radiation 
damage. At the cellular level a considerable amount 
of quantitative data exists on the effect of oxygen, 
given during irradiation, on the yield of chromosome 
aberrations!, but little information ig available 
concerning the influence of oxygen on the amount of 
mitotic inhibition. Early work on the fall in mitotic in- 
dex values of broad bean root tips? and the more recent 
studies on mitotic rates of Chortophaga neuroblasts? 
and Tradescantia microspores’ have all indicated that 
the degree of mitotic inhibition is dependent on the 
amount of oxygen present during irradiation. 

We have investigated the oxygen effect on mitotic 
delay in broad bean root tips with the view of making 
a comparison with parallel results which we are obtain- 
ing for chromosome breakage and root elongation in 
this material. In our experiments gamma-rays from. 
a cobalt-60 source were used, and the primary roots 
of seedlings were irradiated while maintained at 
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Metaphase 
10 


Previous mitosis 


oo 


Delay due to irradiation (hr.) 





%92 20 18 16 14 12 10 8 6 4 2 0 


Normal development time to metaphase (hr.) (stage at time of 
irradiation) 


Fig. 1. Delay in reaching metaphase of cells irradiated at various 

stages of interphase. Normal mitotic cycle time, 21 hr. A, 192 r. 

in aerated water; O,109r.in aerated water; A,192r.innitrogen . 
water; @, 109r. in nitrogen water 


19° C. in aerated or oxygen-free water (nitrogen water, 
obtained by bubbling nitrogen). For irradiation the 
seedlings were transferred from their normal aerated 
water into the aerated or nitrogen water of the 
irradiation, chamber for 5 min. before irradiation. 
Doses of 109 r. and 192 r. were used and both doses 
were given in 4-9 min. It was shown that a 10-min. 
immersion of control seedlings in nitrogen water did 
not affect mitotic rate. i 
Mitotic delay was measured by our colchicine 
method’ which involved comparing the rate of 
accumulation of cells at metaphase in control material 
with the rates in the irradiated materials, at closely 
spaced time-intervals after irradiation. From these 
results we obtain the time required for cells to reach 
metaphase after being irradiated at any given point 
in interphase. The excess time over cells of control 
material, that is, the mitotic delay, is illustrated in 
Fig. I. 
Tho results show a marked oxygen effect for mitotic 
delay, and this effect is apparent for cells irradiated 
at any stage of interphase, the shape of the air and 
nitrogen curves being very similar. It is clear from 
these results that a dose of 192 r. in nitrogen is less 
effective in delaying the progress of cells through the 
mitotic cycle than a dose of 109 r. in air. Comparisons 
of the delays induced by both doses of radiation, in 
air and nitrogen, for cells which were more than 6 hr. 
from metaphase at the time of irradiation, gives an 
air/nitrogen ratio of about 2. This compares with 
the air/nitrogen factor of 2-4 for inhibition of root 
growth® and the factor of 2-2-2-5 which we have 
found for the production of micronuclei. 
Further details of these experiments will be 
published elsewhere. 
H. J. Evans 
G. J. NEARY 
S. M. TonKINSON 
Medical Research Council 
Radiobiological Research Unit, 
Atomic Energy Research Establishment, 
Harwell. Feb. 3. 
1 Giles, N. H., J. Cell. Comp. Physiol., 45, Supp., 271 (1055). Swanson, 
C. P., ibid., 45, Supp., 286 (1955). 
1 Read, J., Ann. Rep. Brit. Emp. Cancer Campaign, 26, 96 (1948). 


3 Gaulden, M. E., Nix, M., and Moshman, J., J. Cell. Comp. Physiol., 
41, 451 (1953). Shaw, E. I., Proc. Soc. Exp. Biol., 92, 232 (1956). 
1 Beatty, A. V., and Beatty, J. W., Amer. J. Bot., 42, 288 (1955). 


‘Neary, G. J., Evans, H. J., and Tonkinson, S. M., Nature, 179, 917 
(1957); J. Genet. (in the. press). Evans, H. J., Neary, G. J., 
and Tonkinson, S. M., ibid. (in the press). 

® Read, J., Brit. J. Radiol., 25, 89, 154 oba Neary, G. J., in “Pro- 
gress in Radiobiology”, ed. Mitchell, J. S., Holmes, B. E., and 
Smith, C. L., 355 (Oliver and Boyd, Edinburgh, 1956). 
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Natural Cross-Pollination in 
Lettuce, Lactuca sativa L. 


SELF-FERTINIZATION in Lactuca sativa L. is com- 
monly regarded as being complete, although the 
inflorescences are Visited by insects and the possibility 
of cross-pollination does occurt?. Some indication 
that natural crossing takes place was provided by 
the fact that progenies raised from seed, taken from 
random plants grown in adjacent plots of a trial of a 
large number of varieties at’ Wellesbourne, have 
contained widely different proportions of off-types. 
An. experiment was carried out in 1955, therefore, 
to ascertain the amount of crossing which might occur. 

Two varieties were planted in each of four plots, 
these consisting of 15 rows of 11 plants, the odd rows 
and alternate plants in the even rows being of a pig- 
mented variety, while the remaining plants were of 
an unpigmented variety. Each unpigmented plant 
was thus surrounded by 8 pigmented ones. The 
gene for anthocyanin pigmentation? behaves as a 
dominant in F. 

The first plot contained two winter lettuce varieties 
which flower rapidly in long days*, while the second 
plot, which was sown at the same time as the former, 
contained two varieties of summer lettuce. The 
remaining two plots consisted of the same varieties 
of summer lettuce as the previous one, but were sown 
at three-weekly intervals. The flowering periods of all 
plots differed from one another, and times of flowering 
within plots were made to coincide by the removal of 
any capitula from unpigmented plants which opened 
before those of the«pigmented ones. Seed collected 
from the unpigmented plants was sown in 1956 and 
the number of pigmented and of non-pigmented 
seedlings was recorded. 

The weather in 1955 was dry and warm, encouraging 
insect activity ; but the lettuce did not appear to 
have the same abundance of pollinating insects as 
brassica plants flowering in the vicinity. Insects most 
attracted by the open lettuce capitula, were various 
species of hover-fly and a few butterflies. Bumble- 
and honey-bees were rarely seen on the plants. This 
comparative scarcity of insects suggested that the 
proportion of hybrids produced would be low, and 
this was confirmed by the results from the earlier 
flowering plants. The percentage of hybrids produced 
by the later flowering plants, however, showed a 
- sharp increase as indicated in Table 1. It has been 
suggested by Mr. J. A. Dunn, of this station, that 
this increase was probably due to the seasonal rise 
in the hover-fly population, and it appeared probable 
that hover-flies were the main pollinators in this 
experiment with lettuce. 

Unsuccessful attempts were made to use hover-flies 
as pollinators by enclosing them in muslin bags 
together with flowering lettuce plants; in every 
instance they made continual attempts to escape, and 
lived a maximum of only 36 hr. 


Table 1 


Mean per 
cent cross- 


Plot | Varieties (pi 
i pollination 


No. variety 


ented Flowering 


period 
Rone à pomme dure 

d'hiver, Lees Im- 
July 18—Aug. 26 
Aug. 6-Sept. 8 
Aug. 18-Sept. 18 


Aug. 30-Sept. 26 


0:75 +0 ‘053 
0-15 +0008 
3°19 +0186 
11:52 42:749 


Tense 

Mignonette, Cheshire 
Green 

Mignonette, Cheshire 


Green 
Mignonette, Cheshire 
Green 
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The statistical analysis of the results showed that 
plants flowering late in the season exhibited a 
significant increase in the percentage of natural 
cross-pollination. With the exception of three plants 
in plot 3, cross-pollination during each of the different 
flowering periods was entirely at random. 

L. E. WATIS 
National Vegetable Research Station, 
Wellesbourne, Warwick. 
i Jones, H. A., Hilgardia, 2, 13 (1927). 


2? Oliver, G. W., Bur. PH. Indust. Bull. (U.S.), 167, 1 (1910), 
3 Bremer, A. H., and Grana, J., Gartenbauwiss., 9, 231 (1935). 


Sex Chromosomes in the Hop Humulus 
; lupulus 


Srupres of meiosis in male plants of the hop 
Humulus lupulus have resulted in conflicting reports 
on the nature of the sex chromosomes. Winge! and 
Jacobsen? have described an unequal pair of sex 
chromosomes which Jacobsen also identified m the 
somatic cells of male and female plants. Sinoto® 
found no heteromorphic peir, but described 4 
chain of four sex chromosomes which he designated 
X,Y,X.Y,. No evidence was put forward in support 
of this interpretation. Ono‘, however, demonstrated 
in H. lupulus var. cordifolius (the wild hop of Japan) 
that a quadrivalent occurred in meiotic divisions in 
the male, but not in the female plant. More recently® 
he has described the occurrence, in a number of male 
varieties, of five different sex chromosome types, one 
of which is a homomorphic pair, two are hetero- 
morphic pairs with different length ratios, and two 
are complexes of four chromosomes, also with differmg 
length ratios. 

During the 1957 season meiosis was studied, at 
Wye, in six malo plants, five of which were seedlings 
from open pollination of wild Canadian or New 
Mexican female plants and one (No. 15) was of 
unknown. origin. In all six a heteromorphic pair of 
chromosomes could be distinguished. In four of 
these males a quadrivalent association was found in 
addition to the unequal pair. Whereas the latter 
was a constant feature of all divisions, the quadri- 
valent was not present in a number of nuclei (Fig. 1, 
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Fig. 1. Meiosis in male 321, a, Nucleus containing a hetero- 
morphic pair and nine bivalents; b, nucleus containing a hetero- 
morphic prir, a quadrivalent and seven bivalents 
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Table 1 


No. of nuclei 
with quadrivalent 


No. of nuclei 
without quadrivalent 


Male plant No. 





Table 1), and in view of Jacobsen’s work it seems 
likely that the heteromorphic pair consists of the sex 
chromosomes, in which case the quadrivalent must 
be an association of autosomes. 

These observations raise doubts concerning the 
identity of Sinoto’s and Ono’s quadrivalents. The 
only evidence to suggest that they include the sex 
chromosomes is Ono’s work on var. cordifolius. 
Since he has reported both quadrivalent and homo- 
type chromosomes in wild Canadian male plants, his 
observation of a similar difference between male and 
female plants of var. cordifolius is not conclusive 
evidence that this difference is related to sex determ- 
ination. Examination of meiosis in males of var. 
cordifolius by Dark (unpublished work) showed that 
of 66 nuclei recorded only 45 contained trivalent or 
quadrivalent associations, and since Ono does not 
indicate the number of cordifolius nuclei studied, 
this raises further doubts as to the validity of his 
conclusions. 

Even if the quadrivalent of var. cordzfolius is 
accepted as being a sex chromosome complex, it is 
clear from the results reported here that there is no 
justification for making a similar assumption about 
quadrivalents found in other strains, in the absence 
of supporting evidence. 

R. A. Neve 

Department of Hop Research, 

Wye College, 
Near Ashford, Kent. Feb. 7. - 
1 Winge, Ö., C.R. Trav. Lab. Carlsberg, 15, 1 (1923). 
2 Jacobsen, P., Hereditas, 48, 357 (1957). 
3 Sinoto, Y., Cytologia, 1, 109 (1929). 
4 Ono, T., Bot. Mag., 61, 110 (1937). 
s Ono, T., Bull. Brew. Sci., 2, 1 (1965). 


A Chromosome Count in Schizaea 


THe Schizaeaceae are a very ancient family of 
ferns, with only four very distinct genera still living. 
In view of their great antiquity, the cytology of 
these plants is of considerable interest for fern 
phylogeny. Manton! has recorded chromosome 
numbers in two of the four genera, namely, n = 38 
and 76 in Anemia, and n = 29 and 30 in Lygodium. 
No information is available for Mohria, nor, until now, 
for Schizaea. The extreme difficulty of maintaining 
any of the known species of Schizaea in cultivation 
is no doubt a principal reason for this omission. 

During a year’s stay in New Zealand, during the 
tenure of a New Zealand National Research Fellow- 
ship, an opportunity arose on two occasions to obtain 
meiotic fixings from wild material of Schizaea asperula 
Wakefield? (formerly included in S. bifida Willdenow). 
The localities were Waikumete, near Auckland, and 
West Wanganui Inlet (West Haven), N.-W. Nelson, 
South Island. The same chromosome number was 
obtained for both localities. An example of diakinesis 
is illustrated in Fig. 1; showing unequivocally thet 
n = 77. 

Tt is premature to discuss the interpretation of this 
number except to point out that there need not be 
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Fig. 1. Diakinesisin Schizaea asperula from West Wanganui Inlet, 
N.-W. Nelson, New Zealand, with n = 77. (x 7650) 


any direct relationship to the n = 76 found in one 
species of Anemia. 

A more detailed description of this investigation 
will be published elsewhere, together with an account 
of work on the taxonomy and distribution.of Schizaea 
in New Zealand. 

J. D. Lovis 
Department of Botany, i 
University of Leeds. Feb. 12. 


1 Manton, I., Phu. Trans. Roy. Soc., B, 288, 127 (1954). 
? Wakefield, N. A., Victorian Naturalist, 59, 89 (1942). 


Pseudofertilization in the Genus Lumbricillus 
(Enchytraeidae) 


NATURAL populations of the common enchytraeid 
worm Lumbricillus lineatus Müll., occurring in decay- 
ing seaweed, contain diploid (2n = 26) and triploid 
(3n = 39) individuals. The Enchytraeidae are 
normally hermaphrodite but the triploid form of 
L. lineatus reproduces parthenogenetically and is- 
distinguishable from the diploid type by the absence 
of seminal vesicles. Spermatogenesis in the partheno- 
genetic form does not proceed beyond the spermatid 
stage and no mature spermatozoa, are produced}. In 
spite of this, the spermatheca of triploid worms from 
natural populations always contain spermatozoa. 
Experiments were designed to determine the origin 
of these spermatozoa as well as their possible role 
in the activation of cleavage in triploid eggs. The 
triploid form will be referred to as L. lineatue 3 x 
and the diploid as L. lineatus 2x. _ - 

Cultures were set up containing either L. lineatus 
3x alone, or together with related species of the 
genus Lumbricillus also occurring in decaying sea- 
weed. The different combinations used are shown in 
Table 1 (col. 1); each culture contained at least 
ton worms of each species. All L. lineatus 3 x in- 
dividuals were isolated at a sexually immature stage, 
before they had copulated. The cultures were ex- 
amined at frequent intervals for the presence of 
spermatozoa in the spermathece of L. lineatus 3 x 
(col. 2). The cocoon production of L. lineatus 3 x 
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Table 1. PRESENCE OF SPERMATOZOA IN THR SPERMATHEOA, COCOON 
PRODUCTION AND EMBRYO DEVELOPMENT IN Lumbricillus lineatus 3 x 
IN PURE AND MIXED CULTURES 


Cocoons laid, | Cocoons hatch- 
cleavage ing, cleavage 
beginning completed 


Spermatozoa 
present in 
gpermathecss 


Culture 
combinations 


— 


L, lineatus 3 x 
L, lineatus 3 x E 


L. lineatus 2 x 


L. lineatus 3 x 
L. rivalis 


L. lineatus 3 x 
L. pagenstecheri 
L. lineatus 3 x 
L. viridis 





and the development of the embryos were also 


followed (cols. 3 and 4). 


Table 1 shows that spermatozoa were present in the 
spermathecer of L. lineatus 3 x only in the L. lineatus 
3x/2x cultures, whereas none of the other species 
considered (col.1) provided spermatozoa to L. lineatus 
3x. Hence the triploid parthenogenetic form can 
only copulate with the closely related diploid 
species. The experiments also prove that sperm- 
atozoa from L. lineatus 2x are necessary for the 
successful ‘development of the eggs of L. lineatus 
3x (col. 4), since only in the 3x/2x cultures did 
the embryos of L. lineatus 3 x hatch. In all the other 


combinations development was arrested before the 


typical dorso-ventral curvature’ of the embryo had 
occurred. It has been definitely established that 
L. lineatus 3x reproduces parthenogenetically* and, 
although spermatozoa from L. lineatus 2X are 
necessary for normal cleavage of the eggs, they do 
not contribute chromosomes to the 3x nuclei. The 
exact role of the spermatozoa remains to be de- 
termined and will be dealt with in a later paper. 
The observed phenomena represent a special 
case of pseudofertilization in which. spermatozoa 
from a sexual diploid hermaphrodite species are 
necessary for the normal development of the eggs 
of a parthenogenetic relative. Thus although the 
triploid form has a parthenogenetic reproductive 
mechanism and is genetically isolated, it cannot exist 
independently of the diploid species. The term 
‘obligatory co-existence’ gives an adequate descrip- 
tion of this relationship. A similar case has been 
observed in the spider beetles Ptinus latro (3n = 27) 


and P. hirtellus (2n = 18)*. 


While it is recognized that the situation described 
presents & problem in nomenclature, the two forms 
will be provisionally referred to as subspecies of 
L. lineatus. Thus the name Lumbricillus lineatus ssp. 
lineatus is proposed for the diploid form and, because 
of the absence of seminal vesicles, the name Lum- 
bricillus lineatus ssp. avesiculatus is proposed for the 
triploid form. The nomenclatural problem will be 
discussed further in a later paper. 

The work is being financed by a grant from the 
Danish State Research Foundation (B. C.) and a 


University of Wales Research Fellowship (F. B. O’C.). 


B. CHRISTENSEN* 
F. B. O’ConnorT 


Molslaboratoriet, Femmøller, 
Denmark. Jan. 3. 

* And Institute of Genetics, University of Copenhagen. 

+ Permanent address: Department of Zoology, University. College 
of North Wales, Bangor. 
1 Christensen, B. (in course of preparation). 
2 Penners, À., Z. wiss. Zool., 187, 65 (1930). 
3 Wena G. E., and Moore, B. P., Pest Infestation Research (1955- 
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Records of the Group Pogonophora in 
the Skagerrak 


Unt. recently, specimens of the strange deep-sea 
animals belonging to the group Pogonophora were 
known. only from the Pacific. The first records were 
from Indonesia, and later on large samples were 
found by the Russians in the north-western part of 
the Pacific, and several species were described from 
this area. In 1956 I described some new finds from 
the eastern part of the Pacific, namely, from the Gulf 
of Panama, where they were taken by the Galathea!. 
At the same time a description appeared of a new 
species, Siboglinum ekmani, by G. Jägersten?. This 
species was found in the Skagerrak, many miles from 
the earlier habitats. It was taken during the 
Skagerrak Expedition in 1933, but not identified 
until recently. 

In April 1957 I had the opportunity of joining the 
Danish Fisheries Investigations ship, s.s. Dana, 
in the seme area in the Skagerrak, where Siboglinum 
ekmant had been found. At the deepest part of the 
Skagerrak off the south coast of Norway, 700 m. 
below the surface, we obtained fairly large quantities 
of the same species. The tubes are small, having a 
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diameter of 0:15 mm. and a length of about 100 mm. 
They are hair-like, and appear like small threads of 
algae or threads from the trawl (Fig. 1). But when 
they are seen in the microscope they are recognized. 
at once, the structure being very characteristic (Fig. 
2). The distribution of this species is probably wider 
than indicated by my finds. The animals seem to 
prefer cold water, as all the records in the world are 
from deep water with low temperatures. In the deep 
part of the Skagerrak the temperatures are about 
5° C. throughout the year. l 
J. B. KIRKEGAARD 


Zoological Museum, 
University of Copenhagen. 


1 Kirkegaard, J. B., Galathea Report, 2, 183 (1956). 
2Jagersten, G., Zoologiska Bidrag från Uppsala, 31, 211 (1956). 


British Pea-crabs (Pinnotheres) 


Tae adult male and female of Pinnotheres pisum 
(Pennant) are unlike in appearance, the male being 
thick-shelled, with a conspicuous colour pattern, the 
walking legs flattened and bearing fringes of long 
plumose hairs, enabling it to swim. The adult 
female is considerably larger, thin-shelled, generally 
without a colour pattern and without swimming 
hairs. 

Ii was formerly considered that the males of 
P. pisum, young and adult, were normally of one 
form, although a few so-called abnormal crabs 
resembling the female in consistency and lack of 
colour had been found)*. Further work has made it 
clear that the mele occurs in two mein forms. 


The one which approaches the young stage-II female: 


in appearance is seasonal in occurrence, being found 
mostly in the summer, June-August inclusive in 
south-west England, that is, during the moulting 
season of the male and when young crabs occur in 
mussels, and rarely at other times. It therefore 
appears that males occur in the thin-shelled form 
during periods of rapid growth. 

Rearing of a number of males within Mytilus, and 
the moulting of others soon after their arrival in the 
laboratory, has shown that the male repeatedly 
changes from one form to the other. A curious fact 
is that not once did the thick-shelled male moult into 
the same form, one to three thin-shelled forms inter- 
vening. With few exceptions the crabs remained for 
a, longer time in the thick-shelled than in the thin- 
shelled form: in the former condition they were 
restless, frequently leaving and re-entering their 
hosts, while in the latter they never did so, being 
unable to swim. f 

The thin-shelled male has a normal male abdomen, 
only slightly wider in relation to the width of the 
thorax than that of the thick-shelled male. Thick- 
shelled males have been found at a carapace width 
of 1-4-7:6 mm. ; thin-shelled males 1:9-6:3 mm. 

Males resembling the female in consistency and 
lack of colour have been recorded in P. maculatus 
by Rathbun? and in P. ostreum by Stauber*. In 
P. pinnotheres (L.) (= veterum Bosc.), in which there 
is no comparable sexual dimorphism, I have found 
only one type of male, although eight have been reared 
in the laboratory—one for 22 months—through as 
many as five moults. In this species the young adult 
female is capable of swimming. 

The juvenile females of P. pisum resembling hard- 
shelled males have been found to pass through several 
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growth-stages to reach the adult}. These stages 
have now been followed in each of four crabs with 
initial carapace widths of 3-4 mm., which lived for 
up to two years before being killed : two spawned. 

All male-like females were termed’ stage I: this 
did not imply that they are the first crab stage’. 
The smallest P. pisum, a male, taken from Mytilus, 
had a carapace width of 1-4 mm. and this is probably 
not less than the third crab stage, for the megalopa 
has a carapace width of about 0:57 mm. 5, Stage I 
females have been found with a carapace width. of 
up to 4:9 mm., so it is evident that growth can 
occur with little or no widening of the abdomen. 
The smallest stage-I1: female with abdomen appre- 
ciably wider than that of the male had a carapace 
width of 2-l1:mm. It appears that during growth, 
without or with only slight widening of the abdomen, 
the crab does not remain thick-shelled, but that one 
or more periods may intervene during which it is 
stage II in consistency, in lack of colour and of 
swimming hair, but with narrow abdomen. Durmg 
this time the pleopods remain as little developed as 
in the thick-shelled stage I?. That these crabs are 
not the result of laboratory conditions is proved by 
their occurrence in the wild. Those few reared had 
empty spermathece. 

In addition to the rearing of both P. pisum and 
P. pinnotkeres in hosts in the laboratory, a population 
of P. pisum in the Camel Estuary, north Cornwall, 
was sampled approximately monthly for two years, 
and populations from other localities less frequently. 
Tt was found that the male P. pisum reaches sexual 
maturity at a carapace width of about 2:0 mm.: 
copulation is precocious, & female of 1-7 5 mm. cara- 
pace width being found with full spermathecs, while 
the smallest ovigerous female had a carapace width 
of 6-5 mm. l 

In P. pisum the main spawning .months in south- 
west. England are May—August ; spawning can occur 
three days after hatching of the previous brood, and 
it is probable that a crab spawns several times during 
the season. The main moulting season of the male 
is June-August, thet of the female June—October. 

A full account of this work, and of other aspects 
of the biology of P. pisum and P. pinnotheres will be 
published elsewhere. 


D. ATKINS 


The Laboratory, 
Citadel Hill, 
Plymouth. 
Jan. 30. 


1 Orton, J. H., Nature, 106, 533 (1920-21). 

' Atkins, D., J. Mar. Biol. Assoc. U.K. (N.S.), 14, 475 (1926). 
2 Rathbun, M. J., Bull. U.S. Nat. Mus., No. 97 (1918). i 
‘Stauber, L. A., Biol. Bull., 88, 269 (1945). 

5 Atkins, D., Proc. Zool. Soc., 124, 687 (1955). 


The Cromer Forest Bed : Preglacial or 
interglacial ? 


Now that the detailed palæobotanical account of 
the interglacial deposits at Bobbitshole, Ipswich, by 
Dr. R. G. West?, of the University Sub-department of 
Quaternary Research, Cambridge, has appeared we 
are better able to appreciate the magnitude of our debt 
to him and to their finder, Mr. H. E. P. Spencer, of 
the Ipswich Museum. Correlation of East Anglien and 
Continental late Pleistocene events has been thereby 
substantially aided, but in the concluding section of 
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the paper a statement re-appears about the correlation 
of an older phase which is difficult to reconcile with our 
records of East Anglian ‘stratigraphy. The statement 
is that, in the opinion of the well-known authority, 
Prof. P. Woldstedt?, the palynology of the Cromer 
Forest Bed series shows that it “was formed in the 
oldest (Cromerian) interglacial period in East Anglia’’. 
Dr. West has, apparently independently, reached the 
game conclusion. It therefore becomes desirable to 
direct attention to some of the geological difficulties 
that arise from this interpretation. 

The occurrence of an interglacial phase implies that 
of a preceding glaciation, but no moraines or till 
belonging to such are known, in East Anglia before 
the Cromer Forest Bed was formed. Admittedly, all 
traces may have been removed in the course of a 
subsequent glaciation, or completely covered and 
not revealed by borings and excavations since. In 
that event, we are driven to utilize the evidence from 
neighbouring areas, for example, northern Europe. 
Before referring to the latter, however, I may note 
that the East Anglian shelly sands and gravels, known 
ag Crag, which are in the main (if not wholly) older 
than the Cromer Forest Bed, furnish no sound evidence 
of climatic change other than a gradual cooling (shown 
by the Mollusca) and the possible transport of erratics 
by icebergs from the north. The implications of a 
Crag glaciation were reviewed im detail some years 
ago®, when efforts were made to resolve certain diff- 
culties that had arisen in the linking up of the 
industries of early man with well-established glacial 
and interglacial events; but the assumption of an 
early Crag glaciation seemed to increase rather than 
lessen the difficulties. 

The succession that has served us reasonably ‘well 
as a standard in the east of England for many years 
past is set out in Table 1 (in which I have retained 
the older nomenclature as well as the newer terms 
because it remains more appropriate in several 
respects). The various early human industries can 
be fitted into the scheme (allowing for time occupied 
in migration) without excessive strain. 


Table 1 


Hunstanton Boulder Clay (Newer Drift)=Warthe, ? Welchsel = Würm 
Interglactal (Bobbitshole, ete.) = Hemianin part 
Upper halky Drift (Gipping Boulder Clay) = Sasle = Riss 
terglactal (Hoxne, ate.) = Elster/Saale = Mindel/Riss 
Chalky-Jurassic Boulder Clay (Lowestoft Boulder Clay) 
= Hilster = Mindel 
Tnterglacial (“Middle” glacial, Corton Beds, etc.) = ? Giinz/Mindel 
North Sea Drift (Norwich Brickearth, Cromer Tills ?) 
= ? Donau, ? Günz 1, ? Günz 2 
Cromer Forest Bed series 
Pleistocene shelly sands (Craga) 


The snecession recorded in the lower half of the 
table is based on the evidence from inland and 
coastal exposures in northern and eastern Norfolk. 
At Corton, north of Lowestoft, for example, a peaty 
bed at beach-level, tentatively referred by Clement 
Reid to the Cromer Forest Bed, is seen to be succeeded 
by the Norwich brick-earth, then by the sands and 
gravels termed by D. F. W. Baden-Powell the Corton 
Beds (in which, in the nearby Flegg Hundred, 8. V. 
Wood, jun., found molluscan assemblages of mixed 
character), and finally by the Chalky-Jurassic Boulder 
Clay. On the northern coast of Norfolk the Cromer 
- Forest Bed visibly underlies the Cromer Till, which 
in turn underlies sands containing a shelly fauna and 
identified by Baden-Powell with his Corton Beds. 
The interglacial phase here represented was marked 
by widespread weathering and erosion of the Norwich 
brick-earth and the overlying sands and gravels, the 
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major valley-systems of the region being then brought 
into existence. 

In passing, I may note that if the Cromer Tills 
come to be regarded as a facies of, not the North 
Sea Drift, but the Chalky-Jurassic Boulder Clay, the 
Cromer Forest Bed mey prove to belong to this inter- 
glacial interval. In that event, however, the peaty 
bed at Corton cannot be the Cromer Forest Bed. 
Further investigations of this peaty bed throughout 
eastern Norfolk are thus highly desirable. Although 
we possess much information about the fossil contents 
of the Cromer Forest Bed ab its type locality, we 
know strikingly little about its areal distribution or 
about the extent in space and time of the uncon- 
formity that underlies it. 

Evidence from the Continent in support of the view 
that the Cromer Forest Bed belongs to the oldest 
interglacial is far from good. Geologists have hitherto 
been unable to agree that any trace of the earliest 
(Giinz) glaciation of the Alps occurs in the area of 
northern Europe extending from the Netherlands to 
the U.S.8.R. While some authorities still doubt the 
existence of the Giinz in the Alpine area itself, others 
see in the pre-Mindel moraines and other glacial 
deposits of the peripheral area the relics of separate 
glaciations- which have been termed* the Donau, 
Günaz 1 and Günz 2. Early interglacial or interstadial 
deposits have in places yielded pollen-bearing beds, 
but the stratigraphical relationships are not suffi- 
ciently precise to enable geological correlation to be 
established. Baden-Powell’s comparison of the shelly, 
faunas of the Mediterranean Pleistocene marine stages 
(terraces, etc.) with those in East Anglia favours the 
view that the oldest interglacial folows rather than 
precedes the North Sea Drift glaciation. With con- 
siderable skill he has diagnosed the Corton Beds 
fauna as the climatic equivalent of the Tyrrhenian 
stage of the Mediterranean under a modified Pleisto- 
cene isothermal distribution. This phase followed the 
first cold stage in that area—the Sicilian—-which he 
would correlate with the earliest glaciation of northern 
Europe. 

Until the figures for absolute age obtained by tests 
for radioactivity become available (and they are 
slow to accumulate), we rely for correlation on the 
evidence provided by fossil groups such as the 
Mammalia, Mollusca and plants, among others ; 
also, in order that the risk of homotaxial relationships 
being mistaken for contemporaneity may be reduced 
to a minimum, we hope the lines of evidence will 
converge. The classification of the East Anglian 
Pleistocene set out above is doubtless over-simplified 
by the omission of stadia and interstadia, but there 
seems little advantage in altermg the status (for 


- example, glaciation into stadial ice-advance, or tice 


versa) of our well-individualized events, even for the 
time being. The alternative is to await new evidence. 
Until some of the difficulties outlined in the foregoing 
have been met, it would appear premature to assign 
the Cromer Forest Bed to the oldest interglacial 
period in East Anglia. 

P. G. H. BOSWELL 


Imperial College of Science and Technology, 
London, S.W.7. 


1 Phil. Trans. Roy. Sos., B, 241, 1 (1957). 
2 Nature, 185, 1002 (1950). 


3 Proc. Geol. Assoc. Lond., 42, 87 (1981). Rep. Brit. Assoc. Meeti 
York, 1982, 68. Proc. Prehistoric Soc. Lond., No. 6, 149 (1936). 


‘See, for example, Zeuner, F. H., Nature, 178, 1178 (1954). 
& Nature, 172, 762 (1953); Proc. Geol, Assoc. Lond., 68, 271 (1055), 
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FORTHCOMING EVENTS 


Monday, April 14 


ROYAL SOCIETY OF Arts (at John Adam Street, Adelphi, London, 
W.C.2), at 6 p.m—Mr. G. W. Kirkland, M.B.6.: “Prestressed 
Concrete”. (First of three Cantor Lectures. Further Lectures on 
April 21 and 28.) 


SOOIETY FOR VISITING ScIENTISTS (at 5 Old Burlington Street, 
London, W.1), at 7.30 p.m,—-Discussion Meeting on ‘‘Personality”. 
Chairman: Prof. O, A. Mace. Speakers: Prof. Marc Klein, Dr. W. 
Mays and Dr. J. D. Sutherland. 


Tuesday, April 15 


ZO0LOGIJAL SOCIETY OF LONDON (at the Zoological Gardens, 
Regent’s Park, London, N.W.1), at 5 p.m.—Sclentific Papers. 


INSTITUTION OF ELEOTRICAL BNGINEDRS, MEASUREMENT AND 
UTIMIZATION SECTIONS (at Savoy Place, London, W.C.2), at 6.80 p.m. 
—Prof, E. Bradshaw, Mr, M. Wagstaff and Mr. F. Cooke: “A Train 
Performance Computer”; Mr. J. F. Meredith and Mr. E, A, Freeman: 
“The Stimulation of Distributed-Parameter Systems, with particular 
reference to Process Control Problems”; Dr. J. L. Douce and Dr. 
J. C. West: “A Magnetic-Drum Store for Analogue Computing”, 


BRITISH INSTITUTION OF RADIO ENGINEERS (at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W.C.1), at 6.30 p.m.—Mr. E. G. Walker: “Factors in the 
Design of Airborne Doppler Navigation Equipment”. 


Tuesday, April |5—Thursday, April I7 


- SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
(in the William Beveridge Hall, Senate House, University of London, 
London, W.C.1)—Silver Jubilee Symposium on “The Physical Pro- 
perties of Polymers”. 


Wednesday, April 16 


GEOLOGICAL SOCIETY oF LONDON (at Burlington House, Plecadilly, 
London, W.1), at 5 p.m.—Dr. W..B. Tremlett: “The Structure 
of the Lower Paleozoic Rocks of the Arklow District (Treland)". 


ROYAL SraristicaL Sooty (at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), 
at 6.15 p.m.—Discussion on “Some Problems in the Measurement of 
Price Changes, with special reference to the Cost of Living” opened 
by Dr. 8. J. Prais. 


INSTITUTION OF ELECTRICAL ENGINEERS, SUPPLY SECTION (oint 
meeting with the BRITISH NUCLEAR ENERGY CONFERENOE, at Savoy 
Place, London, W.C.2), at 5.30 p.m.—Mr. K. L. Streteh: “Operational 
Experieuce—Calder Hall”. 


SOOIETY FOR ANALYTICAL CHEMISTRY, BiIonogigaL METHODS 
GROUP (at "The Feathers”, Tudor Street, London, E.C.4), at 6.30 p.m. 
—Discussion on “The Mathematics of Sterility Testing”, introduced 
by Mr. D. Maxwell Bryce. 


SOCIETY OF CHEMICAL INDUSTRY, CORROSION GROUPYXAt 14 Belgrave 
Square, London, S.W.1), at 6.30 p.m.—Annual General Meeting. 
Dr. W. H. J. Vernon: “Corrosion Research and its Industrial Back- 
ground” (Spring Lecture), 


Thursday, April 17 


Royan Soolety (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Mr. P. G. Safeman and Sir Geoffrey Taylor, F.R.S.: 
“The Penetration of a Fluid inte a Porous Medium or a Hele-Shaw 
Cell containing a More Viscous Liquid’; Mr. G. Kemball and Mr. 
C. T. H. Stoddart: “The Catalytic Hydrogen Reduction and Deuterium 
Exchange of cyclopentanone on Evaporated Metallic Films and some 
Observation ton cyclohexanone”, 


INSTITUTION OF MINING AND METALLURGY (at the Geological 
Society, Burlington House, Piccadilly, London, W.1), at 6 p.m.— 
Prof. E. O. Lilge, Mr. T. E. Fregren and Mr. Q. R. Purdy: “Apparent 


Viscosities of Henvy Media and the Driessen Cone’; . H. H. 
bes ee “Scientific Management Principles Applied to West African 
ng”. ~ 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical 
‘Society, Burlington House, Piccadilly, London, W.1), at 6 p.m. — 
Dr. J. G. Clunie: “Meromorphiec Schlicht Functions”. 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS 
GRoUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m. 
Discussion on “Training in Engineering Design”. 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
GROUP (at 14 Belgrave Square, London, S.W.1), at 6 p.m.—Mr. R. J. 
Schaffer: “The Preservation of Building Stone”. 


ROYAL PHoToGRAPHIO SOCIETY (at 16 Princes Gate, London, S.W.7), 


at 7 p.m.—Mr. J. B. Collins: “Some Applications of Photography to 
Lighting Research”. p graphy 


Thursday, April 17—Friday, April 18 
BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SoIENo# (in the 


Hall of the Royal hs haa oa ae Society, Kensington Gore, London, 
$.W.7), at 10 a.m. daily—Conference on “Science in Schools”. 
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Friday, April 18 


`y 

INSTITUTE OF PAYSICS, NON-DESTRUOTIVE TESTING GROUP (ab 14 

Belgrave Square, London, S.W.1), at 6 p.m.—Meeting on “High 

Speed Radiography”. Mr. R. F. Thumwood: “Tubes and Mech- 
anisms”; Mr. B. Meakin: “Circuits and HKvaluation’’: 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, 8.W.1), at 6 p.m.—Annual General Meeting. 


SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 
Belgrave Square, London, S.W.1), at 6.30 p.m.—Dr. E. G. E. Hawkins : 
“Organic Peroxides and their Industrial Uses”. 


Friday, April 18—Saturday, April 19 


BIOCHEMICAL SOCIETY (at University College, Gower Street, London, 
W.C.1), at 10.45 a.m. on Friday and 10.30 a.m. on Saturday—Annual - 
General Meeting. 


~ APPOINTMENTS VACANT 


APPLICATIONS aro invited for the following appointments on or 
before the dates mentloned : 

RESHARCH WORKER IN BUMEN BIOOHEMISTRY (Sclentific Officer 
or Senior Scientific Oficer grade}—-The Secretary, Institute of Animal 
T ayelology, Agricultural Research Council, Babraham, Cambridge 

pr J: 

LECTURER IN GEOLOGY; a LECTURER IN MATHEMATIOS; a SENIOR 
LECTURER or LECTURER and an ASSISTANT IN NATURAL PHILOSOPHY ; 
a Spnton LECTURER or LEOTURER and an ASSISTANT IN EXPHRI- 
MENTAL PAYSIOS ; and a LECTURER and an ASSISTANT IN THEORETIOAL 
Prysics—The Secretary, The University, Aberdeen (April 18). 

LECTURER (with a good honours degree in botany, a special interest 
in mycology and able to teach botany to degree standard and also 
industrial mycology) IN Botany—The Principal, Wigan and District , 
Mining and Technical College, Wigan (April 18). 

ASSISTANT LEOTURER (science graduate or medically qualified) 
IN PHARMACOLOGY in the Faculty of Medicine—The Registrar, The 
University, Manchester 13 (April 19). 

BIOCHEMIST (Basic grade), to work mainly on problems of calcium 
and phosphorus metabolism tn the Metabolic Ward Laboratories— 
The Administrator and Seeretary, University College Hospital, Gower 
Street, London, W.C.1 (April 19). 

SCIENTIFIC OFFICER (with a good honours degree in zoology, some 
research experience in invertebrate physiology, and an interest in 
ecology) at Merlewood Research Station, Grange-over-Sands, Lanca- 
shire, to join a team studying fauna and woodland sollse—The Nature 
Conservancy (E), 19 Belgrave Square, London, S.W.1 (April 21). 

ASSISTANT LECTURER, Grade B (with good academic qualifications 
and special experience in physical chemistry), YN CHEMISTRY—-The 
Clerk to the Governors, Chelsea College of Science and Technology, 
Manresa Road, London, S.W.3 (April 25). : 

ASSISTANT LECTURER (Man cr woman) IN BoTany—tThe Principal,- 
Royal Holloway College, Englefield Green, Surrey (April 25). 

ASSISTANT LECTURER or LECTURER IN THE DEPARTMENT OF ZOOLOGY. 
—The Registrar, The University, Liverpool (April 26). 

FELLOW IN THE DEPARTMENT OF GEOPHYSICS, Research School of 
Physical Sclences, Australian National University, Canberra, to assist 
in the Department’s programme of work on rock magnetism—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W.C.1 (Australia, April 30). 

LECTURER (medical graduate, with lecturing experience and practical 
experience in virology and bacteriology) IN BaAcTERIcLoay—The 
Registrar, The University, Bristol (April 30). 

TURNER AND NEWALL RESEAROH FELLOWS IN ENGINEERING, 
INORGANIC CHEMISTRY, PHYSICS and allied subjects—The Registrar, 
The University, Manchester (April 80). 

ASSISTANT LEOTURER or LECTURER IN Paysics—The Secretary, 
The University, Exeter (May 3). f 

ASSISTANT LECTURER or LECTURER (specially qualifed in plant 
biochemistry and/or cell physiology) IN THE DEPARTMENT OF BOTANY 
—The Registrar, University College, Singleton Park, Swansea (May 8). 

LECTURER IN THE DEPARTMENT OF METALLURGY—The Registrar, 
The University, Liverpool] (May 8). 

RESEARCH DEMONSTRATOR IN BOTANY—The Registrar, University 
College, Singleton Park, Swansea (May 8). 

RESEARCH FELLOW IN THE DEPARTMENT OF MATHEMATICAL PHYSIOS 
—The Registrar, The University, Birmingham 15 (May 5). 

READER IN EXPERIMENTAL PHYSICS ot Queen Mary College—The 
Academic Registrar, University of London, Senate House, London, 
W.C.1 @iay 7}. 

READER IN STATISTIOS at the London School] of Economics and 
Political Science—The Academic Registrar, University of London 
Senate House, London, W.C.1 (May 9). 

LECTURER IN BIOCHEMISTRY: an ASSISTANT IN BIOCHEMISTRY ; 
and an ASSISTANT IN LOGIO AND METAPHYSICS AND MORAL PHILOSOPHY 
in St. Salvator’s College—Joint Clerk to the University Court, College 
Gate, St. Andrews (May 10). 

LECTURER IN MICROBIOLOGY IN THE DEPARTMENT OF BREWING 
AND APPLIED BIOOHEMISTRY—The Principal, Heriot-Watt College, 
Edinburgh (May 15). 

RESEARCH STUDENTS or ASSISTANTS YOR WORK IN THE PHYSIOAL 
CHEMISTRY DEPARTMENT on the mechanism of reactions of biological 
ines Secretary of University Court, The University, Glasgow 

May 15). 
pion LECLURER IN Zoonoay at Makerere College (University 
College of Hast Africa}—The Secretary, Inter-University Council for 
Highs Education Overseas, 29 Woburn Square, London, W.C.1 

ay 16). 
eon RESEARGH FELLOW (preferably theoretical physicist) IN 
Pursics at the University of New England, Australia, to undertake s 
programme of experimental or theoretical research, preferably but not: 
necessarily on the fleld of fonization and discharge physics or of solid 
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state physics—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, May 28). 
CHAIR -OF GEOGRAPHY in the University of Malaya, Singapore— 


: The Secretary, Inter-University Council for Higher Education Over- 


seas, 29 Woburn’ Square, London, W.C.1 (May 30). 
CHAIR OF PHARMACEUTIOS in the University of Malaya, Singapore— 


--The Secretary, Inter-University Council for Higher Education Over- 


seas, 29 Woburn Square, London, W.C.1_(May 31). 
LEOTURER IN PSYCHOLOGY at Canberra University College, Australia 


. —The Secretary, Association of Universities of the British Common- 


wealth, 36 Gordon Square, London, W.C.1 (Australia, May 31). 

SCIRNTIEIO .ASSISTANT (preferably with a Ph.D. in biochemistry 
and some experience with proteins) IN THE DEPARTMENT OF 
PATHOLOGY, for research work on intrinsic factor—The Registrar, 
King’s College (University of Durham), Newcastle-upon-Tyne. 

SENIOR LECTURER or LECTURER IN PHYSIOS at the University of 
Khartoum—The Secretary, Inter-University Council for Higher 
Education Overseas, 29 Woburn Sanare, London, W.C,1. 

SENIOR LECTURER (with at least three years experience of teaching 
to degree standard and also preferably a higher degree) IN ZOOLOGY— 
The Secretary, Sir- John Cass College, Jewry Street, London, E.C.3. 


REPORTS and other PUBLICATIONS 


{not included in the monthly Books Supplement) 


Great Britain and ireland 


The Night Sky, 1958: The Times Stars of the Month. Pp. 27. 
(London: The Times Publishing Co., Ltd., 1958.) 38. net. - [181 
Falkland Islands Dependencies Survey. Sclentific Reports, No. 16: 
Notes on Weather Analysis in the Falkland Islands Dependancies, 
Antarctica. By A. W. Mansfield and 8. D. Glassey. Pp. 1-427. 
(London: H.M. Stationery Office, 1957.) 12s. net, [42 
Science and Freedom. Bulletin No. 10: Apartheid and the World’s 
Universities: Report ona tet hea in London, November, 1957. 
Pp. 70. (Manchester: George and Priscilla Polanyi, Joint Secretaries, 
Lime Cottage, 818 Wilmslow Road, Didsbury, 1958.) [42 
Ministry of Hous(ng and Local Government. Progress Report of the 
Standing Technical Committee on Synthetic Detergents. Pp. 8. 
(London: H.M. Stationery Office, 1958.) 6d. net... [42 
British Plastics Federation. Report of the “Toxicity” Sub-Commit- 
tee of the Main Technical Committee. Pp. 20. ((London: British 
Plastics Federation, 1958.) 5s. ° 42, 
Linnean Society of London. Synopses of the British Fauna, No.il1: 
British Millipedes (Diplopoda), With Keys to the Species. By J. 
Gordon Blower. Pp. 74. (London: Linnean Society of London, 
1958.) 10s. 6d. net. 49, 
National Parks and Access to the Countryside Act, 1949. Eighth 
Report of the National Parks Commission for the year ending 80th 
September, 1957. Pp. iv+66+8 plates. (London: H.M. Stationery 
-Office, 1958.) 5s. 6d. not. 49, 
Ministry of Labour and National Service. Annual Report of the Chief 
Inspector of Factories for the year 1956. Pp. 195. (Cmnd. 329.) 
(London: H.M. Stationery Office, 1953.) 9s. 6d. net. 42 
Liverpool Observatory and Tidal Institute. Annual! Report, 1957. 
ne 16. (Liverpool: Liverpool Observatory and Tidal Anette y 
Empire Cotton Growing Corporation. Progress Reports from 
Experiment Stations, Season 1956-57. Nyasaland. By J. M. Munro. 
Pp.16. (London: Empire Cotton Growing Corporation, 1958.) 1s, [42 
Proceedings of the Royal Irish Academy. Vol. 53, Section A, No.3: 
Application of Quaternions to the Representations of a Binary Quad- 
ratic Form as a Sum of Four Squares. By G. Pall and O. Taussky. 
Pp. 28-28. ls. 6d. Vol. 58, Section A, No. 4: An Invariant Gravita- 
tional Density. By J. L. Synge. Pp. 29-39. 1s. g2. Vol. 58, Section 
B, No. 12: The Gola Granite (Co. Donegal) and Its Regional Setting. 
By Eric Harold Timothy Whitten. Pp. 945-202 +-plate 21. 65. 6d. 
Vol. 58, Section B, No. 18: The Geology of the Summerhill Basin, 
Co. Meath, Ireland. By W. B. Nevill. Pp. 293-303 +plate 22. 2s. 
Vol. 58, Section B, No. 14: Preliminary Observations on the Diurnal 
Migration of the Crustacea in the Plankton of Gouganebarra Lake. 
By J. N. R. Grainger. Pp. 3054319. 2s. Vol. 53, Section B, No. 15: 
Movements of Salmon around Ireland, 7: From Rath, Co. Kerry 
(1950-1953). By E. DÐ. Toner. Pp. 321-328. 1s.6¢. (Dublin: Poona 
Figgis and Co., Ltd., 1957.) 42 
nistry of Agriculture, Fisheries and Food: Department of 
Agricuiture for Scotland. Report on the Animal Health Services in 
Great Britain, 1956, including Report of Proceedings under the 
Diseases of Animals Act, 1950. .iv+112. (London: H.M. Station- 
ery Office, 1958.) 6s. net. [42 


Other Countries 


Annual Report of the Board of Regents of the Smithsonian Institu- 
tion showing the Operations, Expenditures, and Condition of the 
Institution for the year ended June 30,1954. Pp. ix-+580+106 plates. 
{Publication 4272.) (Washington, D.C.: Government Printing Office, 
1957.) 4.50 dollars. , , l [131 

Inter-American Tropical Tuna Commission. Annual Report for the 
year 1956. Pp.112. (ha Jolla, Calif. : Inter-American Tropical Tune 
Commission, 1957.) 131 

Fisheries Research Board of Canada. Bulletin No. 112: The 
Processing of Dried Salted Fish. By 5. A. Beatty and H. Fougére. 
Pp. vii+54. 60 cents. Bulletin No. 113: Recent British Columbia 
Spring and Coho Salmon Tagging Experiments and a Comparison with 

ose Conducted from 1925 to 1930. By D. J. Milne. Pp. vii+56. 
50 cents. Bulletin No. 115: Biology of the Bloodworm Glycera dibran- 
chiata Ehlers, and Ita Relation to the Bloodworm Fishery of the 
Maritime Provinces. By W. L. Kilawe and L. M, Dickie. Pp. vil+37. 
50 cents. Bulletin No. 116: Food and Natural History of Mergansers 
on Salmon Waters in the Maritime Provinces of Caneda. By H. C. 
White. Pp. viti+63. 65cents. (Ottawa: Queen’s Printer, 1957.) (131 

Transvaal Museum, Pretoria, Report for the year ending 31st 
March, 1957. Pp.44. (Pretoria: Transvaal Museum, 1957.) [131 
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World Health Organization Technical Report Series. No. 123: 
Expert Committee on Malaria—Sixth Report. Pp. 84. 2 Swiss francs; 
33. 6d.; 0.60 dollars. No. 131: Treatment and Care of Drug Addicts 
—Report of a Study Group. Pp. 19. 1- Swiss franc; 1s. 92.; 0.30 
dollars. (Geneva: World Health Organization ; London: H.M. 
Stationery Office, 1957.) [131 

Tea Research Institute of East Africa. Pamphlet No. 13: Proceed- 
ings of the Fourth Conference, 19th December 1956. Pp. 65. (Nairobi: 
Tea Research Institute of Hast Africa, 1957. . [131 

Koninklijk Nederlands Meteorologisch Instituut, De Bilt. Ver- 
sprelde Opstellen. No. 3: Optische Verschijnselen aan de Hemel. 
Door Prof. Dr. S. W. Visser. Pp. 135+10 plates. 3 florions. No. 4: 
Het Internationaal Geophyslsch Jaar, 1957-1958. Pp. 79. 1.85 
florins. Mededelingen en Verhandelingen. Nr. 64: Theoretical 
Aspects of Aeronavigation and Its Ap plicationin Aviation Ory 
By Dr. H. M. de Jong. Pp. vili+124. 4.50 florins. Nr. 68: Ont 
Diffusion of Stack Gases in the Atmosphere. By F. H. Schmidt. Pp. 
60. 5 florins. Nr. 69: Fluctuations of the General Atmospheric 
Circulation of More Than One Year—Thelr Nature and Prognostic 
Value. By Dr. H. P. Berlage. Pp.152. 7.50 florins. Nr. 70: Bereken- 
ing van de Gemiddelde Grootte van de Verdamping voor Verschillende 
delen van Nederland Volgens de Methode van Penman. By Dr. C. 
Kramer. Pp. 85. 7 florins. (‘S-Gravenhage : Staatsdrukkerij- en 
Ultgeverijbedrijf, 1957.) [1831 

orsk Polarinstitutt, Oslo. Skrifter. Nr. 109: The Quaternary 
Geology of Brageneset, Nordaustlandet, Spitsbergen. By J. J. Donner 
and R. G. West. Pp.29+5 plates. 5 Kr. Nr.110: Magnetic Observa- 
tions in Svalbard, 1596-1953. By K. Z. Lundquist. Pp. 34. 6 Kr. 
Nr.111 : The Stress of the Wind on the Ice of the Polar Sea. By H.U. 
Sverdrup. Pp.11. Meddelelser. .Nr. 80: Researches into the Preval- 
ence of Trichinosigin Animals in Arctic and Antarctic Waters. By K. 
Thorshaug and A. Fr. Rosten. Pp. 15. Nr. 81: Glacier Dammed 
Lakes in Norway. By Olav Liestal. Pp. 29. 2 Kr. (Oslo: Norsk 
Polarinstitutt, 1956 and 1957.) [131 

Yearbook of Forest Products Statistics, 1957. Pp. vi+-169. (Rome: 
Food and Agriculture Organization of the United Nations; London: 
H.M. Stationery Office, 1957.) 128. G@.; 2 dollars. {131 

Indian Central Cotton Committee: Technological Laboratory. 
Technological Bulietin, Series A, No. 93: Part I—Report on the 
Experiments carried out on “Ambar Charkha” at the Technological 
Taboratory, Matunga, Bombay ; Part 2—Report on the Experiments 
carried out on “The Improved Ambar Charkha Unit" at the Tech- 
nological Laboratory, Matunga, Bombay. By the Director, Tech- 
nological, Laboratory. Pp. 38. Rs. 2-0-0. Technological Bulletin, 
Series B, No. 55: A Comparative Study of the Commercial Laboratory 
Valuations of the Cotton Lint Produced with Cleaning Before and 
After Ginning. By C. Nanjundayya and R, L. N. Iyengar. Pp. 12. 
Rs. 1-0-0. (Bombay : Indian Central Cotton Committee, 1057.) [181 

Der Aufbau der Physik im Deutschen Museum, 1905-1933. Yon 
Franz Fuchs. (Deutsches Museum: Abhandlungen und Berichte, 


25 Jahrgang, Heft 3.) Pp. 85. (München : Verlag Von BR. Oldenbourg, 
1957.) 2.40 D.M. 311 
National Research Development Corporation of India. Third 


Annual Report and Statement of Accounts for the period ending 
31st March, 1957, Pp.17. (New Delhi: National Research Develop- 
ment Corporation of India, 1057.) 311 

iculture. Leaflet No. 422: The 


United States Department of A 
Spotted Alfalfa Aphis: How to Control It. Pp. 8. (Washington, 
D.C.: Government Printing Office, 1957.) 5 cents. (311 

chicane Natural History Museum. Fieldiana: Anthropology. 
Vol. 36, No. 9 (November 26, 1957): Lizard Hunts on the North Coast 
of Peru. By Allan R. Holmberg. Pp. 203-219. (Chicago: Chicago 
Natural History Museum, 1957.) 75 cents. [311 

International Journal of Health Education, Vol, 1, No. 1 (January, 
1958.) Pp. 64." Official quariery organ of the International Unton 
for Health Education of the Public, Paris. Annual subscription rate : 
8 dollars; 12 Swissfrancs. (Geneva: International Journal of Health 
Education, 3, rue Voillier, 1958.) {311 


Catalogues 


Kodak Professional Catalogue: Materials and Equipment for 
Commercial, Industrial and Portrait Photography. Pp. 163. (Ruislip, 
Mddx.: Kodak, Ltd.) . 

A Catalogue of Everything X-ray. Pp. 134. ( Bushey Village, 
Hlertfordshire: Cuthbert Andrews, 1957-58.) 3s. 6d. 

The American Library. Recent Additions. Pp. 16. (London: 
United States information Service, 1057.) ° 

Russian Research in the Physical Sclences—Catalogue No. 2. 
Pp. 64. (New York: Consultants Bureau, Inc., 1957.) ; 

Government Publications Sectional List No. 81: Forestry Commis- 


sion (revised to 30th September, 1957). Pp. 4. (London: H.M., 
Stationery Office, 1957.) 
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Logical and Swiehite Units Available in Sr or S3 
material as required by customers. As many asten windings 
with atotal of 400 turns can be provided on 0.120” o.d. cores. 
All units are encapsulated in Polyester or epoxy resin with 
terminations as required. 






“FERRAMIC’ FERRITE 
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ig 
CORES AND ASSEMBLIES — | | peo 
í Self Lead Matrix 
Plessey ‘Ferramic’ Square Loop Ferrite Cores and Assem- 
blies ease design problems and ensure maximum efficiency 
in high speed digital computers. They are available in 
two types of graded material—designated S1, and $3. 
‘Ferramic’ SI material is notable for the tight limits 


towhich top-grade cores are 100% tested, for high operating 
speeds, high output voltages on switching, and low values 


of noise voltage output. k The Company’s Technical Representatives will gladly discuss 
' Design Engineers’ requirements and invite applications for 
‘Ferramic’ S3 material obviates the need for ultra- samples, and of course publications:- Data Sheet 6044 (‘Ferramic’ 


Sı Square Loop Ferrites); Advance Information Sheet 936 
i , ; (‘Ferramic’ S3 Square Loop Ferrites); and Advance Information 
the high speeds of Sı material are not required. Sheet 938 (Magnetic Memory Planes), 


small cores where lower operating current is used and where 


Cores in ‘Ferramic’ S1 and S3 are now available in eight 
sizes ranging from 0.050” to 0.375” o.d. 


Matrix Stores These.can be madetocustomers’ designs, Wouna 

or Plessey preferred patterns can be supplied. Plessey assembly 

specialise in transistor driven types using 0.050” o.d. cores. using Square 
Loop Core 


. Transfluxors Multi-aperture cores are available for 
flip-flop circuits, non-destructive read-out stores and many 





other applications. 


CHEMICAL & METALLURGICAL DIVISION * COMPONENTS GROUP 
THE PLESSEY COMPANY LIMITED - WOOD BURCOTE WAY * TOWCESTER : NORTHANTS 


Ple S sey TELEPHONE: TOWCESTER 312 


Overseas Sales Organization: Plessey International Limited > Ilford * Essex ° England ' Tel: Ilford 3040 ' 
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LECTURES AND COURSES 


UNIVERSITY OF EDINBURGH 
Principal: Sir Edward npplea G.B.E., K.C.B., 


D.Sc., F.R.S. 
DIPLOMA IN ELECTRONICS AND RADIO 

The one year Postgraduate Diploma Course in 
Electronics and Radio will commence on October 
7, 1958, and will provide specialized training for 
those wishing to proceed to research in this field, 
or to employment in industrial organizations. Ap- 
plicants should hold an honours degree in electri- 
cal engineering, mathematics or physics. . The 
main lecture courses are in network theory, prin- 
ciples of value and transistor circuits, transmission 
and radiation theory, and particles in fields. 
Laboratory and “field work will be arranged to 
support the lecture courses. A limited number 
of grants can be made available for suitable can- 
didates. 

Further particulars and application forms can 
be obtained from the Secretary to the University, 
University of Edinburgh, Old College, South 
Bridge, Edinburgh, 8. 

CHARLES H. STEWART, 
Secretary to the University. 


UNIVERSITY OF SHEFFIELD 


POSTGRADUATE SCHOOL IN MINING 

Facilities are available for graduates in science 
or engineering and similarly qualified persons to 
undertake research into scientific problems related 
to mining. 

A special one year course of instruction leading 
to a Postgraduate Diploma in Mining will begin 
in October, 1958. Entry to this is not confined to 
graduates. 

Full particulars from the Director, Postgraduate 
School in Mining, University of Sheffield, St. 
George’s Square, Sheffield, 1. 


UNIVERSITY OF LEEDS 


(Electronic Computing Laboratory) 
Vacation Course in 
PROGRAM DESIGN FOR 
AUTOMATIC DIGITAL COMPUTING 

i MACHINES 
July 7-18, 1958 
Full details on application to 
The Secretary, Department of Extra-Mural 
Studies, The University, Leeds, 2. 


NORTH STAFFORDSHIRE 


TECHNICAL ‘COLLEGE 


STOKE-ON-TRENT 
Principal: H. W. Webb, O.B.E., D.Sc., F.R.I.C., 
M.I.Chem.E., F.I.Ceram. 

COLLEGE OF CERAMICS 
COURSE ON ELECTRICAL AND OTHER 
TECHNICAL CERAMICS 

There will be a four-day course of Jectures on 
the above subject at the College of Ceramics, 
North Staffordshire Technical College, Stoke-on- 
Trent, from Tuesday, June 3 to Friday, June 6 
inclusive, from 10 am. and from 
Specialists in the 
various fields will summarize the present position 
regarding porcelain, steatite, alumina, borides, 
carbides and nitrides, cermets, ferroelectrics, ferro- 
magnetics and semi-conductors. The fee for the 
course will be £2. Further particulars may be ob- 
tained from the Principal, North Staffordshire 
Technical College, Stoke-on-Trent. 

H. DIBDEN, 
Clerk to the Governors. 








OFFICIAL APPOINTMENTS 


RESEARCH COUNCIL OF 


ALBERTA 


POSTDOCTORATE FELLOWSHIPS IN 
CHEMISTRY 

Applications are invited for postdoctorate fellow- 
ships for fundamental research in the following 
fields: ‘** Electron Paramagnetic Resonance ” with 
emphasis on free radicals in solution including the 
oxidative polymerization of phenols; *' Sorption 
of Gases” and the physical properties of the 
sorbed phase; ‘* Kinetics of Gas Phase Reac- 
tions ” and kinetic isotope effects. The latest in 
modern instrumentation will be available for these 
studies. Applicants should have, or expect to 
have, a Ph.D. or equivalent degree before taking 
up the award. The annual stipend, $3,700, single, 
or $4,500, married, is tax free; an allowance 
for travel will also be made. Awards are tenable 
for one year and may be renewed for one addi- 
tional year. 

Inquiries and a brief summary of interests and 
experience should be addressed to the Secretary, 
Research Council of Alberta, Edmonton, Alberta, 


Registrar, D ] 
Swansea, to whom applications (six copies) must 
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UNIVERSITY COLLEGE OF 
SWANSEA 


Applications are invited for either an Assistant 


Lectureship or a Lectureship in the Department of 
Botany from October 1, 1958. Candidates should 
be specially qualifted in plant biochemistry and/or 
cell physiology. Salaries: 
£700 to £850 per annum. Lectureship, £900 to 
£1,650 per annum. 
case will be at a point on the appropriate scale 
according to age, qualifications and experience. 
Membership of the F.S.S.U. and children’s allow- 
ance scheme. 


Assistant Lectureship, 


Commencing salary in each 


Further particulars may be obtained from the 
University College, Singleton Park, 


be sent by May 3, 1958. 


Se Drt Ar Stl E 
ROYAL HOLLOWAY COLLEGE 
UNIVERSITY OF LONDON 
ASSISTANT LECTURER IN BOTANY 
The Council invites applications for an Assist- 
ant Lectureship in botany tenable from October 1, 
1958. The post is open to a man or a woman. 


The salary will be on the scale approved by the 
Senate of the University of London, according to 


age and experience, with a minimum of £700 plus 


£60 London allowance a year, non-resident, OT, 


for a resident woman, a minimum of £500 plus 


£60 London allowance a year, together with board 
and residence. 
resident. 


Women are usually expected to be 
Applications are required by April 25, 
1958, if possible. 

Full particulars may be obtained from the 
Principal, Royal Holloway College, Englefield 


Green, Surrey. 


pa aAa e e S el 
UNIVERSITY OF MANCHESTER 
Applications are invited from graduates for the 

post of Assistant Lecturer in Psychology. Candi- 

dates should have special interests or tralning in 


experimental and statistical psychology. Applica- 


tions will be considered from candidates who in- 
tend to graduate in 1958. Salary on a Scale £700 
to £850 per annum with membership of the 
F.S.S.U. and children’s allowance scheme. 

Applications should be sent not later than April 
19, 1958, to the Registrar, the University, Man- 
chester, 13, from whom forms of application and 
further particulars may be obtained. 


UNIVERSITY COLLEGE OF 
SWANSEA 


Applications are invited for the following ap- 
pointments to be made under the terms of a 
Nuffield Fouridation Grant to Professor H., E. 


-| Street and tenable in the Department of Botany. 


To undertake a survey of the nutritive require- 
ments of the excised roots of different species and 
varieties: a Research Fellowship (800 per 
annum,) and a Research Assistantship (£400 per 
annum). Successful candidates will be expected 
to take up their duties on October 1, 1958. 

Full particulars of these posts may be obtained 
from the Registrar, University College, Singleton 
Park, Swansea, by whom applications must be re- 
ceived by Saturday, May 3, 1958. 


have a vacancy for a 
SENIOR RESEARCH 
SCIENTIST 


in Chemical 
Engineering Division 


A.E.R.E. 
HARWELL 


The requirement is for a professional man 
of academic bent, with keen interest in 
furthering fundamental study of unit opera- 
tions in chemical engineering, to develop 
new techniques and improve design 
methods. 


Personal qualities of leadership and an 
established professional reputation are re- 
quired with positive command of modern 
treatments of mass and energy transfer, 
thermo-dynamics, and kinetics in chemical 
engineering. 


The laboratories of the Chemical Engineer- 
ing Division provide unrivalled facilities for 
research of a high standard in a unique 
scientific environment. 


Salary in the range £2,100 to £3,150 


Send a postcard to Group Recruitment 
Officer (1108Y/34), A.E.R.E., Harwell, Did- 
-cot, Berks, for further details and applica- 
tion form, 





April 12, 1958 


{ 
UNIVERSITY COLLEGE OF | 


SWANSEA , + 

Applications are invited for the post of Research 
Demonstrator in Botany from October 1, 1958. |' 
Salary £625 per annum. The appointed person | 
will be expected to engage in experimental re- y 
search in botany. \ 

Further particulars may be obtained from the < 
Registrar, University College, Singleton Park, j 
Swansea, by whom applications must be received 
by Saturday, May 3, 1958. 


UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Assist- . 
ant Lecturer in -Mathematical Statistics. The salary 
is on the scale £700 to £850 per annum, with 
membership of the F.S.S.U. and children’s allow- 
ance scheme, 

Applications should be sent not later than April 
18, 1958, to the Registrar, the University, Man- 
chester, 13, from whom further particulars and 
forms of application may be obtained. 


UNIVERSITY OF LIVERPOOL 


Applications are invited for the post of Assist- 
ant Lecturer or Lecturer in the Department of 
Zoology. ‘The salary range for an Assistant Lec- 
turer is £700 to £850 per annum ; the initial salary 
for a Lecturer will be within the range £900 to 
£1,250 per annum, according to qualifications and 
experience, 

Applications, stating age, academic qualifications 
and experience, together with the names of thtee 
referees, should be received not later than April 
26, 1958, by the Registrar, from whom further 
particulars of the conditions of appointment may 
be obtained. ° 


UNIVERSITY OF 


SASKATCHEWAN 
SASKATOON, SASK., CANADA 
DEPARTMENT OF PHYSICS AND INSTITUTE 

OF UPPER ATMOSPHERIC PHYSICS | 

Studentships and Assistantships ranging in value 
from $1,500 to $2,100 are available for research 
students working towards Masters and Ph.D. de- 
grees, Experimental and theoretical research is 
being carried out in the fields of upper 
atmospheric physics, nuclear physics, and the 
physics of radiation therapy. i 

Applications and requests for further informa- 
tion should be made by writing air mail to Pro- 
fessor B. W. Currie, Head, Physics Department, 
g niverity of Saskatchewan, Saskatoon, Saskat- 
chewan. 


COUNTY BOROUGH OF 


4 
STOCKPORT a 
STOCKPORT COLLEGE FOR FURTHER ''! 
EDUCATION i 

One Lecturer required (full-time) in the Science 
Department to teach Chemistry. Candidates must 
be honours graduates of a British University, and 
capable of teaching one branch of chemistry 
(preferably inorganic or analytical) to the standard 
of B.Sc. and final examination of Royal Institute 
of Chemistry. Salary, Burnham Technical Scale 
for Lecturer (men), £1,200 by £30 to £1,350 per 
annum. N.J.C. conditions. 

Further particulars and application forms from 
Principal, Stockport College for Further Educa- 
tion, Wellington Road South, Stockport, to be 
returned by Apri! 26, 1958. F 


ROYAL NAVAL SCIENTIFIC SERVICE 
requires Physicists, Electronic Engineers, and 
Mathematicians for 25 Senior Scientific and ' 
Scientific Officer posts at establishments in Lon- ‘ 
don area, Baldock, Harwell, Haslemere, Poole, | 
Greenock, and Rosyth. Also required : Mechani- 
cal Engineer for work on heat transfer problems , 
at Harwell. Mechanical Engineer for work on ` 
fuel and lubricating oil problems in London area. 
Mechanical Engineer for work on gas turbine 
and rroblems in London area. Chemical En- 
gineers for London area and Poole. Metallur- 
gists for Rosyth and Poole. Chemists (physi- |: 
cal and inorganic) for Poole and Baldock. ` 
Candidates must normally be natural born British 
subjects of natural born British parents, with at ‘ 
least first- or second-class honours degrees or 
equivalent high professional attainments. Senior 
Scientific Officers must have had at least three 
years’ postgraduate experience and be 26 years.“ 
of age. Salaries (men): Senior Scientific Officer, 
£1,190 to £1,410 Scientific Officer, £635 to £1,110 
(London)—somewhat lower in provinces. Ap 
pointments are unestablished (with F.S.S.U. bene 
fits), but opportunities may occur for those unde. i 
32 to compete for established posts.—Forms fror 
Ministry of Labour and National Service, Techni 
cal and Scientific Register (K), 26 King Street —--.: 
London, S.W.1, quoting A.98/8A. 
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can be accurately conditioned with this 


air-conditioning cabinet, and condi- 
tions have been maintained within 


+0.5F.and0.75% relative humidity. The 
cabinet is provided with an air outlet 
are available for special applications. 
The specification includes a replaceable 
glass silk filter for air entering the 
cabinet; centrifugal fan complete with 
belt drive fan motor and starter; cool- 


raised above bench level. Larger units 
. Ing coil of up to 35 


Rooms up to approximately 3,000 cu. ft. 





8 extrac- 


000 B.T.U 
tion per hour for reduction of either 
temperature or humidity; air heater 


controllers for buildings and factories; 
complete process automatic control and 


Automatic temperature and humidity 
instrumentation. 


Other products include :— 


with relay to operate electric heater when temperature 
low, or cooling coil when temperature too high; humidi- 


with built-in high limit thermostat; room thermostat 
stat to control humidity; evaporative humidifier. 


Write for full details to 


~ 


A design and engineering service— 
backed by 20 years of experience—is 
ready to advise you on every application. 


£0. LTO. 
4, VALENTINE PLACE, BLACKFRIARS ROAD, LONDON, S.E.I. 


Tel: WATerloo 7356 (6 lines) 


Therma K) control 


Grams: Thermotrol, Sedist. 
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BECK 
| MICROMETER MICROSCOPE | RECORDERS E 


Accuracy. in measurement 





These cells will function under widely varying temperature 
conditions—be tolerant to a wide range of mounting positions 
— withstand rough handling and yet maintain an accurate 
and stable reference voltage. Mounted and unmounted types 
are available from stock. 


E.M.F. 1:0193 volts absolute, subject to manufacturing 
tolerance of 0-0005 V Unmounted, 0:0002 V Mounted. 
Temperature coefficient Does not exceed UNS over 
the range 10°—40° C. 

Temperature hysteresis Negligible over the normal 
temperature range. . i 
Internal resistance at 25° C. Average 800 ohms, 
maximum 1200 ohms. 

Write for publication 5739 
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MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 


Full particulars of! 

amii MORTIMER STREET PRECISION ELECTRICAL INSTRUMENT MAKERS : 
R & J BECK LTD - LONDON, W.i Phone: Beckenham 4888. Telegrams & Cables: MUIRHEAD, BECKENHAM 
pO X a 





MOLECULAR 
WEIGHTS 






3% Determinations in 10 minutes, 









% Accuracy 1% with 0.2g samples. 


% Rapidly reaches equilibrium 
(< 3 minutes) 














x Thermistor sensing for rapid 
` response and high sensitivity. 


% Borosilicate glass parts. 
% Additional equipment not required. 
tc Simple to use. 


Quy sre ia owa cost ia allenkamþ 


esigned in co-operation with 
Mr. C. Haie of Northampton College 
of Advanced Technology (London). 









bulliometer 


HEITLER PATTERN 


Ask pa details 


TRAVELLING IN EUROPE THIS JUNE ? 
visit our stand at the 

ACHEMA CONGRESS 

Frankfurt am Main, May 31st to June 8th 


A. GALLENKAMP & CO. LTD. 


- Sun Street, London, E.C.2 ` 
Telephone: Bishopsgate O65I 
Telegrams; Gallenkamp, Stock, London 









-C. BAKER of Holborn LTD; 


METRON . 


ow 


A Healy Jem d of Science gni 


SURFACE FINISH 
MICROSCOPE 


SUPPLEMENT:, RECENT SCIENTIFIC AND TECHNICAL Books 


ODEO A aE a S 38 SPP OPP. See 





AT YOUR SERVICE — 
_ =< a fully equipped electron. 
A US op ‘microscope laboratory ` 
FNY a z$ staffed by experienced operators 
SOR? oaar r, ov-Mrite for details and: charges to:— 


SCIENTIFIC APPARATUS DEPT. 


METROPOLITAN- -VICKERS 


ELECTRICAL CO LTO - TRAFFORD PARK ° MANCHESTER 1? 





An A.E.. Company 


gives 
increased . 
accuracy: ga 


Write for technical leaflet’ ` 3 
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MANOR 


OSGILLOGRAPHS 


Our 


channel Pen Oscillograph Recorders are how available 


with Improved Performance and Accuracy at 


-+ 
a ` . + T 
Cat G 3 a a (5 


A NEW EVAPORATION INIT 


TO MEET THE VERY HIGH MAGNIFICATION 
STANDARDS OF MODERN ELECTRON MICROSCOPES 





Shadow-casting by vacuum 


i 
A 


evaporation is the answer to 


; Sate i 
yc Fitted carbon evaporation \ 
source for carbon replica 


high resolution work, but 









the very high standards wòrk: 
of modern microscopes HH i 
. Easa %& Special workholder allows } 
demand critically accurate FHE specimen to be accurately 
EFH adjusted for height from, and 
evaporation free from EH inclination to, the baseplate. > 
t >, EH 9 | 
defects. THE SPEEDIVAC HH Ye Ballast tank for vibration- 
12E6 is specially designed to iosas Jree running. i 
meet these requirements. HE a 
sanane % 
è + on T VE ` \ 
For better vacuum service... BRANCHES: GLASGOW = TORONTO & MILAN SEES 
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ROYAL “ CRAWLEY - SUSSEX CRAWLEY 1500 (10 LINES) EDCOHIVAC CRAWLEY 
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SOUTHERN INSTRUMENTS 


OSCILLOGRAPH DIVISION l 
Proprietor: Southern Instruments Ltd., 
CAMBERLEY, SURREY T: 


Telephone No: Camberley 2230 (3 lines). | 
nee Telegraphic address: Minrack, Camberley, 


PE.223.2—CHANNEL PEN 
OSCILLOGRAPH EQUIPMENT 


wide range of Single, Two-, Four-, and Six- 





GREATLY REDUCED COST. 


. - 
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Announce a new, 
rewritten, three-voJume—:_ 


THE ADVANCED 
THEORY OF STATISTICS 


By M. G. Kendall, M.A., Sc.D., 
and Alan Stuart, B.Sc.(Econ.) 


Surface Energy of Solids. 
_ by V. D. Kuznetsov 


Translated from the Russian, this monograph 
demonstrates the extent and importance of the 
relationship between the physical properties of 
a solid and the nature and morphology of its 
surface. 8s. 6d. (post 11d.) 





National Physical- 
Laboratory 
General report for 1957 with long-term pro- 


DISTRIBUTION THEORY 
Ready July—-456 pp., 84s. net 


Vol. n. STATISTICAL INFERENCE AND 


Vol. = 1. 





posals for the years 1959 to 1964, and including 

reviews of the year’s work in the nine divisions 

of the laboratory. Indexed and illustrated. 
6s. 6d. (post 7d.) 


STATISTICAL RELATIONSHIP 
(To be published 1960) 
STATISTICAL] PLANNING AND 


Vol.{II, 
. YJANALYSIS, AND TIME-SERIES 


(To follow Yol.) 





Until the new Vol. Il is published the existing 
Vol. I] (3rd Edn., 1955, 521 pp., 72s. net) can be 
bought with confidence as the two books work 
satisfactorily together. 


from the Government Bookshops 
or through any bookseller 





CHARLES GRIFFIN & COMPANY LIMITED 
42 DRURY LANE, WC2 


LONDON 
WM. DAWSON & SONS LTD. 


ANTIQUARIAN SCIENTIFIC 
PERIODICALS & BOOKS 


Complete libraries purchased 


16 PALL MALL - LONDON . 











WANTED TO PURCHASE 
Scientific books & periodicals 


Entire libraries, and smaller collections ; 


sets and runs, foreign and domestic. 


S.W.1 


WALTER J. JOHNSON, INC. 
111 Fifth Avenue, New York, 3, N.Y., U.S.A. 
Cable Address: BOOKJOHNS, NEW YORK 


British Office: ACADEMIC BOOKS, LTD. 


129 Queensway, London, W.2. 
BAYswater 3149 


Now ready: 
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ADMINISTRATION AND DEFENCE IN A TECHNICAL. AGE 


s3 AR, even in or especially in an atomic age, is 

too serious a matter to be left almost exclu- 
sively to professionals, professionals trained in an 
ancient art rather than in the spirit of modern 
science.” Thus, Prof. D. W. Brogan concludes his 
essay on civilian and military power in the United 
States in “Soldiers and Governments: Nine Studies 
in Civil—Military Relations’, edited by M. Howard 
(pp. 192. London: Eyre and Spottiswoode, 1957). 
In this essay, Prof. Brogan suggests that no aspect 
of American government in this age requires re- 
thinking more urgently than the problem of the 
relation between the Defence Department and the 
American political system, and that the days are long 
past in which the Service departments could-be left 
to decide and to provide for the technical needs of 
the defence of the United States. The technological 
revolution which began on the New Mexican proving 
grounds of Los Alamos, argues Prof. Brogan, made 
the constitutional conceptions of the American 
system largely: irrelevant, and it also brought out 
certain weaknesses in the administrative methods of 
the American Service departments which are no 
longer tolerable and are now becoming dangerous. 
The most interesting point which Prof. Brogan makes 
in this essay, however, is in regard to education. 
The central power house of American offence and 
defence, he asserts, is no longer in the Springfield 
Arsenal or even in the New London Navy Yard, but 
in the Atomic Energy Committee. “The higher Civil 
servants in England who staffed the Admiralty and 
the War Office might not have received an adequate 
technical education to discuss these questions, but 
they knew far better than did the military bureau- 
crats of the Pentagon how the physicists should be 
handled. Oxford and Cambridge provided a better 
education for this function than did Annapolis or 
' West Point.” 

Clearly, President Eisenhower will need to delve 
deep into educational issues if he is to have any 
permanent and far-reaching result in the attempt to 
secure more effective co-ordination between the three 
Services foreshadowed in his Budget message and 
give real meaning to the office of Secretary of Defence. 
Mr. R. Blake’s essay on Great Britain in this same 
volume, however, should discourage any complacency 
over this tribute to either British organization or 
methods, and Mr. M. Howard’s introductory essay 
takes us to the root of the problems which are raised 
both for soldiers and for governments. The dialectic 
between freedom and security lies at the basis of all 
political society, and though, as indeed in the Bermuda 
discussions between President Eisenhower and Mr. 
Macmillan, the forms of that problem may change, 
the problem itself is likely to be with us until society 
itself is dissolved. . 

As Mr. Blake shows in his introduction to the 
volume, the issues to-day are immensely more com- 


plicated—not simply the decision as to what pro- 
portion of the national income should be spent on 
the Armed Forces, but also what form our defences 
should take and, most difficult of all, what proportion 
of defence expenditure should be allotted to im- 
mediate needs and what to long-term development 
and research. The debates in Parliament over the 
recent report on defence have brought out sufficiently 
what complications and difficulties are encountered 
in attempting to decide for what sort of warfare we 
should prepare and what part should be played by 
each of the three Services and, as Mr. Blake is also 
careful to note, these problems are debated in a 
climate of opinion which regards the promotion of 
national welfare as the highest function of the State. 
Indeed, it could be argued that a powerful section of 
opinion even puts recreational interests like television 
before industrial or economic development. 

In such a position, we do not need to enter on 
those far-reaching problems of the reorganization of 
economic life which, as Mr. Blake points out, may be 
involved in defence policy, to realize the fundamental 
importance of educational policy at all levels. What 
may be remarked here, however, is that there would 
seem to be a prima facie reason for those destined 
for commissions in the Services to be educated side 
by side with those taking up civil careers, at least 
as far as the university-level. The clearly marked 
trend in the post-war entry to the Services in Britain 
would thus seem to be in accord with a genuine need. 

There are, of course, other issues involved in the 
message which President Eisenhower sent to Con- 
gress early in April, though what he proposed still 
falls short of the unification of the three Services 
decreed. by Congress in 1947. To the scientist in 
Britain, possibly the most interesting proposal in 
that message, and also the one which is encountering 
most opposition, is that which would give the Secre- 
tary of Defence complete power over research and 
authority to distribute appropriations among the 
Services to meet new situations. Quite apart from 
any other consideration, this suggestion is only 
likely to be effective and perhaps workable in the 
appropriate educational climate. 

Much the same is true of other proposals. The 
Chiefs of Staff were given a chairman in 1949 and 


_they are now to be empowered to delegate most of 


their Service responsibilities, with the result that the 


-unified commands, which would themselves be 


created by the Joint Chiefs of Staff, would be 
responsible to the latter as a whole, acting in the 
name of the Secretary of Defence. The Secretaries 
of the Army, Navy and Air Force would become 
simply assistants to the Secretary of Defence con- 
cerned with administration, supply and training for 
their respective Services, but with no control over 
overseas or field commands.. Promotion to the 
highest ranks, from which commands would be filled, 
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would be at the discretion of the Joint Chiefs of 
Staff, and the Staff Director would be named by the 
Secretary of Defence. 

It is the educational implications of these pro- 
posals, rather than analogy or differences with 
British organization for defence, that are of most 
interest and significance in relation to the utilization 
of scientific and technical man-power and tech- 
nological advance to-day. To end Service rivalries in 
the United States by giving virtually unlimited powers 
to the Secretary of Defence may not of itself eliminate 
indecision and provide the speed and flexibility 
needed alike in local or global war. Even if the new 
authority is fully in touch with the Services them- 
selves and their problems, co-ordination will scarcely 
be effective unless the understanding and co-operation 
of the Services are secured at junior as well as senior 
levels. This is partly an educational problem, of 
encouraging junior officers to think in overall terms 
of defence, to be alert to recognize even minor 
opportunities for inter-Service co-operation at the 
supply-level or in matters like pay and rations. It 
is a question of outlook and of a new approach to 
many technical matters which appropriate training 
could assist. 

_ President Eisenhower’s initiative should stimulate 

constructive thinking in Britain on a number of 
problems which offer wide opportunities for economy 
in materials and man-power and for increasing the 
efficiency of our defence effort. Whether those 
opportunities are recognized and used depend a 
good deal on whether sufficient receptivity to new 
ideas is encouraged, and this in turn on the appro- 
priateness of the training which is given both to 
civilians and those in the Services, and not exclu- 
sively to officers. Defence requirements stand on all 
fours with the civilian needs to which such forcible 
expression has been given in recent months. 

In his James Forrest Lecture to the Institution of 
Civil Engineers on March 18, for example, Sir John 
Cockcroft suggested that a type of engineer should 
be trained who had a thorough grasp of the basic 
principles common to all engineering, and who was 
not just narrowly trained in the techniques of civil, 
mechanical, electrical or chemical engineering. ‘One 
of the greatest problems in the rapid build-up of 
atomic energy,” said Sir John, “‘has been the shortage 
of engineers who can take charge of the design and 
building up of a complete project and who can, with 
their scientific colleagues, speed the development of 
really cheap power for nuclear energy. I am sure 
that this will apply to other fields of engineering in 
future.” Again, Sir Hugh Beaver, pausing in his 
presidential address to the Institution of Chemical 
Engineers on April 30 to note how small a part of 
our administrators and legislators have had any 
scientific training, ascribed to this fact some of the 
difficulties in obtaining adequate support and en- 
couragement for scientific education and research in 
Britain. Sir Hugh urged that more should be done 
to produce both the attitudes of mind and the con- 
ditions which would divert an adequate proportion 
of our financial resources and man-power into the 
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use of research, and this is equally true of defence as 
in the civil field. The two are much too interlocked 
for any shortcomings in this. respect in one field not 
to be felt in the other. For example, although the 
expenditure of the Ministry of Supply on research is 
to be cut by only £6 million to £217-4 million for the 
coming financial year, with a further £3-3 million off 
the cost of work at its research establishments, since 
the effort put into nuclear weapons and _ ballistic 
missiles is rising, the reduction in genuine fields of 
research may well be severe, even if research in 
nuclear weapons and ballistic missiles is not excep- 
tionally expensive. 

That of itself points to the soundness of some of 
President Eisenhower’s proposals, and further sup- 
port for them and especially for the view that the 
key problem is education is forthcoming from the 
Lees Knowles Lectures, ‘‘Cabinet Government and 
War”, given by John Ehrman last year and recently 
published*. Mr. Ehrman’s lectures follow naturally 
on Lord Hankey’s lectures in 1945, “Government 
Control in War”, and although he does not include 
in his survey the changes made during the stress of 
the Second World War, he brings into clear relief the 
essential administrative problems of defence which 
confront a democratic system of government such as 
that of Britain. Mr. Ehrman is concerned primarily 
with defence organization as an aspect of Cabinet 
government, although he does not limit himself to 
that aspect, and while he does not, like Lord Hankey, 
enunciate specific principles, Lord Hankey’s prin- 
ciples are implicit in much that Mr. Ehrman writes. 
Indeed, unless final control remains in the hands of 
statesmen, working in the closest co-operation with 
the Service chiefs, with the Prime Minister of the 
day alone as head and the last word even in the 
grand strategy, Mr. Ehrman’s lectures are of academic 
interest only. : 

Mr. Ehrman notes three main developments in the 
Cabinet system between 1940 and 1945. The Prime 
Minister’s exceptional political authority enabled him 
to make exceptional use of his professional Service 
advisers, so that supreme control was exercised by a 
professional and not by a political committee, func- 
tioning under the ægis of the Heads of Government, 
while within the Cabinet system the Service Ministers 
disappeared from the inner counsels. Second was the 
creation of a powerful and extensive structure of civil 
committees of the Cabinet, comparable with that of 
the Committee of Imperial Defence, and this more 
effective and highly articulated hierarchy left its 
mark on post-war practice. Third, and in consequence, 
the War Cabinet itself was seldom used as an agent 
of administration even at the highest level, and Mr. 
Ehrman observes that Cabinet government, bearing 
its traditional responsibilities to Parliament, never 
functioned more effectively than during those years 
of war. 

Throughout those years and the fifty preceding 
years, with which he is primarily concerned, Mr. 
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* Cabinet Government and War, 1890-1940. By John Ehrman. 
(The Lees Knowles Lectures, 1957.) Pp. xi+188. (Cambridge: At 
the University Press, 1958.) 16s. net. 
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Ehrman believes we can recognize a continuous 
process and that the central organization for defence 
has developed in an orderly way, thereby helping to 
preserve the essentials of Cabinet government and 
also those of the Parliamentary system within which 
Cabinet government operates—although with powers 
largely alien to a happier generation. It has been, 
he argues, one of the factors which has enabled 
Britain to adjust its economy and its political in- 
stitutions, without violent interruption, to the burdens 
of total war. Mr. Ehrman emphasizes the debt which 
is owed to such men as Balfour, Haldane, Lloyd 
George and Churchill among Ministers, and to 
Sydenham Clarke, Hankey and Ismay among officials, 
but he does not minimize the importance of the 
system. That in turn had its effect on the men 
who used’ it, and the achievement which Mr. 
Ehrman stresses in these lectures is the re-incor- 
poration of the higher elements in the Services, 
from their isolation in the nineteenth century, 
into the structure and habits of British administra- 
tion. 

This achievement, as he points out, was itself part 
of a more extensive and notable process, namely, the 
re-incorporation of one of the three classic activities 
of government, after a long period of virtual] disuse, 
into the framework and traditions of government as 
a whole; and in that concluding sentence he displays 
the meaning of his study for all who are concerned 
not simply with the effectiveness of our organization 
for defence, but also with the relations between 
science and government upon which that effectiveness 
largely depends. The way in which the Services have 
been brought back within the orbit of the Cabinet 
holds lessons to be pondered by all who seek to 
improve the relations between science and tech- 
nology and government, the administration of 
research and development, the balance of our 
scientific effort and the ways in which science and 
technology can make their full contribution to 
national welfare and defence. Outstanding among 
those lessons is the importance of the administrator 
and the expert, whether Service chief or scientist or 
technologist, being able to speak the same language ; 
and we are once again reminded of the over-riding 
importance not merely of training the scientist or 
technologist so that he is competent to take wide 
views and assume high responsibility, but also the 
administrator and legislator, from statesmen down- 
ward, to be competent to appraise scientific and 
technical factors in a situation, to appreciate the 
significance of expert advice and to make judgments 
which take full account of the facts and are not 
warped by prejudice. While there is much in these 
lectures that suggests that the general form of 
President Eisenhower’s proposals for the re-organiza- 
tion of defence in the United States is fundamentally 
sound and incorporates the lessons of British experi- 
ence, it is on these latter lessons that they should 
direct fresh thought. To secure flexibility and under- 
standing and receptivity demand, above all, attention 
to the educational issues as a matter of urgency and 
outstanding importance. 
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LEEUWENHOEK’S 
CORRESPONDENCE 


The Collected Letters of Antoni van Leeuwenhoek 
Vol. 5. Edited, illustrated and annotated by a 
Committee of Dutch scientists. Pp. xi+457 + 36 
plates. (Amsterdam: Swets and Zeitlinger, Ltd., 
1957.) 145s. 


HE first four volumes of this exhaustive and 

beautiful edition of the works of Leeuwenhoek 
were reviewed in Nature in 1939 (144, 956), 1946 
(157, 3), 1949 (163, 192) and 1953 (172, 696). The 
first five volumes of the twenty or so to be published 
have taken more than nineteen years to produce, and 
unless this rate can be speeded up very few of the 
present generation will still be living when the last 
volume appears. The present volume deals with 
only eight letters, of which numbers 86 and 87, 
1685, have not been recovered, and are known only 
from brief extracts incorporated in later letters. 
They were concerned with the biology of the cochineal 
insect, at first wrongly interpreted by Leeuwenhoek, 
but on which he made some important observations 
in his later work. 

The following letters, all written in 1685-86, are 
among those examined in this volume. In letter 82 (43) 
—figures in brackets are those of the earlier enumera- 
tion of the letters—crystals of a variety of liquids are 
described and figured, and it is noted that a gastrolith 
is absent in the crab, but present and obvious in the 
lobster. A bitch was dissected, and a quantity of 
material was found in the genitalia, but the sperma- 
tozoa are not mentioned in the letter, although they 
had already been seen and described by Leeuwenhoek 
in 1677 and 1679. In letter 83 (44), 1685, the obsolete 
term ‘mishmash’ appears in the English translation, 
although George Eliot uses it, and more recently, 
Lewis Carroll. In his work on crystals, in which 
he was greatly interested, Leeuwenhoek always 
used impure mixtures, which are hence often difficult 
and even impossible to identify, and in any event the 
resolving power of his microscopes was not sufficient 
for the purpose. The impregnated uterus of a bitch 
was dissected and he found in it “‘an enormous number 
of living animalcules’” which he assumes are the 
“male seed” of the dog. 

In letter 84 (45), 1685, the original seventeen figures 
have been lost, but six figures appear in all early 
printed versions except one, where there are only 
four. This is the famous letter on generation—a 
subject to which Leeuwenhoek devoted so much 
time and thought. The two parties in the controversy 
were the ovists, who maintained that the embryo 
was developed from an egg, as Harvey believed, and 
the animalculists, who held with Leeuwenhoek that 
the spermatozoon was a microscopic undeveloped 
fostus complete in all its parts, although they were 
too small to be demonstrated by the microscopic 
equipment of the time. The ovists denied that the 
male seed ever reached the uterus, a belief denounced 
in the- strongest terms by Leeuwenhoek as the most 
foolish and crude proposition accepted among physi- 
cians. Although Leeuwenhoek rarely expresses 
himself in language explosive and contemptuous, he 
admits that he is only an amateur anatomist, but is 
not dismayed that there are at least seventy authors 
opposed to his views on the spermatozoa. He 
compares the spermatozoon with the tadpole of 
Amphibia, but recognizes that the tail of the tadpole 
does not drop off, although that of the sperm does. 
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He attempts to determine the rate of movement of 
the latter, but is, of course, wrong in assuming that 
males and females‘ can be distinguished. In this 
- letter Leeuwenhoek describes, alsa ' the complex 
structuré of a sheep embryo seventeen days after the 
parents had matéd. Having discovered all its essential 
parts, as he thought, he was induced to support the 
preformation doctrine of animal development. When 
Leeuwenhoek refers to shagreen ‘‘leather’’ the editors 
of the present work do not consider that he had in 
mind the untanned skin of certain cartilaginous 
fishes, but a product of the skin of mules and horses. 
It is perhaps more likely that he used the term as 
it was understood in England before his own time. 
Leeuwenhoek expresses great annoyance: that his 
embryological observations are distorted and mis- 
understood, and: have hence been falsely described in 
printed versions. ; » i ; 

Lotter 85 (46), 1685, is largely botanical and deals 
with the structure’ of a number of seeds, and how the 
embryo of the plant arises from them. He repeats 
that the spermnatozoon is nothing but a miniature of 
the animal into which it will develop, but admits 
that he cannot’ assert this “with the slightest degree 
of certainty”, and that therefore we must await the 
discovery of spermatozoa large enough to demonstrate 
their “complex structure. He rejects spontaneous 
generation and claims that the only function of the 
female sex is: to: provide the male seed with the 
substances by which it is nourished. and induced to 
grow. He discusses the ‘nature*of hybrids and the 
results of crossing different species:' He holds that, 
as regards himself, it was becoming more and more 
irrefutable that ån animal can arise only by the 
development of a spermatozoon in the uterus. of the 
female, but how this is brought about he admits he 
cannot’ imagine. 

Letter 88 (47), 1685, deals largely with chemical 

experiments on various liquids and solids (for 
example, gunpowder) and includes little new biological 
material. ` The origin of the chyle or milk vessels is 
briefly discussed, and the fibrous structure of the 
optic nerves of the ox and horse is assumed to carry a 
new substance from the brain to the eyes for their 
maintenance. ` The scales of fishes are covered by a 
slimy membrane the nature of which is investigated. 
This induced him to examine the scales of other 
fishes such as the eel, bream and perch, and finally 
the structure of the human skin. It is characteristic 
of Leeuwenhoek’s work in general that. it is by 
nature comparative—having discovered an interesting 
féature in one type he is always tempted to examine 
it in other related forms. 
- The last letter, of 95 pages, in the volume is number 
89 (48), 1686, and is concerned entirely with chemical 
investigations into the nature of cinnabar, gunpowder, 
saltpetre and “‘crab’s eyes” (gastroliths). 

The present volume of this important series is 
completed by 95 pages comprising a list of contribu- 
tors, a bibliography with biographies of authors 
quoted, indexes of names and subjects, a list of the 
figures and illustrations, and thirty-six plates. 

The Leeuwenhoek Commission is to be warmly 
congratulated on maintaining the very high standard 
of book production which characterizes this series, 
notwithstanding the far higher cost of this volume. 
In one respect the present volume is superior to its 
predecessors in the improvement of the English 
translation, in which ‘only ‘the following slight blem- 
ishes were detected’: p. 41, note 53, for ‘gluery’ read 
‘sluey’; p- 105, line 10, for ‘consnsted’ read ‘consisted’; 
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p. 141,-note 3, ‘tot’ is not used for ‘to’ in modern 
English ; p. 145, last line but one, for ‘my’ read ‘me’ ; 
p. 149, note 13, read ‘which’; p. 169, de Graaf’s 
name wrongly spelt ; p. 185, for ‘unsearchable’ read 
‘difficult’; p. 291, note 12, line 1, add ‘neither’ 
before ‘head’. F. J. Core 
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- ISAMBARD KINGDOM BRUNEL 
Isambard Kingdom Brunel 
A Biography. By L. T. C. Rolt. Pp. xii+3454+17 


plates. (London and New ‘York: Longmans, Green 
and Co., Ltd., 1957.) 25s. net. 


‘HIS eminently attractive and readable book 
í traces a career that abounds in both technical 
and dramatic interest. Mr. Rolt, as a trained engineer, 
writes with understanding of the technical problems 
which Brunel had to face. He is seen here at the age 
of twenty, as engineer-in-charge of the Thames 


_ tunnel workings, where he narrowly escaped death 


ina sudden inundation. There is the building of the 
Great Western Railway, the South Devon ‘atmo- 
spheric’ railway fiasco, and the construction of the 
great Saltash bridge. Mr. Rolt then turns to Brunel’s 
steamship ventures: the P. S. Great Western and her 
pioneer crossing of the Atlantic under sustained steam 
power; the Great Britain, first iron-hulled and first 
screw-propelled Atlantic steamer; and, finally, the 
monstrous Great Eastern, an over-ambitious project, 
forty years in advance of its time. : 

That a man of such impact should have made 
enemies is almost inevitable. For example, Arthur J. 
Maginnis in his book ““The Atlantic Ferry”, published 
in 1892, wrote with reference to the Great Eastern that 
she “was eventually broken up at New Ferry, on the 
banks of the Mersey, almost in the same year (1890) 
that the Great Britain ended her career at the Falkland 
Islands, representing with the broad gauge on the 
railway, now also doomed, the last of the costly and 
bitter memories of the engineer Brunel, who, 
unfortunately for many; had more influence with 
great capitalists than other far more capable and less 
fanciful engineers”. . 

After the turn of the century, however, the bitter- 
ness of such attacks had moderated; and in 1910 
The Engineer said of him : “In all that constitutes an 
engineer in the highest, fullest and best sense, Brunel 
had no contemporary, no predecessor. If he has no 
successor, let it be remembered that ... the con- 
ditions which call such men into being no longer have 
any existence”. 

Now in :1958, the centenary year, John Scott 
Russell’s original model for the Great Eastern is still 
on exhibition to the public at the Science Museum in 
London, while his huge working model for the 
oscillating paddle engines, the largest of their kind 
ever constructed, revolves majestically. in the back- 
ground. In contemplating these authentic relics, one 
feels a certain grandeur rising above the sordid history 
of disappointment, failure and récrimination, which 
was directly ‘responsible for Brunel’s premature 
death. i i l 

In the preface to his book, Mr.- Rolt mentions that 
he was at first inspired by curiosity as to Brunel’s 
personality, rather than hero-worship; but one 
suspects that hero-worship must have come later. 
Mr. Rolt is an experienced writer, with a vivid and 
eloquent pen, and the reader may well be caught up in 
his enthusiasm. However, Mr. Rolt’s is also a disci- 
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plined pen; he gives us a balanced and. therefore 
convincing portrait of Brunel, as a man of excep- 
tional talent and courage, the over-ambitious author 
of the broad-gauge railway and the premature giant 
steamship of the nineteenth century, a man whose 
outstanding achievements and failures alike bore the 
_ stamp of greatness. H. P. SPRATT 


COMPUTERS 


Digital Computer Components and Circuits 
By Dr. R. K. Richards. Pp. vii+6511. (Princeton, 
N.J., D. Van Nostrand Company, Inc.; London: 
D. Van Nostrand Company, Ltd., 1957.) 64s. 


Digital Computer Programming 

By D. D. McCracken. (General Electric Series.) 
Pp. viii+253. (New York: John Wiley and Sons, 
Inc.; London: Chapman and Hall, Ltd., 1957.) 
628. net. l 


Mathematics and Computers 

By George R. Stibitz and Prof. Jules A. Larrivee. 
Pp. viii+228. (London: McGraw-Hill Publishing 
Company, Ltd., 1957.) 378. 6d. 


HE above books, although all relating to digital 

computers, are very different in subject-matter 
and interest. ‘Digital Computer Components and 
- Circuits” is a companion to a well-known book by 
the same author, entitled “Arithmetic Operations in 
Digital Computers”, which deals with the logical 
design of the switching circuits used for various 
purposes in digital computers. The new book covers 
a much wider field, and the treatment is sufficiently 
detailed and comprehensive to make the book useful 
to engineers established in the field as well as to 
newcomers. It is notoriously difficult to write a good 
book on electronic circuits but the author has suc- 
ceeded in doing so. He has brought together a great 
deal of design information otherwise only obtainable 
from scattered papers and has included much original 
discussion and comment. Subjects treated in the 
various chapters are as follows: switching circuits 
using diodes, vacuum tubes, transistors, and magnetic 
cores; magnetic and other forms of storage; circuits 
and tubes for decimal counting ; . analogue-digital 
conversion. 

The second book is intended to provide a basic 
course in digital computer programming, and is of 
interest in that it is based on a hypothetical machine 
with an order code so chosen that all the basic tech- 
niques used in programming for any maehine of the 
single-address type can be illustrated. The use of such 
an order code enables some of the stumbling blocks 
inherent in programming for a reàl. machine to be 
avoided. No one, of course, can become a qualified 
programmer without experience in the practical 
running of problems, but the book is realistic in its 
approach, and should be useful to those who do not 
have access to a machine or who wish to make a 
preliminary study of programming before beginning 
work in earnest with a particular machine. , i 

The third book, by Stibitz and Larrivee, is addressed 
to laymen. The authors set out. “to. present the 
computers as sober, unintelligent, but useful tools 
in the increasingly important applications of mathe- 
matics to science, technology, and business, and not 
_as the weird and superhuman intelligence of science 
fiction, the popular press and, less forgivably, of 
some scientific writers who should know better”. 
In this they have succeeded, although the technical 
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level of the book is uneven, and in places the approach’ 
to the subject strikes one as being dated. The 
treatment of programming for modern digital com- 
puters is weak, and suggests that the authors have 
had little experience in this field. In the years 
just before and during the War, Dr. Stibitz was at the 
Bell Telephone Laboratories, and was a pioneer in 
the design of digital computers using telephone 
relays. Some sections of the book reflect his experi- 
ence although, as is to be expected in a book intended 
for laymen, the information given does not’ add 
anything to what is obtainable elsewhere. Although 
the authors have, in general, been cautious about 
what they say, in their short section on language 
translation they may convey to some readers the 
idea that the use of digital computers in this field is 
more advanced than it actually is. 
M. V. WILKES 


FOUNDATIONS OF 
THERMODYNAMICS 


Elements of Classical Thermodynamics for Advanced 
Students of Physics 

By Dr. A. B. Pippard. Pp. vii+165. (Cambridge : 

At the University Press, 1957.) 25s. net. Clothbound ; 

15s. net. Paper covers. 


HE first introduction of the fundamentals of 

thermodynamics to a student is necessarily of a 
brief and dogmatic nature and often he has attained 
no more than a facility for manipulating thermo- 
dynamic relations before he is diverted to other 
studies. Thus the re-examination of the fundamentals 
in the light of greater knowledge does not take place, 
and there is a growing need for this deficiency to be 
supplied. It is therefore a pleasure to welcome Dr. 
Pippard’s book, which is concerned with the task of 
propagating a firm understanding of the bases of 
thermodynamics among students with a moderate 
acquaintance of the structure. 

The first four chapters are devoted to establishing 
the zeroth, first and second laws of thermodynamics. 
While familiar enough in outline, the argument is 
very detailed, and every likely cause of confusion or 
ambiguity is carefully exposed and discussed. In 
most cases, the argument is presented in several 


- different ways; thus reversible work is considered 


in detail not only in the standard case of a fluid 
under pressure, but also in the case of `a body in a 
magnetic field; while the second law is developed 
both by consideration of Carnot cycles and of Cara- 
théodory’s law, the complementary nature of the 
two arguments being clearly brought out. The 
following chapters introduce the temperature scale, 
the thermodynamic functions and their derivatives, 
and their applications to simple systems. There 
follows a discussion of the thermodynamic inequali- 
ties in which the relations between entropy, avail- 
ability, and energy functions are carefully explored 
and lead to the conditions for equilibrium. The 
consideration of phase equilibria in a simple substance 
follows, the last example, superconductivity, leading 
into the final chapter on high-order transitions, where 
order is introduced into this rather confused subject 
with a firm hand. 

The book forms a nodal point, at which is drawn 
together the basic ideas the final-year student may be 
expected to know, their validity and limitations 
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studied, and the way in which these ideas are used 
pointed out. At no time does the author content 
himself with dogmatic statement, and if an argument 
should lead too far from the main stream of this book 
the conclusion always gives the source in which the 
next stage of information can be found. Clarity is 
not sacrificed to brevity, and the writing flows 
smoothly from logical step to step. 

There can be no hesitation in recommending this 
book to all undergraduates and postgraduates inter- 
ested in thermodynamics, and many users of more 
advanced thermodynamics might well find pleasure 
in a study of this well-written account. The produe- 
tion of the book is of the usual standard of the 
Cambridge University Press, and, bearing in mind 
the preferred reader, it is good to see that an edition 
is available in paper covers at a substantial reduction 
in price. S. ANGUS 


DISEASES OF BIRDS 


Tratado de Doencas das Aves 

Por J. Reis o P. Nóbrega, com a colaboração de A. 8. 
Reis, R. C. Bueno e M. Giovannoni. Vol. L: Pp. 
891. Vol. 2: Pp. 416. Vol. 3: Pp. 318. Vol. 4: 
Pp. 428. 2a Edição, revista e ampliada. (Sao Paulo: 
Ed.ções Melhoramentos.) n.p. 


O undertake the compilation of a comprehen- 

sive work on a subject so enormous and ramifying 
as the diseases of birds requires courage. To complete 
such a work and present it in a manner that makes 
it of the greatest use, to both veterinary practitioners 
and students, is an achievement that does credit to 
the painstaking care and ability of the authors. 

The “Treatise on the Diseases of Birds” by J. Reis 
and P. Nébrega is now published in its second edition. 
The work was originally published in four volumes 
but in the new edition Vols. 1 and 2 and Vols. 
3 and 4 are bound together to form two books 
only. 

It is natural that the main bias of the work is 
toward the diseases of domestic poultry since it is in 
this field that the majority of work has been carried 
out, but information on matters of academic interest 
concerning wild birds is also included. The biblio- 
graphy has been brought up to 1952 and, im some 
cases, more recent references are included. This fact 
alone will make the work useful even to those unable 
to read the Portuguese text. 

The diseases are classified under their causative 
organisms. ‘Thus, Part 1 is concerned with virus 
- diseases, Part 2 with bacterial and fungal infections, 
Part 3 with diseases caused by Protozoa and para- 
sitic arthropods and the last part deals with hel- 
minths and nutritional disorders. In Part 4, there 
are also sections on the pathological lesions of the 
organ systems, poisons, abnormalities of develop- 
ment, hygiene and a brief summary of surgical and 
general therapeutic measures. 

In the parts dealing with virus and bacterial 
diseases the arrangement of the work is similar: the 
diseases are considered separately and a chapter is 
devoted to each. These chapters are in the nature 
of a complete account of the disease concerned, They 
begin with a synonymy of the common names of the 
disease in many languages, followed by a brief 
historical introduction and sections on geographical 
distribution, etiology, pathogenicity, symptoms, path- 
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ology, ete. At the end of each chapter is a bibliography 
of papers relevant to the disease under considera- 
tion. 

The arrangement in Vols. 3 and 4 is slightly dif- 
ferent in that the subject-matter is parasitological 
and each group of parasites is introduced by a brief 
general systematic account. The protozoan species 
recorded from birds are tabulated according to their 
hosts and are then discussed in groups with sub- 
sections dealing with the diseases in individual hosts. 
A somewhat similar arrangement has been used for 
the parasitic arthropods, but no keys for identification 
are given, and the whole group is dealt with from a 
systematic point of view, rather than by hosts. 
In the final volume the treatment of the various 
helminth groups is different. The nematodes are 
considered in groups according to the organs of the 
hosts in which they are found; the majority of the 
section on trematodes-is devoted to lists of species 
found in both domestic and wild birds, again separa- 
ted according to their site in the hosts ; and the 


.cestodes are dealt with in a similar manner except, 


of course, that position within the host is of little 
importance so far as the adult worms are con- 
cerned. 

Vol. 4 closes with a general bibliography, eight 
coloured plates of pathological conditions and a 
comprehensive and most useful index. 

It is realized that this account of the work does 
little to evaluate its merit in detail and, indeed, this 
would be a difficult task in view of the enormous 
field covered. The value of the inclusion of so much 
systematic detail in the helminthological sections 
is, perhaps, doubtful, since these groups are dealt 
with by many specialized works in a rather more 


satisfactory manner than is possible in this type of 


publication. In making this criticism J am un- 
doubtedly biased by my own field of work. 

In conclusion, it is perhaps best to summarize by 
suggesting that an English translation of the treatise 
would prove of great use to many people. 

C. A. WRIGHT 


ENTOMOLOGY IN REVIEW 


Annual Review of Entomology 

Vol. 3. Edited by Edward A. Steinhaus, in associa- 
tion with Ray F. Smith. Pp. vii+519. (Palo Alto, 
Calif.: Annual Reviews, Inc., 1958. Published m 
co-operation with the Entomological Society of 
America.) 7 dollars. 


HE editors of scientific reviews have two main 
tasks; one is to ensure they get authoritative 
articles of current interest covering a wide range in 
the specialized field, and the other is to maintain a 
high scientific and literary standard in these articles. 
The reviewer of reviews may also consider these two 
aspects of policy and practice, and when the first two 
volumes of the “Annual Review of Entomology” 
were noticed in Nature (179, 1150; 1957) certain 
criticisms of the general policy were made, the main 
point being the disproportionately large number of 
articles devoted to the chemical control of insects. 
In the third volume, just issued, the balance is some- 
what redressed, only 21 per cent of the space being 
devoted to insecticide work as against 35 per cent in 
both the preceding volumes. . 
The result is a book of better balance and much 
wider general appeal than hitherto, and it is clear 
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from the preface of the work that the editorial com- 
mittee is alive to its responsibilities in this respect. 
It points out, with justification, that the “Review” 
is not a one-volume work, the implication being that 
judgment should be suspended until a number of 
volumes are available. But if policy is still to a 
certain degree fluid it is now that constructive criticism 
would be most valuable. 

One thing which is not yet clear is whether the 
editors want to make this review international, 
both from the point of view of contributors and 
consumers. That the one depends on the other to a 
certain extent cannot have escaped their notice, and 
yet in all three volumes more than 60 per cent of the 
contributors have been American. It is, no doubt, 
easier for the editors to maintain liaison with 
American authors and thus uphold the generally high 
standard of papers; but the dangers of excessive 
insularity appear not only in the choice of writers 
but also in their papers, several of which contain 
bibliographies which make it appear that their author 
is unaware that entomological research is also carried 
on outside the United States. 

The useful practice of carrying articles on the same 
subject in successive volumes, by various authors of 
differing viewpoint, is again in evidence with the 
third article on the “Dynamics of Insect Populations”, 
the current one being by A. J. Nicholson, who restates 
the evidence and rephes to the criticisms in previous 
articles of the theory of density-dependent factors. 
Such a valuable series of papers underlines the 
advantage of a continuing, as against a one-volume, 
review. Insect physiology is well represented in the 
present volume by papers on the nervous system by 
K. D. Roeder, the uses of sounds in insects by H. and 
M. Frings, two papers on the nutritional requirements 
of insects by W. G. Friend and J. M. Legay, and 
perhaps above all by a short but most valuable paper 
by E, S. Hodgson on ““Chemoreception in Arthropods” 
in which the author describes the new methods 
recently developed by himself and his colleagues, 
which have at last made it possible to determine in 
certain cases the responses of single chemoreceptors 
to a variety of stimulants. The essential unity 
and interdependence of all research are emphasized 
by the fact that this work has immediate relev- 
ance to at least four other papers in the same 
volume. 

Papers on the chemical control of msects have a 
depressing tendency to turn into lists of neat little 
recipes for specific complaints, but the paper by 
R. E. Balch on “Control of Forest Insects’ is an 
excellent antidote, giving as it does consideration to 
all the factors—not only chemical—relevant to 
insect control. Papers on biology and behaviour 
include two which reiterate the importance of back- 
ground knowledge in control work: “The Feeding 
Habits of Biting Flies and their Significance in 
Classification’, by J. A. Downes, and “Hybridization 
and Speciation in Mosquitoes”, by L. E. Rozeboom. 
It is a little difficult to see the justification for includ- 
ing a paper on the “Biology of Scarabaeidae” (P. O. 
Richter}, a subject so much narrower in scope than 
any other in the work. 

The standard of the papers is high, the presentation 
good, and the index ample. Uniform bibliographies, 
in alphabetical order, might be considered as an 
improvement for the future. This volume is a 
definite advance on the previous ones in balance and 
appeal, and without doubt deserves to find a wide 
and appreciative public. P. T. HASKELL 
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UNIVERSITY OF BOMBAY 


A History of the University of Bombay, 1857-1957 
By S. R. Dongerkery. Pp. vii-+313. (Bombay : 
The University, 1957.) Rs. 15. 


HE year 1857 was a sad year for the British 

administration in India, for the violence of the 
Sepoy Mutiny imposed a severe strain on Indo- 
British relationships. It is all the more remarkable, 
therefore, that at such a time there were men who 
pressed forward with measures to give form and 
substance to the concept of higher education in India 
by founding a university. Indeed, three universities, 
those of Calcutta, Bombay and Madras, were all 
founded within a few months of one another ; later— 
on the occasion of the laying of the foundation stone 
of the University of Bombay in 1863—the Governor 
of the Province described these foundations as among 
the last, but not least, glorious deeds of the East 
India Company. 

All the three universities were constituted on the 
model of the University of London, at that time a 
chartered body concerned only with examining and 
conferring degrees upon students trained in affiliated 
colleges. The defects of the affiliating system were 
realized later when London was reconstituted in 1900 
as a teaching university after two Royal Commissions 
had reported in 1889 and 1894 respectively. 

The corresponding activity in India culminated in 
the Indian Universities Act of 1904, but controversy 
there raged loud and long. A Committee on Univer- 
sity Reform reporting in 1925 said that except in a 
loose and indirect sense, prior to 1912, the University 
of Bombay was not a teaching university, and since 
that date had only made a very partial approximation 
to the ideal. The Committee felt that it had been 
entrusted with the task of suggesting how that approx- 
imation could be made more complete. 

Then came the Bombay University Act of 1928 
which was a great advance and brought the work of 
the University into direct touch with the leaders of 
industry and the civic life of a large community. It 
focused the attention of the University on the con- 
duct of postgraduate teaching and research as a direct 
responsibility and upon technology. 

The reorganization of the Indian Union largely on a 
linguistic basis' has resulted in the emergence of the 
University of Bombay (1953) as a city university, 
teaching in federal relationship with its constituent 
colleges and other recognized institutions. Unfor- 
tunately, the battle of the languages is not yet ended, 
and the future of the medium of instruction has still 
to be decided. The University has, however, been 
wise in adopting a cautious approach to this question. 

The present volume, which is an extremely readable 
account of the growth of the University, also marks 
the centenary of its existence. It has had a chequered 
history, but it has been fortunate in commanding the 
devoted service over the years of men of eminence, 
erudition and foresight. On the whole, perhaps, 
things have turned out not as well as some hoped 
and not as bad as others feared. 

The author, a versatile scholar intimately con- 
nected with the University administration for many 
years and as the Rector, was clearly well-placed to 
write this book, and he has provided a pleasing 
volume giving a fair and full picture of the develop- 
ment of the University and of the dedicated men, 
both British and Indian, who have shaped its 
course. L. A. JORDAN 


1758 


A School Course of Biology 

With Suggestions for Experimental and Field Work. 
By L. J. F. Brimble. Fourth edition, entirely 
re-written and enlarged in collaboration with Dr. 
L. M. J. Kramer. Pp. xv+558. (London: Macmillan 
and Ca., Ltd.; New York: St. Martin’s Press, Inc., 
1957.) 18s. net. 


HE transformation of a school text-book, which 

has been in steady demand since 1940, into what 
is virtually a new volume should endow it with a 
fresh lease of useful life. It is not a cram manual 
streamlined to fit the requirements of some examina- 
tion syllabus : instead, it sets out bravely to present 
a representative picture of all forms of living matter 
as they exist now and have originated in the past, and 
to describe their structure, functions, organization 
and inter-relationships, including those with man 
himself. 

The chapters on evolution and heredity, living 
things and their environment, and man in relation to 
other living organisms are particularly welcome. 
In these respects the book merits comparison with 
the attractive readers put out for use in American 
high schools; and one hopes that some copies will 
find their way across the Atlantic. For British 
teaching practice it covers the ground for the General 
Certificate of Education (Ordinary Level), in many 
directions extending far beyond it, for it contains a 
large amount of miscellaneous information on such 
topics as the speed of animals, the life-history of the 
eel, parasitic and saprophytic plants. 

The treatment is comparative. Directions given at 
the end of each chapter for individual and class 
observations and experiments are more than adequate. 
Among the many well-chosen illustrations, the 
drawings by the senior author deserve special com- 
mendation for their number, clarity and artistic form. 
The book contains one or two slips in phrasing, and 
a few minor errors of fact, which merely serve to 
show that it is impossible for a single author to 
be fully informed on every topic receiving mention. 
By the same token, the boys and girls who will 
study it should not be expected to remember all the 
knowledge it contains. R. WEATHERALL 


Analytical Microscopy 

Its Aims and Methods in Relation to Foods, Water, 
Spices and Drugs. By Dr. T. E. Walls. Second 
edition. Pp. vii+215. (London: J. and A. 
Churchill, Ltd., 1957.) 25s. net. 


EVISED for the first time since its publication 

more than. thirty years ago, this book is virtually 
new, owing to the accumulation of fresh information 
and the introduction of new methods. f 

An account is given of the methods of preparing 
materiel for microscopical examination and is illus- 
trated by examples selected almost entirely from 
problems which have arisen during tho career of the 
author. Analytical microscopy, its aims and methods 
in relation to food, water, spices and drugs, clearly 
indicates the unequalled experience of an analyst 
known to many in industry and medicine. 

The immensely practical nature of this work is 
shown by the varied use of the microscope for solving 
problems which cannot be successfully tackled by 
purely chemical means. 

The introductory chapter deals with general 
arrangements for the proper use of the microscope 
and its accessories, followed by a chapter giving details 
of preliminary operations which are necessary for the 
examination of foreign matter (including insects) in 
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poultry and bird food. The use of surface prepara- 
tions is deseribed with reference to the microscopical 
characters of culinary herbs, and the method of sedi- 
mentation is illustrated by investigations of water 
deposits. The process of kneading is explained in 
connexion with the analysis of flour and other starchy 
powders, while other chapters deal with elutriation. 
for preserves and the reagents used for the clarification 
of specimens. Additional preliminary treatment of 
material is described by some information on ‘crude 
fibre’ in connexion with coffee and chicory. Chemica 
treatments used prior to the examination of pesis, 
occurring as fragments in flour and other commo- 
dities, are mentioned. Chemomicroscopy, the micro- 
morphology of various substances including sulphur, 
the technigues of sublimation and precipitation—all 
indicate the extensive scope of this handy volume. 
For those wishing to use microscopical measure- 
ments, numerical values and quantitative micro- 
scopy, the author gives a concise account of the 
meticulous approach to these subjects. Accurate, 
well-labelled drawings are a great feature of this 
book, while valuable numerical data, reagent formulze 
and an adequate bibliography complete the store of 
information available to anyone engaged in analytical 
work using the microscope. S. B. CHALLEN 


The Amphibia of Ceylon 
By P. Kirtisinghe. Pp. xii -+112 -+1 plate. (Colombo : 
P. Kirtisinghe, 2 Charles Circus, 1957.) n.p. 


HE Ceylonese Amphibia are presented here in 

the form of a taxonomic survey, the general 
subjects of habits, life-history and ecology being 
almost completely disregarded. This is a disappoint- 
ing omission in & book with as definitive a title as 
“The Amphibia of Ceylon” and in one which would 
have provided scope for speculative treatment of 
zoogeography, speciation and other aspects of 
amphibiology. None of these subjects has been given 
the attention that is required, perhaps because no 
research in these fields has been attempted by the 
author. Instead, Mr. Kirtisinghe has restricted him- 
self to a taxonomic treatment. However, it is a 
compact and nicely produced book and makes a very 
useful manual for the museum laboratory worker as 
well as a reliable field ‘book for the collector. 

Preceding the main taxonomic section is a historical 
account of the study of Ceylonese Amphibia in which 
the suthor has collated the faunal lists which have 
been published by earlier devotees to Ceylon’s 
amphibians. In the light of Mr. Kirtisinghe’s experi- ` 
ence, which has accrued from his position as lecturer 
in zoology at the University of Ceylon, from his 
personal collections and from the year spent in Eng- 
land when he devoted a great deal of time to the 
study of the Ceylon amphibians in the British Museum 
collections, he concludes that the composition of 
Ceylon’s amphibians can be reduced from the 37 
species recognized by Boulenger to 32, with 12 
species believed to be endemic. Although his reasons 
for synonymizing these and other species may be 
based on sound judgment, they are not always 
divulged and the reader is kept guessing. 

‘The same style is adhered to throughout the system- 
atic section—division into families with keys to the 
genera and species, and within each species account 
there is, first, a synonymy, followed by a figure and 
detailed description of the adult, and of the larva 
also where it is known, and range. The illustrations 
are well executed by competent artists. 

A. G. C. Granpison 
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SOME EFFECTS OF THE FINE STRUCTURE OF THE IONOSPHERE 
ON TRANSMISSIONS RECEIVED FROM THE RUSSIAN 
EARTH SATELLITE 1958s 


By F. A. KITCHEN and W. R. R. JOY 


Royal Naval Scientific Service 


A SERIES of simultaneous direction-finding and 
Doppler frequency-shift measurements has been 
made on the radio transmissions from the Russian 
satellite 19583, on a frequency of 20-005 Me./s., with 
the initial object of determining the parameters of 
local tracks, and hence those of the orbit. As pre- 
viously discussed’, these techniques enable the 
following parameters to be derived, in principle, 
from observations made during one local transit : 
velocity, plan and slant ranges (hence the height of 
the satellite), and bearing of the sub-satellite point at 
the instant of closest approach (hence track-heading 
of the satellite at this point). During the course of 
precise observations on 19588, however, some inter- 
esting anomalies were observed in the Doppler 
measurements. These confirmed the existence of 
similar effects previously noted in the case of observa- 
tions on 1957a and .19578, when _less-accurate 
measuring techniques were available. In the system 
at present in use, all information on bearing, Doppler 
frequency and time is recorded synchronously on 
separate channels of a multi-channel tape recorder. 
An Essen ring quartz-crystal oscillator operating at 
100 ke./s. with a frequency drift of less than + 2 
parts in 101° per day was used to provide the time 
reference throughout the system. It was also used 
to drive a precise frequency: synthesizer to generate 
a local reference signal for comparison with the 
signal received from the satellite, at radio-frequency. 
Errors in the frequency measurements originating 
within the receivers were thus eliminated. Some 
samples of track parameters deduced for 19588 are 
given in Table 1. 

One of the anomalies detected in 
the Doppler observations is a time 
displacement of the apparent instant 
of closest approach of the satellite, 
relative to that deduced from di- 
rection-finder observations. Evidence 
of the reality of this time difference 
was obtained during revolution No. 

71 from south-west to north-east, 
on May 20, when the normal à 
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direction-finding and Doppler fre- ew 
quency-shift observations were sup- 8 
plemented by direction-finding meas- 8 
urements at a remote station about 52,200 
300 km. distant. Observations from & 


this latter station were recorded 
synchronously with the results being 
obtained locally, on the multichannel 
recording equipment. The times of 
closest approach to the two stations 
derived from the simultaneous direc- 
tion-finding measurements were 
mutually consistent, and in agree- 
ment with the known parameters of 
-the track involved, whereas the cor- 
responding instant deduced from the 
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Table 1. 


LOCAL TRACK PARAMETERS DEDUCED FOR 19586, ASSUMING 
A FLAT HARTH AND REFERRED TO PORTSDOWN 
(lat. 01° 06’ 53” W., long. 50° 51’ 30” N.) 















Track 
heading 
Min. | Min. at 











Revolu- plan- | slant- | Height | closest | tion of 
Date |tion No, range | range | (km.) ap- orbit to 
) | (km 
) 
16.5.58 17 15:8 | 258 257 040 62 
20.5.58 71 129 318 291 043 64 
21.5.58 85 722 7686 290 043 65 
2.5. 230 370 ; 






The average period of the orbit between revolutions Nos. 71-98 was 
105 min. 53-8 + 0:1 sec, 


Doppler observations at Portsdown was 6 sec. earlier 
than indicated by the associated direction-finder 
results. This is shown in: the graphical transcription 
reproduced in Fig..1. The time discrepancy is much 
greater than would be expected from the inclination of 
the track relative to the surface of the Earth, particu- 
larly since the local track is very near perigee. The 
phenomenon is considered to þe due to the influence of 
the ionosphere, and it may be explained by refraction 
of the radiation from the satellite transmitter through 
part of the F-region having a tilted lower boundary, 
of the type reported by Bramley and Ross?. 

It has been shown?.4 that refraction of satellite 
transmissions by the ionosphere will result in a virtual 
source displaced from the actual source, the displace- 
ment increasing with increasing range. In addition 
to the influence on Doppler records, the effect of this 
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Fig. 1. Time shift in instant of apparent closest approach indicated by simultaneous 
bearing and Doppler frequency measurements at Portsdown 
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refraction would also be expected 

to give rise to associated changes 2,600 
in direction-finding, but the result- 

ing errors will-be small in the case 

of local tracks. In the case where 
the ionosphere is concentric with 2,400 
the surface of the Earth, the re- 


fraction would result in an error in 7 
estimation of slant-range from the ¢ 
Doppler measurements, but not in $ 2,200 
the time of closest approach. 5 

Fig. 2 is a simplified ilustra- Ẹ 
tion to show how a tilted lower £ 


boundary on the F2-region of the 
ionosphere produces the ‘time shift 
in the instant of closest approach 
deduced from the Doppler observa- 
tions. The diagram depicts the 
case of a satellite moving above 1,800 
a tilted lower boundary of an 
ionosphere of constant refractive 

index on a track concentric with 

the Earth’s surface, and over the 
observing point. The virtual 

sources are shown, as for example, 

2’ corresponding to the true position 2. Again, 
the effects on Doppler frequency will be expected 
to be more marked than: the corresponding effect 
on direction-finding observations. In the practical 
case where the point of observation does not lie in 
the sub-satellite path, the effects due to refraction 
will be correspondingly increased. 

It is thus expected that refraction by the iono- 
sphere will cause significant errors in the estimation 
of slant-range and hence height of satellite. Further, 
that tilts in the lower boundary of the ionosphere 
will increase these errors, and simultaneously intro- 
duce a shift in time of apparent closest approach of 
several seconds, in a sense depending on the orienta- 
tion of the lower boundary at that time. 

Occasionally time differences of as much as 20 sec. 
have been measured, in which time the satellite 
travels a distance comparable to the height and 
range. It appears unlikely that such large time-shifts 
are due entirely to ionospheric tilts. 

Referring to Table 1, it will be seen that there is a 
spread in the apparent heights of 19588. However, 
for revolution N = 17, when the satellite passed 
nearly over the observing point, the ionospheric 
effects were minimized, and the deduced height shows 
nearer agreement with that obtained by the Royal 
Aircraft Establishment’ using an interferometer at 
40 Mc./s. The greater apparent heights quoted for 
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Fig. 2. Effects of refraction in an ionosphere with tilted lower 
boundary (schematic, not to scale) 
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Time (G.M.'.) 
Fig. 3. Examples of discontinuities in a Doppler frequency record 


subsequent revolutions are due to variations in the 
refractive effects described. 

Fig. 3 illustrates the marked discontinuities in the 
Doppler frequency which occur at irregular intervals. 
This is a typical phenomenon for most of the observa- 
tions on 19588, whether the satellite was approaching 
or receding from the apex, but was more pronounced 
in the latter case when the satellite was at greater 
heights. The magnitudes of the discontinuities in the 
frequency record are usually too great to be accounted 
for by alternate reception of ordinary and extra-wave 
magneto—ionic components of the transmission. It 
appears more likely that the discontinuities arise 
from the existence® of smaller-scale irregularities in 
the tilted lower boundary of the F-region, the whole 
of which is in effective random motion. Similar 


effects were not observed in the direction-finding 


bearing records. 

Jt is of interest to note that if the Doppler readings 
are made sufficiently accurately, and at frequent 
enough intervals, then in many cases the irregularities 
observed make it impossible to process the results in 
the manner described by Hampton’. 

Arising from this work, it appears practicable to 
make a detailed study of the fine structure of the 
lower boundary of the F’-region of the ionosphere, by 
analysis of the detailed character of the Doppler 
frequency discontinuities in conjunction with accur- 
ately known orbit parameters. Attention is now 
being given to this aspect of ionospheric research. 
The fact that wide variations of direction-finding 
observations have not occurred in this work leads to 
the assumption that the influence of sporadic 
E-ionization has been insignificant. 

Other effects of the ionosphere on the Doppler 
frequency-shift recordings arise due to: (a) a change - 
in the electrical length of the path from the satellite 
to the receiver; (6) in general, a change in the 
velocity of propagation of the radio signals in the 
vicinity of the satellite. 

The contributions these phenomena would be 
expected to make to the observed Doppler frequency- 
shift have been estimated, and found to be small. 
For example, if the satellite is above the maximum 
of the F2-region ionization, the effect of (a) is to 
increase the apparent height by about 9 km. for an 
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assumed total electron content of 101? per em. column. 
When the satellite is in the vicinity of the F2-region 
maximum, the effect of (b) is merely to change the 
received frequency by not more than a few cycles 
per sec. 

This communication is published by permission of 
the Admiralty. 
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EFFECT OF AIR DRAG ON THE ORBIT OF THE RUSSIAN EARTH 


SATELLITE 1957s: 


COMPARISON OF THEORY 


AND OBSERVATION 
By D. G. KING-HELE and Dr. D. C. M. LESLIE 


Royal Aircraft Establishment, Farnborough 


F the orbit of an Earth satellite has an eccentricity 
greater than about 0:02, most of the air drag is 
encountered near perigee. Consequently, there is a 
retardation near perigee and a reduction in height at 
the next apogee, but very little decrease in perigee 
height. Thus the orbit contracts and becomes more 
nearly circular, while the orbital period decreases 
because the major axis is diminishing. 

The equations of motion can be solved analytically 
if certain simplifying assumptions are made, and the 
most useful solutions appear to be those obtained 
under the following assumptions: (1) The Earth and 
the atmosphere are spherically symmetrical ; (2) the 
density p of the atmosphere at a given height is 
constant from day to day; (3) 9 varies exponentially 
with distance from the Earth’s centre r: pọ is pro- 
portional to exp(— 7r/H), where H, the ‘scale height’, 
is assumed constant; (4) the aerodynamic force 
acting on the satellite is taken as p v? S tangential to 
the path, where v is its velocity and S is a constant 
which may be interpreted as the effective cross- 
sectional area of the satellite; (5) the eccentricity e 
of the orbit is small, so that high powers of e may be 
ignored ; (6) the presence of air drag changes the 


orbit during any one revolution by only a small. 


amount, the square of which can be neglected. 
Under these assumptions, the relevant orbital 
elements can best be written in the forms given below. 
If the eccentricity e is sufficiently small for terms of 
O(e?) to be neglected, the orbital period T can be 
expressed as a function of time ¢ in the form: 
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where a is the semi-major axis, suffix 0 refers to 
initial conditions, and J, is the Bessel function of the 
first kind of imaginary argument and order one. 
tr may, for brevity, be called the life-time, though it 
is slightly greater than the true life-time, because it 
gives the time at which 7 drops not to the lowest 
practical value (say, 87 min.) but to minus infinity. 
For Sputnik 2, tr, was about 0-6 per cent greater than 
the true life-time. 

Equation 1 has the virtue that it is valid up to 
the last revolution of the satellite, 


but for most practical purposes it 
is preferable to have a formula 
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which includes terms of O(e?) and avoids Bessel 
functions. The appropriate form is: 


ping —ge)(-,/1-F) - 
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The growth of error in (2) as ¢ approaches ty, declares 
itself plainly, for the term in H/a, becomes large, so 
that the 0(H?%/a*) term can no longer be neglected. 
By differentiating (2), tg can be expressed as: 
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When e, is very small, say less than 0-02, equation 3 
becomes inaccurate, and the appropriate form is that 
obtained from (1): 
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where I, is the Bessel function of the first kind of 
imaginary argument and order zero. Leslie’ gave a 
limiting form of (4), under the assumption that 
&o €| H was not too small ; Groves? derived a version 
of (3); and Parkyn? gave (2) without the 0(e?) terms. 
The distance of perigee from the Earth’s centre, 
fp, iS given by: 
k I, (k/H) HRN 
= = In + 0 (= 
Tp TP + ko k + H ko I, (kE) nA (5) 
where k = erp/(1 + e). If e is greater than 0-01, 
equation 5 can be expressed as : 
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from which it follows that the relation between T 
and e is of the form: 
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Fig. 1. Period of revolution of Sputnik 2 between November 1957 and April1968. (Crown 


copyright reserved) 


Once the initial values e, and T, are known, 
equation 7 should provide a good indirect. method of 
finding e. The variation of eccentricity with time is 
given by : 
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Equation 8 shows that the variation of e* with time 
is nearly linear, so long as the terms in e, and Hja, 
remain small. 
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The observational values of T 
and dT jdt for Sputnik 2, which 
are given in Figs. 1 and 2, are 
based on the analysis of some four 
hundred observations received at 
the Royal Aircraft Establishment 
in the course of the prediction 
service which was provided from 
January until April 1958. Most 
of the observations were accur- 
ate to + 1° in direction and 
+ 2 sec. in time, though some 
were much more accurate. Each 
observation was used to estimate 
the time at which the satellite 
passed through apex, the pomt 
of maximum latitude north, and 
the root-mean-square error in de- 
termining apex time was usually 
not more than about 3 sec. From 
two apex times approximately a 
day apart, the mean nodal period 
of revolution T in the interval could be determined - 
with root-mean-square error usually not more than 
0-3 sec., or 1 part in 20,000. The series of values of 
T was then differenced, at intervals At, to give values 
of AT} At for comparison with the theoretical dT'/dé. 
The value of AT/At could be obtained with a root- 
mean-square error usually not more than 0-4/Af 
sec./day, where At is in days. Except in the last 
four days of the life of the satellite, a lower limit of 
0-8 day was set for At, to avoid large errors. Some- 
times, through lack of observations, At had to be 
taken as high as 10 days. It would be possible to 
produce an improved version of Fig. 2 by determining 
the apex times more accurately and by æ proper 
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Fig. 2. Rate of change of perlod for Sputnik 2 between November 1057 and April 1958. (Crown copyright reserved) ` 


June 28, 1958 


No. 4626 


NATURE 


Table 1. ORBITAL DATA FOR Sputnik 2 (NOVEMBER 1957-APRIL 1958) 











Date (00 hr. G.M.T.) November 4 January 4 
Orbital period (min.) 103 -760 
Semi-major axis (nautical miles) 3,947 -1 
Eccentricity ‘0987 
Perigee distance (nautical miles) 3,557 
Angle from apex to perigee — 31° 


February 21 








March 25 
97:105 93 785 


April 9 


90-780 + 0-005 
1776-1 3,689 ‘9 8,6107 . + 0:2 
0-0 0-040 0 0212 + 0:0006 
> 9 ? , + 2 
fer o — 91° — 98° + 1° 





Initialinclination of orbital plane to equator, 853°. 


statistical treatment of the results, to decide, for 
example, the optimum value of At. However, the 
labour required scarcely seems worth while, when 
independent results from other’ countries will no 
doubt soon be available and will show whether there 
are any spurious values in Fig. 2. 

The theoretical curve drawn for comparison in 
Fig. 1 is that obtained from equation 1, with 
November 4:0 as initial point, tz = 162-0 days and 
H = 30 nautical miles. The agreement between 
observation and theory is fairly good. But it is by 
no means perfect, and this is scarcely surprismg in 
view of the irregularities in Fig. 2. 

There are two contrasting features of interest in 
Fig. 2. First, it appears that the theoretical curve 
provides a reasonable mean value of dT'/dt, sug- 
gesting that the effective cross-sectional area S 
underwent no great and irreversible change. This 
conclusion is consistent with observation, for until 
April 12 the brightness of the satellite fluctuated 
widely when it was between the observer and the 
Sun, and the period of these fluctuations was usually 
between 14 and 2 min. These regular changes suggest 
that, until April 12, the satellite may have been 
rotating at a roughly constant rate, and that the 
mode of rotation, for example, a tumble or a barrel 
roll, may have remained the same. If so, the mean 
effective area S would be expected to remain con- 
stant. The second interesting feature of Fig. 2 is that 
the observed values depart significantly from the 
theoretical. Anyone who tried to predict the transits 
of the satellite will confirm that these oscillations in 
dT /dt are real, and not due to errors of observation 
or analysis. Taking theory instead of observation 
for January 20-February 9, for example, would have 
led to an error of about 4 hr. in the predicted times. 
It seems probable that the fluctuations in dT'/dt are 
caused by day-to-day fluctuations in the properties 
of the atmosphere at perigee, either by changes in 
the number of particles per unit volume or in their 
electrical state. Though there is no obvious pattern 


Last column gives root-mean-square errors. 


in the fluctuations of Fig. 2, an oscillation of period 
about 25 days is faintly discernible, and this has 
provoked speculation that the tide-raising force of 
the Moon may play some part. There are many 
other possible sources for the irregularities, however, 
and it would be premature to attempt any detailed 
discussion of them here. 

The value of H, the scale height, ‘can in principle 
be obtained from the orbital data of Table 1, by 
means of equation 6 or equation 7; but since H 
depends on the small difference between two large 
quantities, considerable errors are inevitable. If the 
initial values are taken as those in the first column 
of Table 1, and H is determined from (7), using each 
of the.other four columns in turn and giving each 
equal weight, the value obtained for H is 38 + 13 
nautical miles, almost all the error arising from the 
error of 0:0006 in e. The errors can be minimized by 
taking only the last of the four columns. It is then 
found that H = 35 + 4 nautical miles from either 
(6) or (7). Though the error is smaller, the result 
should still be received sceptically, for several 
reasons. First, because of the Earth’s oblateness the 
value of H obtained is not the scale height as cust- 
omarily defined, relative to height above the Earth’s 
surface; when oblateness is taken into account; H 
is increased by about 25 per cent. Secondly, the 
irregularities in d7'/dé violate one of the assumptions 
of the theory. Thirdly, H varies with both latitude 
and height, thus violating two more assumptions. 
Fourthly, electrical effects may be important and, if 
so, p is not the true air density. For these reasons it 
is obvious that much further study is required before 
a reliable value of H can be derived.. 

We wish to thank the many independent observers 
who provided the observations for Figs. l and 2, and 
Miss D. M. C. Gilmore, who analysed the observations 
and prepared the graphs. 


1 Leslie, D. C. M., Nature, 181, 403 (1958). 
2 Groves, G. V., Nature, 181, 1055 (1958). 
3 Parkyn, D. G., Nature, 181, 1156 (1958). 
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THE BIOGEOGRAPHY OF AUSTRALIA <° x 


By Pror. RONALD GOOD 
University of Hull 


T has been suggested}? that the biogeographical 
problems of Australia become less perplexing if it 

is assumed that Australia and New Guinea, instead 
of being parts of one and the same primeval land 
mass, have attained their present proximity in com- 
paratively recent geological times, by some relative 
movement which has gradually diminished the 
distance between them. Such a diminution might 


be caused by an active drift of Australia in an. 


easterly or northerly direction ; or to an active drift 
of the Melanesian-New Zealand arc westwards; or 
to some combination of these; but at present it is 
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simplest to speak of the drift of Australia towards 
New Guinea, remembering, nevertheless, that this 
may be only a relative description. 

A theory of this kind must depend largely on 
circumstantial evidence and the field in which 
this may be sought is wide, since there is scarcely 
a cognate science which cannot contribute to it. 
It seems justifiable, therefore, in order to indicate 
where this is likely to be most valuable, to 
suggest in rather more detail, and particularly in 
botanical terms, one course which events may have 
taken. 
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To begin with, plant geographers have long re- 
marked the considerable affinity between the floras 
of Australia and South Africa, an affinity typified 
most familiarly by the families Proteaceae and 
Restionaceae, and by the Ericales, but seen also in 
many other plant groups. There seems no doubt that 
this is a true genealogical affinity, and we may there- 
fore postulate that at some earlier period Australia, 
as we now call it, was much closer to (perhaps actually 
in contact with) what we now call South Africa, and 
therefore that its relative movement has been, in 
general, eastwards. 

When, accepting this premiss, we consider the 
possible direction of movement more closely, an 
important point at once emerges. If we assume that 
the drift was directly eastward, then Australia would 
have remained within the same range of latitude 
throughout its journey ; but if, on the other hand, 
the drift was to some degree north-eastward, then 
Australia would, in the course of it, gradually have 
altered its position in respect of the poles, which for the 
moment we may regard as retaining their positions. 
The difference between the two from the botanical 
point of view is great. In the first case we should 
expect the original flora of Australia to continue 
unembarrassed by serious climatic change and to 
alter no more than might be expected from the pro- 
longed passage of time alone. In the second case, 
the flora would be under continued and increasing 
stress through the gradual movement from one 
climatic condition to another. 

In other words, Australia, unless it maintained a 
true latitudinal course, is likely to have moved so 
that it came to fall more and more within the warmer 
and drier conditions of the southern high-pressure 
belt or horse latitudes, and less and less within the 
cooler and wetter conditions of the south-temperate 
` low-pressure belt of the roaring forties and north- 


westerlies. If this movement was considerable, then: 


Australia would even have moved entirely out o 
one major climatic zone into another. i 
To-day there are in the Australian flora, in addition 
to what we may call the basic ‘Afro-Australian’ 
element already mentioned, two other great floristic 
elements, the ‘south circumpolar’ rain-forest element 
found now in south-east Australia and particularly 
in Tasmania (as well as in New Zealand and South 
America), and the ‘Melanesian’ rain-forest element of 
eastern Queensland and north-eastern New South 
Wales. The presence of the former (of which there is 
no counterpart in the present South African flora) 
suggests strongly that Australia was at one time in 
continuity with a general southern-temperate rain- 
forest flora and, thus, that its original position was 
somewhat to the south of Africa and, perhaps, even 
between that continent and what is now Antarctica. 
In this position we should expect its flora to consist 
of two main elements—one in the north having much 
in common. with the nearby South African flora, and 
a temperate circumpolar element in the south. 
From this position we may picture Australia as 
having drifted at least east-north-east, and it may 
be almost north-east, and the change in latitude 
involved as amounting to ås much as 20°. Such a 
move would be likely to cause great floristic changes. 
In an original position of, let us say, 30° to 60° S., 
Australia would have lain with only its most 
northerly portion in a comparatively dry zone and 
with most of its area in a cooler and much wetter 
zone. In its present position between 10° and 40° S. 
it is almost wholly in a dry zone, and only some of 
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its more southerly parts have a wetter and cooler 
climate. There are, indeed, only two, adjacent, parts 
of the continent in which rain-forest occurs to-day, 
namely, the south-east corner with Tasmania, where 
there is a circumpolar type, and along the warmer 
east coast, where here and there a more Melanesian 
type of rain-forest occurs. 

Now let us view this supposed drift of Australia 
from another aspect. At first the movement would 
have been mainly one of gradual separation from its 
neighbours, but this would soon amount to a con- 
siderable measure of isolation. Moreover, if the 
relative positions of the other land masses were, and 
remained, as we know them to-day, then this isolation 
would not only increase but also would persist for 
most of the journey, diminishing again only in the 
later stages as Melanesia was approached. Hence, 
for much of the time, which may have been a very 
long period, not only would Australia have been 
isolated from other lands but also it would have been 
moving gradually from one climatic zone to another. 

In such circumstances it would seem almost inevit- 
able that the flora must have been affected pro- 
foundly. On one hand the major area of temperate 
rain-forest would have become more and more 
restricted to the south, and on the other, increasingly 
wide aridity would probably have greatly changed 
the distribution of the Afro-Australian element. 
Most important of all, the isolation of Australia from 
other land masses would have hindered any re- 
plenishment of the flora from elsewhere. We should 
therefore expect that as drift continued the general 
character of the flora of Australia gradually became 
changed and probably more drought-resistant, in any 
event over much of the continent. It may be highly 
relevant in this connexion that despite the assumption 
of close prior association with southern Africa, Aus- 
tralia bas, unlike South Africa, practically no special- 
ized desert flora to-day, although its arid areas are 
now at least as extensive. This suggests that at its 
time of separation from Africa it lacked either the 
stock from which the African desert flora has or had 
come, or the appropriate climatic conditions. 

Because of these circumstances, a most interesting 
situation would have arisen as Australia gradually 
came within population distance of Melanesia. In 
the first place, it would have arrived in a floristically 
unsaturated condition ready to be replenished easily 
at the first opportunity. In the second place, it 
would have reached a point geographically at which 
certain local parts of it on the east would have been 
particularly capable of sustaining tropical rain-forest 
but of which there would have been no available 
sources in Australia. It would therefore not be sur- 
prising if there was a very rich and rapid invasion of 
plants from Melanesia as soon as diminishing distance 
permitted, not only, though perhaps primarily, in 
the form of rain-forest down the east coast, but also 
more generally in the form of potentially more 
drought-resistant elements. Australia may indeed 
have afforded something like a partial floristic 
vacuum into which plants from Melanesia would 
have flowed quickly and easily. 

If this was indeed the course of events, we should 
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expect to find, in the present Australian flora, certain 


prominent features. We should expect to find some 
remnant of the old temperate rain-forest flora which 
once covered most of the continent, because the 
south-east is still as far from the equator as 40° S., 
and this we see plainly in the flora of much of 
Tasmania and parts of the adjacent mainland. 
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We should expect to find in the remaining less-arid 
parts the general occurrence of the old Afro-Aus- 


tralian flora, and this we do very conspicuously, for, 


it still provides much of the most typical Australian 
plant life. We should expect a relative absence of 
specialized desert types because the conditions for 
their development came after the separation of 
Australia from areas with such types now, and this, 
of course, is true. Finally, we should expect to find 
a strong infiltration of Melanesian types, mostly 
tropical rain-forest plants, in the north and east 
wherever the rainfall is sufficient, and the presence of 
this kind of vegetation in the high rainfall areas of 
the north-east is familiar and conspicuous. 

Hence the sequence of events outlined provides a 
reasonable explanation of the major features of the 
present Australian flora without recourse to former 
land connexions of any kind, except in 80 far, of 
course, as the present Torres Straits have almost 
certainly been dry land on occasion during the 
very recent geological past, that is to say, on the 
present hypothesis, since Australia reached New 
Guinea. 

It will be clear now that two very important 
aspects of the circumstantial evidence mentioned 
earlier will be the paleontological and the palso- 
climatic, and it may therefore be reiterated that 
according to my hypothesis I should expect the 
Angiosperm fossil record of much of Australia to 
show in sequence, first & fairly widespread flora 
predominantly of a temperate rain-forest kind ; 
secondly, a contraction of this and a spread of an 
‘Afro-Australian’ flora (such as is exemplified by 
acacias, Proteaceae, Restionaceae, Ericales © and 
various Monocotyledons) ; thirdly, more widespread 
evidence of aridity accompanied or closely followed 
by a great increase in such plants as Casuarina and. 
Eucalyptus, together with the appearance of some 
development of tropical rain-forest in the north-east 
and east; and fourthly, one or more short-term 
extensions of the more mesophytice kinds of vegeta- 
tion during the pluvial stages of the Pleistocene. 

There is not yet much to guide us in dating these 
successive phases, but there are one or two pointers. 
In the larger plant groups, particularly families, 
there is, with one particular exception to be men- 
tioned, good agreement between the present floras of 
South Africa and Australia, and it seems clear from 
this that if the two regions have indeed drifted apart 
then the process must have begun after the general 
differentiation of the Angiosperms, that is to say, 


not earlier than the later Cretaceous or the earliest, 


Tertiary. On the other hand, it may, so far as the 
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plants are concerned, have started at almost any 
later time, the more recent the start the shorter, of 
course, being the duration of the movement. Again, 
whether drift has been going on slowly for a long 
time or has taken place wholly within a comparatively 
short time, we do not know. At the nearer end of 
the time-scale the considerable size of the Melanesian 
element in the Australian flora to-day (together with 
the much smaller selection of Australian plants in 
New Guinea) suggests that an appreciable time has 
elapsed since these two became close enough together 
to populate one another, and this in turn may merit 
the speculation that their approximation was during 
or at the end of the Pliocene. 

On one point the fossil record may be of special 
importance. The underlying affinity of the floras of 
South Africa and Australia has been stressed more 
than once and it should therefore be made plain that 
there are also puzzling differences between. the two. 
This is notably the case with two of what are now 
characteristic Australian types, Casuarina and the 
Myrtaceae, especially, of course, Eucalyptus. Neither 
of these is prominent in Africa ; the Myrtaceae are 
very poorly represented there even. in the tropics, and 
Casuarina does not occur native at all. Yet both 
are well-developed and characteristic features of 
the Melanesian tropical flora. Several species of 
Eucalyptus itself occur there, one of which at least 
is generally regarded as among the least specialized. 
May it not be, then, that these two genera, doubtless 
among others, are, not in fact Australian types in 
origin, despite their prominence there to-day, but 
among the most conspicuous examples of that filling 
of a partial vacuum, mentioned earlier, by appro- 
priate stocks from Melanesia ? 

Finally, it must not be forgotten that the sequence 
of events outlined above presupposes the present 
latitudinal distribution of climate, which arises from 
the position of the poles, to have remained unchanged 
throughout. To have incorporated the possibility 
that there was at the same time polar movement 
would have complicated the picture too much, but 
it must always be remembered that if, as there seems 
reason to believe, there may have been some such 
contemporary changes in the positions of the poles, 
these could have had one of three effects. They 
could have intensified the climatic changes sug- 
gested; they could have reversed them; ‘or they 
could even have prevented them. They could 
scarcely, however, have. affected the movement of 
Australia, in itself. i 


1 Good, R., Nature, 179, 926 (1957). 
t Good, R., Austral. J. Sci., 20, 41 (1957). 
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Dr. Emil Abel 


Dr. EMm ABEL died in London on April 3 in his 
eighty-third year, after a short illness. He had 
studied in Vienna and then under Nernst. In 1905 
he established himself as Privatdozent at the Tech- 
nische Hochschule in Vienna, and when a chair of 
physical chemistry was created he was appointed 
professor and head of the institute attached to the 
chair. He held this position until the Anschluss in 
1938, when he was dismissed under the Nuremberg 


laws. With his family he found refuge in England ; 
during the War, and for several years after, until his 
retirement, he was in charge of the research laboratory 
of the Ever Ready Co., Ltd. 

Though he contributed to many branches of 
physical chemistry, his main interest was chemical 
kinetics. His early work was devoted to homo- 
geneous catalysis, and he showed in a series of 
brilliant papers that the role of the catalyst 1s 
the creation of additional reaction paths from 
the reactants to the products. He used to insist 
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firmly that “it is reactions that catalyse, not sub- 
stances”. ` 

After the First World War he turned his attention 
to the reaction complex of the acids and oxides of 
nitrogen and sulphur, and contributed a number of 


papers on the mechanism of the reactions in the lead - 


chamber process for the production of sulphuric acid. 
He also continued his work on the mechanism of 
oxidation-reduction reactions and studied the isotope 
effect in kinetics. During the Second World War he 
worked on industrial problems of national importance 
and projected a study of the basic mechanism of the 
dry cell; he worked on this until his retirement. 
Even afterwards he did not remain idle: he con- 
sidered different kinetic mechanisms from a unified 
point of view in which electron transfer reactions 
play a central part. 7 

Abel had established a large and vigorous school 
in Vienna, and his institute produced work on many 
branches of physical chemistry. He had a peculiar, 
racy style of lecturing, which was appreciated more 
by the élite than the average student. 

He took little active part in matters outside 
science, but had by no means the narrow outlook of 
the specialist ; those who had the pleasure of hearing 
his talks to the Austrian Club in London can testify 
to this. He had an uncomplicated, pleasant nature ; 
though he continued to live in London after the War, 
he always had a great love for Austria. His eightieth 
birthday was the occasion for special celebrations by 
the Academy of Sciences in Vienna and the Bunsen- 
gesellschaft. 

His two children of his first marriage, and his 
second wife, survive him. H. Tompa 


Dr. J. S. Farquharson 


THE meteorological service of Great Britain lost a 
well-known and senior member of its staff, when Dr. 
James Strachan Farquharson lost his life in a fatal 
motoring accident on January 31. Dr. Farquharson 
was born on June 30, 1904, and joined the Meteor- 
ological Office in July 1925 after graduation in the 
University of Aberdeen. He served in various 
divisions of the Meteorological Office, mainly those 
concerned with meeting the requirements of civil 
aviation and the Royal Air Force, both at home 
and overséas. In June 1954, Dr. Farquharson 
was appointed as assistant director for public 
services and, in this capacity, did much to 
develop. both the television and weather broadcasts 
and the automatic telephone weather service in 
Britain. 

The death of Dr. Farquharson was also a.sad loss 
to the Royal Meteorological Society, of which he had 
been a Fellow since 1934. As honorary treasurer of 
the Society, he succeeded in introducing a modifica- 
tion of the old-established policy of investing in 
gilt-edged securities—a change which he firmly 
believed will prove of considerable value to the 
Society. His contributions to the Society’s Quarterly 
Journal included two studies related to the develop- 
ment of Empire air routes, namely, ““Haboobs and 
Instability in the Sudan” and “The Diurnal Variation 
of Wind over Tropical Africa”. 

The death of Dr. Farquharson has brought to an 
untimely end an experienced and energetic per- 
sonality with a wide comprehension of, and original 
ideas for meeting, the meteorological requirements of 
_ the, community. R. G. VERYARD 
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Mr. F. J. Welch 


THe death on May 7 of Mr. F. J. Welch, for 
forty-six years an assistant in the George Holt 
Physics Laboratory of the University of Liverpool, 
has severed one of the few remaining links of personal 
association with Sir Oliver Lodge, Lyon Jones 
professor of physics in 1900. Mr. Welch was then 
only in his early twenties, but his recollections of 
the great man—and his wireless aerial—were very 
vivid. 

Prof. Wilberforce followed Sir Oliver and held the 
chair for thirty-five years, and Mr. Welch became 
senior laboratory steward during this period. Those 
were the days when popular lectures were delivered 
on “Liquid Air”, and also when medical as well as 
science students attended lectures and demonstrations 
in physics, which brought them all into intimate 
contact, not only with the teaching staff, but also 
with Mr. Welch, who acted as demonstrator. Many 
physicists, medical men, dentists and school teachers 
now scattered all over Britain will have happy 
recollections of the kind and helpful way he always 
had with them at these classes. 

Sir James Chadwick became professor of physics 
in 1935, and until he retired in 1946, Mr. Welch was 
in the Department and experienced the period of 
secrecy which followed the splitting of the atom; 
and he had close contact with other well-known 
physicists, such as Prof. J. Rotblat and Prof. O. R. 
Frisch. 

It is interesting to note that his eldest son, E. A. 
Welch, who received his early training in the George 
Holt Physics Department, is now senior technician 
in the Department of Physics, University College of 
North Wales, Bangor. W. J. PIEROE 


Mr. G. A. Cook 


Mr. GEORGE ALFRED Cook. died suddenly in 
Melbourne on January 4. He had enjoyed a com- 
paratively brief retirement from the Commonwealth 
Scientific and Industrial Research Organization, of 
which he had been secretary during 1944-52. Before 
the First World War, Cook was an outstanding 
student at Ormond College in the University of 
Melbourne and graduated with first-class honours as 
master of science and bachelor of mining engineering. 
During the War he was commissioned in the Second 
Australian Tunnellers, in which unit he gave dis- 
tinguished service in France and was awarded the 
Military Cross. 

After the War he spent several years in research 
work in the mining industry, and in 1922 joined the 
Institute of Science and Industry as a scientific 
abstractor. The Institute was replaced by the 
Council for Scientific and Industrial Research, which 
in turn was succeeded by the Commonwealth Scientific 
and Industrial Research Organization, and Cook’s 
service with these bodies was continuous. When-he 
joined the Institute in 1922 there were only two 
people with scientific training on the staff. When he 
retired as secretary of the Organization, there was a 
total staff of more than three thousand, of whom one 
thousand held professional qualifications. Cook, 
during his early years with the Organization, took a 
particular interest in meking the results of scientific 
research available to industry, both as an editor of 
scientific publications and as a writer of non-technical 
accounts for the general reader. 
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NEWS and VIEWS 


Sir Macfarlane Burnet, O.M., F.R.S. 


THE award of the Order of Merit to Frank Mac- 
farlane Burnet will delight scientific workers generally 
and particularly those who labour in Burnet’s chosen 
fields of virology and immunology. Australians will, 
of course, especially appreciate that this high honour 
has fallen to one of themselves. For most of his life 
Burnet has worked in Melbourne, at the Walter and 
Eliza Hall Institute, and he has been its director 
since 1944. With his increasing scientific distinction 
he has had many temptations to accept important 
positions outside Australia. Perhaps he likes Aus- 
tralia ; in any event, he has resisted all blandishments 
and his decision to stay there has been of benefit not 
only to Australia but, indirectly, to the world at 
large, for he has founded in Melbourne a school 
which has attracted many students from distant 
parts. His contributions to knowledge mostly con- 
cern fundamental principles in biology ; but others 
have dealt with problems which have an important 
Australian aspect to them—Q-fever, psittacosis, 
Murray valley fever and myxomatosis are examples. 
Burnet is best known for his work on viruses, 
especially influenza. He and his co-workers have 
been able to throw important light on the mechanisms 
whereby viruses become attached to and infect cells. 
More recently, he has been interested in the nature 
of antibodies, their mode of formation and of action. 
Above all, Burnet is an all-round biologist, a master 
of the ‘magnificent generalization’. When men with 
such rare gifts turn up, they well deserve the highest 
of honours. 


Theoretical Atomic Physics in Copenhagen : 
Prof. L. Rosenfeld 


Pror. Leon ROSENFELD, who has occupied the 
chair in theoretical physics in the University of 
Manchester since 1947, is now leaving to become 
professor in the new Nordik Institute for Theoretical 
Atomic Physics at Copenhagen. Prof. Rosenfeld is 
perhaps now most widely known for his contributions 
to nuclear physics, where his wide interests are well 
typified by his book, “Nuclear Forces” (1948), which 
was one of the first authoritative and comprehensive 
works in the field of nuclear physics, and for his work 
as editor of Nuclear Physics—the first journal devoted 
entirely to this field. However, his interests have not 
been limited to this single branch of physics, nor has 
his influence been confined to Manchester alone. His 
earlier work with Niels Bohr on the interpretation of 
quantum mechanics has been followed by many 
publications dealing with basic problems in physics, 
their history and their philosophical implications. 
His views and influence have been made felt in many 
parts of the world, not only by his published work, 
but also by his lectures and personal contacts. For 
Prof. Rosenfeld, physics, and science generally, is 
part of a mature, scholarly and cultural outlook, an 
outlook which was conveyed to, and was appreciated 
by, audiences in many countries. Prof. Rosenfeld’s 
views and ideas were part of the culture of the 
civilized world, and although the centre from which 
they are disseminated will now move from Man- 
chester to Copenhagen, their influence will no doubt 
be as widespread as ever. In Manchester, as else- 
where, one may hope still to continue to enjoy them. 


Theoretical Physics in Manchester : 
Dr. B. H. Flowers 


Dr. Brian H. FLOWErRs has been appointed to the 
chair of theoretical physics in Manchester, from 
which Prof. Rosenfeld resigns this year. Dr. Flowers 
took the Natural Science Tripos at Cambridge, and 
then worked at the Atomic Energy Laboratory in 
Montreal, and after the Second World War joined 
the newly established Atomic Energy Research Estab- 
lishment at Harwell. For a time he worked in Prof. 
Peierls’s Department of Mathematical Physics, Uni- 
versity of Birmingham, and was awarded a D.Sc. 
degree by that University. In 1952 he was appointed, 
at a remarkably early age, to be head of the Theoret- 
ical Physics Division at the Atomic Energy Research 
Establishment, Harwell, and since then he has con- 
tinued to occupy this very responsible post. Dr. 
Flowers is widely known for his many outstanding 
contributions to the theory of nuclear structure and 
the application of group-theoretical methods to these 
problems. In his work at Harwell, Dr. Flowers has 
contributed to many important problems which have 
arisen in the extensive range of activities covered by 
nuclear science and atomic energy. His intellectual 
gifts, his great energy, his wide experience of physical 
problems and, through his early work, his first-hand 
appreciation of the problems of experimental physics, 
will, in addition to his expert knowledge of nuclear 
physics, all be greatly appreciated at Manchester. 
Manchester has a long and distinguished tradition in 
theoretical physics, a tradition which includes Bohr, 
Eddington, Hartree, Milne and Schuster, as well as 
Dr. Flowers’s immediate predecessor. Dr. Flowers 
will, without doubt, further enhance this great 
tradition. 


Dr. J. Glasspoole, |.$.O. 


Dr. J. GLASSPOOLE, & principal scientific officer in 
the Meteorological Office and well known to all those 
requiring information regarding the distribution of 
rainfall in the British Isles, retired at the end of last 
year after nearly thirty-eight years service. Dr. 
Glasspoole began his career in the British Rainfall 
Organization, which was taken over by the Meteor- 
ological Office in 1919. Thereafter he was continuously 
employed on climatological work, especially the study 
of one particular element, rainfall. He wrote a large 
number of papers on the subject and became a 
recognized authority on the incidence and distribution 
of rainfall in the British Isles. In recognition of his 
services, he was appointed a Companion of the 
Imperial Service Order, and’ the Institution of Water 
Engineers made him an honorary member of the 
Institution. 


The Scientific American 

In January 1948, the editing and publishing of 
The Scientific American (415 Madison Avenue, New 
York, 17), one of the oldest of America’s scientific 
journals (founded in 1845), was taken over by Mr. 
Gerard Piel and his two partners, Mr. Dennis Flana- 
gan and Mr. Donald H. Miller, jun. At that time, 
the journal was being far from successful, since only 
about two thousand copies of each issue were paid 
for in cash, and advertising revenue was quite 
negligible. During the past ten years, however, The 
Scientific American has undergone a metamorphosis 


1768 


which may be described as staggering, for now it has 
more than two hundred thousand monthly subscribers 
on its books. Mr. Piel, publisher, and his colleagues 
are to be congratulated on this great achievement, 
especially since, through sound policy, good editing 
and attractive presentation this journal has won the 
high regard of scientists and laymen alike: for its 
excellent interpretation of scientific discoveries and 
advancement. 

All the articles which appear in The Scientific 
American are authoritative, being written by men of 
science directly concerned with the work being reported 
—usually leading authorities themselves. In the past, 
these have included Einstein, Karl Compton, Robert 
Oppenheimer and Hans Bethe. But these articles 
are rigorously edited with the view of clarification, 
not simplification. The journal is lavish with its 
illustrations—photographs, drawings, charts and 
diagrams, many of which are coloured. But the 
_ editors make sure that the text shall not become a 
mere vehicle for attractive pictures. The aim of the 
latter is to give the reader a vivid grasp of what the 
article is about and to develop the relationships 
between variables which so often defy exposition 
by the written word. So fine, rather than commercial, 
artists are employed because, as the publisher claims, 
“The creative artist, when he turns his interest to 
science, tends to come up with really original solutions 
to the problems presented by the text”. 

-In connexion with The Scientific American, ten 
paper-backed topical ‘anthologies’ have also been 
published, and the aim is to issue about five of these 
every eighteen months. These ‘anthologies’ have 
already been translated into a dozen languages. 

Here is a very successful venture into scientific 
literature for which all scientific workers and especially 
non-scientific readers must be very grateful. To 
mark the tenth year of publication under its new 
direction, a ‘“‘Cumulative Index” (author, title and 
subject) of all the issues of this magazine from its first 
issue (May 1948) to 1957 is now available. We take 
this opportunity of congratulating the board of 
editors, including Mr. Gerard Piel (publisher), Mr. 
Dennis Flanagan (editor) and Mr. Leon Svirsky ; the 
art director, Mr. James Grunbaum; the general 
manager, Mr. Donald Miller, jun. ; and the advertising 
manager, Mr. Martin M. Davidson, on their mag- 
nificent achievement. They are making a first-class 
and essential contribution to the advancement of 
science. 


Medical Colour Television 

On June 4 the first mobile medical colour television 
unit to be designed and manufactured in Great 
Britain was handed over by the Marconi’s Wireless 
Telegraph Co., Ltd., to Smith, Klne and French 
Laboratories, pharmaceutical manufacturers, who 
ordered the equipment. The vehicle weighs 6 tons, 
and the television apparatus accounts for a further 
2 tons. The available space has been divided into 
three sections. The rear compartment is staffed by 
one maintenance engineer to service the apparatus, 
which combines the red, green and blue signals for 
transmission via land-line or microwave link. The 
technical director, the vision mixer, the sound mixer 
and two camera-control operators work in the centre 
compartment under the control .of the producer. 
This room houses a colour monitor for each camera, 
and a third one acts as a line monitor. These are 
fixed to a monorail, so that they can be moved to 
either of the other two sections for maintenance or 
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repair. The driver’s compartment is also used as a 
servicing area. The cameras are direct descendants 
of those supplied to the British Broadcasting Cor- 
poration a few years ago. The display unit is a 
Marconi Colour Television Projection Unit, which 
can provide a picture 8 ft. x 6 ft., which is said to 
be adequate for viewing by an audience of up to 300. 
This equipment will be made available, without charge, 
to conferences and congresses, so that large audiences 
can obtain a close-up view of operations or clinical 
demonstrations. A two-way radio link is provided to 
facilitate discussion between the surgeon or demon- 
strator and the audience. 


Smoking and Lung Cancer 


FOLLOWING the decision of the Ministry of Health 
to accept the Medical Research Council’s findings as 
establishing a causal relationship between smoking 
and lung cancer, local authorities were asked to pro- 
mote appropriate educational campaigns. The Central 
Council for Health Education was recommended as a 
suitable agency. To help local authorities, Dr. John 
Burton, director of the Central Council for Health 
Education, has produced a summary of the relevant 
medical and ethical issues which should be considered 
by local authorities before launching its campaign. 
It includes the essential facts about lung cancer; 
criticism of the facts; other factors involved for 
which there is some evidence; facts about smoking ; 
reasons for and attitudes to smoking; giving up 
smoking ; policy on presentation of the case against 
smoking ; aims and methods of presenting the facts ; 
and the questions people ask. The summary is a 
clear, objective, factual account of the relationship 
between smoking and lung cancer and should give 
local authorities the kind of lead for which so many 
of them have been asking. 


Language and Speech _ ; 


INTEREST in the problems of language and speech 
has grown rapidly in recent years. In this, the biggest 
single factor is undoubtedly modern communications 
engineering and its impact upon the biological 
sciences. New electro-acoustic techniques have 
thrown much light on the physical basis of speech 
and are being increasingly “applied to the study of 
fundamental problems in experimental psychology. 
The theory of information, as developed by Shannon 
and others, would appear to have important appli- 
cation to biological systems, not excluding the field 
of human behaviour. Furthermore, recent develop- 
ments in statistical technique have given promise of 
a new and more genuinely scientific approach to 
linguistics. In view of these considerations, any 
serious attempt to bring together the many and 
diverse approaches to the study of speech deserves a 
warm welcome. Language and Speech is a new 
quarterly edited by Dr. D. B. Fry, of the Department 
of Phonetics, University College, London (annual 
subscription: 80s.; 11.50 dollars. Single issues: 
25s.; 4 dollars. Teddington, Middlesex: Robert 
Draper, Ltd., 1958). Its avowed purpose is “. . . to 
furnish a medium for publications in which the 
fundamental problems of speech and language form 
the centre of interest”. It is to offer space not only 
for reports of experimental findings but also for dis- 
cussion of theoretical issues arising from, or relevant 
to, experiment. The fields covered include language 
structure, the transmission and reception of speech 
mechanical translation, synthetic speech, and abnorm. 
alities of speech and language. Of particular interest 
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in the first number (1, Part 1; January-March 1958. 
Pp. ii +78) is a paper on brain disorders and language 
analysis by Prof. A. R. Luria, of the University of 
Moscow. i - 


A Folk-lore Survey 


In the Museums Journal `of May, Mr. J. M. 
Dodgson describes in detail the procedure adopted 
in connexion with a survey of English folk-lore which 
he is carrying out from University College, London. 
The object of the survey is a classified index of 
English folk-traditions, comparable with that of 
Swedish folk-lore in Sweden or of Irish and Scottish 
folk-lore in Dublin and Edinburgh. The survey is 
being conducted in a scholarly and critical manner 
and is an attempt to reduce to methodical order a 
subject which up to the present has not been dealt 
with on a scientific basis: The co-operation of museum 
curators is invited, and Mr. Dodgson looks forward to 
the time when every district of England will possess 
a well-ordered folk museum. 


Federation of British Industries 


THE forty-first annual report of the Federation of 
British Industries, covering the year ended December 
31, 1957 (pp. vi+-43. London: Federation of British 
Industries, 1958), displays the wide range of the 
Federation’s interests. During 1957 the Federation 
continued to be greatly interested in the problems 
involved in Britain’s possible entry into a European 
Free Trade Area, and its studies of the implications 
of this proposal led to a general survey for indus- 
trialists and a joint report, with the Association of 
' British Chemical Manufacturers and the National 
Union of Manufacturers, to the Government on the 
kind of convention it should seek in the negotiations 
for a Free Trade Area, and a study of comparative 
taxation in European countries. In November the 
Grand Council of the Federation finally recorded its 
opinion as being, on balance, in favour of the Govern- 
ment’s policy, provided certain safeguards and con- 
ditions were secured. Evidence was submitted to 
the Radcliffe Committee inquiring into the working 
of the monetary and credit system, and to the Trade 
Effluents Sub-Committee of the Central Advisory 
Water Committee, which is considering the law 
affecting the disposal from trade premises of liquid 
effluents ; much statistical information was collected 
for another sub-committee considering the growing 
demands for water, and the Federation pioneered a 
scheme whereby the Department of Scientific and 
Industrial Research will undertake, on behalf of 
industry, research on the fundamental problems of 
the treatment and disposal of trade wastes and the 
purity of rivers. In education, links with the univer- 
sities, technical colleges and schools. were further 
consolidated, and a memorandum submitted to the 
Minister of Education in August supported par- 
ticularly the proposal of the Willis Jackson Com- 
mittee for a staff college for senior teaching staffs in 
technical colleges. Among topics considered by the 
Industrial Research Committee were the establish- 
ment of a National Lending Library for Science and 
Technology and British official overseas scientific 
representation. 


Scaling-up of Chemical Plant 

Tur Institution of Chemical Engineers, in co- 
operation with the Chemical Engineering Group of 
the Society for Chemical Industry and two similar 
Dutch organizations, arranged a two-day symposium 
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in London in May 1957 on “The Scaling-up of 
Chemical Plant and Processes”. Previously, the 
literature on the subject had been very scanty, but 


the recent text-book by Johnstone and Thring (see -: 


Nature, 181, 1094; 1958) and the proceedings of the 
symposium (pp. 136. London: Institution of 
Chemical Engineers, 1958. 60s.) together form a 
sound basis for a study of the subject. One of the 
major decisions to be taken in developing a new 
process is whether. or not to carry out pilot-plant 
tests and how best to interpret the information so 
obtained. The papers presented at the symposium 
cover a wide field and illustrate many of the problems 
involved. The first session was devoted to funda- 
mental aspects: introductory ideas on scaling-up 
and the principles of similarity are discussed, together 
with the design of reactors, with special reference to 
the economics of batch, tubular and continuously 
stirred tank reactors. The first session ended with a 
discussion on the relation between the cost and the 
size of plant. The following three sessions were 
devoted to scaling problems related to specific pro- 
cesses and equipment, including the rotating-disk 
contactor, cyclones, air-separation plant, continuous- 
filtration equipment, and solvent extraction and gas 
absorption. The discussion at the end of each session 
is also reported. About 60 per cent of the papers 
were from England and 40 per cent from Holland. 


` Pharmacopeeias, Dispensatories and Formularies 


HUMAN societies, as it seems, have long had an 
inherent urge towards the possession of a materia 
medica. In this connexion, the biological journal, 
Lloydia (20, 1; 1957. Lloyd Library and Museum, 
Cincinnati,’ Ohio), contains an article of somewhat 
unusual interest, namely, “A Catalogue of the 
Pharmacopeeias, Dispensatories, Formularies, and 
Allied Publications (1493-1957) in Lloyd Library”’. 
As the authors explain, John Uri Lloyd, who founded 
the library in 1864, began to collect these literary 
materials in the same year. This effort has evidently 
been continued with zeal, so that the collection now 
contains more thaw 1,000 titles, dating from 1493 to 
the present time, from all parts of the world. The 
arrangement of the catalogue is alphabetical by 
countries and chronological by dates of publication. 
Among the illustrations, one may note reproductions 
of the title pages of such works as ‘“Pharmacopcea 
Dogmaticorum Restituta” (Paris, 1607) and ‘““Pharma- 


copeea Persica” (Paris, 1681). 


Metabolism of Marine Flagellates 

Tur products of photosynthesis of two marine 
flagellates have been examined and compared with 
those of Chlorella pyrenoidosa with the use of radio- 
active carbon and chromatographic techniques by 
R. G. 8. Bidwell (Canad. J. Bot., 35, 945; 1957). 
The alcohol-soluble products were different in each 
alga, many of the compounds produced by the 
marine forms being unidentified. The principal 
soluble product of photosynthesis of a member of the 
Heterokontae, Olisthodiscus sp., was identified as 
d-mannitol. Those of a dinoflagellate, Amphidinium 
carteri, include glycosides of glucose and mannitol. 
The main insoluble carbohydrate produced by all 
three organisms gave rise to glucose on hydrolysis ; 
this only contained about 10 per cent of the total 
fixed carbon. - The radioactive compounds released 
from the alcohol-insoluble residues by acid hydrolysis 
were similar in the three algae and.consisted mainly 
of amino-acids. 
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Electron Density Profiles in the lonosphere 


In many parts of the world during the past twenty 
years, regular measurements have been made of the 
maximum electron density (Nm) and the approximate 
true height (hm) of the various layers in the iono- 
sphere. Both these parameters can be obtained 
fairly easily from the h’(f) curves (ionograms) which 
are produced by automatic pulse-sounding equipment. 
On the other hand, very little accurate information is 
available on N(h) profiles, the distribution of electron 
density with height in the ionosphere, and how these 
profiles vary with time, season and geographical 
location. Correspondingly, little is known about the 
variation of electron density with time at a constant 
height (the N(t) curve). The ionograms contain 
all this information, but the mathematical procedure 
for deriving it explicitly is very laborious, especially 
. if the effect of the geomagnetic field is taken into 
account. The electronic computers now available 
have opened up a new era in this field since they can 
readily be used to compute N(h) profiles from 
1lonograms, 

A programme of such computations has been 
organized by the Radio Research Station of the 
Department of Scientific and Industrial Research, at 
Slough, as part of the United Kingdom programme of 
observations during the International Geophysical 
Year. The N(h) profiles are being produced by 
Ferranti, Ltd., on a “Pegasus” automatic digital 
computer using h’(f) data obtained at four observa- 
tories, namely, Slough, Ibadan, Singapore, and Port 
Stanley. For each observatory profiles are being 
calculated for each hour of the day for about four 
days a month beginning in July 1957. When the 
lonograms are suitable, Regular World Days are 
selected for analysis; when this is not practicable, 
other days are substituted. This programme will 
be continued until December 1958 when the possibility 
of extending the work will be considered. The 
analysis is carried out according to a method recently 
described by: Thomas, Haselgrove and Robbins 
(J. Atmos. Terr. Phys., 13, 46; 1958), which makes 
no @ priori assumptions about the variation of electron 
density with height except that it increases mono- 
tonically. It can be applied to h’(f) curves from any 
observatory merely by changing the geomagnetic 
dip angle and the gyro-frequency, both of which are 
taken into account in the calculations. 

The Association of Universities of the British Com- 
monwealth 


THE report for 1956-57 of the Executive Council 
of the Association of Universities of the British 
Commonwealth (pp. 25. London, 1958), to which 
are appended a note on the Committee of Vice- 
Chancellors and Principals of the Universities of the 
United Kingdom (which met eleven times during 
-the year) and the accounts of the Association, 
records expenditure of £24,797 and an income of 
only £26,980 compared with £27,860 for 1955-56. 
Lists of names and other particulars of overseas 
students continued to be collected from all univer- 
sities and university colleges in the United Kingdom 
and a statistical analysis of this material has been 
printed as an appendix to the Commonwealth 
Universities Year Book for 1958. These lists are 
available for consultation by accredited inquirers 
and the Association also maintains a collection of 
up-to-date issues of official publications of Common- 
wealth universities, which are available in the office 
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for reference by inquirers. During the year the 
Association acted in connexion with 408 appoint- 
ments in member universities outside the United 
Kingdom, compared with 394 in 1955-56, and 
handled 2,871 mquiries in relation to specific vacan- 
cies, compared with 2,962 in 1955-56. A list of 
posts in respect of which the Association was requested 
to take action is included. The Association has also 
assisted in the administration of the Marshall 
Scholarships, the Beaverbrook Scholarships, the 
Commonwealth University Interchange and in the 
award of British Memorial Scholarships for study in 
Australia and Imperial Relations Trust Fellowships. 
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European Interchange Scheme for Postgraduate 

Students 

THE Department of Scientific and Industrial 
Research is encouraging the interchange’ of research 
students between the United Kingdom and certain 
European countries, and has set aside a number of 
its research studentships for this purpose. Those 
awarded such studentships for study in Europe will 
receive maintenance allowances, second-class rail fare 
and fees; in addition, a cost-of-living allowance will 
be paid for certain countries. The award is tax-free. 
The duration of the award, and other conditions, are 
the same as those for ordinary Department of 
Scientific and Industrial Research studentships. 
Applications for these awards must be made 
through heads of departments of science and tech- 
nology in universities and colleges before July 1. 


Grants to Students 


Tas National Union of Students has published a 
Grants Year Book (pp. 107. London: National 
Union of Students, 1958. 3s.) giving details of awards 
to students by nearly all the local education author- 
ities of Great Britain. Besides information about 
the scale of awards, allowances for vacations and 
dependants, the book also provides details of how 
awards are made, the policies of local education 
authorities to students who fail examinations and 
other relevant items. A copy of the Ministry of 
Education Regulations for State Scholarships is also 
included ; this sets out the income scale for assessing 
parental contributions. The book should be of 
practical value to all students and their parents or 
guardians. 


The Salters’ Institute of Industrial Chemistry 


THE Worshipful Company of Salters, through its 
Institute of Industrial Chemistry, has since the 
foundation of the Institute in 1918 devoted its 
resources mainly to the award of postgraduate 
research grants. Ninety-eight research students have 
been awarded fellowships and most of them have 
had distinguished careers in industry and the 
universities. In 1951 the award of a research 
scholarship was instituted, and twenty-eight students 
have since been elected, including three to scholar- 
ships reserved for students from the Common- 
wealth. A considerable number of smaller grants 
have also been awarded each year to part-time 
students of chemistry in London, and many 
of the chemical engineering departments of univer- 
sities throughout Britain have received substantial 
grants for the purchase of equipment or similar. 
purposes. Arrangements have now been made with 
the Royal Institution for the Company to sponsor 
lectures to school-children in some of the interesting 
branches of chemistry, on the lines of the lectures on 
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physies which have been given there with such 
success in recent years. The Institute has also 
decided to make grants to headmasters of selected 
public schools from which Salters’ Exhibitions may 
be awarded to able boys who might otherwise be 
unable to complete a scientific education. By these 
new developments, the Institute hopes that the study 
of science in schools may be enlivened and encouraged 
and that indirectly the flow of scientists of high 
calibre to the universities and eventually to industry 
and other fields may be increased. 
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Royal Netherlands Geographical Society : Honorary 
Members 


THE following have been elected to honorary mem- 
bership of the Royal Netherlands Geographical 
Society: Prof. J. Biidel, University of Würzberg, 
distinguished for his researches on peri-glacial 
phenomena and on the morphology of the humid 
tropics; Prof. H. ©. Darby, University of London, 
author of “A Historical Geography of England” and 
“Medieval Fenland and the Draining of the Fens” ; 
G. J. A. Mulder, Netherlands, author of various 
text-books on geography including “Geography of 
the Mediterranean Region” and editor-in-chief of the 
“Manual of Geography of the Netherlands”. 


The Manchester Literary and Philosophical Society: 
Officers 


AT the recent annual general meeting of the 
Manchester Literary and Philosophical Society the 
following officers were elected: President, Mr. C. E. 
Young; Vice-Presidents, Miss A. C. Alexander, Mr. 
A. H. Goulty, Sir Geoffrey Jefferson, Dr. F. C. Toy ; 
Hon. Secretaries, Dr. G. T. Ashley, Dr. L. Cohen; 
Hon. Treasurer, Mr. H. Hayhurst; Hon. Librarians, 
Mr. L. L. Ardern, Dr. W. H. Brindley ; Hon. Curator, 
Mr. N. G. C. Pearson. 


The Night Sky in July 


FULL moon occurs on July ld. 06h. 04m. V.T., 
new moon on July 16d. 18h. 33m. and full moon on 
July 30d. 16h. 47m. The following conjunctions with 
the Moon take place: July 9d. 15h., Mars 3°S.; 
July 14d. 06h., Venus 3°N.; July 23d. 04h., Jupiter 
2°N.; July 27d. 03h., Saturn 3° 5S. In addition to 
these conjunctions with the Moon, Mercury is in 
conjunction with Pollux on July ld. 11h., Mercury 
being 4:9° S., Venus with Aldebaran on July 5d. 06h., 
Venus being 4-0° N., and Mercury with Regulus on 
July 26d. 05h., Mercury being 1-6°S. Mercury is an 
evening star, setting about an hour after the Sun, 
but conditions are not favourable for observation. 
Venus is a morning star, visible low in the south-east 
before sunrise. It rises at lh. 55m., lh. 50m. and 
2h. 10m. on July 1, 15 and 31, respectively; its 
stellar magnitude is —3-3. During the month its 
distance from the Earth increases from 120 to 137 
million miles and the visible portion of the apparent 
disk from 0:812 to 0-890. Mars rises at Oh. 10m., 
23h. 30m. and 22h. 50m. at the beginning, middle and 
end of the month, respectively; conditions for 
observation are rapidly becoming more favourable. 
Its stellar magnitude increases during the month 
from +0-3 to —0-1, its distance from the Earth 
decreasing from 101: to 86 million miles. Mars con- 
tinues to move eastwards among the stars, passing 
from Pisces to Aries on July 26. Jupiter sets at 
Oh. 10m., 23h. 15m. and 22h. 10m. on July 1, 15 and 31, 
respectively ; it is near Spica. The stellar magnitude 
of Jupiter is —1-6, its distance from the Earth on 
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July 15 being 500 million miles. Saturn sets at 
2h. 45m., th. 45m. and Oh. 35m. at the beginning, 
middle and end of the month, respectively; it is 
near § Ophiuchi. It has a stellar magnitude of +0-4 
and a distance of 850 million miles from the Earth 
on July 15. There is one occultation of a star brighter 
than magnitude 6 visible at Greenwich: July 24d. 
2th. 05:8m., v Lib. (disappearance). The Earth is 
at aphelion on July 5, its distance from the Sun 
being 94:6 million miles. 


Announcements 


THE British Overseas Mining Association Educa- 
tional Trust has been established by the Association to 
provide scholarships tenable at mining schools and 
universities in the United Kingdom for courses in 
mining engineering and related subjects. Further 
information can be obtained from the Secretary of 
the Association, 8 Great Winchester Street, London, 
E.C.2. 


THE Oliver Memorial Fund is offering an award of 
£50 to a British subject for original work or services 
in connexion with the research, organization or donor 
aspects of blood transfusion. Applications or in- 
formation on possible candidates for the award 
should be sent to the honorary secretary, Mrs. F. B. 
Bedborough, 105 New Park Avenue, London, N.13. _ 


THe thirteenth annual“exhibition and convention 
organized by the Northern Division of the Institution 
of Electronics will be held at the Manchester College 
of Science and Technology during July 10-16 (ex- 
cluding Sunday, July 13). It will include the largest 
British display of electronic devices held outside 
London. 


A ONE-DAY meeting of the Polarographic Society 
will be held at Ardeer, Ayrshire, on September 26, 
by kind permission of Imperial Chemical Industries, 
Ltd. Further information can be obtained from Mr. 
A. F. Williams, Research Department, Imperial 
Chemical Industries, Ltd., Nobel Division, Stevenston, 
Ayrshire. 


A CONFERENCE on Mass Spectrometry is being 
organized, by the Mass Spectrometry Panel of the 
Institute of Petroleum Hydrocarbon Research Group 
and Committee H-14 of the American Society for 
Testing Materials. It will be held in the Beveridge 
Hail, Senate House, University of London, Gower 
Street, London, W.C.1, during September 24-26. 
Further information can be obtained from Dr. R. R. 
Gordon, National Coal Board, Coal Research Estab- 
lishment, Stoke Orchard, Cheltenham, Gloucester- 
shire. 


Tae seventh Conference on Hot Laboratories and 
Equipment is to be held in Cleveland, Ohio, during 
April 1959. Abstracts of papers to be presented at the 
Conference should be sent to the programme chair- 
man, L. G. Stang, jun., Brookhaven National Labora- 
tory, Upton, New York, before September 15. 
Papers are invited on all phases of hot laboratories 
and equipment for handling radioactive material, 
including design, construction, operation, mainten- 
ance, decontamination, remodelling, shielding calcula- 
tions, costs, ete. 


Erratum. In the communication entitled “Passage 
of Phosphate through the Human Tooth”, by Dr. P. 
Pincus, in Nature of March 22, p. 844, paragraphs 5 
and 6, for “inorganic phosphate” and “inorganic 
form” read ‘‘organie phosphate” and “organic form”’. 
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INDUSTRIAL PSYCHOLOGY 


N outline of the history and work of the Medical 
Research Councils Industrial Psychology 
Research Group, since its origin (under another 
name) in 1918, has recently been provided by 
R. Marriott, assistant director of the Group (Occupa- 
tional Psychology, 32, No. 1; January 1958). 

Between 1918 and 1947 more than a hundred 
reports and many papers were published. Broadly 
speaking, the wide range of subjects covered could 
be classified under the general headings of environ- 
mental conditions (lighting, vision, heating and 
ventilation), the effect of industrial solvents, indus- 
trial disease, sickness and absence, hours of work, 
repetitive work, human relations, vocational psy- 
chology, time and motion study, accidents, skill and 
machine design. 

After the Second World War it was decided to 
bring the existing teams into line with other units or 
groups of the Medical Research Council by making 
them self-contained and directly responsible to the 
Council for their activities. Two of these teams had 
been mainly responsible for most of the psychological 
investigations. One, the Applied Psychology Unit at 
Cambridge, had done much work on accidents, 
environmental conditions, skill and machine design. 
The other team, under the direction of Dr. S. Wyatt, 
had been mostly concerned with such problems as 
absence from work, motivation and incentives, 
interest and boredom in work, and satisfaction and 
discontent in the working situation. This team became 
the Industrial Psychology Research Group with Dr. 
Wyatt as its first director. In 1952 the Group was 
transferred to University College, London, under the 
honorary direction of Prof. R. W. Russell and Mr. 
J. W. Whitfield, of the Department of Psychology. 

During 1946-52 the Group’s two teams, with from 
four to six investigators in each, were mostly occupied 
with comparative studies of the nature, extent and 
causes of satisfaction and discontent in various types 
of large industrial organizations. The published 
papers show, for example, clear-cut relationships 
between working efficiency and size of group and 
between satisfaction and size of group. They also 
demonstrate that workers’ satisfaction is correlated 
with the amount of mechanization in the layout. 
Thus, those on mechanized layouts are less satisfied 
and express more boredom than those on non-con- 
veyor-line work; individual workers are the most 
satisfied and least. bored. Satisfaction with earnings 
was related to family responsibilities, and general 
satisfaction to various factors such as hours of work, 
shift systems and management policy. 

Since 1953 most of the research done by the Group 
has been concerned with three general problems— 
absence in heavy industry, communication within 
industrial firms, and incentive payment systems. 
Final reports on these projects have not yet been 
published, but some papers and abstracts bearing on 
the investigations are available. The following are 
brief outlines of the methods used and the main 
conclusions. 

A survey was made of the absences of three 
thousand men in one engineering and two large iron 
and steel works. Absence from all causes was com- 
pared for such factors as age, family responsibilities, 


length of service, wages, hours of work and physical 
conditions. 

It was found, in general, that absence was least 
from men with two dependants and higher for those 
with fewer or more—the curve was U-shaped ; 
higher paid men lost more time due mainly to sick- 
ness but partly to absence without permission ; 
absence was associated with heaviness of work, the 
trend being more pronounced for short absences and 
among men on continuous work. Continuous work 
also appeared to cause more absence among men 
more than forty-five years of age; on three-shift 
systems about three-quarters of the absence without 

_permission occurred on the early morning shift, due, 
it was thought, to the 6 a.m. start. 

Three studies were made under the heading of 
communication in industry, one in the laboratory 
and two in factories. 

The experimental study sought to compare the 
relative understanding and retention of salient pomts 
in a prose passage (uncompressed information) and 
in a précis of it (compressed information). Pilot 
studies showed that recall, not recognition, of the 
material was the most successful method of dis- 
criminating between the two kinds of information. 

Studies in four engineering firms were made, by 
interviews, observation and the analysis of records, 
of the differences in formal communication structures 
in planning and production control, and in particular 
of their effects on the estimating of delivery dates to 
customer firms. Differences between the firms in 
these respects were mainly in the degree of integration 
between planning and control. On this depends the 
adequacy and accuracy of the estimator’s knowledge 
of the results of his decisions. It was found that 
more accurate estimates were made and greater 
satisfaction was expressed where there was unity of 
planning and control; the opposite was true where 
these two functions were divided. 

Another inquiry showed that, in general, delivery 
time was twice as long as the time allowed for pro- 
duction ; only 2 per cent of the orders took less than 
the expected time ; 80 per cent of the delay occurred 
during normal production and 20 per cent in recti- 
fication work. The 80 per cent normal production 
delay was analysed as 9 per cent in supplying 
materials, 9 per cent in routing between departments, 
30 per cent in a capacity block in one department, 
15 per cent in the planning and pre-production 
departments and 17 per cent in other production 
departments. l 

Though the analysis of the results is still incom- 
plete, it can be stated tentatively that production 
control failure, not technical breakdown, was mainly 
responsible for the total delay. 

Recent research into incentive payment systems 
has taken the form of four separate studies which, 
although conceived as parts of the whole, were 
carried out to a large extent independently of each 
other, as well as a review of research and opinion on 
incentive payment systems. 

Two of these studies were general field surveys 
relating to workers’ understanding of incentive 
payment systems and to the aims associated with 
the introduction of such systems. The other two 
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studies concerned the effects of changes in incentive 
payment systems in a factory and & repair works. 
All the studies showed the importance of considering 
the total factory situation, the relevance of the 
incentive payment system to the nature and organ- 
ization of the work, and the social effects produced 
by these systems. 

Satisfaction with a system appeared to be related 
to the understanding of it, and this depended on the 
workers’ ability to explain it to themselves. 

In the two studies of changes in payment systems 
it was found that improved morale and satisfaction 
followed the change, but it was not possible to 
attribute this to the alteration alone. There was 
evidence that improved output may accompany in- 
creased satisfaction, but different performances by com- 
parable working groups were attributed more to the 
size and stability of the groups. Social conflicts arose 


CONTACT 


O many engineering devices, such as toothed 
gears, rolling bearings and the wheel itself, 
operate by the transmission of large forces between 
surfaces in contact over a relatively small area that 
a knowledge of the local stresses set up in the region 
of such contacts is obviously of wide interest. Yet 
the symposium, organized by the Stress Analysis 
Group and held at the Institute of Physics on May 14, 
appears to have been the first in Britain to be devoted 
specifically to the topic of “Contact Stresses”. An 
explanation for the neglect of the subject probably 
lies in the mathematical difficulties involved in 
obtaining a theoretical solution to even the simplest 
problem in contact stress. Apart from the inspired, 
and now classical, theory of elastic contact presented 
by Hertz in 1881, there have been until recently very 
few contributions to the theoretical structure of the 
subject so beloved of academic investigators. In 
consequence, the engineering designer has been 
obliged to develop his own empirical rules and to 
conduct his own comparative tests to avoid the 
undesirable consequences of excessive contact 
stresses: pitting, scuffing, fretting or simple wear. 
The past few years, however, have seen consider- 
eble advances in the theory of contact stresses. A 
number of solutions have been found, arising, as so 
often is the case, from investigations in other fields, to 
the problem of contact of both ideally elastic and 
ideally plastic solids under the action of various 
systems of forces. The basis for more fundamental 
and revealing studies of the mechanism of surface 
breakdown under contact loads appears to have been 
laid, and it is likely that more satisfactory explana- 
tions of pitting and other surface failures are not too 
remote. Even the study of metallic friction and 
wear, which has attracted scientific work of high 
quality over a number of years, has benefited from 
recent theoretical studies. l 
The present symposium gave encouraging evidence 
of this trend. The extent to which the problems 
are common ones was striking. „Speakers whose 
papers arose from interests as diverse as railways, 
toothed gearing, ball-bearings and rubber tyres 
described phenomena which were basically similar 
and to which the academic contributions were 
relevant. 
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T group systems if there was equal regard for unequal 
effort. 

In addition to these investigations, essential in- 
cidental studies have been carried out on method- 
ological problems in order to facilitate work in this 
field. Among these are a study of the dangers of 
using crude absence-ratesy available in industry ; 
examinations of the use of linear and verbal self- 
assessment gseales in the assessment of attitude ; 
consideration of possible extensions of the paired 
comparison technique in measurement of opinion 
and in measurement óf agreement of opinion; a 
study of the different methods of measuring under- 
standing and remembering of verbal material and 
the development of rank correlation methods. 

Papers have also been published on accidents in 
industry, and on the effects on skill and performance of 
machine design, environment and technological change. 


STRESSES 


Contact-stress problems can be divided broadly 
into two categories, one of contact between surfaces 
having no relative movement, and the other to include 
contact between rolling or sliding solids. The first 
session was devoted to stationary contact, and 
naturally the papers were concerned with various 
extensions to the Hertz problem of two ideally 
elastic bodies under the action of a purely normal 
force. Mr. C. Storey (Constructors—John Brown, 
Ltd., Leatherhead) recalled Hertz’s assumption that 
the undeformed profile of the solids in contact could 
be taken to be parabolic, and showed how the theory 
could be improved for spherical surfaces. 'The cor- 
rection appears to be significant only where there is 
close conformity between the surfaces, as for a ball- 
ended pivot in a spherical seating. 

Perhaps the most valuable recent contribution to 
elastic contact theory is due to Mindlin! and his 
associates, who have found the surface tractions and 
displacements at a contact where a tangential force 
and a twisting couple are applied in addition to a 
normal force. They have shown that in consequence 
some slip is inevitable at a periphery of the contact 
area. Explicit calculations of the internal stresses 
in these circumstances have not been made, so 
that the experimental work of Mr. E. Ollerton 
(Nottingham) is particularly valuable. He described 
a photoelastic investigation of the contact stress-field 
under the action of a normal and tangential force. 
(less than the limiting friction force). The observa- 
tions with a two-dimensional model as the tangential 
foree approached its limiting value were shown to 
compare favourably with the theoretical analysis of 
Poritsky?. With smaller tangential forces and also 
with a three-dimensional model, an attempt was 
made to deduce the surface stresses to compare with 
Mindlin’s theory, but at the present stage of develop- 
ment of the technique the comparison is rather 
inconclusive. l 

The work of Bowden and Tabor? on metallic 
friction has shown that the intimate contact of metal 
surfaces is to a large extent a plastic phenomenon. 
In the most lightly loaded contacts the surface 
asperities are crushed plastically so that the sub- 
sequent application of a tangential force, however 
small, must cause further plastic flow. Dr. D. Tabor 
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(Cambridge) discussed this process, referring to the 
experiments on adhesion carried out by McFarlane 
and Tabort and to the measurements of initial tan- 
gential displacement by Courtney-Pratt and Eisner’. 
In both these investigations the behaviour of a single 
asperity was simulated by using small, heavily loaded 
contacts in soft metals so that their real and apparent 
areas of contact coincided. The application of a 
tangential force to a contact already stressed to the 
yield pressure in compression causes an immediate 
increase in the area of real contact. The predominant 
plastic deformation, therefore, initially brings the 
surfaces closer together, while the tangential dis- 
placements are of an elastic order of magnitude, as 
their agreement’ with Mindlin’s elastic theory shows. 
As the tangential force is increased, the contact 
undergoes large, irreversible, plastic deformation in 
the tangential direction until, at a point determined 
by the cleanliness of the surfaces, the junction breaks, 
and complete sliding occurs. In the context of a 
meeting on contact stresses it is relevant to ask how 
the essentially plastic behaviour of individual surface 
asperities can be related to the overall properties of 
a contact in which the forces are transmitted through 
a large number of asperities, while the main body of 
the material is stressed within its elastic limit—the 
usual situation found in engineering practice. Is an 
elastic theory of any value? The experiments of 
Johnson’ suggest that the deformation of the contact 
as a whole can be predicted very closely by an elastic 
theory. The explanation seems to lie in the fact that 
if contact is maintained through a large number of 
junctions their tangential plastic deformation is 
‘controlled’ (in the sense used in plasticity theory) by 
the strains in the hinterland which remain elastic. 
Thus two solids first pressed into apparently elastic 
contact and then sheared undergo normal and tan- 
gential displacements given by Mindlin’s theory. 
Over the central area of. contact, where the normal 
pressure is high and the tangential tractions low, the 
solids are locked together. Towards the edges of the 
contact area, where Mindlin predicted slip, the 
asperities may bé expected to shear plastically in the 
manner of Courtney-Pratt’s model, through a dis- 
placement sufficient (yet no more than sufficient) to 
relieve otherwise infinite elastic stresses in the body 
of the material, 

The second session was devoted to papers on 
rolling contact. Experimental investigations of the tan- 
gential stresses and relative movements at the contact, 
surface of a rolling pneumatic tyre were reviewed by 
Mr. V. E. Gough (Dunlop Rubber Co., Ltd., Birming- 
ham). The importance of tangential surface stresses 
was. emphasized since these provide both the driving 
force.and also the controlling forces of a wheeled 
vehicle. The amount of slip between the tyre and 
the ground determines the wear-life of the tyre. It 
was shown that the area of contact is divided into 
two regions: a forward region where there is no 
relative movement with the ground, and a region at 
the sides and trailing edge of the contact area where 
slip occurs. If the plane of the wheel is inclined at 
an. angle to the direction of rolling, which would 
arise from the side-slip when rounding a corner, the 
tangential tractions.at the contact surface provide 
a transverse ‘cornering’ force. In addition, due to 
the fact that the slip occurs at the rear of the contact 
area, this force exerts a self-aligning torque tending 
to rotate the plane: of the wheel into the direction of 
rolling. Measurements _of the cornering force and 
self-aligning torque as a function of the slip (or yaw) 
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angle show that these quantities increase in pro- 
portion to the slip for small angles to a maximum 
value, after which they decrease gradually. The 
maximum value corresponds to the transition from par- 
tial slip to complete sliding of the tyre on the ground. 

The similarity in behaviour of a rolling tyre and a 
rolling solid is striking. In a later paper, Dr. K. L. 
Johnson (Cambridge) showed pictures of the contact 
area of @ solid rubber ball rolling on a ‘Perspex’ sheet. 
The patterns of slip are almost identical : slip begins 
at the sides and trailing edge and spreads forwards 
as the tangential tractions are increased. Experi- 
ments with steel balls rolling on steel tracks exhibit 
similar relationships between the slip motion, or. 
‘creep’ ag it is frequently called, and the tangential, 
forces and twisting moments. Conditions similar to 
those obtaining in the casé of a tyre rounding a 
corner occur in angular-contact ball-bearings, where, 
due to rolling around a curved track, the balls have 
an angular velocity of ‘spin’ relative to the races on 
which they roll, and tangential forces are brought 
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. into play by virtue of the ‘creep’ motion. It follows 


that in such a bearing the steady-state rolling path 
of the balls lies between surfaces of the races which 
are not parallel at the two points of contact, a result 


` which is contrary to the usual assumption in ball- 


bearing design. 

Messrs. A. A. Milne and A. M. Nicholson (Mech- 
anical Engineering Research Laboratory, Glasgow) 
and also Dr. A. W. Crook (Associated Electrical 
Industries, Ltd., Aldermaston} were indirectly inter- 
ested in the life of rolling contacts—the former in 
rolling bearings and the latter in toothed gears—so 
that their papers dealt with the breakdown of the 
rolling surfaces under the continuous application of 
heavy loads. Milne and Nicholson described some 
experiments using a modified four-ball machine? in 
which a single rotating ball rolls on three others. 
The kinematics of the motion were analysed and it 
was shown that there is a large angular velocity of 
spin between the rotating and the rolling balls, in 
consequence of which slip occurs at the sides of the 
contact area. The majority of the pitting cracks are 
observed at the edges of the rolling track and on the 
slower moving surface. The conclusion that, where 
rolling is accompanied by sliding or even local slip, 
pitting is more likely to affect the slower moving 
surface now seems to be fairly well established. As 
Mr. Milne observed, the cycle of stress experienced 
by the slower moving surface is one of tension fol- 
lowed by compression, which is consistent with the 
theory of crack propagation by trapped lubricant 
proposed by Way’, l 

The paper by Dr. Crook suggested that ‘another 
significant mechanism might be involved. Experi- 
ments on rolling mild steel disks under loads suffci- 
ently large to exaggerate the amount of plastic flow 
were described’. He showed that two disks ‘rolling 
under a purely normal contact force produce plastic 
shearing of a relatively undeformed surface layer, 
forward, in the direction of rolling, relative to the 
main body of the disk. The effect is independent of 
the presence of a lubricant. Running the disks at 
different speeds’ introduces frictional tractions at the 
contact surfaces, acting in the direction of rolling on 
the slower surface and opposed to it on the faster one. 
The effect of these tractions, as might be expected,’ 
is to accentuate the plastic flow of the slower surface 
and restrict or reverse that of the upper surface 
depending upon the coefficient of friction. In any 
event, it appears that the slower moving surface 
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experiences much larger plastic deformations than 
the faster one, which under lighter loads and with 
less ductile materials would be likely to lead to a 
shorter fatigue life. 

The papers on rolling contact made it clear that 
stresses and distortions in rolling contact are likely 
to differ from those in a stationary contact under the 
same forces. Dr. Johnson explained this difference 
in terms of the different stress history of a surface 
element in the two cases. If either slip or plastic 
flow takes place, a difference in sequence of loading 
leads to a difference in the overall stress pattern. In 
particular, it was shown that slip at the contact 
surface begins at the trailing edge of the contact area 
and not at the leading edge. A method of approach 
to the theoretical problems of rolling contact was 
suggested in which the process is viewed as one of 
‘steady-flow’ in the manner of hydrodynamics. This 
involves using the Eulerian ‘co-ordinate system!’ in 
which the contact region appears as a stationary 
pattern of elastic distortion through which the 
material of both surfaces flows at a steady rate. 

Taken as a whole, the symposium gave a valuable 
co-ordinated view of the present state of research 
into contact problems in Britain. K. L. JOHNSON 
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PAPERS PRESENTED AT THE SYMPOSIUM 
Andrews, H. I., “Contact Stresses on Railways and Wheel and Rail 
Problems”, 


Ollerton, E., “Contact Stresses between Toroids under Radial and 
Tangential Loads”. 


TADOR Da “Effect of Tangential Stresses on Plastically Loaded Con- 
acts”. 


Storey, 0., “Point Contact Effects—the Relevance of Hertz’s Theory”. 
Gough, V. E., “Tyre to Ground Contact Stresses”. 


Milne, A. A., and Nicholson, A. M., “Pitting Failure—Some Studies 
in the Modified Four-ball Machine”. 


Crook, A. W., “Some Experiments upon Sub-surface Deformation in 
a Disk Machine”. 


Johnson, K. L., “The Rolling Contact of Elastic Solids viewed as a 
Steady-flow Process”, 
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THE METROPOLITAN-VICKERS IRRADIATION 5 
LABORATORY 


HE opening on May 29 of the new Irradiation 

Laboratory at the Metropolitan-Vickers Barton 
works was performed by Mr. H. West, director of 
electrical engineering in the Company. In a short 
address he reminded his audience that the scientific 
and engineering contributions made by Metropolitan- 
Vickers to the devélopment of high-vacuum equip- 
ment and particle accelerators have been prominent 
in keeping Britain to the forefront in this field. An 
inspection of the new laboratory certainly gave 
strong support to his claim. 

The principal item of equipment in the laboratory 
is the 4-MeV. linear accelerator, which produces the 
beam of irradiating electrons. There is nothing 
fundamentally new about this unit; it has been 
adapted from the accelerator developed by the 
Company for its 4-MeV. X-ray machines which are 
already installed in several hospitals in Britain. The 
electrons, bunched together into small clusters and 
travelling in a hollow ‘corrugated’ wave-guide, are 
accelerated by a radio-frequency field which is pro- 
duced by the propagation of radio-frequency power of 
short wave-length (usually 10 cm.) along the wave- 
guide. The design of the wave-guide is such that thé 
velocity. of propagation of the radio-frequency field 
matches that of the accelerating electrons, so main- 
taining the phase relationship. between field and beam 
and ensuring the continuous acceleration of the elec- 
trons along the whole length of the wave-guide. A 
radio-frequency feedback system is used to increase 
the energy of the beam, which is released in pulses of 
2 usec. duration at a rate of between 50 and 500 pulses 
per sec. The power of the beam is of the order of 
500 watts, corresponding to a mean beam current of 
125 pamp. At the output end of the accelerator an 
alternating field fans out the electrons so that they 


scan an area of 12 in. x $ in. as they emerge from 
an aluminium foil window. 

The construction of the laboratory itself leaves 
nothing to chance in the matter of safety. A system 
of interlocked doors ensures that access to the treat- 
ment room (surrounded by massive concrete walls 
with 4-in. steel plates at strategic locations) or to 
the accelerator room automatically renders the 
apparatus harmless. All the control equipment is 
centralized and is well clear of any radiation or 
high-voltage hazard. Articles to be irradiated 
may be mounted either on a variable-speed con- 
tinuous conveyor belt or a specially designed 
work-table, both of which are operated by remote 
control. yo ae 

The property which makes irradiation a useful 
process is the disruption which it causes, particularly 
in large molecules. When biological systems. are 
irradiated, three types of change may occur, Slight 
irradiation will lead to no obvious damage tothe 
organism, but through the agency of gene mutation 
may promote the evolution of new genetic types. 
This offers the interesting possibility that, by exposing 
quantities of seed to radiation, the probability of 
producing mutations and of occasionally finding some 
improved plant strain may be greatly increased. 
Greater doses of radiation may render sterile the 
irradiated organism. A suggested application of this 
property is the improvement of the storage properties 
of some vegetables, such as potatoes, by preventing 
them from sprouting. a 

However, the most fascinating possibilities seem to 
arise from the utilization of the lethal effects of very 
large doses of radiation as a bacteriocide. Foodstuffs 
which normally deteriorate through bacterial infec- 
tion have their keeping properties much improved 
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by irradiation ; unfortunately, the dosage required 
to exterminate the bacteria sometimes renders the 
food unpalatable, a difficulty which has still to be 
overcome. An even more attractive application is in 
the sterilization of certain types of pharmaceutical 
products; due to chemical instability or unfavour- 
able physical properties, it may not be possible to 
use the usual high-temperature methods of steriliza- 
tion, and irradiation may be used with a temperature 
rise of a few degrees only. In addition, the product 
may often be treated in its finally packaged state, 
ready for distribution. 

The irradiation of polymeric substances frequently 
results in useful changes of their properties. These 
changes may be roughly classified into two types. 
In the first of these C—H bonds are ruptured to give 
a hydrogen atom and a free polymer radical. Two 
radicals combine to give a larger molecule, a process 
known as cross-linking, and a molecule of hydrogen 
is liberated. If the irradiation dosage is large, so 
many cross-linkages may be formed that the whole 
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specimen becomes virtually a single huge molecule 
which is extremely inert chemically and insoluble in 
most solvents. The other type of change which may 
occur is known as degradation. ` The polymer is 
broken down into simpler hydrocarbons, some of 
which are gaseous and held in the substance under 
high pressure. Subsequent heating of the polymer 
softens it and allows this gas to expand, thus pro- 
ducing a foamed material the low density and other 
characteristic properties of which have found useful 
applications. 

The new laboratory has been set up by Metro- 
politan-Vickers to provide an irradiation service for 
other industrial firms and organizations. In doing 
so the Company has demonstrated a degree of 
initiative which one hopes will be matched by its 
potential customers. It is pleasant to witness an 
industrial enterprise which is not content merely to 
keep abreast of current scientific advance but which 
also itself makes a noteworthy contribution to 
scientific progress. 
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THE PROGRESS OF WORLD HEALTH 


N April 7 the World Health Organization marked 
O its tenth anniversary by sponsoring the cele- 
bration, on that date, of a World Health Day in 
London. As its director-general, Dr. M. G. Candau, 
said, there have been, during the past ten years, 
great scientific advances—new drugs, new vaccines, 
new and better insecticides, more effective methods 
of fighting or preventing disease. Governments have 
learnt to take responsibility for the health of their 
peoples and to provide not only hospitals and health 
institutions, but also better food and better care fo: 
mothers and the young ; and eighty-eight countries are 
now members of the World Health Organization. 

How much has been achieved was outlined by Dr. 
H. van Zile Hyde, chief of the United States Division 
of International Health. Infectious disease has 
handicapped man throughout his history. History 
has, in fact, often been changed by diseases such as 
typhus, influenza, plague and malaria. But in limited 
areas of the world in which it has been possible to 
apply the knowledge acquired by medical science, 
the epidemics of the past—cholera, smallpox, plague 
and yellow fever—are no longer feared. Malaria, 
prevalent in regions in which three-fourths of man- 
kind live, has been conquered to such an extent that 
whereas, in 1948, 300 million people had malaria 
each year and 3 million died of it, these figures have 
to-day been cut by 30 per cent. This disease is still 
one of the most formidable menaces, but its eradica- 
tion, already achieved in certain areas, is now possible 
almost everywhere in the world. It is likely that it 
will, in a few years, be controlled in the United 
States, and no new infections with it are expected 
in the U.S.S.R. after 1960. In the eastern Medi- 
terranean, a traditional reservoir of the disease, 
great progress in its control has been made. The 
most serious problem is presented by Africa south of 
the Sahara, but here also much has been achieved. 

The list of other scourges controlled is long and 
encouraging. Respiratory diseases, such as pneu- 
monia, the common cold and influenza, still flourish ; 
but whooping cough, though it still resists, is in 
retreat. The international spread of epidemic 


diseases, formerly controlled by quarantine regula- 
tions which imposed great hardships and delays in 
travel and commerce, is now reduced, in spite of 
increased possibilities of spread of these diseases by 
the aeroplane, to the relatively easy conditions of 
the International Sanitary Regulations designed 
by the World Health Organization and adopted in 
1951. 

Many diseases formerly feared, such as cholera, 
typhus, smallpox, yellow fever, tuberculosis, and 
those menaces of childhood, scarlet fever, measles 
and diphtheria, are now virtually under control and, 
if they occur and are properly handled, they rarely 
kill. The decline of mortality is, in fact, one of the 
most significant features of the health record of the 
world, but it creates new problems that are serious. 
More elderly people must be fed and housed and 
given work ; the diseases of later life, such as cancer, 
diabetes and heart disease, are commoner. The 
stress of modern life is also taking its toll, and great 
quantities of drugs are manufactured to counter this 
stress. Whereas infectious and parasitic diseases have 
been reduced by half, accidents, especially among 
the young, are leading causes of death. For the very 
young, on the other hand, and for the mothers who 
bear them, there is much greater chance of health 
and happy life. 

Thus people born nowadays may expect, apart 
from accidents, a safer, longer and happier life than 
earlier generations could. They owe this, of course, 
primarily to the work,of men and women of all 
nations who have provided the knowledge on which 
this remarkable progress has been based, and also to 
the work of the World Health Organization and 
kindred organizations which have integrated and 
correlated the work done by individuals and teams 
in various parts of the world. A major problem of 
the future would seem to be the diseases of later life, 
such as cancer, diabetes and arteriosclerosis. If so 
much has been done in a decade, there is every hope 
that these diseases also will soon be added to the 
list of scourges that man has overcome. 

G. LAPAGE 
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EAST AFRICAN VIRUS 


HE annual report* of the East African Virus 
Research Institute, Entebbe, for 1956-57, which 
includes a list of papers published during the year and 
a list of scientific and technical staff as at June 30, 
1957, records that the mechanism of transmission 
and‘ maintenance in Nature of the arthropod-borne 
viruses continue to be the main interest of the 
Institute. A systematic programme was commenced 
to identify the viruses concerned in the causation of 
fever in man in Uganda. Rabies were recorded in the 
Entebbe area for the first time and the Institute was 
largely responsible for identifying the agent. Studies 
on Arvicanthis abyssinicus, a common rodent in 
Uganda, indicated that it may be important as a 
host in maintaining Rift Valley fever virus in Nature. 
Two strains of Zika virus were isolated from Aedes 
africanus mosquitoes collected in forest near Entebbe. 
Much attention continued to be given to yellow 
fever. Some modifications were made in yellow fever 
neutralization test methods. A more detailed analysis 
of the sera collected in Northern Rhodesia in 1950-52 
indicates that in the four districts mainly involved 
both sexes are exposed to infection, but rates are 
generally higher in males than in females ; in males 
infection-rates generally increase with age. In several 
tribes or localities this is true of females only up to 


* East Africa High Commission. East African Virus Research 
Institute Report, July 1956-June 1957. Pp. iv+61. (Nairobi: 
Government rinter, 1957.) Sh. 6. 
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about twenty-four years of age. Twenty-five monkey 
sera from Tanganyika were all non-immune, but five 
immune individuals were found among thirteen 
Brazza’s monkeys (Cercopithecus neglectus), and 
laboratory studies indicated that this monkey was 
likely to be an efficient host for yellow fever virus in 
Nature. No antibody could be detected in the study 
of the hemagglutination inhibition antibody reaction 
of a bush-baby (Galago crassicaudatus) on infection 
with yellow fever virus. 

In the entomological field most attention has been 
devoted to mosquitoes, especially Aedes (Stegomyia) 
spp. The intermittent trap for sampling insects 
attracted to live bait continued to give encouraging 
results. Studies are reported of the oviposition cycle 
in Aedes aegypti, A. africanus and Taeniorhynchus 
fuscopennatus and of the hormonal mechanisms 
involved in the reproductive cycle of mosquitoes. 
Extensive studies of Aedes aegypti both in Entebbe 
and on the Kenya coast, to determine whether the 
population of this species is made up of ‘races’ 
differing biologically, indicate that man is an im- 
portant host both in Uganda and on the Kenya coast. 
The hosts of some other mosquitoes have been 
determined: A. simpsoni feeds mainly on man; 
Taeniorhynchus fuscopennatus feeds mainly on mam- 
mals and the other Taeniorhynchus spp. . attack 
mainly birds. 


ARIZONA METEORITE CRATER | 


URING the summer of 1956 the Smithsonian 
Astrophysical Observatory sent an expedition 
to investigate the distribution. of pieces of meteoritic 
material that are scattered through the mantle of 
soil surrounding the Arizona Meteorite Crater, the 
object being to determine more accurately the mass 
of the meteorite that made the crater and also the 
direction of its flight. J. S. Rinehart has now pub- 
lished the results of this survey (Smithsonian Con- 
tributions to Astrophysics, 2, No. 7: ‘Distribution 
of Meteoritic Debris about the Arizona Meteorite 
Crater”. Pp. ii+145-160. Washington, D.C.: 
Government Printing : Office, 1958. 20 cents). 
Niniger had previously worked on the same subject 
and had published his results in 1956 with his method 
for- extracting the meteoritic material from the soil 
surrounding the crater, but Rinehart’s method was 
different. He developed a special magnetic separator 
consisting basically of a vibrating hopper and a 
slanted trough down which the soil moves under the 
combined action of gravity and vibration. Above 
the trough were suspended three strong ‘Alnico’ 
magnets to which the magnetic material flies up and 
adheres as the soil moves downwards. Many pre- 
cautions were necessary to secure reliable results and 
these are described very fully. 

Estimates of the total mass of finely divided 
meteoritic material around the crater suggested that 
this is about 12,000 tons, but this figure is subject to 
some uncertainty. It is believed that about one- 
fourth of this mass may be terrestrial oxygen that 


combined with the meteoric iron after its encounter 
with the Earth. In addition, there does not appear 
to be any way for ascertaining accurately the amount 
of contaminating material present. After taking 
into consideration a number of uncertain factors, 
it is believed that the computed mass of 12,000 
tons may have to be reduced by about 10-20 per 
cent. 

It is suggested that the meteorite approached the 
Earth from a south-westerly direction, and after the 
collision threw forward large quantities of meteoritic 
material to the position where it now rests. As no 
piece more massive than 2,000 Ib. has ever been 
found, while thousands of pieces weighing a few 
ounces or less have been recovered, it is believed that 
the meteorite was shattered into fragments when it 
struck the Earth, melting and evaporation accom- 
panying this disintegration. The results so far 
provide no indication as to whether a large mass of 
meteoritic material lies buried in the crater. If we 
accept the low estimates of 10,000-15,000 tons for 
the mass needed to form the crater, then no large 
mass could remain in the crater. If, on the other 
hand, the estimates of Opik and of Rostoker are 
nearer the true value, then the amount of meteoritic 
debris so far recovered is insignificant, and a large 
mass may be buried underneath. Dr. F. L. Whipple, 
in a personal communication to the author, expresses 
the view that a -most reasonable mass is that given 
recently by Hill and Gilvarry, namely, between 
80,000 and 400,000 tons. 
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MEANING OF DENSITY-DEPENDENCE AND RELATED 
TERMS IN POPULATION DYNAMICS 


NE of the most familiar concepts of population 

dynamics is the idea of the regulation of abun- 
dance by density-dependent factors, which operate 
more severely eat high density than at low density, 
per individual of a population. But there has been 
some variation in the meaning and scope of ‘density- 
dependent’ and related terms as used by different 
authors, and in recent years this tendency has 
increased. This has led to some confusion, and poses 
the question how the application of these terms can 
be stabilized. Varley'* has argued that the meaning 
and scope of such a term should be determined 
strictly according to its author’s definition, and that 
on this basis insect parasites, predators and disease 
organisms should be excluded from the density- 
dependent category. Discussion of this matter with 
Prof. Varley has not altered my opinion that it is 
‘too late to attempt to make a change so contrary to 
the intentions of the originator of this term, and to 
‘subsequent common usage, but has led to various 
improvements in the present article. 

In order to deal with a number of points which are 
closely inter-related, it is proposed: (1) to look back 
to the origins of the terms concerned, then (2) to give 
a brief account, similar in some respects to that 
given by Varley’, of the variations in the use of 
these terms by various authors, and of a number of 
synonyms, and finally (3) to discuss various proposals 
for clarifying the position. 

(1) Howard and Fisket, discussing the natural 
control of insects with speciel reference to defoliating 
caterpillars, wrote that for natura! control, or balarice, 
to exist “it is necessary that among the factors which 
work together in restricting the multiplication of the 
species there shall be at least one, if not more, which 
is what is here termed facultative . .., and which, by 
exerting a restraining influence which is relatively 
more effective when other conditions favour undue 
increase, serves to prevent it’. The chief of such 
facultative factors was stated to be parasitism, “which 
in the majority of instances, though not in all, is 
truly ‘facultative’ ’’. 

They considered disease as a type of facultative 
factor which, in their experience, became effective 
chiefly at a very high level of abundance, and starva- 
tion as operating only at the extreme limit. Generally, 
insects would be controlled at a low level of density 
“only through parasites and predators, the numerical 
increase of which is directly affected by the numerical 
increase of the insect upon which they prey’’. 

Secondly: “A very large proportion of the control- 
ling agencies, such as the destruction wrought by 
storm, low or high temperature, or other climatic 
conditions, is to be classed as catastrophic, since they 
are wholly independent in their activities upon 
whether the insect which incidentally suffers is rare 


or abundant. ... The average percentage of destruc- 
tion remains the same... .” 
Thirdly: “Destruction through certain other 


agencies, notably by birds and other predators, works 
in a radically different manner . . . it may be con- 
sidered that they average to destroy a certain gross 


number of individuals each year, and . . . this destruc- 
tion . . . would most probably represent a heavier 
percentage when that insect was scarce than when it 
was common. In other words, they work in a manner 
which is the opposite of ‘facultative’ as here 
understood.” 

In short, Howard and Fiske recognized three types 
of factors: (a) ‘catastrophic’; (b) ‘facultative’ and 
a third type which was later called (c) ‘inverse’. 
Later, Thompson® divided controlling factors into 
two classes. One, which he named ‘general’, was the 
same as Howard and Fiske’s catastrophic type. The 
other comprised “those individualized factors whose 
destructive capacity depends in some way on the 
numerical value of the host population’; this 
definition takes in two of Howard and Yiske’s 
categories, the facultative and the inverse factors ; 
it is clear from this paper and from Thompson’s later 
writings’ that he means chiefly parasites, but he 
considers that, because of their limited reproductive 
capacities, they generally act as inverse factors. 

It was H. S. Smith? who introduced the new terms 
‘density-independent’ and ‘density-dependent’ for 
Howard and Fiske’s catastrophic and facultative 
categories. He made the mistake of identifying the 
facultative or density-dependent class with Thomp- 
son’s individualized category ; but his designation, 
“destroying @ percentage which increased when the 
numbers of the host increased”’, shows that he did not 
mean to include inverse factors; indeed, he folowed 
Howard and Fiske in recognizing them as a distinct 
third category, again citing “many insectivorous 
birds and mammals” as examples. His examples 
of density-independent agents included climatic 
factors, ‘intrinsic’ mortality, and malnutrition due to 
unsuitable food. Examples of density-dependent 
factors were, primarily, entomophagous insects, then 
certain infectious and contagious diseases, quantity of 
food and competition for nesting sites or protective 
niches ; the last-mentioned process, it was suggested, 
was è medium through which climatic factors could 
have a density-dependent action. 

Thus Smith and Howard and Fiske agreed in desig- 
nating facultative or density-dependent factors as 
those having a greater proportionate influence at 
high than at low population density, and also in 
regarding insect parasites, or entomophagous insects 
(Smith), certain pathogens, and food shortage as 
examples; Smith added intra-specific competition, 
and hence (in his view) certain climatic factors. 
Varley'-® has insisted that the definition and the 
examples are at variance, inasmuch. as theoretically 
constructed parasite-host oscillations show a relation- 
ship which, owing to the delayed response of parasite 
numbers to changes in host numbers, is alternately 
density-dependent and inverse. It may be added that 
interactions broadly similar to the theoretical ones 
have been demonstrated in laboratory experiments 
and in a fragmentary form in certain field populations, 
though not in others. Nevertheless, the great 
majority of writers on the subject have accepted 
Smith’s ideas arid terms, presented as they were 
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without formal definition, and have been content to 
use them in a not too precise way ; in particular, most 
writers have accepted all those insect parasites and 
predators exerting a regulating influence upon a 
population as density-dependent factors; whether 
or not their response to host density might be so 
delayed as to prevent any consistent and straight- 
forward density-dependence has been Little considered. 

(2) There have, however, been a number of variations 
in the application of Smith’s terms, and various new 
terms have been used by authors wishing to avoid 
confusion. The term ‘density-independent’ has 
suffered relatively little misuse. But in his text-book, 
Odum’ refers to a type of inverse factor as density - 
independent, and uses a new term, ‘density-propor- 
tional’, for one type of density-independent factor. 

With respect to the term ‘density-dependent’, a 
major source of confusion is that some authors have 
taken it to include inverse factors, which Smith 
specifically excluded. Allee! and Allee ef al. did 
this, and then separated ‘direct density-dependent’ 
from “inverse density-dependent? factors. Haldano!? 
did likewise, but called these two subdivisions 
‘negative’ and ‘positive density-dependent’. Thomp- 
son’ writes that Smith proposed the new term 
‘density-dependent’ for Thompson’s individualized 
category. This, as already noted, was an error on 
the part of Smith; for, like Howard and Fiske‘, 
he explicitly separated the inverse type of factor into 
a separate category. 

Milne! makes a distinction between ‘perfectly’ and 
‘imperfectly’ density-dependent factors: ‘Perfection 
here means an exact linear (or curvilinear) relationship 
between increasing action of the factor and increasing 
density of the species”. The only perføctly density- 
dependent factor is said to be competition between 
members of the population. I do not believe that 
factors perfectly dependent on density exist except 
at a high level of abstraction. In Nature, the actions 
of all factors are presumably variable and inexact. 

Varley!.?, in separating parasites, predators and 
pathogens from the density-dependent category, 
called them ‘delayed density dependent’ factors. 
Lack has treated this new category as a sub- 
division of the density-dependent class. 

Some synonyms of density-dependent are ‘faculta- 
tive’, ‘controlling’!*, ‘concurrent’? and ‘density- 
governing’?6, l j 

‘Inverso’ factors of various types heve been called 
‘density-disturbing’™, ‘inverse dənsity-dependent’ 19,11, 
and ‘positive density-dependent’!!, Odum? refers to 
one sort of inverse action as an inverse type of density- 
dependence, and to another sort as density- independent. 
The terms positive or inverse density-dependent, as 
we have seen, extend the density-dependent category 
beyond the limits laid down by its originator. - 

There is, of course, an important characteristic 
held in common by density-dependent and inverse 
factors: the action of both is related to population 
density, though in opposite senses. Terms {other 
than density-dependent) which have been used for 
including both these types of factors together are 
‘individualized’*, ‘density-related’® and ‘reactive’!s. 

(3) Turning now to the question how to standardize 
the use of the term density-dependent and reduce the 
confusion which has beset it in the past, there are 
three main possibilities : 

(a) The first is to follow the course advocated by 
Varley’), and place a strict interpretation on the 
explanations (scarcely formal definitions) given by 
Howard and Fiske’ and by Smith®. What the result 
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of this would be depends upon whether or not many 
insect parasites and predators do in fact maintain an 
oscillatory relationship, of the type seen in mathe- 
matical theories, with the populations of their hosts 
or prey. If Varley’s? expectations are correct, para- 
sites and predators would generally be excluded from 
the density-dependent category of which Smith took 
them to be the prime exemplars. Besides running 
counter to the intentions of the originator of the term, 
this would give density-dependence a far narrower 
Meaning than it has been given throughout the 
extensive literature in which it has been used over the 
past two decades. (The only exceptions to this, so 
far as I am aware, are papers by Varley!*.) I 
believe such a restriction of the scope of this familiar 
term would be unlikely to find general acceptance, 
and that after such è long period it would cause a 
great deal of further confusion if it were adopted. 

(b) The second possibility is to follow the example 
of Allee’, Allea et al.4, and Thompson’, and take the 
density-dependent category to include, not only all 
the types of factors attributed to it by Smith, but 
also the inverse factors, which he excluded. In 
support of this course, it may be said that it has 
been fairly widely favoured, and that it interprets 
density-dependent in the literal sense of “acting in a 
way which is dependent on density”. But I doubt 
whether it accords with a majority viewpoint, and 
am opposed to it because it gives the term density- 
dependent & quite different scope from that laid down 
by its originator. 

(c) The third possibility is to follow the intentions 
of Smith as closely as possible, by including, along 
with intraspecific competition and other straight- 
forward density-dependent factors, those parasites, 
predators and pathogens which respond to changes in 
host population density in such a way as tends to 
limit these changes (even if the response is delayed 
as in the theoretical parasitefhost oscillations), and 
by excluding only those factors the action of which 
wholly or predominantly maintains an inverse 
relationship with density, and those which are inde- 
pendent of density. Many writers have explicitly or 


‘implicitly adopted a similar interpretation. I suggest 


that, in so far as the term ‘density-dependent’ con- 
tinues in use, this is the way in which it should 
properly be applied. me 

Whichever course is followed, one major difficulty 
is inescapable for the present: there are very few 
ecological situations which are well enough known 
for particular biological factors to be placed with 
confidence in any one of Smith's threo categories. 
Still less can we say in general what proportion of 
insect parasites and predators act ag density -depen- 
dent, or inverse, or density-independent factors. 

The writer on this subject may often prefer to avoid 
using the term ‘density-dependent’. One alternative 
‘density-governing’. 
Nicholson!’ writes that “its meaning is precisely that 


-of ‘density-dependent factor’ according to definition 


(Smith, 1935)”, and, like Smith, he puts inverse 
factors in @ separate category (density-disturbing). 
A possible objection to the term ‘density -governing’ 
is the implication that all density-dependent factors 
have a governing influence upon density, which seems 
unlikely. 

As a means of avoiding the various difficulties 
associated with the use of ‘density-dependens’, and 
af the same time recognizing the special features of 
the factors Varley" called ‘delayed density dependent’, 
the following classification may be useful. It sets 
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out some types of relation which the unfavourable 
action of factors upon a population may bear to the 
density of that population, the action bemg measured 
as an effect upon mortality, the reproductive rate, 
or the net rate of increase or decrease, and expressed 
in proportionate terms such as percentage. 

(1) ‘Directly density-related’: showing a positive 
correlation between adverse action and density. 

(2) ‘Inversely density-related’ (or ‘inverse’) : show- 
ing a negative correlation between adverse action 
and density. 

(3) ‘Alternately density-related’ (or ‘alternating’) : 
where a lagging response to changes in density leads 
to a regular succession of directly and inversely 
related phases. 

This last category is distinguished from the density- 
independent (or non-reactive’) relationship, where 
the correlation between action and density wouid 
generally vary (in successive short runs of observa- 
tions) in an irregular manner between positive, 
zero and negative, with a long-run correlation not 
differing significantly from zero. 

A single factor might fall in different categories 
in. different circumstances, or at different levels of 
abundance or (as pointed out to me by Dr. R. F. 
Morris, of Canada) within &@ single generation as 
compared with a series of generations. 

Upon such questions as what sort of ecological 
causes may lie behind the correlations observed, 
which. factors may be found to fall in which category 
under various conditions, and what may be their 
function in natural control, this classification is 
deliberately left non-committal. 


M. E. SOLOMON 


Post Infestation Laboratory 
(Department of Scientific and 
Industrial Research), 
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Mr. SoLromon directs attention to & serious state 
of ‘affairs which is making the study of population 
dynamics unnecessarily confusmg. While agreeing 
with his analysis of the past use and misuse of the 
terms, I think that the reasons for the confusion 
require closer study, and I also disagree with his 
recommendations. This disagreement involves the 
principles on which scientific terminology should be 
based, and it would be interesting to have the views 
of workers in other fields of science, where there are 
comparable difficulties. 

Here the issue in question concerns the way in 
which animal populations are stabilized, and there 
are at least two quite different models which may be 
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used for explaining such stability, and mortality 
relationships appropriate to each require different 
terms if confusion is to be avoided. The first and 
simplest is that of Verhulst, Pearl end others which 
considers one species only, and assumes that its 
relative rate of increase is reduced by rising popula- 
tion density. There is a single population density 
at; which the rate of increase is zero. Whether the 
population density is initially above or below this it 
will rapidly approach this equilibrium position. In 
my opinion a mortality factor which stabilizes a 
population in this way fits best with Smith's term 
‘density-dependent’. 

The second model is more complex and concerns 
the interaction between two species, predator and 
prey, or parasite and host. It has been studied 
mathematically by Lotka, Volterra and in a special 
form by Nicholson and Bailey. On this model 
populations show oscillations, and mortality in the 
prey or host species does not show a simple relation- 
ship to its own population density. Actually, the 
maximum mortality lags a quarter of a cycle behind 
the populetion density. Hence my term ‘delayed 
density-dependent factor’ (Varley, 1947). Similarly, 
the maximum rate of increase of the predator or 
parasite is a quarter of a cycle after its own popula- 
tion minimum, so that the effect is delayed, bemg 
density-dependent for two quarters of the cycle, 
and inverse for the other two. 

From the beginning there has been confusion 
between these two models. Howard and Fiske’s 
explanation (l.c., p. 107) of their term facultative 
has been quoted in part by Solomon, but the phrase 
“when other conditions favour undue increase” is 
vague ; they also say (p. 108) that facultative agencies 
“toffact the destruction of a greater proportionate 
number of individuals as the insect in question 
increases in abundance”, which is consistent with 
model one. They did not seem to appreciate that 
model two was basically different. They realized 
that parasites and predators had a regulatory 
influence on populations, and cited them as examples 
to which their term applied. There is, however, no 
evidence from studies of parasite behaviour to 
warrant this citation. 

Nicholson (1933) likewise seems to confuse the 
models. Having given examples’ of balance of 
populations of Tribolium, ote., in vitro, he says {l.c., 
p. 135) that “for the production of population 
balance, it is essential that the controlling factor 
should act more severely against an average individual 
when the population density is high, and less severely 
when the population is low’. Such a controlling 
factor clearly agrees only with model one, and the 
examples he had just considered have often been 
fitted by the Verhulst-Pearl equation. Nicholson 
then proceeds to elaborate his theory of population 
balance by parasites, which is a form of model two. 
He does nos point out that according to his theory 
the host’s mortality due to parasitism reaches its 
maximum not when host density is maximal, but 
when it is half-way down to its minimum again. Hence 
parasites, according to his theory, do not fit his 
definition of controlling factors which L have quoted. 
Nor does Nicholson seem to recognize the distinctive 
nature of model two even in his 1954 paper. 

A second cause of confusion, as rightly pointed out 
by Mr. Solomon, is thet certain workers have inter- 
preted the term ‘density-dependent’ literally, and 
divorced it from its original restricted definition. 
This I consider to be deplorable, and contrary to 
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general scientific practice. Thus biologists do -not 
apply the term ‘chromosome’ to any coloured body. 

Thirdly, as seen from Solomon’s review, various 
workers have re-defined and used the term ‘density- 
dependent’ in different or even in opposite senses 
from that originally defined. This raises the question 
whether scientists should adopt rules for the purpose 
of conserving the meaning of terms. 

Mr. Solomon considers three ways of treating 
Smith’s term ‘density-dependent’, and favours the 
last, (c), which is to sanction the application of the 
term to parasites and predators. This puts more 
weight on Smith’s examples than on the definition 
or explanation of Howard and Fiske to which Smith 
referred. Further, this course probably involves the 
rejection of the original definition of the term, and 
therefore the provision of a new definition. Since 
Thompson and Nicholson have entirely different ideas 
about the ways.in which parasites react to host popula- 
tion changes, and observations are as yet inadequate 
to give a clear decision!, an agreed definition cannot 
be given at the present time if parasites are to be an 
example of the term’s correct application. Is it not 
wiser for the present to refer to these animals simply 
as parasites or predators, and avoid being committed 
to any particular hypothesis concerning their influence 
on populations ? 

The second solution (b) which Solomon rejects 
would also require a formal change in the definition 
of the term ‘density-dependent’. Although various 
authors have used the term in senses different from 
that originally defined, I agree with Solomon that 
there seems to be no valid reason for following any 
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of them. The consequences of permitting scientific 
terms to be altered in such a way are serious. 

I am convinced that the best course, though 
Solomon rejects it, is to accept a precise definition 
of ‘density-dependent’ in accordance with model 
one, which I believe to be what the original authors 
had in-mind, and it is in this sense that I have inter- 
preted the term in the papers cited. This, it is true, 


means that parasites and predators are excluded as 


examples, but as already stressed, their action 
probably conforms more to model two. While 
Solomon claims that to narrow the scopes of the term 
in this way is confusing, I think that distinctive terms 
are required for mortality relationships in the two 
models, and that this will help to clarify the issues 
involved. 

Possibly there is a case for rejecting all these old 
terms simply on the grounds that they have been 
perverted and inverted by various authors; but on 
balance I prefer to use them and to retain their 
original definitions. I can see little advantage in 
adopting Solomon’s three new terms, although they 
provide a good logical system, since they are synonyms 
of terms already in use. If these new terms come to 
be misused in the future, must they be cast aside in 
turn ? 

I am grateful to Dr. D. Lack for discussing a draft of 
this reply, and helping to remove some ambiguities. 

G. C. VARLEY 
Hope Dept. of Entomology, 
University Museum, 
Oxford. 
t Varley, G. C., and Edwards, R. L., J. Anim. Ecol., 26, 469 (1957). 


BITING BEHAVIOUR OF MATED AND UNMATED FEMALES OF 
AN AFRICAN STRAIN OF AEDES AEGYPTI 


By M. M. J. LAVOIPIERRE 


Department of Entomology and Parasitology, Liverpool School of Tropical Medicine 


D the course of extensive studies on the biting 
behaviour of an African strain of Aedes aegypti, 
which has been maintained in the Liverpool School 
of Tropical Medicine since 1938, it was observed that 
the mated and unmated females behaved differently. 
Gillettt-” has studied the development of the oocytes 
and the oviposition habits of several African strains 
of the same species of mosquito and has provided 
evidence for the presence of an ovarian development 
hormone and suggested the existence of an ovulation 
hormone, the production of which appears to be 
usually dependent on previous mating. While the 
investigations being undertaken in Liverpool are not 
directly concerned with a study of these hormones, 
.the experiments described in this preliminary com- 
munication may throw some further light on the 
hormonal control of gonadotrophie activity in the 
mosquito. 

In each of the experiments in which the biting 
behaviour of fertilized and unfertilized mosquitoes 
was compared, the adult insects were obtained from 
the same ‘crop’ of pupæ so that both populations were 
exactly comparable. The mosquitoes were kept in 
organdy cages in an insectary, the temperature of 


which varied between 75° and 85° F. and the relative 
humidity between 70 and 82 per cent; illumination 
was provided only during the day, by means of neon 
lamps. Feeding on & sensitized human volunteer 
was begun on the second day after emergence when a 
high proportion of the mosquitoes were likely to 
feed’, and the flies were afterwards offered a meal on 
the same volunteer for exactly 5 min. daily. 

The results of the experiments, which were carried 
out in the summer of 1957, showed that the numbers of 
fertilized mosquitoes which fed decreased markedly 
in the first few days, the lowest level of feeding corre- 
sponding with the onset of the oviposition-cycle. 
Feeding in the fertilized mosquitoes then showed a 
cyclical pattern with the intervals corresponding to 
those of the oviposition-cycle. On the other hand, in 
the case of the unfertilized mosquitoes, biting was 
maintained at a high level from the onset of feeding, 
while the egg output was very low ; in its oviposition 
habits the Liverpool strain of A. aegypti appears to 
behave similarly to the Newala strain described by 
Gillett. There was a slight variation in the various 
experiments carried out, but the basic pattern as 
illustrated in Fig. 1 was repeated, particularly in the 
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comparable group of 52 unfertilized A. aegypti. 


experiments were started on July 2 


@, Fertilized biting curve; A, unfertilized biting curve; O, 


fertilized oviposition curve; A, unfertilized oviposition curve 


first few weeks of each experiment. As the popula- 
tions aged the picture was not quite so clear cut, due 
to a number of complicating factors, the nature of 
which will be discussed when a full account of these 
results is published. 

Dissections of a contro] group of fertilized mosqui- 
toes belonging to the experiment illustrated in Fig. 1 
showed that biting fell off sharply after the oocytes 
had reached the third stage, and that mosquitoes 
which fed at the late third or fourth stage of oocyte 
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development generally took smaller meals than 
mosquitoes with oocytes of an earlier age. In 
a group of 55 fertilized mosquitoes, only 2 out 
of 23 flies which had fifth-stage oocytes had 
taken a blood meal and both presented ab- 
normal features; in one individual only the. 
right ovary contained fifth-stage oocytes, while 
in the other mosquito each ovary contained 
only a few fifth-stage ‘oocytes. On the other 
hand, dissections of a comparable control group 
of unfertilized mosquitoes, carried out on the 
fifth day, revealed that all the mosquitoes 
possessed oocytes at the fifth stage of develop- 
ment although biting was proceeding at a high 
level. These results are of great interest when 
compared with those of field workers such as 
Teesdale’ and Macdonald’. 

The explanation of the sharp reduction in the 
biting activity of the fertilized females, as the 
oocytes developed, is not clear. It is certainly 
not due to a pressure effect, since unfertilized 
females with retained and pigmented eggs, and 
with an extensive fat body, readily took up 
blood. It therefore appears probable that avid- 
ity for blood is under hormonal control and 
closely associated with events in the gonado- 
trophic cycle of the ovipositing mosquito. While 
it is manifestly dangerous at the present stage 
of our knowledge to speculate too freely about 
the mechanisms controlling cyclical feeding, it 
is tempting to suggest that the production of 
increasing amounts of ovulation hormone in the 
gravid fertilized mosquito inhibits the mech- 
anisms by which the mosquito is induced to 
feed ‘and that this inhibitory effect is very 
rapidly removed following oviposition. What- 
ever the final answer to the problem, it prob- 
ably will not prove to have a sirnple solution. 

Studies on the survival of fertilized and unfertilized 
populations of Aedes aegypti which were offered a 
blood meal daily showed that the rate of death of 
unfertilized females was greatly increased when 
compared to that of fertilized females (Fig. 2). That 
the increased rate of death of the unfertilized females 
was not due directly to the effect of feeding but to 
some factor or factors associated with the retention 
of the ova was shown by the fact that two curves 
plotted for unfertilized populations, one of which 
was offered a blood meal daily and the other every 
10 days, coincided almost exactly. 

Finally, it should be noted that the term ‘biting 
cycle’ is used in this context to describe the type of 
cyclical biting activity shown in Fig. 1 in accordance 
with Kleitman’s? nomenclature. This is not to be 
confused with the nycthemeral biting curve which is 
usually referred to as the ‘biting cycle’ and which 
appears to be controlled by factors other than those 
discussed in this paper. While it may be necessary 
in the future to reconsider carefully the nomenclature 
of cyclic, rhythmic’ and periodic phenomena in 
mosquito biology, it is my feeling that this can only 
be done profitably when more is known about the 
mechanisms which control the vital activities of the 
insect. 

1 Gillett, J. D., Nature, 176, 124 (1955). 

2 Gillett, J. D., Ann. Trop. Med. Parasit., 50, 375 (1956). 

5 Gillett, J. D., Nature, 180, 656 (1957). 

‘Seaton, D. R., and Lumsden, W. H. R., Ann. Trop. Med. Parasit., 
35, 23 (1941). 

* Teesdale, O., Bull. Ent. Res., 46, 711 (1955). 

° Macdonald, W. W., Ann. Trop. Med. Parasit., 60, 399 (1956). 

? Kleitman, N., Physiol. Revs., 29, 1 (1949). 
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DEVELOPMENT OF LYSOZYME-RESISTANCE IN MICROCOCCUS 
LYSODIEKTICUS AND ITS ASSOCIATION WITH AN INCREASED 
-O-ACETYL CONTENT OF THE CELL WALL 


By Dr. W. BRUMFITT and Dr. A. C. WARDLAW 
Wright-Fleming Institute, St. Mary’s Hospital, London, W.2 
AND . 
Da J. T. PARK* 


Medical Research Council Unit for Chemical Microbiology, Department of Biochemistry, University of Cambridge 


ROM a typical lysozyme-sensitive strain of 

Micrococcus lysodiekticus, resistant variants have 
been obtained by serial subculture on nutrient agar 
containing increasing amounts of lysozyme!. The 
most resistant of these variants, strain 250, grows on 
nutrient agar containing 4,000 ugm./mi. lysozyme, 
whereas the parent strain L2 (N.C.T.C. 2665) fails to 
grow on nutrient agar containing 0-1 ygm./ml. of 
the enzyme. Cell walls prepared from the two 
strains show marked differences in their sensitivity 
to lysozyme action as measured either turbidimetric- 
ally or by release of N-acetyl hexosamine? as shown 
in Table 1. In this experiment the cells of strain 
250 from which the walls were obtained were grown 
on nutrient agar containing 1 pgm./ml. lysozyme to 
inhibit the growth of sensitive variants. 

Various explanations for the lysozyme-resistance 
of strain 250 have been sought!, but particular atten- 
tion has been given to the possibility of a chemical 
alteration in the cell wall, since this structure contains 
the substrate of lysozyme*. Analysis of the cell walls 
of strains L2 and 250 revealed no major differences 
in their sugar or amino-acid composition’. However, 
when O-acyl estimations were made by the method 
of Hestrin’, a marked difference between the two 
strains was revealed. The results in Table 1 show 
that the cell walls of the resistant strain contained 
more than one-hundred-fold greater content of 
O-acyl groups than the cell walls of the sensitive 
strain. Similar differences were also observed with 
whole cells. Paper chromatography®.* has identified 
the acyl groups as being principally acetyl. 

These observations suggested that the lysozyme- 
resistance of strain 250 might be due to the ability 
of this organism to acetylate certain cell wall hydroxyl 
groups, associated with the lysozyme substrate, which 
in the sensitive strain are free. On the basis of this 
hypothesis, we have explored the possibility of using 
chemical procedures to alter artificially the lysozyme- 
sensitivity of M. lysodiekticus cell walls by changing 
their O-acyl content. Thus we have tried to make 
the resistant cell walls sensitive again by removing 
the O-acetyl groups with sodium hydroxide and, 
conversely, to render the cell walls of the sensitive 
strain resistant by acetylation with acetic anhydride 
and pyridine. That these experiments were successful 
is shown in Table 1. 

By milder treatment it was possible to make the 
intact cells of strain 250 sensitive to lysozyme, but 
without the loss of viability that accompanied treat- 
ment with 0-01 N sodium hydroxide. For this pur- 
pose the cells were incubated 1 hr. at 37° in 0-1 M 
Sørensen phosphate or glycine buffers over the range 
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Table 1. COMPARISON OF O-ACYL CONTENT AND LYSOZYMBE-SENS- 

ITIVITY OF THE CELL WALLS OF SENSITIVE (£2) AND RESISTANT (250). 

STRAINS OF M. lysodiekticus, AND THE EFFECT OF PREVIOUS TREAT- 

MENT OF CELL WALLS WITH (a) SODIUM HYDROXIDE, (b) ACETIC 
DRIDE AND PYRIDINE 


Lysozyme sensitivity* 


O-Acyl 
content 
of cell 
wall 
(uAf/gm.) 


Percentage 
reduction 
in O.D. 


Glucosamine 
released 
(mgm. per cent 
cell wall) 


After 90 min. at 37° 


Strain | Treatment 


L2 Ac,O/pyr.T 





*In lysis tests the lysozyme concentration was 1 ugm./ml. while 
in estimations of glucosamine release 10 ywgm./ml. was used. 
estimations were made on the Spekker, using grey filters. 

+ 80 mgm. cell walls + 20 ml. acetic anhydride + 1 ml. pyridine, 
1 hr. at 37°, followed by washing at 0° in pH 7 phosphate buffer, first 
0:2 M (twice), then 0:01 M (thrice). 

Armour Laboratory crystalline egg-white lysozyme was used 
throughout this work. 


pH 7-0-11-4, after which they were washed repeatedly 
in 0:01 M phosphate buffer pH 7-0 at 0°. It was 
found that although no significant loss of viability 
occurred up to pH 11-4, there was a progressive 
decrease in O-acetyl content and a corresponding 
increase in lysozyme sensitivity with increasing pH 
(Table 2). This increased sensitivity to lysis was 
associated with increased release of N-acetyl glucos- 
amine, which is regarded as a reliable index of break- 
down of lysozyme substrate!. Subculture of the cells 
rendered sensitive to lysozyme by treatment at pH 
11-4 produced colonies the cells of which were once 
more lysozyme-resistant. It is therefore concluded 
that strain 250 differed genotypically from strain L2 
in its ability to acetylate cell wall hydroxyl groups. 
That at least some of these groups are located on the 
bacterial surface is suggested by the ease with which 
they can be removed without affecting cell viability. 
Thus in addition to natural selection, simple chemical 
treatment can be used to alter the susceptibility of 
M. lysodiekticus to lysozyme, except that the chemic- 
ally induced changes are not transmitted. 

Table 2. EXPOSURE OF A LYSOZYME-RESISTANT STRAIN OF M. 


lysodieklicus TO INE BUFFERS: EFFECT ON LYSOZYME- 
SENSITIVITY AND QO-ACYL CONTENT OF THE INTACT CELLS 













Treatment Reduction in O-acyl 
(pH) content of cells 
(per cent) 


Lysozyme sensitivity 
(per cent reduction 
in O.D.)* 


7 
8- 
9- 
0: 
1 





* Concentration of lysozyme was 2 yugm./ml. 
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N-acetylmuramic acid------- ~ 
Fig. 1 


These findings have led us to speculate on the 
possible locus of the O-acetyl groups in the cell wall 
and also on the nature of the bond split by lysozyme. 
Cell walls of Gram-positive bacteria have a remarkably 
similar chemical composition’-*, being composed of 
three or four amino-acids and two amino-sugars: 
N-acetyl glucosamine and N-acetyl muramic acid. 
However, some of these bacteria are sensitive to 
lysozyme and others completely resistant. When 
lysozyme acts on susceptible cell walls only a few 
bonds in the substrate polymer are split, and large 
molecular weight fragments (10,000-15,000) with 
N-acetyl hexosamine end-groups are liberated’. 
Based on the results of a differential colour test, it 
appeared probable that these end-groups are all 
N-acetyl muramic acid! ‘(although if N-acetyl 
glucosamine were still linked to the polymer through 
carbon 3, the same colour reaction would be given). 
The finding that only about 10 per cent of the total 
N-acetyl muramic acid in susceptible cell walls is 
.made available by the action of lysozyme is in keeping 
with the size of molecular fragments released. 

Disaccharides of N-acetyl muramic acid and 
N-acetyl glucosamine have been obtained following 
lysozyme actiont®? and acid hydrolysis. It is 
probable that this disaccharide forms the backbone 
of the polymer, although beyond this the structure 
of the mucopolysaccharide attacked by lysozyme is 
unknown. Assuming for the structure of the cell 
wall polymer repeating units of the two amino-sugars, 
let us now consider the possible linkages between 
them (Fig. 1). The colour yield of the split products 
in the Elson and Morgan testi! following lysozyme 
action indicates that carbons | and 4 of N-acetyl 
muramic acid are free. Thus only carbon 6 is avail- 
able for binding to the rest of the fragment, presum- 
ably to carbon 1 of N-acetyl glucosamine. On the 
other hand, the lysozyme-sensitive bond is probably 
from carbon 1 of N-acetyl muramic acid to carbons 
3, 4 or 6 of N-acetyl glucosamine. It is very likely 
that lysozyme attacks only one of these bonds, and 
Berger and Weiser! have recently shown that chitin, 
which is a 8 1—4 linked polymer of N-acetyl glucos- 
amine, is slowly split by lysozyme. For this reason 
we propose the hypothesis that lysozyme splits a 
1—4 link between N-acetyl muramic acid and N-acetyl 
glucosamine. 

The effective inhibition of lysozyme by -O-acetyl 
seems to require one acetyl per disaccharide unit. 
We have found an approximate 1:1 molar ratio of 
O-acetyl to N-acetyl muramic acid in the cell walls 
of our resistant strain 250. As mentioned earlier, 
lysozyme does not appear to split readily the bond 
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between adjacent repeating units of the polymer, 

but acts preferentially on bonds about 10 units apart. 
From this one would predict that a fully resistant 
strain would become highly sensitive if only every 
tenth repeating’ unit were deacetylated, provided the 
deacetylated units were properly spaced. The results 
in Table 2 show that removal of only 40 per cent of 


_ the O-acetyl groups from the resistant organism was 


sufficient to confer high sensitivity to lysozyme. 
Abrams"*, who first observed the presence of O-acety] 
in bacterial cell walls, concluded that these groups 
were not involved in lysozyme resistance “because 
Streptococcus faecalis No. 9190, which contains 
O-acetyl, is sensitive to the enzyme. We would 
predict that this organism possesses less than one 
Q-acetyl group per repeating unit and that resistant 
strains obtained by selection would possess a higher 
O-acetyl content. l l 

This mechanism of resistance to lysozyme may be 
of general occùrrence in view of the wide distribution 


_of O-acyl in bacterial cell walls (Park, J. T., unpub- 


lished observation, and see ref. 16). However, 
certain cells may use sugars as the blocking agent if 
one accepts that the essential feature of blocking is 
the covering of a particular hydroxyl group on the 
substrate. 

Certain cells are essentially resistant to lysozyme 
possibly because they lack the lysozyme-sensitive 
bond (1-N-acetyl muramic acid—4-N-acetyl glucos- 
amine). For example, Staphylococcus aureus H., 
which contains a considerable amount of O-acyl, is 
still resistant to lysozyme after removal of these 
groups. It is of interest to note that Staph. aureus 
produces a lysozyme-like enzyme, although presum- 
ably of different specificity, which enables rapidly 
growing cells under certain conditions to autodigest 
their cell, walls whereas older cells cannot’. It is 
possible that before new cell wall can be synthesized 
a preliminary hydrolysis of part of the existing wall, 
by this enzyme, is necessary. Equally necessary 
would be a mechanism for protecting cell wall areas 
remote from this site. Substituents such as O-acetyl 
groups introduced into the cell wall polymer could 
clearly fulfil this function. 

Various techniques such as those of. Nakamura?* 
and Repaske® are now available for inducing lyso- 
zyme sensitivity in a wide range of bacteria which 
under normal testing conditions are resistant to the 
enzyme. Whether or not these sensitivity changes 
are associated with hydrolysis of cell wall O-acyl 
groups is at present under investigation. 

We wish to thank Miss J. A. Gathercole for excellent 
technical assistance. 
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By M. F. BARNOTHY and J. M. BARNOTHY -~a oo, EE PE E _ 
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College of Pharmacy, University of Illinois 


S reported in a previous communication!, when 
mice are kept in a homogeneous magnetic field 
of several thousand gauss, leucocytosis can be 
observed during the first weeks following the removal 
of the animals from the field. Both the segmented 
and the lymphocyte count increase and reach a 
maximum of 30-60 per cent in 12-14 days after 
removal of the animal from the magnetic field. 

Based on these findings, the followmg working 
hypothesis was tested. Irradiation with X- or gamma- 
rays in the mid-lethal dose-range decreases the 
granulocyte and lymphocyte count in four or five 
days, to a few per cent of their normal value*. Since 
this effect of irradiation on the leucocyte count is, in 
its sign, opposite to that found after removal from 
the magnetic field, it could be expected that the 
bone-marrow syndrome in the radiation injury might 
be partly compensated, if irradiation and treatment 
in & magnetic field could be adjusted in a proper 
time sequence. 

Hight-week-old virgin RFM-strain mice from the 
Roscoe B. Jackson Memorial Laboratory were used. 
From the 60 mice used in each experimental series, 
æ sample of 10 or 20 of average weight distribution 
was selected, and placed for a period of 14 days in 
a magnetic field of 4,200 gauss. The maximum 
gradient of the field within the cage was 30 gauss/cm. 
The remaining mice were kept in standard plastic 
cages. “Rockland mouse diet’ and tap water were 
supplied ad libitum to both groups. At the end of 
the 2-week period the treated mice were placed for 
2-3 days in standard cages, whereupon to all of them 
a whole-body irradiation was given in the Cobalt 
Therapy Unit of Cook County Hospital, at 57 r./min. 
intensity. All animals were deprived of food 10-12 hr. 
prior to irradiation to minimize intestinal syndromes’. 

In the following account the radiation dosage is 
always given for cobalt-60 gamma-rays ; in order to 
convert the dosage to 250 kV. X-ray dosages of the 
same relative biological effectiveness, the values must 
be divided‘ by the factor 1-33. The expression ‘con- 
trols’ refers to animals irradiated but not treated in 
the magnetic field; and the expression ‘treated’ to 
animals which were treated in a magnetic field and 
irradiated. 

Table 1 shows the irradiation dosage, the number 
and age of controls and treated mice at the time of 
irradiation, the mortelity-rates and the probability- 
level in the difference of the mortality-rates. 

In series C, the surviving 45 animals of series B 

























were used again, and irradiated 44 days after their 
first irradiation. The same ten animals were treated 
anew, that is, kept for 14 days in a magnetic field 
prior to their (second) irradiation. 
Table 1 
Age Mortality-rate | Prob- 
Series| Dose | in No. of: er cent) ability- 
days |Controls Treated |Controls Treated | level 
A 88 41 20 75 1:6 
A! 88 41 10 50 1:95 
B 77 50 10 0 1:107 
C 121 85 10 80 1:3°5 





Relative leucocyte count 
(per cent) 


As it was shown by one of us, the development of 
young animals kept in a magnetic field is retarded. 
After magnetic treatment, the weight of the treated 
mice averaged 1—2 gm. less than that of their controls. 
Since, as is known, the irradiation mortality increases 
with decreasing body-weight, the treated animals 
were in a somewhat unfavourable situation. In 
series A, 10 of the heaviest mice from the 20 treated 
were marked. Their average weight was the same as 
that of the control group. The mortality-rate of this 
selected group is listed in Table 1 as series A’. 

The difference in the mortality-rate between con- 
trols and treated mice is significant in series A’ and 
B, but not significant in series A and C. It is highly 
significant for the pooled results of series A, B and C 
as well as for the pooled results of series A’ and B. 

In series A, blood samples were taken on the 5th, 
10th, 15th, 20th and 30th post-irradiation days, from 
the tail veins of 6 controls and 6 treated. The seg- 
mented neutrophile and lymphocyte count dropped 
on the 5th day in treated and control groups to 3 and 
2 per cent, respectively, of the original value. The 
upper part of Fig. 1 shows the change in the leucocyte 
count of the treated animals relative to the leucocyte 
count of the control group. The magnetic treatment 
does not compensate the leucopænia of the bone- 
marrow syndrome, but diminishes it by & percentage. 
Furthermore, it enhances the leucopznia between the 
15th and 18th post-irradiation days. In view of these 
findings, it is not to be expected that magnetic 
treatment will decrease considerably the mortality- 
rate of the radiation injury of young mice in the 
high lethal range. 

A significant difference is manifested in the mor- 
tality histograms. On the 9th, 10th, llth and 12th 
day after irradiation, none of the treated animals ° 
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Fig. 1. Upper curves, leucocyte count of treated animals relative 
to controls; lower curves, mortality of treated above controls as 
a percentage of preceding-day survivors, for series A and 0 
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Fig. 2. Change in average body-weight relative to average body- 
weight on the day before irradiation for series A, C and B 


died in either of the series A or C, although during 
the same period the highest toll was taken from the 
control groups. The lower curve in Fig. 1 shows the 
difference in the mortality-rate of treated and 
controls. This curve runs definitely anti-parallel to 
the relative leucocyte count (upper curves). 

The body-weight of the animals was measured 
daily. Fig. 2 shows the change in the average body- 
weight for treated and controls in series 4, C and B. 
The greater increase in weight after recovery in 
series 4 and B is due to the circumstance that in 
these series very young animals which were not fully 
developed were used. All three series show different 
behaviour of treated and controls. In both high- 
lethal series A and C, the weight curve of the treated 
shows a maximum on the 9th post-irradiation day, 
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which coincides with the maximum in the relative 
leucocyte count in Fig. 1 and with the low-mortality 
period of the treated groups in series A and C. The 
weight-curves of the controls do not show such a 
maximum. 

The weight-curve of the treated group in the low- 
lethal series B, although indicating a small minimum 
on the third day, increases thereafter continuously. 
This pattern of the weight-curves indicates that 
radiation injury was practically fully compensated in 
this low-lethal series through' previous magnetic 
treatment. None of the treated mice died in this 
series. 

A further effect of the magnetic treatment is 
indicated in the relative weight of spleens. (Spleens 
were removed and weighed within 2 hr. after death 
had occurred.) In series A the average spleen weight 
of treated and controls was the same. In series C, 
where the animals underwent a previous irradiation 
44 days earlier, the spleen weight of the treated was 
only 57 per cent of that of the controls. The differ- 
ence is significant on a probability-level less than 
1/108; and indicates that the treated animals were 
not affected by their first, low-lethal irradiation 44 
days earlier and, therefore, their spleens did not pass 
through a transitory hyperplasia’ as a consequence 
of the recovery process from leucopenia. 

The hamatological counts were made by Miss M. 
Walker at St. Francis Hospital, Evanston, Illinois. 
Acknowledgment is due to the staff of the Cook 
County Hospital, to Dr. I. F. Hummon, Dr. M. F. 
Magalotti and Miss D. Scully for their kind co-opera- 
tion in the irradiation of the animals. The experi- 
ments were performed in our laboratory in Evanston, 
Illinois, and assisted by the Dorothy Shattuck- 
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ELECTROPHORETIC SEPARATION AND CLASSIFICATION OF 
BLOOD PLASMA ESTERASES l 


By Dr. KLAS-BERTIL AUGUSTINSSON 


Institute of Organic Chemistry and Biochemistry, University of Stockholm 


HE specificity of cholinesterases present in:the 

plasmata of various mammalian species is fairly 
well known and aliphatic esterases and lipases have 
also been studied, though in less detail, using simple 
esters and triglycerides as substrates!“. For most 
animal species, it is still unknown whether the plasma 
contains, in addition to a cholinesterase, aliphatic 
esterases or/and lipases. The presence of an aromatic 
esterase in human plasma has been proposed! and 
Aldridge® introduced a nomenclature, a most satis- 
factory one as will be demonstrated below, for ester- 
ases hydrolysing p-nitrophenyl acetate, propionate 
and butyrate. The A-esterase is the enzyme which 
splits acetate at a higher rate than butyrate and is 
resistant to organophosphorus compounds; the 
B-esterase is inhibited by such compounds.’ It is 
not known, however, whether A- or/and B-esterases 


have the ability to hydrolyse aliphatic substrates or 
whether it, is justifiable to call either A-esterase or 
both A- and B-esterases ‘aromatic esterases’. Like 
the aliphatic esterases, they differ from the cholin- 
esterases in being resistant to physostigmine. 

Except for a study of the A- and B-esterases of 
rabbit and guinea pig plasmata®, no attempt has been 
made so far to separate the various esterases electro- 
phoretically. The object of the present investigation 
was to explore the usefulness of electrophoresis for 
such separations, to compare the esterase patterns of 
various vertebrate plasmata, and to propose a classi- 
fication based on such patterns. The results showed 
that vertebrate plasmata contain three types of 
esterases ; some plasmata contain all three types, 
others two and still others only one. When designat- 
ing these enzymes, the nomenclature generally 
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accepted by most authors in this field was followed 
so far as possible. The characteristic features of these 
esterases as revealed by the present study are sum- 
marized below ; 
each group there are species variations in the proper- 
ties of the individual enzymes within the group. 

A-esterases (arylesterases) : typical aromatic ester- 
ases which hydrolyse phenyl acetate at a higher rate 
than phenyl butyrate : aliphatic esters are normally 
not attacked. They are resistant to both organo- 
phosphorus compounds and physostigmine, and have, 
in most cases, the greatest electrophoretic mobility 
of the three esterase groups, Moving together with or 
close to the albumin components. 

B-esterases (aliphatic esterases, lipases): both 
aliphatic and aromatic esters are hydrolysed ; there 
exist acetyl-, propionyl- 
and choline esters are not hydrolysed. They are 
sensitive to organophosphorus compounds, but resis- 
tant to 10-° M physostigmine ; some B-esterases are 
sensitive to higher concentrations of the latter com- 
pound. The B-esterases move electrophoretically 
more slowly than the A-esterases (eel plasma is an 
exception), but more rapidly than the C-esterases ; 
they are always found in the «,-globulin fraction or a 
fraction close to that component. 

C-esterases (cholinesterases) : choline esters are 
split at a higher rate than both aliphatic and aromatic 
esters, the latter usually being hydrolysed at a lower 
rate than aliphatic esters or not at all; the specificity 
regarding the acyl group varies greatly. These 
esterases are sensitive to both organophosphorus 
compounds and physostigmine, the latter giving 
100 per cent inhibition in 10-5 M or lower concentra- 
tion. They have the slowest electrophoretic mobility 
of all plasma esterases (frog plasma is an exception), 
normally migrating between the a- and @-globulins. 
(It is not my intention to add a new term to all those 
already existing for these enzymes ; ‘C-esterase’ 18 
used here only for practical reasons when these ester- 
ages are discussed in relation to the A- and B-esterases, 
and because it is the third esterase coming out in 
electrophoresis.) 

Plasma was prepared from heparinized blood, and 
was free from all cells, including thrombocytes. 
Aliphatic, aromatic and choline esters were tested as 
substrates. The substrates used were the acetyl 
(Ac), propiony] (Pr), butyryl (Bu) esters of the follow- 
ing radicals, 7so-amyl, glycerol (for example, tributyr- 
in), phenyl and choline ; also, acetyl-@-methylcholine, 
benzoylcholine, succinylcholine, the carbon analogue 
of acetylcholine (3,3-dimethylbutylacetate), ‘Tween 
20 (polyoxyethylene sorbitan monolaurate), procaine 
hydrochloride, atropine sulphate, cocaine hydro- 
chloride, and heroin. Choline esters were all as 
iodides. Eight compounds were selected. as inhibitors 
from those frequently studied as selective enzyme 
inhibitors’ in recent esterase studies : physostigmine 
salicylate, tetra-isopropylpyrophosphoramide, mipa- 
fox (bis-monoisopropylamino fluorphosphine oxide), 
‘Astra 1397’ (10-(1-diethylaminopropiony!) pheno- 
thiazine hydrochloride), 331807 (bis-(piperidino- 
methyl coumarany!-5)ketone), 62047 (1,5-bis(4-tri- 
methylammoniumphenyl)pentane -3-one diiodide), 
atoxyl, and quinine sulphate. The active fractions 
obtained in electrophoresis were dialysed against & 
bicarbonate buffer prior to testing against the 
inhibitors. 

Electrophoresis was carried out on cellulose 
columns? (3 em. X 40 em.) in veronal buffer (pH 8-4, 
u = 0-1) at 5-11° C., using 5 ml. buffered plasma for 
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3, peak C); @---®@, 
B only); O-O, butyrylcholine (0*1), propionyl- 
choline (0°16), benzoylcholine (0 8). 
The insert is the electropherogram of a mixture of 3:8 ml. purified 
A-esterase and 8:0 ml. purified B-esterase from the peak fractions of 
A and B, main diagram, showing clearer resolution of A- and B-' 
esterases. O, phenyl Bo (0:4); A---A, phenyl butyrate 


and a current of 60 m.amp.; the 
duration of runs was 30hr. The protein concentration 
of successive 2:8 ml. fractions of the eluate was estim- 
ated by a modified Folin method®, and the esterase 
activities of the fractions estimated manometrically 
by the Warburg technique’. 

Fig. 1 shows in detail the results of a single separa- 
tion using horse plasma. Tt will be seen that, depend- 
ing on the substrate, esterase activity was maximal 
in one or more of three clearly separated fractions. 
The three peaks of activity are designated A, B and 
C. Ti is a reasonable inference that these three peaks 
are due to the presence of three distinct enzymes, 
each with a different, and characteristic, electro- 
phoretic mobility. . The family of curves in each peak 
gives the substrate specificity of the enzymes respon- 
sible for it ; a comparison of the esterase peaks with 
those of protein concentration indicates the relation 
of the enzyme proteins to the main protein com- 
ponents of the plasma and enables the specific activity 
of the various fractions to be estimated. l 

Esterases separated in this way were studied 
further by means of selective inhibitors and by sub- 
mitting them to & second electrophoretic separation. 
The insert diagram in Fig. 1 shows that a mixture of 
A- and B-esterases can be more completely resolved 
by further electrophoresis and that each enzyme 
again travels as & single component. 

Fig. 2 shows in simplified diagrams the results with 
nine further plasmata and Fig. 8 summarizes the 
plasma esterase pattern of all the species studied as 
revealed by combined studies of electrophoretic 
mobility, substrate specificity and sensitivity to 
inhibitors. The characteristics of the various 
plasmata studied will now be briefly summarized. 

Horse (Fig. 1). This plasma contains all three types 
of esterases. The A-esterase is a typical acetyl- 
arylesterase, being resistant to all inhibitors studied. 
The B-esterase has a low specificity, and is a typical 
propionylesterase, the propionates in both the 
aromatic and aliphatic series of substrates being 
hydrolysed at a higher rate than the corresponding 
acetates and butyrates. It differs from most B-ester- 
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is a typical acetyl-arylesterase, and the 
C-esterase is a butyrylcholinesterase of 
low specificity ; the triglycerides are 
split at comparatively low rates. The 
C-esterase is otherwise similar to other 
butyrylcholinesterases present in the 
plasmata of various animal species. 

Cow. An acetyl-A-esterase is the 
only esterase present in Significant 
amounts. The plasma does not contain 
any B-type esterase, and the C-esterase, 
present in low concentration, is a 
propionylcholinesterase which is inhib- 
ited by excess substrate concentration. 
This enzyme is sensitive to those com- 
pounds (62047 and 3318C7') which are 
regarded as being selective inhibitors of 
acetylcholinesterase (of erythrocytes and 
nerve tissue), and resistant to ‘Astra 
1397’. 

Pig. The plasma has low, medium or 
high esterase activity, due mainly to the 
great individual variation in acetyl- 
arylesterase concentration. A B-ester- 
ase is probably not present. The 
properties of the C-esterase, also present 
in low concentration, differ from all 
other cholinesterases studied in this 
series regarding specificity, confirming 
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ases in being resistant to tetra-7sopropylpyrophos- 
phoramide (but not to mipefox) ; this is character- 
istic also of the B-type esterases present in fish 
plasmata. The C-esterase is a typical butyrylcholin- 
esterase with the same low specificity and similar 
inhibition pattern as that of human plasma. Phenyl 
acetate and phenyl butyrate are both split by all 
three esterases, the relative rates of hydrolysis by the 
A-, B- and O-esterases being 1-8:1:0-2 for the 
acetate and 1:5: 4 for the butyrate. It will be seen 
that the A- and B-esterases migrate between the 
albumin and «,-globulin components and the C-ester- 
ase between the «,- and B-globulins. 

Man (Fig. 2). Only A-esterase and C-esterase are 
present. Tho former hydrolyses phenyl acetate at a 
rate which is approximately 100 times greater than 
the hydrolysis-rate of phenyl butyrate; the enzyme 
is resistant to all inhibitors studied in this series and 
does not hydrolyse aliphatic esters. The C-esterase is 
æ typical butyrylcholinesterase with low specificity, 
that is to say, the butyrates of both phenol and 
aliphatic alcohols (including glycerol) are split at 
relatively high rates. This enzyme 1s also capable of 
hydrolysing benzoyleholine and succinylcholine, as 
well as the carbon analogue of acetylcholine, procaine, 
atropine, and ‘Tween 20°. Tt is sensitive to all 
inhibitors, physostigmine being the most potent 
compound (ply) 7:7), and 62047 and quinine the less 
potent ones (pI, 5:0). 

Dog (Fig. 2). The esterase pattern of this plasma 
closely resembles that of human plasma, in the first 
place by being devoid of B-esterase. The A-esterase 
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ject of discussion, and its sensitivity to 
inhibitors is otherwise similar to that of 
butyrylcholinesterases. 

Cat (Fig. 2). Three esterases are 
present, of which the A-esterase is a 
propionyl-arylesterase. The B-esterase 
splits a variety of esters, the hydrolysis- 
rates being greatly dependent on the 
configuration of the alcoholic group ; tripropionin is 
split at a higher rate than tributyrin, the reverse being 
true for the iso-amyl derivatives, The C-esterase is a 
butyrylcholinesterase similar to the human and horse 
C-esterases, except for being less sensitive to atoxyl 
and quinine. 

Guinea pig (Fig. 2). Both A- and B-esterases are 
present in high concentration. The propionates and 
butyrates are split by the B-osterase at about the 
Same rate, and more rapidly than the acetates. The 
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hydrolysis of ‘Tween 20’, the rate of which is com- 
paratively high with this plasma, is catalysed by this 
enzyme. Guinea pig plasma also contains a second 
B-esterase (B 2), moving at a higher rate in electro- 
phoresis than the C-esterase, and being sensitive to 
tetra-isopropylpyrophosphoramide but not to physo- 
stigmine. Both B-esterases are capable of hydrolys- 
ing 7so-amyl butyrate. This ester is not split by the 
C-type esterase, which is a butyrylcholinesterase. 
It will be noted that all four esterases traced on 
the electropherogram are able to hydrolyse phenyl- 
acetate. . 

Rabbit. This plasma contains at least three ester- 
ases. Phenyl acetate and phenyl butyrate are 
hydrolysed by both an A-esteraso {or probably two 
A-type esterases, running close together in electro- 
phoresis) and a B-esterase ; the latter enzyme has the 
properties of a propionylesterase and its concentra- 
tion. varies considerably from animal to animal. The 
C-esterase is an acetylcholinesterase (of a type found 
in the erythrocytes and nervous tissue). The proper- 
ties are similar to those of such an enzyme in the 
following ways: splitting acetylcholine and propionyl- 
choline at a higher rate than butyrylcholine ; in being 
resistant to ‘Astra 1397’, atoxyl and quinine; in 
being less sensitive to tetra-tsopropylpyrophosphor- 
amide and mipafox than most other plasma cholin- 
esterases, and very sensitive to 62C47; in that the 
activity is inhibited by high concentrations of acetyl- 
choline. 

Rat (Fig. 2). The esterase properties are very 
much like those of guinea pig plasma; the second 
B-esterase present in the latter plasma is, however, 
missing in rat plasma. The rat is the only mam- 
malian species studied in this series which has a 
typical propionylcholinesterase in its plasma, oon- 
firming a previous observation’. In some respects, 
concerning inhibitory effects of various compounds, 
this enzyme -differs from the butyrylcholinesterases. 

Fowl (chicken; Fig. 2). This plasma is unique 
among those examined in being devoid of both A- 
and B-esterases. The B-type esterase described by 
Aldridge’ is actually identical with the propionyl- 
cholinesterase present which splits acetyl-f-methyl- 
choline at a comparatively high rate. The hydrolysis- 
rates of four different substrates, propionylcholine, 
tripropionin, phenyl acetate and phenyl butyrate, 
were all found to be influenced to the same degree 
by the eight.inhibitors tested. The enzyme is ex- 
tremely sensitive to mipafox pI,, 9:0) and is more 
or less resistant to 62047, 33180711, atoxyl and 
quinine. 

Frog (Rana temporaria; Fig. 2). A-, B- and C- 
esterases are present, the A-esterase having similar 
properties to other plasma A-type esterases studied. 
The B-esterase differs from other B-type esterases in 
being somewhat sensitive to physostigmine (pls 4:5). 
Choline esters, however, are not hydrolysed by this 
enzyme, the C-esterase present being responsible for 
this reaction. ‘The C-esterase is a propionylcholin- 
esterase which splits butyryl choline at a relatively 
high rate, but differs otherwise from the C-esterase of 
chicken plasma. The most significant property of 
frog O-esterase is its relatively high electrophoretic 
mobility, higher than that of the B-esterase. ‘The 
plasma of the toad, Xenopus laevis, contains an 
A-esterase, a propionyl- or/and butyryl-B-esterase, 
and a butyrylcholinesterase (in low concentration). 

Eel (Anguilla anguilla ; Fig. 2). This plasma is 
characterized by its ability to split aromatic esters 
and triglycerides (especially those of butyric acid) 


No. 4626 


NATURE 


1789 


at a very high rate. The material seems to be the 
richest animal source of ‘lipase’ activity ever 
described ; in this respect it is 100 times more active 
than human plasma, and bas the same high esterase 
activity for phenyl butyrate as certain electric organs 
for acetylcholine. The enzyme is of the B-type and 
splits heroin at a comparatively high rate. In addi- 
tion, an A-esterase in low concentration is present. 
It has the properties of an acetylesterase, and has a 
higher electrophoretic mobility than the B-esterase. 
Eel plasma also contains, as most fish plasmata, & 
C-esterase, the properties and sensitivity to inhibitors 
of which are those of an acetylcholinesterase. 

Pike. Tho esterase pattern is similar to that of the 
eel plasma, except for lower enzyme activity and 
specificity more pronounced for propionates ; heroin 
is hydrolysed at a low rate. Most of the esterase 
activity is due to a B-esterase, which is very sensitive 
to mipafox (pl,, 9-1) and less so to physostigmine 
(pI,, 4:8). The C-esterase, present in low concen- 
tration, is an acetylcholinesterase. 

Cod. A B-esterase of the acetyl type is characteris- 
tic of this plasma. It splits heroin at a comparatively 
high rate and is sensitive to mipafox but not to 
tetra-isopropylpyrophosphoramide. An acetylcholin- 
esterase is algo present in low concentration. 

Frogfish (Lophius piscatorius). The B-esterase, 
present in high concentration, is a typical acetylester- 
ase which splits heroin at a high rate. It is sensitive 
to mipafox but not to tetra-isopropylpyrophosphor- 
amide, and is also inhibited by physostigmine (ply5o 
4:0). An acetylcholinesterase is present in low 
concentration. 

Wrass (Labrus berggylta ; Fig. 2). The B-esterase 
present splits butyrates and propionates at a higher 
rate than acetates, and is sensitive to mipafox but 
not to tetra-ésopropylpyrophosphoramide. ‘Tween’ 
is split at a relatively high rate by this enzyme. The 
C-esterase, of low concentration, is an acetylcholin- 
esterase. The blue colour characteristic of the labride 
plasmata is due to the presence of a chromoprotem 
(absorption maxima at 390, 600 and 645 my) which 
moves electrophoretically at a higher rate than other 
proteins present. 

Dogfish (Squalus acanthias). The plasma has a very 
low esterase activity, being due to a propionyl-B- 
esterase and an acetylcholinesterase. 

Hagfish (Myxine glutinosa). This plasma contains 
an esterase (probably an acetyl- or propionyl-B- 
ogsterase) in trace amounts. No other esterases have 
been detected. 

A full account of this work will be published else- 
where. It was supported by a grant from the Swedish 
Natural Science Research Council. Grateful acknow- 
ledgments are due to Dr. V. P. Whittaker, of the 
Agricultural Research Council Institute of Animal 
Physiology, Cambridge, for valuable comments on 
the presentation of this work, and to Miss Toril 
Tsachsen and Mrs. Gunnel Jonsson for skilled techni- 
cal assistance. 
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The Hiditors do-not hold themselves responsible 
| for opinions expressed. by their correspondents. 
No notice is taken of anonymous communications. 


Formaldehyde as an Acceptor Aldehyde 
for Transketolase, and the Biosynthesis of 
Triose 


THE enzyme transketolase is biologically widely 
distributed, and, in presence of thiamine pyrophos- 
phate and magnesium ions, transfers the ketol group 
or ‘active glycolaldehyde’ (CH,OH.CO...H) from a 
variety of ketose phosphates (sedoheptulose 7-phos- 
phate, D-fructose 6-phosphate, pD-xylulose 5-phos- 
phate), from certain free ketoses (L-erythrulose, 
D-xylulose) and from hydroxypyruvic acid to certain 
‘acceptor aldehydes’, thus synthesizing new ketoses. 
The . ‘acceptor aldehydes’ hitherto recognized are 
D-glyceraldehyde 3-phosphate, D-ribose 5-phosphate, 
p-erythrose 4-phosphate and 2-deoxyribose 5-phos- 
phate; also free glyceraldehyde and glycolaldehyde 
(for reviews see refs. 1-3). Acetaldehyde and formal- 
dehyde are stated not to be acceptors’, but the former 
appears in our preliminary tests to be weakly active. 

Formaldehyde, on the other hand, we find reacts 
quite effectively as an acceptor when pure lithium 
hydroxypyruvate is the donor. The product formed 
corresponds chromatographically, chemically and 
enzymically with dihydroxyacetone : i 


CH,OH.CO.COOH + H.CHO —> 
CH,OH.CO.CH,OH + CO, 


Table 1 shows the manometrie and other results. 
Table 2 shows the chromatographie identification. 


Table 1, FORMALDEHYDE AS ‘ACOBPTOR’ FOR TRANSKETOLASE ACTION 
Transketolase was prepared by the method of-de la Haba, Leder and 
Racker (ref. 4); a sample purified by column adsorption kindly 
supplied by Dr. E. Racker behaved similarly. Contents of vessels: 
transketolase (600 ugm.}, thiamine pyrophosphate (0 -2 umole), mag- 
nesium chloride (5 umoles), pH 6:6 buffer to total volume of 2-5 mi. 
Substrates as below (formaldehyde or hydroxypyruvate, 20 umoles of 
each). The values given are in wmoles after 2 hr. incubation at $7° C. 














Hydroxy- 
pyruvate -+ 
formalde- 
hyde 
(no enzyme) 






Hydroxy- 
pyruvate + 
formalde- 


Hydroxy- 
pyruvate 






Substrate 











Carbon dioxide produced 






1-2 16.2 
Formaldehyde utilized 0 15°7 
Hydroxypyruvate 
utilized* 2:6 18:0 
Triose formedt none +- + +- 






Å—— a y 
* Spectrophotometrically by specific dehydrogenase (cf. ref. 11). 
t+ By glycerokinage and adenosine triphosphate (manometrically and 

also by formation of alkali-labile phosphate): by formation of methyl 

glyoxal on distillation with acid: and by chromatography (Table 2). 


Table 2. CHROMATOGRAPHIC IDENTIFICATION OF DIHYDROXYACETONE 
RHED 


OJ 
Deionized vessél-contents (Table 1) were concentrated in vacuo and 
analysed by descending chromatography on Whatman No. 1 paper; 
detection by aniline phosphate spray 














Rr values 
Solvent Un- )Dihydroxy-| Glycer- | Erythru- | Threose 
(parts by vol.) | known! acetone | aldehyde lose 
Phsnol/water ° 
4:1 0-81 -0-81 0°44 0-65 
Butanoljacetic : 
acid/water _ . 
(4:1:5) . | 0:45 0°45 0°49 0:43 
Ethylmethyl : 
ketone/acetic 
‘acid/4 per. = 
cent boric 
acid (9:1:1) 0°48 0-14 0:36 


0-49. 
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The interaction of transketolase with the numerous 
biological sources of formaldehyde opens the pos- 
sibility of various new metabolic routes. The di. 
hydroxyacetone formed in the above reaction is 
readily phosphorylated by ‘glycerokinase’ prepared 
from rat liver by the method of Bublitz and Kennedy‘: 
the resulting phosphate could therefore enter the 
triose phosphate and hexose phosphate pools. Another 
route from L-serine to hexose, alternative to that 
proposed for phosphoserine by Ichihara and Green- 
berg’, might proceed via serine aldolase (giving 
formaldehyde and glycine) in conjunction with the 
formation of hydroxypyruvate from L-serine by the 
specific transaminase of Sallach®. Transketolation of 
the hydroxypyruvate to formaldehyde could thus 
provide dihydroxyacetone. Whether the observed 
transformation in the rat of [3-4C]serine® and of 
[2-C and 3-4C] hydroxypyruvate" to liver glycogen 
actually follows this pathway is being investigated. 
The extent .of formation of dihydroxyacetone from 
donors other than hydroxypyruvate and the question 
of reversibility of these reactions are also. being 
studied by us. 

Thanks are due to Mr. R. Carrick James for 
technical assistance. 

F. Dickens 
D. H. Wrnitamson 


Courtauld Institute of Biochemistry, 
Middlesex Hospital Medical School, 
London, W.1. 

May 23. 
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A Procedure for the Purification of 
Sirenin 

SIRENIN (I am indebted to Dr. A. Vegis for suggest- 
ing, what seems to me, this aptly descriptive name) 
is the name, used here for the first time, for the 
chemotactic sexual hormone from the water-mould 
Allomyces which attracts the male gametes and is 
produced by the female gametest.. This hormone has 
now been produced and purified. 

Fernbach flasks (1,800 ml.) containing 500 ml. of 
yeast extract-starch medium? were inoculated with 
mycelial fragments of the female strain F-21 and 
incubated for two days on shakers at 30° C. “The 
plants obtained were washed with copious amounts 
of tap water and then placed in thin layers in dishes 
where they were just covered with double-distilled 
water. This water was replaced after 3, 8 and 24 hr., 
thereby inducing gamete formation and release for a 
total of 48 hr. The aqueous solutions, containing 
approximately, 25-100 ugm. sirenin per litre, were 
freed of gametes by passage through Seitz filters 
and the solutes adsorbed. on ‘Norit FNX Special” 
charcoal used at ;the rate of 5 gm. per 500 mi. of 


- 
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Fig. 1. The fractionation of sirenin on a silicic acid’ column 

Lhe solutes were eluted from the charcoal with 
chloroform, evaporated to dryness at room tempera- 
ture, and the residue then extracted with water. 
Upon removing the water at 30° O., the residue was 
taken up in 3-10 ml. of redistilled chloroform, thereby 
providing the sample for fractionation on a silicic 
acid column’. The programme followed and the 
fractionation obtained are shown in Fig. 1. The last 
addition was followed by 50 ml. of chloroform to 
prepare the column for the next run. 

The details of this procedure for purifying sirenin 
were clarified shortly before this investigation had to 
be terminated. Consequently, the various small 
samples in the laboratory were each passed through 
the column; fractions 1, 12; and 13 were discarded 
and the remaining fractions from all runs mixed 
and re-run. Fractions '5 and 6 of this final run 
(Fig. 1) were mixed, the solvent evaporated, 
and the residue analysed. A clearly detectable 
response in the bioassay! was observed with a con- 
centration of 10 pgm. per litre. The fact that sirenin 
was not retained on ‘Dowex’ 2 and 50 ion exchange 
columns indicated that the molecule is neutral. 
Characteristic absorption peaks were absent from the 
ultra-violet spectrum. È 

The 6p region of the infra-red absorption spectrum 
displayed a not very well resolved band consisting of 
several overlapping absorption bands. Of these 
bands, one at 5-63u indicated the presence of a lactone 
ring, another at 6-85 indicated the presence of keto 
and/or aldehyde functions, and perturbances in the 
5:95 to 6-03 region suggested double-bond carbon 
and/or carbon-—nitrogen functions. There was no 
evidence of aromatic rings and no positive indications 
of hydroxy and carboxyl functions. 

The mass spectrum showed no very distinctive 
characteristics. However, peaks corresponding to 
mje 31, 44, and 58, which often reflect ionized frag- 
ments representing methoxy, aldehyde and unsub- 
stituted ketone (— CH,COCH, —), respectively, were 
stronger than to be expected unless such groups were 
actually present in the molecule. There was-in this 
spectrum, too, no indication of aromatic rings. The 
maximum molecular weight indicated by the mass 
spectrum was 386. vo i 

‘The ultra-micro‘ elementary analysis was consistent 
with the preceding inferences. There was found: 
C, 61-6 (+ 1:5) per cent; H, 8-8 (+ 0-3) per cent ; 
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N, 3-4 (+ 0:3) per cent; and O (by difference), 
26-2 per cent. On the basis of the formula CH a0; N 
the minimum molecular weight is 414. This weight. 
is of the same order of magnitùde as that indicated 
by the mass spectrum. These tentative analyses are 
presented here since they may be useful to others. 
in the determination of the structure of sirenin. 

This work was performed in the Institute of 
Physiological Botany, University of Upsala, where 
I was on sabbatical leave, with the assistance of a fel- 
lowship from the John Simon Guggenheim Memorial 
Foundation, and was supported, in part, by a research. 
grant (G1291} from the National Science Foundation. 

I wish to acknowledge the assistance of the follow- 
ing: Prof. Nils Fries, whose guest I was at the 
Institute; Dr. A. Rosenberg for making and inter- 
preting the infra-red spectra; Prof. P. E. Lindahl 
and his assistant for the ultra-violet spectra; Prof.. 
E. Stenhagen and Dr. R. Ryhage for making andi 
interpreting the mass spectra; and Mr. W. Kirsten. 
for the ultra-micro elementary analysis. A more. 
detailed report of this work is being published in: 
Phystologia Plantarum. 

. LEONARD MacHris, 
Department of Botany, 
University of California, 
Berkeley, California. 
May 17. 
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Formation of Lactate from Acetoacetate in, 
the Perfused Heart 


Seaman! and Davies? have recently described: 
enzyme systems in protozoa and pig heart which 
catalyse the oxidative condensation of two molecules: 
of acetyl coenzyme A to produce succinate. 


2CH,.CoSCoA + DPN + —> HOOC.CH,.CH,COOH + 
200A + DPNH + H+ (1) 


The existence of the enzyme in rat tissues is at 
present debatable'. The reaction is reversible, and, 
in fact, the equilibrium is very much in favour of 
cleavage of the succinate, but it may be driven in. 
the direction of synthesis by the addition of suitable. 
systems capable of oxidizing reduced diphospho- 
pyridine nucleotide’. Since succinate may be trans- 
formed into pyruvate either through decarboxylation 
of oxaloacetate or oxidative decarboxylation of 
malate, reaction l is the key to a synthesis of carbo-. 
hydrate from fat with net gain of carbon.’ 

Recent experiments with isolated rat diaphragm 
in which the muscle was incubated with glucose and. 
acetate or acetoacetate? have shown that significantly 
more lactate is produced, when acetoacetate is: 
present, than can be accounted for by disappearance. 
of glucose and glycogen. With acetate as substrate, 
lactate appearing exactly balanced the loss of carbo- 
hydrate. Since acetoacetate can be cleaved in-muscle: 
to acetyl coenzyme A, it was tentatively concluded 
that the pathway outlined above, followed by re- 
duction of pyruvate to lactate, was operating in this: 
tissue. The reason why net lactate synthesis took 
place from acetoacetate and not from acetate was. 
thought to be the very high rate of uptake of the 
former compound. . 


1792 


Table 1. HEARTS FROM FASTED MALE ALBINO RATS PERFUSED WITH 
KREBS—RINGER BICARBONATE 


Three periods, volume in each period 20 ml. (first period, 1-5 mgm.jmi. 
glucose; second period, no glucose, third period, no glucose + 
acetoacetate, 001M; concentration of sodium chloride in Ringer 
solution being reduced by 0-01 Af when acetoacetate was present). 
0-5-ml. samples removed from system at 10 min. intervals for estima- 
tion of lactate (ref. 5) and acetoacetate (ref. 6). The tabulated figures 
represent rates of lactate production+standard deviation during 
each period: negative values indicate disappearance of lactate. 
A correction has been made for carry-over of lactate from one period 





















to the next 
Final 
Time glycogen 
Solution 50-60 min. 60-70 min. 70-80 min. GaN 
gm. 
T Lactate produced (zmole/gm.jfhr.) 
Control (10) 6-9%+ 49 —1B 89 -08t 3227413 
Acetoacetate | 18-14-144  38'0£12:7 —7'6+11-i |2807 
(10) Acetoacetate utilized («mole/gm./hr.) 
Control — — — *{=3°18 
Acetoacetate | 32-1 +15°5 26°7421°8 21:4416-9| P<0-01 






The results were not, however, beyond doubt, in 
that proof of the formation of ‘excess’ lactate depends 
on the determination of the uptake of glucose, initial 
glycogen-content, final glycogen-content and lactic 
acid production, all of which values are subject to 
error. It was decided to repeat the experiments 
with a system which could be stripped of 
carbohydrate before adding the lactate precursor. 
The isolated perfused rat heart was found very 
suitable. 

Hearts from fasted rats weighing 150-180 gm. were 
perfused, essentially according to the method of 
Bleehen and Fisher‘, in an apparatus which permitted 
the replacement of all the circulating perfusate when 
desired. Glucose was added to the perfusion fluid 
while the heart was being established; the fluid 
was then changed to one without glucose. After 
perfusion for 30 min. with this solution, the heart 
glycogen, which was initially 20-6 + 4-2 umoles/gm., 
had fallen to 3-7 + 1-6 uwmoles/gm. (mean values), 
and lactate had ceased to enter the perfusion fuid. 
There was indeed evidence of a slow disappearance 
of lactate, presumably by oxidation, towards the end 
of the period (Fig. 1). A second group of hearts was 
perfused for three periods: for 20 min. with Ringer + 
glucose; for 30 min. with Ringer — glucose; and 
for 30 min. with Ringer — glucose + acetoacetate 
(0:01 M). The results are shown in Table 1. 

Six of the ten hearts perfused with acetoacetate 
produced significantly more lactate during the first 
10 min. of period 3; the average production for the 
whole group was 11-2 umole/gm.j/hr. more than ten 
controls. Production fell off during the next 20 min. 
and a slow disappearance of lactate began (Fig. 1). 





4 
EA 3 
EE 
Ag- 
A r 
s& 2 
22 
B © 
a8 2 
9 . 
20 30 40 50 60 70 80 
Duration of perfusion (min.) 
Fig, 1. Production of lactate by perfused hearts: perfusate 
changed at 20 and 30 min. O— O, Control; @—e, E r 


in period 3; @——~ @, hearts stopped at 50 min, 
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Simultaneously, the rate of uptake of acetoacetate 
fell off. There was always significantly more lactate in 
the perfused fluid when acetoacetate was present. 
The only carbohydrate sources for this lactic acid 
were from glycogen, which fell from 3-7 ypmoles/gm. 
at 50 min. to 2-7 (2-8) umoles/gm. at 80 min., account- 
ing for 2:0 pmoles/gm. lactate, and intracellular lac-, 
tate. By experiment, the intraceliular lactate con- 
tents of hearts at the end of period 2 was found to be 
4-8 + 1-9umoles/gm. This, together with glycolysis, 
could just account for the lactate produced by the 
control hearts, but it is concluded that the extra 
lactate in the acetoacetate — perfused hearts can only 
have come from this substrate. 

The significance of lactate may be that pyruvate 
reduction is coupled with succinate synthesis by 
means of reduced diphosphopyridine nucleotide, and 
so drives reaction (1) from left to right. Capraro and 
Milla? found that the injection of acetoacetate or 
B-hydroxybutyrate into dogs was followed by an 
almost immediate rise in blood lactate; Nath and 
Chakrabarti® reported that daily injection of aceto- 
acetate over a period of time caused a gradual rise 
in the blood lactate-level in rabbits. In the present 
experiments, perfusion with acetoacetate did not 
alter the glycogen content of the hearts, so that there 
was no direct synthesis of glucose from acetoacetate 
in the muscle itself; it appears to be generally 
agreed that the heart cannot synthesize glycogen 
from exogenous lactate? at least. However, in the 
intact animal, glycogen can be synthesized from 
lactate in the liver, so that a synthesis of glucose 
from fat would be possible by means of a cycle 
running from liver to muscle to liver, in ketotic organ- 
isms. Recent experiments! on feeding high-fat diets 
to obese human subjects can be explained in these 
terms. Gluconeogenesis by such a mechanism can 
only be important, of course, in extreme conditions 
of starvation or diabetes when the level of ketone 
bodies in the blood is much above normal. 

J. H. OTTAWAY 
A. K. Sarkar 
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Department of Biochemistry, 
University College, 
London, W.C.1. 
April 30. 
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Removal of Internally Deposited 
Plutonium 


ÅTTEMPTS to remove plutonium from the mam- 
malian system may be placed in two categories: 
(1) prevention of deposition by treatment within 
eight hours after exposure to plutonium and (2) re- 
moval of plutonium after it has become ‘fixed’ in 
the tissues. Zirconium citrate and ethylenediamine 
tetraacetic acid have been used with some success in 
the first category but with only limited success in 
removing firmly bound plutonium!. Among com- 
pounds tested in this laboratory, diethylenetriamine 
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Table 1. EFFECT OF CHELATING AGENTS ON PLUTONIUM DEPOSITION 

AND REMOVAL AS PRROENTAGE OF DOSE ADMINISTERED PER GRAM 
OF Dry TISSUE i 

The dosage was 0'3 m.mole per rat of each material with 0'2 m.mole 

calcium gluconate being administered with the chelating agent. There 

were 6-10 rats in each group. Results include the 95 per cent 
confidence interyal around the mean 








Concentration in the tissue 
Treatment ee 
Liver Spleen Kidney 


a a a a | a 





















Category 1 
(Prevention 
of deposi- 
tion) 
Saline con- 
trols 
Ethylene- 
diamine 
tetraacetic 
acid 4-6 +0°3 
Diethylene- 
triamine 
penta- 
acetic acid 
Category 2 
(Removal) 
Saline con- 
trols 
Ethylene- 
diamine . 


6-6 +05 | 9-1 +1°4 | 18-0 +20 


4:9 +0°7 |107 +2°2 


0:87+0:06 ; 2:73 0°3 2'4 4+0°3 | 1-6 +02 


7-8 409 |18 +0-4 | 2-9 +0°6 | 0:60+0-13 


tetra- 
acetic acid 
Diethylene- 
triamine 
penta- 
acetic acid 


6-3 +06 |12 +02 1:2 +0:2 | 0°454-0°-10 


40 +0-2 | 0:2340°04/ -0:93+0:26 | 0:30+0°10 





pentaacetic acid has proved to be superior in both 
categories. 


Adult Sprague-Dawley rats were injected intraven- ° 


ously with about 1 pe. of plutonium as the citrate. 
A single, intraperitoneal treatment was administered 
l hr. after the plutonium in the category 1 experi- 
ment, whereas several treatments a week, beginning 
38 days after the plutonium injection and running 
for four weeks, were given in the removal experi- 
ment. Rats in the category 1 experiments were 
killed two days after -the plutonium injection, 
and in the long-term experiment on the sixty-fourth 
day. 

As shown in Table 1, diethylenetriamine penta- 
acetic acid is consistently more efficient than ethylene- 
diamine tetraacetic acid in eliminating plutonium. 
The prompt administration of the former reduced 
the skeletal plutonium content from 61 per cent of 
the administered dose in the controls to about 9 per 
cent, whereas animals treated with the latter retained 
44 per cent of the administered dose. The relatively 
poor results obtaining by administering diethylene- 
triamine pentaacetic acid promptly in preventing de- 
position in the kidney may be due to the short duration 
of the experiment (two days), since in longer experi- 
ments it was more effective than ethylenediamine 
tetraacetic acid in removing plutonium from the 
kidney. Its effectiveness as a therapeutic agent is 
also indicated in the removal of firmly bound 
plutonium. The four-weeks treatment reduced 
the plutonium content of bone by about one-half, and 
also markedly reduced the plutonium content of soft 
tissues. It should be noted that these experiments 
are of a comparative nature and do not represent 
treatment at the maximum tolerated dose, which is 
about three times that used here. 

A more detailed account of these and other studies 


on plutonium detoxification will be published else- 


where. I am grateful to B. D. Chubb and the other 
assistants of the Metabolism Operation for their help 
on these experiments. The diethylenetriamine penta- 
acetic acid was supplied through the courtesy of the 
Geigy Chemical Corporation, Ardsley, New York. 
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This work was performed under Contract No. 
W-31-109-Hng-52 between the Atomic Energy Com- 
mission and the General Electric Company. 


V. H. SMITH 
Biology Operation, 
Hanford Laboratories, 
_ General Electric Company, 
Richland, 
Washington. 


1 Geiger, E. L., and Sanders, jun., 8. M., Proc. Health Phys. Soc., 61 
June 1956). Norwood, W. D., et al., Indust. Med. Surg., 25, 135 
(1956). Schubert, J., “Ann. Rev. Nucl. Sci.”, 5, 369 (1955). 
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Molecular Weight of Condensed Tannins 
as a Factor determining their Affinity 
for Collagen 


EXAMINATION of the chemical principles of vege- 
table tanning! has led to various considerations of 
the nature of the bonds between tannin and collagen ; 
to an examination of the possible ‘active sites’ of 
tannin fixation dn the collagen chain, and to the 
quantitative study of tannin uptake in relation to 
the swelling of collagen?. The critical function of the 
different tannins normally present in any extract 
mixture in determining the quantitative and qualita- 
tive aspects of tannin affinity for collagen? was, 
however, largely overlooked in work emphasizing 
those important aspects listed above. 

From a study of the relation between chromato- 
graphic behaviour and average molecular weight of 
‘condensed’ tannin fractions, Evelyn and I (unpub- 
lished work) have recently found that in aqueous 
medium a gradational increase in molecular weight 


' with decrease of Rp occurs over the ranges 550—3,200 


for black wattle bark tannins (Acacia mollissima) 
and 790-2,350 for quebracho heartwood tannins 
(Schinopsis spp.). Similar behaviour also occurs in 
the ‘partitioning’ mixture n-butanol/acetic acid/water 
(6:1: 2). We find, both under conditions of ‘adsorp- 
tion’ and ‘partition’, that a linear relation exists 
between the average molecular weight of these 
typical ‘condensed’ tannin fractions and their Rm 


(defined as log Gz — 1) ) values. 


I previously directed attention? to the parallel - 
between the chromatographic behaviour of wattle 
tannin constituents on collagen columns and on paper 
chromatograms. These constituents also show the 
same relative affinities for various modified collagen 
substrates as for cellulose‘. This similarity of 
behaviour of condensed tannins towards such widely 
differing substrates is further reflected in the low 
chromatographic affinities of catechins, flavan-3 : 4- 
diols (monomeric leuco-anthocyanins) and wattle 
‘polyphenolic non-tannins’ for both collagen and 
cellulose, and also in the parallel increase in relative 
affinity resulting from the atmospheric oxidation of 
these substances®. This indicates the predominant 
effect of the nature of the tannins in determining 
their relative affinities for any substrate, in much 
the same way as the constitution of closely related 
dyes determines their affinity for cellulose and other 
natural materials’.’. 

The almost exact parallel between the relative 
affinities in aqueous medium (as reflected by ‘adsorp- 
tion’ chromatographic behaviour) of condensed 
tannin constituents for cellulose, collagen and 
modified collagens, and the linear relation between 
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their Ru values on cellulose and their average 
molecular weights, suggest that a similar relationship 
also exists between. the Ry, values on collagen: columns 
and molecular weight. This has been partly confirmed. 
by Evelyn (unpublished work), who established a 
direct relation between the average molecular weight 
of wattle tannin fractions and the proportion of 
‘reversibly fixed’ tannins in leather tanned with 
these fractions. Page! has ‘also shown that the 
stoichiometric relationship of the combination of 
gelatin with various wattle tannin fractions (obtained 
by fractional precipitation from aqueous solution 
with salt) varies from the least soluble to the most 
soluble fractions. - The gradational decrease in the 
‘gelatin number’ he surmised to be due to a decrease 
in the molecular weight of the tannins and, in relation 
to our more recent findings, it also emphasizes the 
importance of the tannins in détermining the ‘affinity’ 
between tannin and collagen. Peters and Sumner’ 
found a correlation between the molecular weight of 
amimoanthaquinones and their chemical affinities for 
cellulose. The lower affinity of monomeric leuco- 
anthocyanins and catechins (phenolic ‘non-tannins’), 
compared with that of naturally occurring complex 
leuco-anthocyanins® and polymeric catechins" (‘tan- 
nins’), for hide powder during estimation of tannin 
appears to be due to the low molecular weight of the 
former (+300) in comparison with the latter (550- 
3,200). Following atmospheric oxidation, other 
factors, for example, the presence of quinonoid 
groups, increase their affinity. 

The relation between Ry and molecular weight 
suggests the operation of physical forces between 
tannins and cellulose or collagen. This appears to 
be in line with the increasing emphasis on the impor- 
tance of van der Waals forces between cellulose and 
various solutes, such as dyes’. Tannin mechan- 
isms are, however, exceptionally complex, and 
hydrogen-bond forces undoubtedly play an important 
part in the swelling of the hide, in the sorption and 
de-sorption of tannins, and possibly also in their 
fixation to collagen. 

On the basis of the above work, it has been found 
possible to use paper chromatography as a method of 
interpreting the relative affinities of wattle and 
quebracho tannins for collagen. Planar ‘flavonoid’ 
compounds, for example, flavones, flavanols, antho- 
cyanidins, aurones and chalkones?.1*, are exceptions, 
due to their abnormally high affinity for cellulose in 
aqueous medium. 

Davip G. Roux 


Leather Industries Research Institute, 
Rhodes University, 
‘Grahamstown. 

April 11. 


t White, T., J. Soc. Leather Trades’ Chem., 40, 78 (1956). 


1 Cooper, G., and Newton, R, B., J. Soc. Leather Trades’ Chem., 40, 
279 (1956). 


* Roux, D. G., J. Soc. Leather Trades’ Chem., 89, 80 (1955). 


4 hr L., and Roux, D. G., J. Sec. Leather Trades’ Chem. ,41, 14 


* Roux, D. G., J. Soc. Leather Trades’ Chem., 39, 153 (1955). 
e Vickerstaff, T., J. Soe. Dyers Colourists, BB, 279 (1953). 


7 arte Ú H., and Sumner, H. H., J. Soc. Dyers Colourists, 71, 130 


° Page, R. O., J. Soc. Leather Trades’ Chem., 26, 71 (1942). 


AET G., Nature, 180, 973 (1957); Chem. and Indust., 161 


1? Hathway, D. E., Biochem. J., 67, 239 (1957). 


1 Giles, C. H., Jain, S. K., and Hassan, A. S. A., Chem, and Indust., | 


629 (1955) ; 
“ Roberts, E. A. H., J. Set. Food Agric., 7, 637 (1956). 


‘* Shuttleworth, S. G., and Cunningham, G. E., J. Soe. Leather Trades’ 
Chem., 32, 182 (1948). i Fiii 
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Gas Chromatographic Separation of Meta- 
and Para-Xylenes in Aromatic Mixtures 


THE xylene isomers have resisted all previous 
attempts .at resolution by gas-liquid chromato- 
graphy. An approach to their separation was made 
recently by Scott and Cheshiret, who used a column 
with a calculated efficiency of 12,000 theoretical 
plates. Indeed, the chromatogram showed a very 
slight separation for meta- and para-xylene. 


VoL. 181 
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NB 685 66 34.4 15.8 0 
Time (min.) 


Chromatogram of mixture of aromatics i 


Fig. 1. 


The work reported here makes use of an aromatic 
hydrocarbon as the stationary liquid for effecting 
this difficult separation. Fig. 1 shows the resolution 
of a mixture of benzene, toluene, ethylbenzene, 
ortho-xylene, meta-xylene and para-xylene. Conditions 
for the separation were as follows : 


Instrument 

Column dimensiong 
Column temperature 
Stationary liquid 


‘Model 188’ vapour fractometer 
- 5m. x 6mm. 
100° ©. 
15 per cent w/w benzyldipheny! 
(May and Baker Co.) 
60-80 mesh ‘Chromosorb’ 
(Johns—Manvilie Co.) 


Column support 


Carrier gas Helium 
Carrier gas inlet pressure 59 lb.fin.® 
Carrier gas flow 100 cm.*/min 
Sample charge “005 

No. of theoretical plates 9,500 

Time of analysis 3 min, 


The specificity of benzyldiphenyl and the high 
pressure-drop across the column permit the accom- 
plishment of this separation in a reasonable time 
with columns of standard length and high efficiency. 
Sample sizes should, of course, be minimized. 

ALBERT ZLATKIS 

Department of Chemistry, 

University of Houston, 
Houston, Texas. 
LawrsNon O’Brien 
, Pamir R. S0uOLLY 
Perkin-Elmer Corp., 
Norwalk, Connecticut. May 1. 


t Scott, R. P., and Cheshire, J. D., Nature, 190, 702 (1957). 


Crystal Structure of Chabazite, 
a Molecular Sieve 


THe ‘molecular-sieve’ properties of chabazite, a 
zeolite occurring in basaltic rocks, have been studied 
extensively. Molecules such as argon (diameter 
3:84 A.) and methane (4:25 A.) are rapidly sorbed 
in the dehydrated zeolite; propane (width 4-9 A.) 
and n-butane are slowly sorbed, while iso-butane 
(5-6 4.) is excluded. A crystal structure was, pro- 
posed by Wyart? in 1933, which consists of a three- 
dimensional framework of four- and six-membered 
rings of (Si,Al)O, tetrahedra (Fig. 1a). The rings form 
two cages per unit cell, the cages sharing six-membered 
rings which provide apertures of maximum dimension 


No. 4626 : June 28, 1958 


N 





Fig. 1. Diagram to show stacking of six-membered rings of 
anes tetrahedra in (a) Wyart’s structure for chabazite, 

b) the new structure for chabazite, (e) gmelinite. Different 
shading of the rings indicates different heights and the numerals 
represent the heights of the rings in which they occur, expressed 
as multiples of 2-5 A. In (b) and (c) each six-membered ring is 
linked directly to one immediately above or below it, forming 
hexagonal prisms. In (a) all linkages go outwards from the ring 
and hexagonal prisms are not formed. All the arrangements are 

idealized, especially in (a) 


2-9 A. if the usual Si—O and Al—O distances are used. 
‘and 3-1 A. if the somewhat unusual distances in 
Wyart’s structure are adopted. Although Kington 
and Laing? have interpreted the sorptive properties 
of chabazite in terms of Wyart’s structure, the 
agreement can scarcely be regarded as satisfactory 
when a molecule of minimum dimension 4:25 A. 
passes easily through an aperture of diameter 2-9- 
3-1 A. As the structure of chabazite was proposed in 
the early days of crystal structure determination 
further investigation appeared desirable. 

Using Fourier methods, a new structure has been 
determined which explains the X-ray intensities, the 
sorption and epitaxial intergrowth with the mineral 
gmelinite. The chabazite specimen contains two 
units of (CagegoNaoa5) (Sia-osAli-95)6019-6H,0 in a 
trigonal cell of symmetry R 3m (or nearly so) and 
a=9-40A., « = 94° 18’. The positions of the 
silicon, aluminium and oxygen atoms are approx- 
imately : 


Si,Al 0-34, O-11, —0:12 
2 0-27, —0'27, 0-00 
a 0-17, —0-:17, 0°50 
O, 0:25, 0:25 0-90 
O, 0:03, 0:03, 0:35 


At the present stage of refinement, the distances 
(Si, Al)—O range from 1-63 to 1-68 A. and the O—O 
distances from 2°62 to 2-82 A., in excellent agree- 
ment with the standard values. From the positions 
of the silicon and aluminium atoms shown in Fig. 2 
the nature of the framework may be seen. The new 
structure is built up of double six-membered rings 
(Fig. 1b) forming one ‘cage’ per unit cell. Each cage 
has six octagonal, two hexagonal and twelve quadri- 
lateral faces, and is connected to the six neighbouring 
cages by eight-membered rings, permitting sorption 

‘in all directions, but limiting it by the octagonal 
' (non-planar) apertures of minimum width about 
3:9. A. Although the present work is being carried 
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Fig. 2. The positions of the Si,Al atoms in chabazite. Shaded . 
quadrilaterals represent points of attachment of hexagonal 
prisms, four of which are shown 


out on a hydrated specimen and the cavities are 
filled with water molecules and calcium ions, the 
framework is expected to differ only slightly in the 
dehydrated state and the size of the aperture should 
not change by more than 0-2A. When thermal 
vibration is considered, the new structure gives an 
excellent explanation of the observed sorptive pro- 
perties. The co-ordinates of all the atoms are being 
refined by successive Fourier series, and results for 
a dehydrated chabazite held at 300°C. in a stream 
of nitrogen are being collected in order to determine 
the movements of the framework and the calcium 
atoms as a result of dehydration. 

Further confirmation of the validity of the structure 
arises from the ready interpretation that may be 
placed on the chabazite-gmelinite intergrowths. It 
has been pointed out’ that not only are the hexagonal 
a-axes of the two minerals identical and the c-axes 
in the ratio of 3:2 but also that the two form 


oriented intergrowths, with streaks parallel to c join- 


ing the reflexions. The c-axis projection of gmelinite 
has been determined by O’Daniel and Fischer* and 
idealized in Fig. lc. The z co-ordinates were not given, 
but it seems likely that they are as shown. The 
relationship of the stacking of the double rings in 
chabazite and gmelinite would be of cubic to hexa- 
gonal close-packing, and the intergrowths and diffuse 
streaks would be the result of stacking faults. 

Such a structure for gmelinite would have channels 
the narrowest parts of which were twelve-membered 
Tings, and it would be expected that gmelinite would 
sorb some 7so-paraffins and aromatics. Barrer‘, 
however, reports that its sorptive properties are 
Similar to those of chabazite, which excludes iso- 
paraffins and aromatics. One possible explanation 
of this anomaly is that Barrer’s specimen (for which 
no X-ray data or locality were given) may have con- 
tained intergrown chabazite, or have been somewhat 
disordered ; for either of which, sorption would be 
mainly limited by the eight-membered rings of chab- 
azite. A second possibility is that the sodium, ions 
of gmelinite may partially block the apertures, re- 
ducing the effective channel to the size of that in 
chabazite. . 

We wish to thank Dr. D. W. Breck, of the Linde 
Products Co., for helpful advice, and Prof. Ray 
Pepinsky and Drs. C. L. Christ and H. T. Evans, 
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Geochemical Branch, U.S. Geological Survey, for 
assistance with the computations. 
L. 8. DENT 
J. V. SMITH 
Department of Mineralogy and Petrology, 
Division of Earth Sciences, 
Pennsylvania State University, 
University Park, Pennsylvania. 
May 1. 
1 Wyart, J., Bull. Soc. Frang. Min., 56, 81 (1933). 
2? Kington, G. L., and Laing, W., Trans. Farad. Soc., 61, 287 (1956). 
3 Fischer, K., and O'Daniel, H., Naturwiss., 48, 348 (1956). 
1 YDaniel, H., and Fischer, K., written communication to Conference 
on the Structure and Properties of Natural and Synthetic Minerals, 


held at the Pennsylvania State University, July 5-8, 1957, briefly 
mentioned in Amer, Min., 48, 175 (1958). 


5 Barrer, R., M., Trans, Farad. Soc., 40, 555 (1944). 


Similarities in the Characteristics of Solar 
Radiation at  10°7 cm. and in the Far 
Ultra-violet 


Denisse and’ Kundu! have directed attention to the 
close relation between the variations of two indices 
of the solar cycle which represent the flux of two 
different types of solar radiation. ‘The first index 
(Chr = f^ sec y) is based on the monthiy ‘mean 
critical frequency (f) of the H-layer at noon’ at 
Freiburg (Germany); it is assumed to be propor- 
tional to the flux of the ultra-violet and X-radiation 
of solar origin which is responsible for the atmospheric 
ionization at heights near 120 km. The second index 
is the monthly mean value (®) of the solar radio-noise 
flux at à 10-7 cm., measured at Ottawa, which is 
available from, February 1947 onwards. Denisse and 
Kundu conclude that the two types of radiation are 
produced, if not by the same mechanism, at least 
under closely correlated conditions. 

We have recently examined the characteristics of 
& number of indices of solar activity including both 
Chr, calculated using E-layer data for Slough 
(England), and ®. We have confirmed that the 
correlation between the two indices is high (r = 0-90}, 
but we have also found that it is even higher if the 
data for each month are considered separately 
(7 max. = 0-99), 

From Table 1, it can be seen that r is greater than 
0:90, the value for all months taken together, in 
eleven out of twelve months. It may be inferred 
from this result that the correlation coefficient for 
individual months is significantly greater than that 
for all months considered together ; the probability 
that the observed result occurred by chance is 
3 x 10-. 

The reason for the result just mentioned is that 
although the magnitude of Chp is controlled mainly 


Table 1. CORRELATION CORFFICIENT (r) BETWEEN 
Che (SLOUGH) AND © (OTTAWA). FEBRUARY 
1947—DECEMBER 1956 


Month 


January 
February 
March 
April 
May 
June 


dD | 


Cos] et OO GI OS wT OND 


July 
August . 
September 
October 
November 
December 


OOOeooosoo 
SoGSoodse 


All months 





NATURE 


June 28, 1958 


by the flux of ionizing radiation, it also contains a 
small complicated seasonal component. For this 
reason, uncorrected values of Chr ought not to be 
assumed to be accurately proportional to the flux of 
the incident radiation. The seasonal component 
varies in amplitude with the level of solar activity, 
but a method of eliminating it has been devised and 
will be described elsewhere. 

A further similarity between the characteristics of 
the ionizing radiation and radio noise at à 10-7 em. 
is evident if the non-uniformity in the brightness of 
the Sun’s disk at the two wave-lengths is studied when 
the disk is undisturbed. Such a study was possible 
during the eclipse of June 1954, when the Sun was 
unusually quiet and there were no localized active 
areas on the disk. During this eclipse, ionospheric 
measurements were made in the United Kingdom? 
and in Norway *, and radio-noise measurements were 
made in Canadat. From these results it has been 
possible to make estimates of the relative brightness 
of the disk near the poles arid near the east and west 
limbs, and the agreement between the ionospheric 
and the radio-noise results is quite striking" (Table 2). 
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Table 2.‘ RELATIVE BRIGHTNESS OF THE EAST LIME OF THE SUN 
AND THE POLAR REGIONS REFERRED TO TAE CENTRE OF DISK 
(JUNE 30, 1954) 


East limb 


1:5 
1:5 


Type of measurement 


Lonosphere (F1 layer) 
Radio-noise (4 10-7 cm.) 





The results summarized in Tables 1 and 2 appear 
to confirm the conclusion reached by Denisse and 
Kundu; but it is probably premature to speculate 
on the precise reasons for the observed similarities in 
the characteristics of the two types of radiation. 

This work was carried out as part of the programme 
of the Radio Research Board, and this communication 
is published by permission of the Director of Radio 
Research of the Department of Scientific and Indus- 
trial Research. 

C. M. MINNIS 
G. H. BAZZARD 
Radio Research Station, 
Ditton Park, Slough. 
1 Dea . E., and Kundu, M. R., C.R. Acad. Sci., Paris, 244, 45 


2 Minnis, C. M., J. Atmos. Terr. Phys., 9, 201 (1956). 

2 Landmark, B., et al., Geofys. Pub., 19, 1 (1956). 

1 Covington, A. E., e al., J. Roy. Astro. Soc. Canaia, 59, 233 (1955). 
* Minnis, C. M., J. Atmos. Terr. Phys. (in the press). 


‘Whistlers’ in the Antarctic 


‘WHISTLERS’ are being heard consistently at Scott 
Base, the New Zealand International Geophysical 
Year Antarctic Station, McMurdo Sound. From the 
time observations commenced on April 15 until the 
time of writing considerable activity has been 
observed, including ‘bonks’, ‘tweeks’, short and long 
‘whistlers’, whistler trains, and periods of strong 
‘sferics’. No dawn chorus has yet been observed. 

The geomagnetic co-ordinates of Scott Base are 
79° 15’ S., 294°. 30’ E. The base is located approxi- 
mately 1,200 km. north-east of the geomagnetic pole 
and approximately 1,250 km. south-east of the dip 
pole. It is believed that this is the first time that 
whistlers have been heard in such a high geomagnetic 
latitude. 

The whistlers appear to have dispersion character- 
istics similar to those heard in lower geomagnetic 
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latitudes. However, the characteristics cannot be 
truly determined until tape recordings of them are 
sent to New Zealand for spectrographic analysis, at 
the end of the Antarctic winter. 

Maximum activity occurred on April 15, 16, 19, 
20 and 23. No consistent diurnal variation in activity 
has been noted. On all occasions of strong whistler 
activity the local geomagnetic activity has been 
moderate or quiet and the ionosphere undisturbed. 
During an intense auroral display no activity was 
heard, nor has any correlation been observed with 
visible meteor showers. 

It seems most improbable that the whistlers heard 
here are propagated along the dipole field passing 
through Scott Base, as the lines of force in this case 
would extend to 24 Earth radii above the magnetic 
equator, and the gyro-frequency would be in the 
vicinity of 100 c./s. 

Distortion of the dipole field by a strong equatorial 
ring current could possibly allow whistler propagation 
along lines of force between conjugate points in high 
geomagnetic latitudes. This hypothesis, however, 
does not seem tenable when it is considered ‘that 
periods of maximum whistler activity at Scott Base 
have so far occurred during quiet magnetic conditions. 

There is no record of lightning discharges being 
observed in high polar latitudes, and it seems improb- 
able that these could occur as there is insufficient 
thermal radiation from the Sun to produce the 
necessary air movements. In these regions there 
appear to be no natural phenomena capable of 
initiating whistlers. 

During the period that whistlers and ‘sferics’ have 
been heard an intense and electrically active low- 
pressure area has existed some 3,000 km. north of 
Scott Base. Many of the noises heard could 
undoubtedly have originated in this area. It is 
probable that the whistlers heard at Scott Base are 
propagated from lower latitude regions, first along 
the appropriate magnetic, flux line, and then by 
reflexion from the lower ionosphere. 

L. H. MARTIN 
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Scott Base, Ross Dependency. 
April 30. 


Visibility of Noise on Television Pictures 


In investigations of the visibility of random noise 
in television picturest?, it has been found that for 
narrow-band noise which is just visible the required 
noise power increases by about 20 db. as the centre 
frequency is raised from 0:15 to 2 Mce./s. For fre- 
quencies between 2 and 3 Mc./s., the noise power 
remains nearly constant!, or shows‘a small fall?. It 
has been suggested! that this may be because of the 
generation of intermodulation products of low- 
frequency noise, due to the non-linearity of the 
voltage/brightness characteristic of the television 
tube. These low-frequency products should be much 
easier to see than the original high-frequency noise. 
It follows that the non-linearity should also affect 
visibility of noise if a sinusoidal signal, together with 
noise, is applied to the tube control-grid. In this 
case, sum and difference frequencies of the signal 
and noise should be produced. An experiment which 
appears to demonstrate the expected intermodulation 
effect has been carried out. 

A normal television raster was displayed on the 
tube of a television monitor, the monitor being 
adjusted so that zero-level signal at the video amplifier 
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Relative spectrum-level of noise (db.) 





10 ei 
Frequency (ke.js.) 


Fig. 1 


input, that is, 0:7-V. double-amplitude peak, ‘pro- 
duced a brightness excursion between subjective 
black and peak white. A sinusoidal signal and random 
noise were then applied at the video amplifier input. 
The root-mean-square level of the noise, set at 
—40 db., was obtained by subtraction of 17 db. 
from oscilloscope measurement of the quasi peal-to- 
peak level! relative to 0-7-V. double-amplitude peak. 
This noise-level was quite low, but fairly representa- 
tive for television. The noise band had a sharp top- 
cut at 3 Mc./s., and extended down to about 50 c./s. 
The noise was either ‘white’ (uniform power distribu- 
tion over the frequency band) or ‘quasi-triangular’ 
(power per unit band-width increasing with fre- 
quency). The following results were practically 
independent of tube brightness setting. The visibility 
of ‘white’ noise appeared to be unaffected by presence 
of the sinusoidal signal, although the signal was in- 
creased to zero-level, and the frequency varied 
between 0-1 and 3 Mc./s. However, application of a 
sinusoidal signal of small amplitude drastically in- 
creased the visibility of ‘“quasi-triangular’ noise. 
Visibility of noise increased with signal-level and, for 
a fixed level, maximum visibility occurred at a 
particular signal frequency fs. This frequency was 
between 2:5 and 2:9 Mc./s., and increased as the 
noise spectrum was increasingly peaked at the higher 
frequencies. As the signal frequency was shifted 
towards f;, from either above or below, the noise 
became progressively coarser in appearance. This 
was presumably because the approach of fs to the 
mean ‘carrier’ frequency of the noise tended to give 
the noise envelope as the difference intermodulation 
product. For the ‘quasi-triangular’ noise spectrum of 
Fig. 1, ari appreciable increase in visibility of noise 
was produced by application of a —40 db. signal, 
fe being 2-9 Mc./s. 

Further , details of this experiment, and others 
concerned with the effect of non-linearity on noise 
in television, will be published’ elsewhere. I wish to 
thank the. Director of Engineering of the British 
Broadcasting Corporation for permission to publish 
this communication, and the head of the Designs 
Department under whose direction the work was 
carried out. 

R. FaTEHCHAND 
Department of Numerical Automation, 
Birkbeck College, University of London, 
Malet Street, London, W.C.1. ` April 29. 


1 Post Office Radio Report No. 2289 (1955). 


2 Maurice, R. D. A., Gilbert, M., Newell, G. 
B.B.C. Engineering Division Monograph. 


F., and Spencer, J. G., 
No. 3 (1955). 
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Repetitive Stimulation of Muscle 


DurING & study of the effects of repetitive stim- 
ulation on the intracellular electrical activity of frog 
sartorius muscle fibres, alterations were noticed in 
“the voltages of the second and subsequent spikes. 
At the same.time, there was a progressive decrease 
zin ty, after-potential following the second and 
following spikes. All the experiments were performed 
on the green frog Hyla coerulea at a temperature of 
22° ©. 

In preliminary experiments, the frequency of 
stimulation was increased from 10/sec. to 330/sec., 
which was the maximum frequency the muscle would 
follow on indirect stimulation. Up to a frequency of 
approximately 140/sec., spike voltage and duration 
remained of normal dimensions, and the tija after- 
potential was not appreciably altered after multiple 
spikes. Above this frequency, important changes 
were produced in spike voltages and durations, and 
tis, after-potential. Fig. 1 shows the records obtained 
in a single muscle fibre with a progressively increasing 
number of stimuli at a frequency of 200/sec. A single 
muscle spike is followed by a negative after-potential 
of 13-17 mV., with a ¢t,,, value of 13-18 msec. A 
second impulse 5 m.sec. later causes a reduction in 
the spike voltage, an increase in spike duration, and 
a shortening of the after-potential. As the number 
of spikes is increased, spike voltage decreases further 
until approximately the sixth spike, when a constant 
voltage is maintained for following spikes. At the 
same time, ¢,;, after-potential decreases until it 
reaches 6 m.sec., in this record, after the eleventh 
spike. Generally, once a tija of 6 m.sec. had been 
reached, no more spikes could be elicited. These 
results were repeated in many fibres, and all showed 
the same general trend of. reduction in spike voltage 
and t,;, after-potential to limiting values which were 
constant ‘for each muscle studied. Voltage of the 
negative after-potential did not appreciably alter as 
the number of stimuli was increased. 

Experimental procedures which altered the tijs. 
after-potential,: such as varying external concen- 


a Time 
, scale ;. 
Voltage 20 msec. 
scale : intervals 
50 my. 
step 
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trations of potassium, sodium and calcium ions, 
decreased or increased the number of spikes necessary 
to produce a t,;. of 6 m.sec. In all ‘experimental 
conditions, a tija value of 6 m.sec. was reached. 

It is thought. that the progressive shortening of the 
after-potential is due to an accumulation of potassium-. 
ions immediately outside the muscle fibres. 

Publication of details of this work will follow after 
these preliminary observations have been more fully 
studied. 

M. T. OSBORNE 
Sir Wiliam Macgregor School of 
Physiology, , 
University of Queensland, 
Brisbane. 
March 25. 


Electrical Responses of Neuron 
Cell-Bodies in Sodium-free Media 


Tae electrical activity of frog spinal ganglion cells 
is maintained, and even enhanced, when the external 
sodium has been totally replaced by. equimolar 
amounts of either choline or tetraethylammonium!. 
Further investigations suggested that quaternary 
ammonium ions do not actually substitute for sodium 
as carriers of the action current, but probably exert 
a pharmacological action on the membrane or in 
the perikaryon?. 

A new series of experiments were performed to 
assess the effects on frog spinal ganglion cells of 
other related compounds which maintain the excit- 
ability of frog nerve fibres? or crab muscle fibres! 
deficient in sodium. The various solutions used con- 
tained, in addition to the amount of the drug tested, 
1-8 mM calcium, 2 mM potassium, and sucrose to 
make up isotonicity (pH 6-4-7:0). 

Sodium-free 112 mM solutions of tetramethylam- 
monium, diethanol-dimethylammonium and acetyl- 
choline chlorides had effects similar’ to those of a 
112 mM choline chloride solution. ` A sodium- 
free 5-10 mM solution of tetrabutylammonium 
chloride maintained the excitability of a number of 
cells, but higher concentrations irreversibly de- 
polarized and blocked them. A sodium-free 112 mM 
solution of ammonium chloride (pH adjusted to 7-0) 
exerted a powerful depolarizing action on the cells,. 
but overshooting and prolonged electrical responses 
were obtained with 25 mM, although the resting ` 
potential still had a low value. A sodium-free 112 mM 
solution of guanidine hydrochloride maintained the 


- excitability of the cells though the latter were slightly 


depolarized in this medium. A sodium-free 112 mM 
solution of hydrazine (pH adjusted to 6-4) had a 
very characteristic effect on the cell-body, as com- 
pared with the other onium ions. The configuration. 
of the action potentials obtained in this medium was 
practically-indistinguishable from that of responses in 
normal Ringer. Action potentials could be evoked 
by ‘direct’ and also by ‘indirect’ (that is, by propa- 
gated nerve impulses) stimulation. i 
With the exception of hydrazinium ion, the various . 
active onium ions used in sodium-free solutions pro- 
duced action potentials with a characteristic con- 
figuration: (namely, peak, plateau, slow falling-phase), 
different from. the ‘normal’ brief spikes recorded in 
Ringer’s-solution. The duration of the electrical 
responses, more than their peak height or rate of 
rise, was dependent on the kind and: concentration 
of the drug applied. These prolonged. action potentials 
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might be considered as a particular, 
manifestation of electrical activity induced by 
drugs. However, the striking ‘similarity between 
‘hydrazinium spikes’ and “sodium spikes’ suggests a 
single mechanism underlying the production of at 
least both brief responses, and apparently denies the 
exclusive necessity of external sodium for the genera- 
tion of a ‘normal’ type of action potential in spinal 
ganglion cells. Moreover, it seems reasonable to 
assume that hydrazinium ion acts in the same way 
as the other onium ions, and it is not responsible 
for the actual transport of charge’. Electrical activity 
in the sodium-free media also seems unrelated to 
sodium entry, although the possibility of a partial 
retention of this ion in the extracellular spaces cannot 
be dismissed altogether. Calcium ions do not seem to 
play a direct part in the generation of electrical activ- 
ity (Koketsu, K., Cerf, J. A., and Nishi, S., unpub- 
lished work). It could be suggested that hydrazinium 
and other onium ions condition the excitatory re- 
action and play an indirect part in the generation of 
electrical activity. The shape of the action potentials 
produced would depend on the ion species, however, 
and all intermediates can actually be recognized 
between the brief ‘sodium’ or ‘hydrazinium spikes’ 
and the prolonged ‘tetraethylammonium’ and ‘tetra- 
butylammonium potentials’. It can be noted in this 
connexion that a moderate lengthening of the action 
potential, with appearance of a slight hump on the 
falling-phase, was occasionally observed in normal 
Ringer. 

We wish to thank Dr. R. Lorente de Nó, of the 
Rockefeller Institute for Medical Research, for kindly 
supplying most of the drugs used in this study, 
and for his valuable suggestions. 
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‘abnormal’ 


K. KOKETSU 


J. A. CERF* 
S. NISHI 
Research Laboratories, 
Department of Psychiatry, 
University of Illinois College of Medicine, 
Chicago. 
April 23. 


* ‘Chercheur qualifié’ of the Belgian National Foundation for 
Scientific Research, : 


1 Koketsu, K., Cerf, J. A., and Nishi, S., Nature, 181, 703 (1958). 


: KOERT K., Cerf, J. A., and Nishi, S., J. Neurophysiol. (in the 
press). 


s Lorente de Nó, R., J. Cell Comp. Physiol., 33, Supp. (1949). 
Larramendi, L. M. H., Lorente de Nó, R., and Vidal, ¥., Nature, 
178, 316 (1956). Lorente de Nó, R., Vidal, F., and Larramendi, 
L. M. H., ibid., 179, 737 (1957). 

‘Patt, P., and Katz, B., J. Physiol., 120, 171 (1953). 


Anomalous Bactericidal Action of 
Bromamine 


As part of an investigation on the properties of 
the bromamines, their bactericidal efficiency was 
examined. These compounds are formed during the 
chlorination of sea water swimming pools in the 
presence of ammonia‘ and also in fresh water where 
bromine and not chlorine is used to sterilize the water. 

Houghton? has made some studies of the bacteri- 
cidal effects of solutions prepared by the action of 
chlorine on solutions containing ammonium salts 
and bromide ions, and found that these solutions 
wero more efficient in destroying bacteria than were 
solutions containing only chloramine. E ges 

I have shown spectrophotometrically that solutions 
so prepared. contain mainly monochloramine together 


NATURE eee a 


. action. 


red ` Ky 
. $ Piar aaa 
~ d 


N 
ar mame Pa ik ji nalg cere 


e 


— 0-28 RPM. Me, NCI 


0-28 PPM. 
NH, Cl 


0:28 PPM. Me, NBr 


006- PPM. 
NH, Br 


Log (No. of survivors) 


0-1 PPM. 
NH, Br 


0:28 PPM. 
NH3 Br 


0 5 10 15 20 25 30 
Time of exposure (min.) 


Fig. 1 


with some monobromamine’. Experiments were 
accordingly made to determine the bactericidal effect 
of pure monobromamine relative to pure mono- 
chloramine. . 

Solutions of the amines were prepared by adding 
excess ammonium sulphate to solutions of hypo- 
chlorite for mono-chloramine, and to solutions of 
hypobromite for mono-bromamine. The solutions 
were buffered to approximately pH 8-2 with bicarb- 
onate. l-litre quantities of these solutions were 
treated with suspensions of Escherichia colt type }, 
wild strain (from 18-hr. cultures that had been well 
washed), to give a cell density in the solutions of 
approximately 107/ml. Aliquots were taken after 
1, 2, 5, 10 and 20 min. and pipetted into 0:5 per cent 
solution of ‘sodium thiosulphate. The numbers of 
viable bacteria were then estimated by conventional 
plate counts and the results were plotted as the 
logarithm of the number of survivors against time. 

For monochloramine the plot gave the expected 
linear relationship, but for monobromamine the 
curve showed a sharp break between 2 and 5 min., 
after which the rate became more linear and slower 
(Fig. 1). Amperometric determination of the halogen 
remaining after the experiments showed very little 
loss. 

Unpublished work has shown that monobromamine 
reacts with dimethylamine even in the presence of a 
substantial excess of ammonium ion, and it was 
thought likely that a reaction of the type: 


(Bacterial) —R,NH + NH.Br — R,NBr + NH; (1) 


took place. Accordingly, N-chlorodimethylamine and 
N-bromodimethylamine, were prepared as described, 
substituting dimethylamine hydrochloride for the 
ammonium sulphate; and tested for their bactericidal 
For both the chloro- and the bromo-com- 
pounds the plot of the logarithm of the survivors 
against time was linear, the bromo-compound acting 
more rapidly than the chloro-compound. 

The pK, values of the monobromamine and 
monochloramine are respectively 6:5 (unpublished 
work) and 1-0 (ref. 3), and thus at the experimental 
pH value nearly 1 per cent of the bromo-compound 
is present as the monobromammonium ion (NH,Br+), 
which will have a strong tendency to react as follows : 


NH,Brt — NH; + Br* (2) 


1800 - 


whereas monochloramine will have only an extremely 
small amount of the monochlorammonium ion 
(NH,Ci*) present: one part in 10’ of the chloro- 
compound present. 

The presence of this considerable amount of mono- 
bromammonium ion would account for the strong 
bactericidal properties of the bromo-compound, and 
further it would facilitate the exchange reactions as 
exemplified in reaction 1, the nitrogenous substances 
originating from the bacterial tissue. 


J. K. JOHANNESSON 


Wellington City Council Laboratory, 
Wellington, C.l, ` 
New Zealand. 
April 16. 
1 Johannesson, J. K., N.Z, J. Sci. and Tech., B, 38, 600 (1955). 


2 Houghton, G. U., J. Soc. Chem. Indust., 65, 324 (1946). 
3 Weil, I., and Morris, J. C., J. Amer. Chem. Soc., 71, 3123 (1049). 


infectivity of Ribonucleic Acid from Mouse 
Brains infected with Semliki 
Forest Virus 


EvrpENCE has been recently presented to show that 
the ribonucleic acids isolated by phenol extraction 
from tobacco mosaic virust, from ascites tumour cells 
in mice infected with Mengo encephalitis virus? and 
from mouse brains with Eastern equine encephalitis 
virus? are infectious. In the present communication, 
the infectivity of the ribonucleic acid isolated from 
the brains of mice infected with Semliki Forest virus 
is reported. This virus can also multiply in mos- 
quitoest but causes no known human disease. 

Three-day-old Swiss mice were inoculated: intra- 
cerebrally with 0-02 ml. of a 10- dilution of a homo- 
genate of mouse brain infected with Semliki Forest 
virus. One day after infection, the brains were 
harvested, frozen in ‘dry-ice’—ethanol and homogen- 
ized with 0-14 M sodium chloride—0-01 M sodium 
phosphate, pH 7-0, to give a 10 per cent homogenate. 
The supernatant is here designated as ‘virus prepara- 
tion’. 

The -ribonucleic acid was prepared by phenol 
extraction and precipitated twice with 65 per cent 
ethanol and once with 1 M sodium chloride following 
the procedures of Wecker and Schafer®. The final 
precipitate was resuspended in phosphate buffer to a 
volume equal to that of the original mouse brain 
before dilution. 

Infectivity titres, expressed as LD50, were determ- 
ined by the intracerebral injection of serial 10-fold 
dilutions in mice, 0:02 ml. for one-day-old mice and 
0-03 ml. for 30- to 40-day-old mice. The 10 per cent 
brain homogenate and the ribonucleic acid prepara- 
tion were regarded as 10-1 and 10° dilutions respec- 
tively in calculating these titres. 

The ribonucleic acid preparation exhibited about 
0-1 per cent of the infectivity of the infected brain 
homogenate from which it was prepared (‘Table 1). 
The homogenate of the brains, harvested after infec- 
tion with 10-3 dilution of the ribonucleic acid 
preparation, fixed complement with anti-Semliki 
Forest virus serum, an indication that the virus had 
multiplied in the recipient mice. Thus, the ribo- 
nucleic acid preparation contains all genetic informa- 
tion necessary for the production of complete Sem- 
liki Forest virus. 

The ultra-violet absorption spectrum of the ribo- 
nucleic acid preparation was characteristic of nucleic 
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Table 1, COMPARISONS OF SEMLIKI FOREST VIRUS AND RIBONUCLEIC 
ACID PREPARATIONS 


Log LD50 


Ribonucleic 
Virus acid 
preparation | preparation 


No treatment 

Control 

After ribonuclease 50 #gm./ml. 
25° C.; 10 min. 

After deoxyribonuclease 
50 ugm./ml. 25° G.; 10 min, 

Control 

After centrifugation (top 
supernatant) 

Control 

After sodium deoxycholate 
O-1 per cent; 4° C.; 1 hr. 

Control 

After sodium deoxycholate 
C-i per cent; 4°C.; 1 hr. 





* No mice died at 10° dilution 


acid, with a maximum at 257 mu and a minimum 
at 230 mu. The ratio between the optical densities 
was 2:1. Protein could not be detected by the biuret 
reaction. However, these results do not exclude the 
possibility that the infectivity might be due to small 
amounts of contaminating virus particles. ' 

In attributing the observed infectivity to the 
ribonucleic acid itself, rather than to contamination 
with intact virus, previous authors have relied on the 
differential effects of centrifugation and nuclease 


‘digestion on crude preparations of. virus and ribo- 


nucleic acid?.* (cf. Table 1, B and GC). In the present 


‘investigation, precautions were taken to make the 


two reaction systems reasonably comparable before 


repeating the differentiating procedures. The Semlikt 


Forest virus was diluted ten-fold and centrifuged at 
40,000g, for 1 hr. at 3° C. to remove extraneous 
tissue material, and the supernatant was diluted with 
the ribonucleic acid preparation to give an infectivit 
only one to two hundred times that of the ribonucleic 
acid system. The concentration of free ribonucleic 
acid was equal in the two systems. 

As shown in Table 1, B and C, even under these 
conditions ribonuclease treatment did not reduce the 
infectivity of the virus preparation, presumably 
because the ribonucleic acid of the intact virus is 
protected by its protein coat. Furthermore, centri- 
fugation sufficient to remove 99 per cent of the 
original infectivity of the Semliki Forest virus 
preparation reduced the infectivity of the purified 
ribonucleic acid by only 50 per cent. 

In an effort to provide further evidence, the two 
preparations were exposed to the action of sodium 
deoxycholate, which has been shown to inactivate 
many of the arthropod-borne viruses’. 99 per cent 
of Semliki Forest virus was inactivated, but the 
infectivity of the ribonucleic acid preparation was 
not affected (Table 1, D and #). 

These results, although not decisive, add to the 
now impressive body of evidence that the infective 
entity in ribonucleic acid preparations is ribonucleic 
acid itself and not a contaminating virus particle. 

PING-YAO CHENG 
Virus Laboratories, 
Rockefeller Foundation, 
New York. . 
April 17. 
1 Gierer, A., and Schramm, G., Nature, 177, 702 (1956). 
2 Colter, J. S., Bird, H. H., and Brown, R. A., Nature, 179, 859 (1957). 
3 Wecker, E., and Schäfer, W., Naturforsch., 12b, 415 (1957). 
1 Smithburn, K. C., and Haddow, A. J., J. Immunol., 49, 141 (1944). 
t Theiler, M., Proc. Soe. Exp. Biol. Med., 98, 380 (1957). 
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Protective Effect of Trace Elements 
other than Selenium against 
Dietary Necrotic Liver 
Degeneration 


NO. 4626 


Rats fed on diets containing certain yeasts as their 
sole source of protein develop a dietary necrotic liver 
degeneration, leading to early and rapid death. 
Necrogenic diets are deficient in three factors, vitamin 
E 1, cystine? and a ‘Factor 3’, each of which will 
alone prevent the manifestations of disease. Potent 
Factor 3 concentrates have been prepared from 
casein hydrolysates‘ and, recently, Schwarz and 
Foltz’ have shown that similar concentrates pre- 
pared from kidney powder hydrolysates contain 
selenium in bound form. Addition of sodium selenite 
to rat diets (to supply 4 ugm. of selenium per 100 gm. 
of diet) gave complete protection against death from 
liver necrosis during the experimental period of 
thirty days, indicating that selenium might be part 
of Factor 3. Schwarz and Foltz have inferred that 
“selenium is an essential trace element”. 

We were prompted to investigate the addition of 
certain other trace elements to necrogenic diets, par- 
ticularly those which, it was considered, might take 
part in oxidation-reduction mechanisms. Table 1 
shows the results obtained by the addition of a 
number of trace elements at levels below their toxic 
levels (where these are known)’. Lead (alone) and a 
group of four metals, cerium, mercury, titanium and 
vanadium (together), were inactive. Molybdenum, 
osmium and cobalt (together) delayed the deaths by 


Table 1. EFFECT OF ADDITIONS TO THE NEOROGENIC DIET* 


| No. of rats ft 


Alive Remarks 


Supplement ` 
Total | at 88 
da 


Nil 
Sodium selenite 
L-Cystine (0'6 per 
cent 6 ,, 
DL-a-Tocopherol 
acetate (100 mgm./ 


kgm. 
Lead acetate 


Ammonium molybdate 
Osmium tetroxide 
Cobalt sulphate 
Ceric sulphate 
Mercuric chloride 
Titanous chloride 
Ammonium meta- 
vanadate 


7 alive at 200 days 


s; 9? as 


7 99 py 98 9 
Survivor died at 
89 days 
Survivors died 
at 180, 154 and 
170 days 


Killed. Liver 
normal 


na HEHEHE © 
SG 66606u 





* Basal diet (per cent): dried bakers’ yeast, 30; vitamin E-free 
lard, 5; sucrose, 55; salts,5; B vitamins in glucose, 5; vitamins 
A, D and K orally. The salt mixture contained the following trace 
elements: iodine, fluorine, copper, manganese and aluminium. 


t Norwegian hooded rats. 
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necrosis beyond 130 days in three rats out of seven. 
In the same test, the protective effect of selenium, 
cystine and «-tocopherol has been demonstrated. Ina 
second test (Table 2), molybdenum, osmium and cobalt 
were given separately as well as in combination. Each 
of the three metals had some activity at the levels 
employed, but not all the animals receiving the 
supplement were protected. Further studies are in 
progress. 


J. BUNYAN 
E. E. EDWIN 
J. GREEN 


Walton Oaks Experimental Station 
(The Research Laboratories of Vitamins, Ltd.), 
Dorking Road, 
Tadworth, 
Surrey. 
April 15. 


1 Schwarz, K., Z. physiol. Chem., 281, 106 (1944). 

2? Hock, A., and Fink, H., Z. physiol. Chem., 278, 136 (1943). 

3 Schwarz, K., Proc. Soc. Exp. Biol. Med., 78, 852 (1951). 

t Schwarz, K., Proc. Soc. Exp. Biol. Med., 80, 319 (1952). 

5 Schwarz, K., and Foltz, 0. M., J. Amer. Chem. Soc., 79, 3292 (1957). 


° Monier-Williams, C. W., “Trace Elements in Food” (Chapman and 
Hall, London, 1950). 


7 Chernick, 8. S., Moe, J. G., Rodnan, G. P., and Schwarz, K., J. Biol. 
Chem., 217, 829 (1955). 


Heparin and Christmas Factor 


HEPARIN has been shown to combine with Char- 
gaff’s' lung thromboplastin, which contains phospho- 
lipid. It inhibits the formation of intrinsic plasma 
thromboplastin?, and Douglas? has shown that it 
must inhibit blood coagulation at an early stage. 
Heparin is also known‘ to combine specifically with 
the §-lipoproteins of plasma or serum and to depress 
the plasma B-lipoprotein concentration when injected 
m vivo. Christmas factor has been shown to be 
present in a crude g- and 8-globulin fraction of plasma 
and it may contain phospholipid’. 

A normal thromboplastin generation test was 
carried out using normal absorbed plasma, serum 
and platelets but with the prior addition of a suit- 
able concentration (0-85 unit/ml.) of heparin. Little 
thromboplastin was formed. If the addition of 
heparin to the normal mixture is delayed until 3 min. 
after recalcification when the formation of thrombo- 
plastin is already maximal, the addition of heparin 
does not then affect the result; that is, maximal 
thromboplastin activity persists. Thus it is probable 
that heparin at this concentration prevents the 
formation of thromboplastin, but does not prevent 
its action once it is formed, and does not exhibit 


Table 2. EFFECTS OF MOLYBDENUM, OSMIUM AND COBALT 


Element 
(p.p.m.) 
Nil 9 
Ammonium molybdate ` 9 . 5 


Supplement No. ofrats| No. dying 


Osmium tetroxide 
Cobalt sulphate 


Ammontum molybdate 
Osmium tetroxide 
Cobalt sulphate 


* Survivors killed and examined at 100 days. 


Mean age at 
death (days) 





Survivors at 

100 days Remarks* 

Livers grossly necrotic 

Post-necrotic scarring in 
two liverst 

Livers normal 

Post-necrotic scarring in 
one liver 


Range (days) 


42-92, 
35-67 


40-86 
40-78 


Post-necrotic scarring 
in two livers 


37-84 


+ In ail livers the scarring was confined to the left lobes and was accompanied by enlargement of the right central lobe. 
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any antithrombic 
tubes. 

Attempts to correct the defect produced by the 
addition of this critical amount of heparin showed 
that the addition of excess serum normalized the 
system. The addition of serum absorbed on alumina, 
which is deficient in Christmas factor and Factor VII, 
or the addition of serum from two cases of Christmas 
disease which is presumably deficient only in Christ- 
mas factor, both failed to do so. The addition of 
toluidine blue and protamine sulphate, both of which 
prevent the antithrombic activity of heparin, also 
failed to correct the defect. 

A volunteer was given 2,500 units of heparin intra- 
venously. 30 min. later blood was taken and it was 
found to have a long clotting time, but when mixed 
with normal plasma it did not prolong the clotting 
time of the normal plasma. Thus there was probably 
no free heparin in the volunteer’s plasma at this 
time. In the thromboplastin generation test the 
volunteer’s serum was shown to be abnormal, and 
this abnormality was corrected by the addition of 
normal serum diluted 1:10, but not by sera from 
two cases of Christmas disease similarly diluted. In 
these tests the volunteer’s blood was therefore 
indistinguishable from that of a case of Christmas 
disease. It is concluded that heparin, in vitro 
and in vivo, may in some way interfere with 
the formation or the action of serum Christmas 
factor. 

The apparently specific effect of heparin on 
Christmas factor was compatible with this factor 
being a lipoprotein. The lipoproteins of normal serum 
were separated by mixing serum with 20 per cent 
glycerin and centrifuging for 13 ‘hr. at 170,000g 
in a preparative ultracentrifuge. The supernatant 
B-lipoprotein was removed and samples of this and 
the remainder were dialysed free of glycerol and tested 
in the thromboplastin generation test. The ß-lipo- 
protein was inactive, while the remainder contained 
the full activity of the original serum. Thus Christmas 
factor is not in the @-lipoprotein fraction as isolated 
by this method. 

It is concluded that the inhibition of the early 
stages of blood coagulation in vitro by heparin might 
be due to the action of heparin on Christmas factor. 
Since the intima of blood vessels may be lined by 
mucoitin, an. acidic muco-polysaccharide like heparin, 
and since Christmas factor is involved at an early 
stage in blood coagulation, these tentative conclusions 
may be related to the inception of thrombosis in vivo. 
Further investigations are in progress. 

This work was carried out during the tenure of a 
grant from the Medical Research Council, which I 
gratefully acknowledge. 


activity in the sub-sample 


J. R. O'BRIEN 


Central Laboratory, 
Milton Road, 
Portsmouth, 

Hampshire. 
April 22. 
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Isolation of an Erythropoietic Fraction 
from the Plasma of Rabbits made 
severely Anæmic with 
Phenythydrazine 


VoL. 181 


Tue plasma of rabbits made severely anzmic 
with phenylhydrazine, with less than 3-7 gm. hemo- 
globin per 100 ml. of blood, contains erythropoietic 
material. The erythropoietic activity has been 
demonstrated in heterologous species, for example, 
rats!, mice? and dogs’, in the filtrate obtained after 
boiling the anemic rabbit plasma at pH 5:5 for a 
few minutes. 

The following proceduré has yielded a fraction 
which, on a protein basis, is 5-10 times more potent 
than the filtrate of the boiled anemic plasma. The 
plasma proteins were precipitated at 5° C. at pH 6:0 
by the addition of four volumes of saturated am- 
monium sulphate. The precipitate was extracted 
with 50 per cent saturated ammonium sulphate, and 
the soluble fraction was dialysed free of sulphate. 
Sodium chloride was added to the dialysand to 
0-9 per cent, the pH of the solution was adjusted to 
5-5, after which it was heated at’ 95~-100° C. for 
5 min., cooled quickly and filtered. The filtrate was 
concentrated by lyophilization to one-tenth its volume, 
dialysed until negative for chloride. The dialysand 
was concentrated further to a protein concentration 
of 2 per cent. Seven volumes of saturated ammonium 
sulphate solution were added to three volumes of 
the protein solution. The pH was brought to 6:0. 
After standing overnight at 5°C. the solution was 
filtered. The filtrate was dialysed free of sulphate 
and dried by lyophilization. 300 mgm. was obtained 
from 2:8 l. of anzemic plasma. 

0-18 mgm. injected subcutaneously into mice 
daily for three days increased the reticulocytes from 
2-1 to 10:2 per cent. 0-75 mgm. injected daily for 
three days into starved rats increased the uptake of 
injected iron-59 in the circulating blood to 22:6 per 
cent. 2-16 mgm. injected daily for two weeks into 
normal adult rats increased their hemoglobin from 
13:2 to 16-2 gm. per 100 ml. of blood. 

When 750 ugm. of the dried material was sub- 
mitted to electrophoresis on a strip of paper 30 mm. 
wide (veronal buffer, 0:05 M, pH 8-6) nearly all the 
protein material appeared as a broad band, which 
moved a little slower than serum albumin and faster 
than «,-globulin, with a faint trace in the «,-globulin 
region. 

The dried material was submitted to moving 
boundary electrophoresis by the method of Mitchell 
and Herzenberg‘. Two-thirds of the protein and 
all the demonstrable erythropoietic activity were 
in one band. Two faster-moving and one slower- 
moving bands had no demonstrable activity, and 
gave no augmented activity when added to the one 
active band. 

On the basis of these and other experiments the 
following properties may be assigned to the erythro- 
poietic principle. Erythropoietice activity so far has 
been inseparable from protein. Digestion with 
chymotrypsin or trypsin destroyed the activity. The 
active material is not dialysable, it is not lost after 
dialysis with 6 M urea, and it may be dried by 
lyophilization. It is stable to boiling at pH 5:5 for 
short periods. It is precipitated in the presence of 
all the plasma proteins by 80 per cent saturation with 
ammonium sulphate ; the purified material in 0-6 per 
cent solution is soluble in 70 per cent saturated ammo- 
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nium sulphate. Erythropoietic activity as measured by 
reticulocytosis in mice, increased uptake of iron-59 
in rats and polycythemia in rats went together in one 
electrophoretic fraction. Neither dialysis nor electro- 
phoresis has separated a prosthetic group necessary 
for its activity. The active fraction gave a positive 
test for sialic acid® (mucoprotein). 
Work is in progress on purification of the electro- 
phoretic fraction. 
l PETER H. Lowy 
GEOFFREY KEIGHLEY 
Henry Borsoox 


Kerckhoff Biological Laboratories, 
California Institute of Technology, 
Pasadena. 


ASHTON GRAYBIEL 


U.S. Naval School of Aviation Medicine, 
Pensacola, Florida. 
April 28. 
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Cytolipin H, a Pure Lipid Hapten 
isolated from Human Carcinoma 


ANTISERA prepared by injecting rabbits with 
cytoplasmic fractions or homogenates of human 
tissues frequently contain antibodies directed against 
substances extractable from the tissue with organic 
solvents and presumably lipid in nature. Material 
derived from tumours is reported to be more effective 
than that from normal tissues in eliciting this type 
of antibody', suggesting that tumours may contain 
larger quantities of one or several lipoprotein antigens 
or possibly antigens qualitatively different. Ex- 
ploration of this problem by the methods of immuno- 
chemical analysis is obstructed by several com- 
plications: the antigenic complexity of lipid ex- 
tracts, the multiplicity of antibodies in the anti- 
serum reagents, and the paucity of information 
regarding non-specific lipid-protein interactions for 
many classes of lipids. A fourth complication is of 
even greater moment than the other three combined, 
namely, the fact that specific lipid-protein inter- 
actions are markedly influenced by certain ubiquitous, 
non-specific lipids?. 

Analytical measurements can therefore shed only 
dim light on the problem of antigenic specificity and 
distribution until methods are developed which take 
into account the complex nature of the observed 
interactions. The development of such methods has, 
in turn, been hampered by lack of knowledge con- 
cerning the structure of lipid molecules which com- 
bine specifically with antibody as well as the absence 
of an adequate number of models for study. This 
communication reports the isolation from human 
carcinoma of a pure lipid hapten, its partial chemical 
characterization and its immunochemical properties. 
This substance, for which we propose the name 
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‘cytolipin Æ’, is a four-residue molecule the structure 
of which is capable of exact determination. It there- 
fore offers a promising point of departure in attacking 
the complex problems associated with immunochem- 
ical studies of lipids. 

The method of isolation was as follows: human 
epidermoid carcinoma (H.Ep. No. 3) grown in 
cortisonized rats was homogenized in a Waring 
blendor with 20 ml./gm. chloroform/methanol (2: 1). 
The extract was washed with water according to 
Folch et al.*, giving 2-5 gm. of a crude lipid soluble 
in chloroform per 100 gm. of wet tissue. The crude 
lipid was fractionated on silicic acid at 5° C. in 6 gm. 
lots using a discontinuous-gradient elution method 
with hexane and ethanol‘.5. Fractions eluted with 
hexane and 5 per cent ethanol in hexane were 
rejected ; the fractions emerging with 17 per cent 
ethanol in hexane were collected, yielding 30-90 mgm. 
per run, phosphorus 2-3 per cent, hexose (amino- 
diphenyl method!) 6-12 per cent. Material from 
ten runs was pooled to give 630 mgm., phosphorus 
2-1 per cent, hexose 6:9 per cent. This was dissolved 
in 5 ml. of ethyl ether and 10 ml. of ethanol at 60°. 
A small quantity of insoluble material was rejected. ` 
On chilling, 171 mgm. was deposited, hexose 18:5 per 
cent. An additional 90 mgm. was obtained by adding 
15 ml. of ethanol and 4 ml. of water, hexose 19-9 per 
cent. The supernatant, containing 376 mgm., phos- 
phorus 2-49 per cent, hexose 2-7 percent, was discarded. 
The fractionation was repeated to remove an addi- 
tional 57 mgm. of soluble material, phosphorus 
2-0 per cent, hexose 3-2 per cent, and the remaining 
phospholipid was removed by chromatography over 
‘Florisil? in chloroform/methanol (2:1)’. The yield 
was 80-9 mgm. of colourless material, phosphorus 
less than 0-02 per cent, hexose 36-5 per cent, nitrogen 
1-47 per cent, which was recrystallized three times 
from hot pyridine/acetone (1: 6) to give 63-8 mgm. 
having [«]24° = —10-8° (concentration 2 per cent 
in pyridine). Recrystallization from methanol/ 
chloroform (9:1) did not affect the rotation. 

This substance, cytolipin H, is insoluble in water 
and contains no ester groups or phosphorus. It is 
ninhydrin-negative, but on acid hydrolysis (3 N 
hydrochloric acid, 100°, 2 hr.), ninhydrin-positive 
material is released that is associated exclusively 
with a long-chain base (sphingosine). Hydrolysis 
also releases two molecules of hexose that migrate 
on paper (ethyl acetate/pyridine/water®) with the 
Ry values of glucose and galactose and appear in 
equal concentration. Evidence at hand suggests that 
cytolipin HT is a cerebronyl—sphingosyl-glucosido— 
galactoside, but much additional structural work 
remains to be done. The composition is consistent 
with the formula C,4H,.30,;,N (molecular weight, 
990:4); calculated: C, 65:49; H, 10-48; N, 1-41; 
hexose, 36-4 per cent; iodine No. 26; found: ©, 
65:46; H, 10-31; N, 1-38; hexose, 36-7 per cent ; 
iodine No. 32. 

Cytolipin H activity was followed by complement- 
fixation with rabbit anti-human reticulum cell 
sarcoma serum. The pure substance reacts very 
poorly in this test, but when combined with the 
optimal quantity of auxiliary lipid (a mixture of 
equal parts of lecithin and cholesterol), less than 
0-001 ugm. can be readily determined. Under these 
conditions, cytolipin H reacts with rabbit antisera 
prepared by injecting many different types of human 
tumours. Isofixation curves? of cytolipin H with 
two rabbit anti-human tumour sera are shown in 
Fig. 1. 


0-003 


Quantity antiserum (ml.) 





0-02 


0-001 0-01 


Quantity cytolipin H (ugm.) 
Fig. 1. Isofixation curves determined with cytolipin H and anti- 
sera to cervix carcinoma (broken line) and reticulum cell sarcoma 


(solid line). Three 50 per cent hemolytic units {0 ‘00375 ml. of 
guinea pig serum); 2 hr. incubation at 20° C. (ref. 9) 


0°08 


This work was supported by the American Cancer 
Society and a research grant (C-2316) from the 
National Cancer Institute of the U.S. National 
Institutes of Health, Public Health Service. 

We wish to thank Dr. Morris Teller and his 
associates for supplying the tumour tissue and 
Richard Brandt for invaluable technical assistance. 
The carbon and hydrogen analyses were performed 
by the Spang Microanalytical Laboratory, Ann 
Arbor, Michigan. 

Maurice M. RAPPORT 
LISELOTTE GRAF 

VLADMIE P. SKIPSKI 
NırcHoLas F. ALONZO 


Division of Laboratories and Research, 
New York State Department of Health, and 
Division of Experimental Pathology, 
Sloan-Kettering Institute for Cancer Research, 
New York. 
April 25. 

1! Witebsky, E., Klin. Wochenschr., 9, 58 (1980). 
? Rapport, M. M., Alonzo, N. F. , Graf, L., and Skipski, V. P., Cancer 

(in the press). 


1 Folch, J., Ascoli, I., Lees, M., Meath, J. A., and LeBaron, F. N., 
J. ' Biol. Chem., "191, 833 (1951). 


1 Rapport, M. M., and Alonzo, N. F., “Biochemical Problems of 
Lipids”, edit. by Eopiak, G, and LeBetron, E., 69 (Butterworth 
and Co., Ltd., 1956). 


5 Rapport, M. M., Awe! L., and Alonzo, N. F., Cancer (in the press). 


* Timell, T. E., Glaudemans, C. P. J., and Currie, å. L., Anal. Chem., 
28, 1916 (1956). 


“Badin, ADE S. A aia J. R., and Lavin, F. B., J. Biol. Chem., 219, 
3 Isherwood, F. A., and Jermyn, M. A., Biochem. J., 44, 402 (1949). 
° Rapport, M. M., and Graf, L., Ann. N.Y. Acad. Sci., 69, 608 (1957). 


Effect of Certain Polyphenylated Aliphatic 
Hydrocarbons on the Phagocytic Activity 
of the Reticulo-Endothelial System 


In a recent communication to Nature, Nicol et al.! 
reported the effect of various stilbene compounds on 
the phagocytic activity of the reticulo-endothelial 
system, intimating that stimulation was associated 
with certain aspects in the chemical structure, and 
that the strongest stimulants possessed high cestro- 
genicity. The present communication reports the 
effect on reticulo-endothelial phagocytic activity of 
some polyphenylated aliphatic hydrocarbons related 
to the synthetic cestrogens of the diphenylmethane 
series. 
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The present experiments were carried out on 50 
male white mice (T.O. Swiss strain) of 20-30 gm. 
body-weight. Five of the animals were used for assess- 
ing the effect of each compound on the phagocytic 
activity of the reticulo-endothelial system, each 
animal receiving one subcutaneous injection of 
0-5 mgm. of each substance in 0-05 ml. of arachis 
oil daily for six days. The phagocytic activity of the 
reticulo-endothelial system was measured on the 
eighth day, as described in the previous communica- 
tion. 

Twenty-five animals were used as controls. Each 
received one subcutaneous injection of 0-05 -ml. 
arachis oil daily for six days and then showed an 
average phagocytic index or K value of 13 + 2-4. 
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Table 1. EFFECT OF CERTAIN POLYPHENYLATED ALIPHATIC HYDRO- 
OARBONS, CONTAINING AT LEAST ONE para-HYDROXYL GROUP, ON 
THR PHAGOCYTIO ACTIVITY OF THE RETICULO-ENDOTHELIAL SYSTEM 


Œstrogenic 
activity (R.U.) 
(mgm.) 


Phagocytic 
Compound used index 
(K value) 
3 : 3-Di-(p-Hydroxypheny])-n- 
pentane 
3-(p-Hydroxyphenyl)-3-phenyl- 
n-pentane 


16 + 2'2 5 
Il 1-1 10 
13 41:7 25 
10 + 0:6 100 (Inactive) 


8+1°6 | 100 (inactive) 
13 + 2-4 


"methane 


BP feces pecan a a -1 : 1-di- 

phenylpropa 

p- Medea nA) triphenyl- 
methane 

Control values for 25 animals 





Table 1 shows the rélative K values of five 
polyphenylated aliphatic hydrocarbons investigated, 
together with their known levels of cestrogenicity. 
The results indicate that compound # has a profound 
depressant effect on phagocytosis only hitherto found 
following the administration of cortisone? in which 
the phagocytic index was reduced to K = 7. Com- 
pound Æ is the only non-steroid found by us to cause 
such marked depression of phagocytic activity. 
Compounds B and D show only a-minor depressant 
action; compound C causes no alteration; while 
compound A, which is cestrogenic in the rat following 
doses of 5 mgm., has a slight stimulatory effect. 

We are indebted to Prof. D. H. Hey for help in 
the interpretation of the above results and to Sir 
Charles Dodds for generously supplying these com- 
pounds. We also gratefully acknowledge assistance 
from the Central Research Fund of the University 
of London and from the Medical Research Council. 


T. Nicou 
C. ©. WABE 
D. L. J. BIBEY 
Department of Anatomy, 
King’s College, 
London, W.C.2. 
May 21. 
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Species Difference in Pyridine 
Nucleotide Synthesis by Erythrocytes 


Leder and Handler! have described the synthesis 
of pyridine nucleotide from nicotinamide and glucose 
by human erythrocyte homolysates in amounts as 
much as ten times the normal content and they 
identified the synthesized material as nicotinamide 
mononucleotide. These authors also suggested that 
fructose b and adenosine triphosphate 
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Table 1 





Synthesis of pyridine nucleotide 


. y-Pyridine nucleotide as by erythrocytes from nicotin- i 
Species No. of diphosphopyridine nucleo- amide + glucose (y-pyridine y Ribose/e.c. of y Ribose synthe- 
observations tide per c.c.) : nucleotide formed/c.c. red blood whole blood sized/c.c. red blood 
whole blood erythrocytes cells) . ‘  cells/hr. 

Man 8 30-6 82-5 814:7 — — 
Monkey 6 63:1 145-0 nil — — 
Rat 6 94-2 205-0 nil 186 82-3 
Mouse _ 2 194-1 407-5 nil — — 
Guinea pig 6 37°8 77-1 3469 147: 75°3 

| Rabbit 2 59-5 131-8 nil — — 
Sheep 3 — 192°1 nil — — 





were required for optimal synthesis of nicotinamide 
mononucleotide. While synthesis of pyridine nucleo- 
tide is thus known to occur in vitro by washed 
human erythrocytes, its presence and its synthesis 
in other mammalian species have not yet been 
examined. 

In our recent studies on the metabolism of pyridine 
nucleotide it was observed that the washed red blood 
cells of the rat were unable to synthesize that sub- 
stance under conditions similar to those employed by 
Leder and Handler? in human erythrocyte studies. 
This finding induced us to examine further the be- 
haviour of different species of animals, namely, mouse, 
rat, guinea pig, rabbit, sheep, monkey and man, as 
regards synthesis of pyridine nucleotide by erythro- 
cytes. 

The total pyridine nucleotide content of the whole 
blood was estimated by the method of Levitas eż al.?. 
The capacity of fresh erythrocytes, washed four times 
at 3°C. with four volumes of glucose—Ringer phos- 
phate, pH 17-2, to synthesize nicotinamide mono- 
nucleotide was estimated by the method of Leder 
and Handler?. In some experiments with rats and 
mice, the incubation mixture contained fructose- 
l : 6-diphosphate, adenosine triphosphate and D-ribose, 
in addition to nicotinamide and glucose. 

The results presented in Table 1 demonstrate that, 
of the seven species studied, only man and guinea 
pig erythrocytes were capable of synthesizing pyridine 
nucleotide under the conditions of the experiment. 
However, all the species that were unable to syn- 
thesize it had a higher pyridine nucleotide content 
of blood than guinea pig or man. This suggests 
that the major site for synthesis of nicotinamide 
mononucleotide in these species may be a tissue 
other than blood. ; 

Although it is uncertain whether the formation of 
nicotinamide mononucleotide in blood cells occurs 
by the direct phosphorylation of nicotinamide riboside 
by adenosine triphosphate as shown in liver prepara- 
tions by Rowen and Kornberg‘, or by the reaction 
between the base and ribose-5-phosphate or 5-phos- 
phoribosyl-l-pyrophosphate®, it is reasonable to 
assume that the conversion of glucose-6-phosphate 
to ribose phosphate by way of a hexose monophosphate 
shunt may be an essential step in the synthesis of 
nicotinamide mononucleotide from nicotinamide and 
glucose. My results demonstrate that the formation 
of ribose phosphate from glucose-6-phosphate in rat 
and guinea pig erythrocytes, as well as the ribose 
content of the whole blood of these two species, 
were almost equal. It was evident, therefore, that the 
ribose phosphate did not seem to be a limiting 
factor in synthesis of pyridine nucleotide in rat 
erythrocytes. It is hoped that experiments with 
erythrocyte homolysates and liver preparations now 
in progress may provide some information regarding 
the comparative role of these tissues in synthesis 


of pyridine nucleotide in different species’ of 
animals. 
P. G. TULPULE 
Nutrition Research Laboratories, 
Indian Council of Medical Research, 
Coonoor, South India. 
May 3. 
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Investigations into Temperature Changes 
on the Surface of Human Tooth Enamel 


In one of the first observations made with the aid 
of the microscope, Leeuwenhoek}? found that he 
could detect fewer organisms in scrapings taken from 
teeth after drinking hot fluids than in scrapings taken 
before the drink. Although many investigations have 
been made into the physical effect of thermal changes 
upon enamel and into the effects of conducted heat 
upon the dental pulp, there is no evidence in the 
literature of Leeuwenhoek’s observation having been 
pursued. l 

In the present series of experiments, investigations 
are being carried out from the aspect of the effects 
of temperature changes upon chemical or bacterial 
activity taking place upon the surfaces of human 
teeth. To ascertain the range of such changes on 
enamel surfaces during meals, pilot experiments were 
performed using copper-constantan thermocouples 
attached to the surface of enamel and in areas between 
teeth. Meals were eaten at a serving temperature of 
60-70° C., during which thermocouple readings were 
taken every 30 sec. 

It was found that maximum temperatures of 50— 
60° C. were reached and temperatures of 40-45° C. 
were maintained for up to ten minutes at a time. In 
areas between the teeth, the temperature on the 
enamel surface took, on average, thirty minutes 
after the finish of the meal to return to 37° C. 

When measuring surface temperatures it is neces- 
sary to know the thermal conductivity of the material 
the surface of which is under examination, and since 
only a rough estimate of the thermal conductivity of 
enamel has been made? it was thought that as a 
preliminary investigation the thermal conductivity 
of enamel should be determined. The apparatus in 
use for this is a modification of that used by Phillips, 
Johnson and Phillips! for the determination of the 
thermal conductivity of dentine and dental cements. 
Results indicate that the value of the thermal 
conductivity of enamel is of the order 0:002 c.a.s. 
units, and that variations occur with the age of the 
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enamel. Since the value is in the same.range as 
ceramic materials, thermistors will be more suitable 
for use on enamel surfaces than thermocouples. 
Experiments are being conducted with thermistors 
recording on to pen-recorders. 

It would seem that if the detailed investigations 
confirm the indications of the pilot work, it may be 
incorrect to perform in vitro experiments into dental 
caries at 37° C. and regard them as being a repro- 
duction of in vivo conditions. , 


PETER S. ROTHWELL 


Turner Dental School, 
University of Manchester, 
Manchester, 15. 

l May 10. 
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Effect of the Nitrogen and Sulphur 
Content of Organic Matter on the 
Production of Ammonium and 
Sulphate 


AT this Laboratory, investigations into the decom- 
position of ‘soil organic matter have been concerned 
with the effect of sulphur and nitrogen content on 
decay. To simplify the problem in its preliminary 
stages, and to gain better control of variables, the 
decomposition of mixturés of pure organic substances 
was studied. 

This communication reports the effect of varying 
the nitrogen and sulphur content of such ‘organic 
matter’ on production of ammonium and of sulphate. 

Mixtures of sucrose, casein, glycine and cysteine 
were used to vary the nitrogen and sulphur content 
_of the organic matter—the carbon content was kept 
constant. Solutions of mixtures of these compounds, 
together with an inorganic salt solution, were inocu- 
lated with a soil extract and 40 ml. was then added 
to 300 gm. of clean sand in a series of 500-ml. flasks. 
After ‘placing a small tube of sodium hydroxide 
solution in the flasks, they were closed 
with a thin sheet of polyethylene and 
were incubated at 27°C. With the í 
quantities of organic matter used, dif- 
fusion of oxygen through the poly- 
ethylene into the bottle was rapid 
enough to sustain respiration at a rapid 
and probably maximal rate. Absorp- 
tion of the carbon dioxide by the 
sodium hydroxide was much more 
rapid than diffusion out through the 
polyethylene. (Negligible loss of car- 
bon dioxide occurred even when it was 
evolved very rapidly by action of acid 
on carbonate.) On the other hand, the 
concentration of carbon dioxide in air is 
so low that diffusion into the bottle was 
very small and in any event could 
easily be measured by a blank determ- 
ination. At each sampling two bottles 0 
per treatment were taken to determine 0 2 
the sulphate, ammonium. and carbon 
dioxide produced (no nitrate was 
detected). This allowed calculation 
of the carbon, nitrogen, and sul- 
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phur remaining in the organic form—though this 
calculation is subject to error if losses occur by 
formation of volatile compounds. It was thus possible 
to follow changes in the ratios of organic carbon to 
organic nitrogen and of organic carbon to organic 
sulphur (carbon/nitrogen and carbon/sulphur ratios). 

Formation of ammonium was sometimes consider- 
ably delayed. This only happened when the initial 
carbon/nitrogen ratio was wider than about 5/1 and 
was only well marked when there was at least one 
part of sulphur to every hundred parts of carbon. 
One such curve is shown in Fig. l, treatment 1. 
Calculations showed that the upward trend in such 
curves never occurred until respiration had lowered 
the carbon/nitrogen ratio to about 5/1. 

However, when the proportion of sulphur in the 
organic matter was reduced, ammonium was formed 
more rapidly and before the carbon/nitrogen ratio 
had fallen to 5/1. Fig. 1 shows release of ammonium 
from organic matter with an initial carbon/nitrogen 
ratio of 13-3/1 and initial carbon/sulphur ratios 
varying from 100/1 to 400/1. Release of ammonium 
from material of wide carbon/sulphur ratio occurred 
much more rapidly and at much wider carbon/nitro- 
gen ratios—as wide as 12/1 for treatments 4 and 5. 
It would seem that utilization of nitrogen was limited 
by the supply of sulphur and that nitrogen in excess 
of microbial needs was mineralized. 

The highly significant initial rise and subsequent 
fall in the curve for treatment 4 in Fig. 1 is worthy 
of note. On this ‘treatment the micro-organisms 
apparently did not attack the organic compounds at 
the same rate: it would seem that the nitrogen-rich 
compound (in this case glycine) was attacked more 
rapidly than the energy-rich compound (sucrose) and 
excess nitrogen was mineralized. Later, presumably 
when the sucrose was fully utilized, some of this 
nitrogen was immobilized. A similar ‘premature’ 
formation of sulphate occurred in some other experi- 
ments, but in most cases the micro-organisms 
appeared to attack the simple organic compounds a 
the same rate. i 

Graphs of sulphate production against time—like 
those for ammonium production—sometimes showed 
a flat initial phase before production of sulphate 
occurred. The upward trend in the curves did not 
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Fig. 1. Release of ammonium from mixtures of sucrose, glycine, and cysteine of the 
composition shown. The maximum value of the least range for significance (ref. 1) 


at P < 0:01 is 1-45 mgm. ammonia nitrogen 


ese results suggest that 
ganic matter depends not 
on. the proportion of that 
lement in the organic matter 

ut also on the proportion of 

he. other elements. It is 
= probable that a similar generalization applies to 
_ immobilization of elements, and in fact other results 
from these experiments have shown that immobiliza- 


of i mgm./ml.; (¢) 


a tion of phosphorus was reduced when the proportion.. 
of nitrogen or of supper in the organic matter was 


< reduced: 


< The statistical analysis w was 8 performed by Mr. P. Fo 
May, of the Division of Mathematical Statistics, — 
Commonwealth Scientific and Industrial Research _ 
_ Organization. It is intended. to o publi this work in ; 


: : greater detail elsewhere. 


N wal BARROW i 


Regional Pastoral Laboratory, 
Commonwealth Scientific and 
Be Industrial Research Organization, 

-Armidale, 
New South Wales. 
April 16. 
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Fig, 1. Tracings of descending t 
the solution was applied to the upper left-hand corner. The horizontal dimension repre-. 
sents movement in: i e butanol/acetic chars solvent, and the vertical the movement — 
in phenol, (a) Factor 1 solution, 0-025 ral. 


ee extracts containing 









hromatograms developed with ninhydrin, In each ease. 





(b) y-aminobutyric acid. solution, OOF mab. 
Factor Í solution, 0-025 ml.: ; -aminobutyric acid solution, 0-01. Mmh, Sny 


dimension, and 80 per cent (w/w) aqueous phenol in a es 
The chromatograms were developed 
with ninhydrin solution to reveal the amino-acid ARE 


the second. 


spots. 


Florey and McLennan*®. Fig. 1b shows the spot 
obtained when a solution of pure y-aminobutyrie acid < 
was applied to the paper, and Fig. le the result when 
_ Factor I with added y-aminobutyric acid was applied. 
_ [tis evident from these chromatograms, which were 
all performed simultaneously, that there is no spot 
in Fig. la corr esponding to y-aminobutyrie acid, - 
such as appears clearly in Fig. le, where the sub- | 
stance was added artificially to the solution. of 
3 F actor I. 
_It can be concluded from this experiment that 


nethod of Florey and McLennan, which possess the. 


it be argued that the quantity of Factor I applied — 


_ Absence of y-Aminobutyric Acid from 
< Brain Extracts containing Factor | 
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: and spinal. cord which possess an inhibitory activit 
on certain synaptic processes, both in mammals and 
in invertebrate animals. For example, these extracts, 





synaptic reflexes, 





eceptor neurones. Bazemore, Elliott and Florey 
ave reported that an active component of extracts 
ontaining Factor I is y-aminobutyric acid. Since 
that time it has been shown that y-aminobutyric acid 
does have effects of an inhibitory nature, especially 
Crustacea® and when applied to the mammalian 
---eerebral cortex’. However, a comparison of the actions 
of Factor I and y-aminobutyric acid on those 
structures where the former is active has shown 
= that, except in Crustacea, the effects obtained with 
`= the two are not comparable, and it was concluded 
that they are not identical’. 

“- In the present experiments a solution of Factor 
< I was applied to Whatman No. 4 filter paper, and 
-subjected to chromatographic separation for free 
“amino-acids. The solvents used were n-butanol / 
glacial acetic acid/water (4:1:5, v/v/v) in one 


a Mave 
ae described some of the actions of extracts of brain — 


which are said to contain ‘Factor I’, can block trans- 7 
mission in sympathetic ganglia, can inhibit mono- 
: can block neuromuscular trans- 
ission | and’ the neurogenic heartbeat of Crustacea, a 
nd can inhibit the discharge of crustacean stretch — 


to the paper in Fig. la contains an undetectably 


small amount of y-aminobutyric acid, for the amount: 

< applied is 24-5 times that required to block the cray- =.. 
_fish stretch receptor neurone, and is therefore at least 

14 times more than the amount applied in Fig. 167. 







-A possible explanation for the finding of Bazemore_ 
-et-al.* that y-aminobutyric acid was present in. the. 
extracts containing Factor I is that it was split. off 








from some larger molecule in the course of the 
relatively drastic extraction procedures which we 
used. It may perhaps be conjectured that this postu- 
lated larger molecule, of which y-aminobutyrie. acid 
is a fragment, is the true active ingredient of F Factor 
-sohations. | 


H. Noles 


Department of Physiology, 
University of British Columbia, 
: Vancouver. 
April 17. 
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Fig. la shows the distribution of spots obtained | ; 2 
with a solution of Factor I prepared according to- 


Factor I prepared by. the - | 


whole complex of actions described by those authors, ~ 
1o contain no y-aminobutyric acid, which cannot. theres 
fore be the active component of Factor I. Nor cean 
















A TECHNIQUE, modified from that of Q 
Bender and Parkinsoni, was - 
investigate the purifying effect 
vaccinia virus?, | 

The technique has now been applied to nodule 


of Rous tumour grown on the chick chorio-allantois | 
in order to prepare suspensions of the Rous virus. 


Such suspensions have been subjected to | 
centrifugation and the pellets which.. 

been fixed, embedded, sectione nd exami 
the electron microscope. It has been found. 
only recognizable formed structures presen 





pellets were uniform. spherical particles about 75 my 


in diameter (Fig. 1), and biological tests integrated 
with the morphological work have established that 
these particles were in fact the Rous virus’, Frag- 
ments of the pellets containing the virus are ideal 
both for examination by electron and fluorescence 
microscopy after enzyme digestion, and for cyto- 
chemical study, 

The nucleoid of the Rous virus is known to lie in 


a central zone separated from the viroplasm by a , 


fine membrane4. In order to investi 


of the nucleoid, samples of the pellets containing the 


virus have been treated with ribo 


samples were first fixed with potassium permangan- ee 
ate? which, unlike the more commonly used osmium- 


sucrose fixative for electron microscopy*,. allows 
subsequent digestion by both deoxyribonuclease’ and, 
under certain conditions, ribonuclease. After fixation, 
the. samples were placed in iced 30 per cent alcohol 
and allowed to warm to room temperature ; 
were then incubated for 2 hr. at 37°C. in 30. pe 
cent alcohol containing 0-1 per cent by weight 
ribonuclease, protease-free, and recrystallized thri 
times (Worthington Biochemical Corporation, Free- 
hold, New Jersey). 





enzyme. After incubation, all the samples were 
dehydrated, embedded in n-butyl methacrylate and 
sectioned for examination in the electron micro- 
scope. 

The incubation procedure made the particles appear 
ragged and extracted (Fig. 2). It is nevertheless clear 
that in the control preparations, which were not 
exposed to the ribonuclease, the nucleoid and outer 
limiting membrane remained intact (Fig. 2a). On 
the other hand, the nucleoids were removed from 








a section through a pellet pre- 


Fig. 1. Electron micrograp 
pared from a suspension of the Rous virus which had been 


‘treated seven times with a fluorocarbon. Uniform virus particles 
about 70-75 my in diameter are almost the only formed structures 
present, Permanganate fixation. x 14,000 


of a fluorocarbon on 










they: 











amount of ribonucleic acid, 
_ Yeported in detail elsewhere! together with a dis- 


Control samples were incubated. 
simultaneously: in 30 per cent alcohol without the 











Fig. 2. 


Electron micrographs of thin’ sections of Rous virus 
particles. 


(a) Control particles whith had been incubated in 


_ oO. per cent alcohol at 37°.C, for 2 hr, ; the nucleoid and outer in 
limiting membrane ga 


membrane.can bë distinguished.: (b). Particles which had 
been incubated int) e same. Way. as the controls except that the 
30 per cent alcohol contained 0:1. per čent by weight of ribo- 
nuclease’; “the nucleoids: have been removed and the particles 
appear slightly swollen, ©. Permanganate fixation. . x 130,000 









particles which had been subjected to ribonuclease | 
digestion (Fig. 2b); such particles also appeared 
slightly swollen as if some central supporting struc- 
ture had been removed. The specificity of the ribo- 


nuclease digestions in conjunction with the findings 
of the contro €xperiments demonstrate that the 


Rous virus contains a substantial 
This work will be 





nucleoid of the 


cussion of its significance, 
M, A. EPSTEIN 


Bland-Sutton Institute of Pathology, 
The Middlesex Hospital, 
London, W.1. 
April 29. | 
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A Cobalt-Accumulator Plant, 
Clethra barbinervis Sieb. et Zucc. 


DuRING an investigation to determine if variations 
in the heavy-metal content of vegetation and soil 
could be used in prospecting for chromite ore bodies 
in the Hinokami district, Tottori Prefecture, a tree, 
Clethra barbinervis Sieb. et Zuce., was unexpectedly 
found to be an accumulator of cobalt. 

Leaves of seventeen different kinds of trees collected 
from 199 locations in the neighbourhood of the mine 
were analysed for iron, nickel, cobalt, copper, zinc, 
manganese and chromium. The cobalt and nickel 
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- eontent of the ash of a variety of trees other than 
-Clethra sp. ranged from less than 1-0 to 22-5 p.p.m. 
and from 3-2 to 120 p.p.m., respectively. More than 
one hundred times as muth cobalt and several times 
as much nickel were found in Clethra sp. as in other 
plant species. N ormally, plants contained from 
seven to twenty time 
Olethra sp. contained » cobalt than nickel, 
although it was not, richer in iron. 
< The total nickel content of the soil (B-horizon), 
which was mostly derived from’ serp: 
material, rangedifrom less than 100 to 3,01( 
_ dry weight; the average. being 1,005 p, 




















ppm. 


the average being 652 p.p.m. The soil on which 


- Clethra sp. was growing did not show any anomalous 
levels in these elements, yielding on average 1,125 
~ ‘p-pn. of nickel and 511 p.p.m. of cobalt. 

i There is no evidence that cobalt is essential for oa 








plants and’ bacteria require this alenn. T he large 
accumulation of cobalt in leaves of Clethra sp. 
Suggests that this element may have some function 
in higher plants. 
‘will be reported in detail elsewhere. 


e m 3 NOBORU YAMAGATA 
Kiriu College of Technology, 
Gunma University, 
Kiriu. 
YuxKro MURAKAMI 


AGepartnent of Chemistry,. 
University of Tokyo. 
April 19. 






Morphology of Yeast Mitochondria 
"Tuer has recently been some controversy as to 
<o the possibility of demonstrating other than granular 
-> mitochondria of yeast cells’. It is well known that 
- for a long time the only mitochondria that cytologists 
“were able to demonstrate in yeast cells were round, 
granular structures. As their minute dimensions 
make it practically impossible to observe the same 
“cell before and after treatment with fixatives, stains, 
-ete., the identification of yeast mitochondria must 
“necessarily be doubtful. However, knowledge of the 
- structure of the living cell, and the comparison of 
> eytochemical results with the state of the living 
= untreated cell, should be good safeguards against 
incorrect interpretation. One frequently abstains 
= from using phase-contrast when examining yeast 
~ cells because, under the usual conditions of examina- 
tion, cells of the yeast type which have a high solid 















S 








“and his school*, who used both normal and respiration-. 


E 
66k | 140 0-38 | 
2-6 | 422 614) 20-7 | 386 2a 
| 53! 260) 71| 78 17 l 
| 3-6 | 31-8 | 846 1L Tas ‘ 
7 | 2-0 | 24-6 | 688 | 20-3 | 482 | 
late Thunberg | 43 | 2671696) 71 | 204 | 
her species: | 89 | 322) 671 | 12-3 | 289 | 


Tre eel than cobalt, but” 


i 





: om: ; the total. 
- Cobalt content also ranged from 10 to 9, 250 ppm,” 


Further work is proceeding and — 
= able some years ago to study their living structure 


ima sere | 
be | biain with moose 





used, was stressed in 


From the: cytochemical investigations | of Ephrusai ; 


deficient strains of yeast, it can be concluded with. 


certainty that in the case of yeasts a positive Janus = 








ends on the activity of the 
ytochrome ¢= cy ome oxidase system. i 
as is known, therefore, those structures of the yeast. — 
cell which, after 
with Janus green may be considered as mitochondria, 

When Y otsuyanagi!, using a double differential 
staining method, observed thread-like as well as. 
granular structures in yeast cells and identified them 
as mitochondria, Williams et al.? denied the presence 
of long cylindrical mitochondrial threads in yeasts 
and emphasized that thread-like structures in such 
cells were only seen as artefacts after they had been 
stained with 2,3,5-triphenyltetrazolium. 

The controversy between Williams et al? and 


~ Ephrussi e¢ al.4 is solely based on what I believe to 
entine parent = be Williams's incorrect interpretation of Yotsu- 
> yanagi’ s regulis. 
-ment of Williams et al. that “no other observer has 


‘ever reported long cylindrical cytoplasmic. structures 


T should like: to corréct the state- 


in Saccharomyces’. 

Quite independently of Yotsuyanagi’s work, I have 
in recent years investigated the morphology and 
continuity of yeast mitochondria. According to my 


results, thread-like mitochondria seen in yeast ceélls 
are true structures of the living cell and not artefacts 


‘educed by the use of stains’. Using phase-contrast 
-efractometry®, I succeeded in demonstrating thread- 
like mitochondria in a number of yeast strains. This 
method so greatly facilitates their analysis: that I was 


by time-lapse microcinematography. One of my 
film-strips, which shows thread-like mitochondria 
during budding (Sacch. carlsLergensis) and cell- 
division (Saccharomycodes ludwigii) was shown at the 
meeting of the Research Film Section of the Inter- | 
national Scientific Film Association in Göttingen in- 

1956. Fig. 1 shows the typical shape of thread-like - 
mitochondria with negative phase-contrast. The. 

interpretation of Williams et al. that such thread-like 
structures in yeast cells must be regarded as artefacts 


is thus refuted by the demonstration of thread-like . 


mitochondria in living, untreated cells. l 
Provided special care is used, it is possible to stain 
these thread-like mitochondria with Janus green B. 












(a) ‘ {e) 

Fig. 1. Senini luds dong, thread-like mito- 
ehondria in living, unstained célige(a and p) and during, cell-- 
division (c). «Negative phase-contrast, magnification, x F200, 
~ refractive index ~ the medium, 1 oy 







rsion media of suitable refractive index are o i 
gritain by Barer et al, and es 
this: principle has been ‘used by us for the study ofo 

. „micro-organisms, notably yeast cells. 







So far. ~ 


vareful treatment, can be stained — 
















A <p 
showed that thredid. like. Genet mitochon 
extremely sensitive to any type of interference 
the cell, including vital staining and fixation. Gre 
importance must therefore be attached to the analysis 
of their living structure. Fragments of thread-like 





-. mitochondria, as found, for example, after treating 
. the cells with. vital stains, may for a limited period - r 
- remain stainable with Janus green. Their structure -< 
does not, however, correspond completely with what 






is found in the living cell. 
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TERNS 


. the eggs of P. brassicae on the leaves of your 

l cabbage. plants from hatching, -but all the young 
-o larve were killed by a dose of 10 mgm. fiuoroace 
-amide or 20 mgm. of sodium fluoroacetate on the soil. . 


gut tap-root technique’, 3 
in mgm. per kgm. of fresh plant tissue for A. fabae 
was fluoroacetamide 0-09-0-9, sodium fluocroacetate 


177, “of the fluorine compounds or 50 mgm. schradan per 


Slonimski, os ‘Schradan more than 2,900 









flu ee 08 em on “the. same pe of! “compost. 
plied in this way, neither compound prevented 





When administered to broad bean plants by the. 
the approximate LD100- 


0-7, schradan 50.” When taken up through the: 
petioles of the leaves of small cabbage plants 5 mgm. © 


kgm. of fresh plant tissue killed all B: brassicae. 


-The growth of P. brassicae larvee was prevented by 


20 mgm./kgm. of either fluorine compound. For 
./kgm. was required. —_ 
“When “applied tothe older leaves against all three __ 





o species of aphids feeding ‘on the younger leaves of we ue 


= their host plants, fluoroacetamide was as effective _ Soe 


- as or slightly superior to sodium fluoroacetate as.a — 
systemic insecticide and in varying degrees superior i 
to schradan. | 


Fluoroacetamide as a Systemic 
Insecticide 


It «has previously been reported that sodium i 


fluoroacetate is a very effective systemic. insecticide 
against Aphis fabae Seop.!?. ately, its use 
cannot be recommended since it is a very ‘dangerous 








It is clear that fidavcécotamide is as effective as o 


_ the more dangerous sodium fluoroacetate as a systemic 
 insectieide. 


„Whether or not it would be safe for use 2 
on food crops remains to be proved. A more detailed = — 
report will be published elsewhere.’ 


poison, being both highly toxic and rapid in action. — 


As a result of the above report, related compounds... _ 
have been investigated, and it has now been stated — 
that fluoroacetamide is an active insecticide®, although - 
no details of biological tests have been published. ~ 
Fluoroacetamide is claimed to be considerably less | 
hazardous to handle than sodium fluoroacetate 2 
because it is less toxic and acts more slowly4*, con | Sea 
oe i David, W, A Le; Nature, . 185, 40 sa 1 

c David, W. As L., and Gardiner; 





Furthermore, in rats acetamide acts as an antidote 


to fluoroacetamide but not to sodium fluoroacetate®#, 

The biological tests were carried out as previously 
The test insects were the bean aphis, - 
A. fabae Scop., on broad beans, the cabbage aphis, : 


described?.’, 


Brevicoryne brassicae L., the peach potato aphis, 


». Myzus persicae Bulz., on young cabbage plants 
> and the eggs and larve of the large white- 


butterfly, Pieris brassicae L., 
plants. 


In tests in which leaves bearing A. fabae and B: MS : 
brassicae were dipped, fluoroacetamide was as. i Seppe es 
_ effective as sodium fluoroacetate, 0-001 per cent ae ba y mal 


solutions containing a wetting agent giving 100° per. 3 
Both were superior to schradan. When. ° 


leaves bearing eggs of P. brassicae were simil larly = As seriously with PE E rosie 


dipped in 0-1 per cent fluoroacetamide solution, 85 per onda dipped in solutions of the insectici 
cent of eggs failed to hatch and 70-80 per cent of the © 
. larvæ were killed. The same concentration of sodium | 


 flueroacetate had no effect on the number of eggs 


-= cent kill. 


hatching but killed 98 per cent of the newly emerged 

larvæ. Less than 10 per- cent. of the fourth instar 
© larvæ were killed following immersion for 0-5 min. 
< at 20°C. in the 0-1 per ‘cent A solution 
a i ee E Ee 









a Phillips, M. À. , and Worden, A 
o: * Peters, R. A., Endeavour, 18, 
oo oe * David, Wi A. L., and: a ; 
also on young cabbage oe : 


“concentration (with 0-05 per cent’ bead | eeent 
added), gave the kills ld 1 (Table ae 


Table 1 
Dilution Aphid kill 
`. Lin 1,000 100 per cent in 8 hr, <> Some signs 
Lin 10, 000 100 per cent in 8-10 hr. Nil. 
“Lin 20,000 100 per cent in 24 hre = Nil 
lin 100, 000 Some killin 24 hr. (young insecte) Nil 


W. A. L. Davin 
B. O; C. GARDINER 


Agricultural Research Cound 
Unit of Insect: Physiology, 
| - Cambridge. 
_April 23. 
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Tr may i of interest. to report that, 
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NATURE i STi cas a 


Table 1. Dara on THE Ratio oF. "BUSHELS oF Gruen Hors HARVESTED A 
PER CWT. OF DRIED Hors FOR Five FARMS IN East KENT, AND ON. 
AUVGUST-SEPTEMBER RAINFALL AT WYK, KENT, FOR THE YEARS 

1942-57 INCLUSIVE 

























953, and arose from dor AO werk of David and 
jardiner! on the systemic insecticidal activity of 
‘sodium fluoroacetate ; Ce later work showed that the 








i W rsistent in the rose bushes for a | |  Bushel/ewt, ratio values for | 
insecticide 9p pe e t z 7 five farms in East Kent jAverage | August- | 
period, of about 2-3 weeks, applied as spray or via Year oration | September | 
ry at a strength of 1 part in 10,000; thatis, | Wye Farm Farm Farm Farm) forall | rainfall 
: oot only, a ong F o 4 oikee aa id ldi Bee uyr oye? farms | (in. } 
aphids occasionally began to. reappear after this Sg ooo eo ee 
“rh itating a second s ray | 1942 | — 109 77 920 ~~ 93 | 4-63 
period o of time, necessitating a pray. 1943 | T: 103 E l z sane 05. 2e] 
. 944 ee BS nD 90 4-48 
C. CHAPMAN | 1946 | — 98 88 93 100 | 9 { 2:83 | 
194 _ $9 87 90 85 l BB TOL 
: Fumigators, Limited, | 1947 | -— 89 89 91 | g 0-900 | 
‘on q Eile a | 1948 | — o 99 83 88 sao 39 447 ] 
ondon Ji / 1949 | 100 99 86 g s89) W 408 | 
4 F pv naronorintatane petoemannainn, E a iniri a dAn: vel 
M. A. EILEEN Average 1942-49 oo | 8a 
" | AE PENE RERA N 
| 1960 | 100 110" sọ* og gg» a7 | 459 
. M. A. Phillips and P OE PO | 1951 114 112 OG 97e 99 104 8-03 
Romford, | 1952 | 103o 115 97 97 . 99 102 817 | 
sae 1953 | 120* 115 92 95 93| I0 633 | 
is 195 | lis ie 88 100 sr | foe | SR 
= ae a | 1955 ; 107 6 4°71 
David, Nature, 165, 493 (1950). a | 1966 | 127 120 88 97 108 108 | 5:95 |. 
is | 1957 | 125 125 87 105 107! nọ | 76 | 
| | | Average 1950-57 lot | ose | 
+ * i i i i 
Systemic Insecticides and the Ratio of | nn nar 
Green to: Dried Hops * Year in “hilot cestodo insecticides were first usod. 


In England when hops are picked by hand the work patio rose at once to a level well above the existing 
48 assessed in terms ‘of the volume of green hops , average ; in three farms it rose to levels greater than 
measured as bushels.. The green hops are later kiln- previously recorded. It #8 of, significance to note 
dried to about 9 per cent water content before being that at Wye College the ‘ratio Femairied low in the- 
pressed into bales and sold by weight. Some growers “very wet years of 1951 and 1952; when systemic 
keep a record of the average number of bushels of insecticides were introduced in 1953 the ratio rose 
green hops required each year to give 1 ewt. of dried at once to the high levels at which it has since 
hops; this average is called the bushel jewt. ratio. -remained 
The ratio may vary from year to year on the oe It appears probable that the introduction of 
farm and from farm to farm in the same year. This systemic insecticides has played an appreciable part 
variation has been discussed by Glasscock!, who in increasing the bushel/ewt. ratio. The causes of this 
suggested meteorological conditions’ at hat- 7 “have not been investigated. A possible — 
: veesns aid one of a number of possible factors: explanation | is thatthe superior control of aphis and 
_ concern Das red spider given by these systemic compounds results 
_ During recent years it has been reported that the in the ie ade ah more sucoulent condition 
ratio. wes ae ae the limits of normal. than when contact insecticides only were used. It is 
ihty!. . Data from tive _ East Tepr pitas also possible that the presence of these compounds 
“in the plant may have had physiological side-effects 
. resulting inthis increase in the ratio. 
_.. This work will be discussed in more detail in the 
= Annual Report of the Department of Hop Research 


j values for rainfall cine August-” ~~ for 1957 which is to be published shortly, 
1D years, recorded at wee 




















H. S. DARLING 
_ Department of Hop Research, 











average rainfall during AS uA etree 
l from 3-87 to 6-52 in. > Kent 
no two. ear periods. Both these April 99. 
re ea significant at P = 0-01. | 


lity at once suggests itself that the  ‘lisscock, H. H., J. S.E. Agrie. Coll., Wye, 44, 16 (1939). 


À * Darling, H. S., and Derbyshire, Doroth M., Rep. Dept. Hop R ie 
T infall may, have been T for Wye College, for 1955, 43 (1950) Pp. Veps. Hop Ros. 


A New Species of Atolla 


£ 4 “Wmr making a- study of the seyphomedusan 
emie organo-phosphorus insecticides for control Atolla in north Atlantic waters I recently found that 
ig and red Ober were first used commercially there were two species, A. wyvillei and A. vanh offend, 
: I can now state that there is a third species. Like 
of the Re A. vanhéffeni, this is a small species, apparently 
: exam ed, ieee jatroduced | sy atemic insecti- not exceeding 30 mm. in diameter, but the shape 
pap in I 50, one in 1951 and Wye College in 1953; of the base of its stomach is similar to that of 
all five farms have since continued to use them. Data A. wyvillei. 
or individual farms show that in the years when Whereas A. vanhéffeni and“A. wyvillei have s typically 
systemic insecticides were first used the bushel jewt, 20 and 22 marginal tentacles respectively, this new 












1812, 





species has usually 20 or 24 tentacles. It differs also 


from A. 






wyvillei in that the septa separating the... 


thopalar and tentacular gastral canals tend to be J 
nearly straight and of uniform thickness, and are . J 
almost completely covered to their centripetal ends 


by the thin part of the coronal muscle. 


ing at their ends and extending centripetally beyond 
the margin of the thin part of the coronal muscle. Its 
range of coloration appears to be similar to that of 
A. wyvillei. 

In view of its small size, I propose to name this 
species Atolla parva nsp. <A fuller description will 
be given in a later publication, but in the meantime 
it is.hoped that those engaged in studying plankton 
callections may be able to add to our knowledge of 
the distribution of the species. 


E. S. RUSSELL 


Marine Biological Association, 
Citadel Hall, 
Plymouth. 


s Russell, FL S., J, Mar. Biol, Assoc. U.K., 36, 275 (1957). 


Grain in the Glume of Wheat 


In the wheats, as in most grasses, there are empty 
ghimes at the base of each side of the spikelets, and 
the florets consist of a lemma (flowering glume), 
palea and flower. 
eleven flower primordia are formed in most spikelets! 


and although in some varieties under good conditions | 


many spikelets carry four or five grains, in most 
varieties grain is produced. only im the two or three 
basal florets, and the higher florets are undeveloped. 


The only recorded regular departure from this system. 


is the basal sterility found:in some speltoid mutants 
of T. vulgare?. In these the lemma of the first floret of 
most spikelets is empty, and in one mutant both 
the basal florets are sterile: the initiation of the 
flower primordia is partially or completely sup- 
pressed®. One of the more rare abnormalities of 
flower development in normal varieties. is the 
occurrence of rudimentary florets in the axils of the 
glumes. 

Regular development of flower parts in the axil 
of the second ghime has been found in a compactoid 
wheat. The development varies from the production 
of a rudimentary palea within the glume to the 
formation of a complete flower which may set a 
grain; no increased growth of lodicules*? has been 
observed. The 42 ears from five plants grown in 
the Crop Research Division glasshouse have been 
examined, and of the 648 well-developed spikelets 
three, from one plant, were ‘normal’, 608 showed 
the abnormality within one glume and 37 showed 
it in both glimes. Where the order of the florets 
was noted it was found that the second glume had 


flower parts in the axil, and where both sides were. 


affected the development im the second glume w 
the more advanced. Of 222 grains produced by the 
five plants, 44 wefe forfned in the glumes. In. all 
ears there was incomplete development of the 
terminal spikelets. 

The density of the ears was similar to those of 
awnless compactoids previously deseribed4.5, and the 
appearance of two of the spikelets is shown in Fig. 1. 
In Fig. 2 the parts of one spikelet are arranged in 
order. The glumes are long (up to 13 mm.), keeled 






In Triticum vulgare Host, ten or. 


and all had 44 chromosomes ; the material is presum- _ 





“not been recorded previously because the effect is . 
not conspicuous unless a grain is formed, and if a 


In A. wyvillei 
the septa tend to be club-shaped in appearance, diverg- — 

















(b) te) (@) 
Spikelets of wheat: (a) Z. vulgare var. Aotea ; four — 
grains. (b) Commpactoid; on left, ghime normal, no grain in. 
first flower; grains on right in second flower and in glume. 
te) Reverse of spikelet from same ear as (b); on left, glume with > 
palea, no grain in second flower; grain on right in first Hower, > 
(d) T. compactiun, 52767 ; ; four grains 


(a) 
Big. 1. 





{e} idy fe) {b} (e) (a) 


(a) (b) 


Fig. 2. Spikelet of compactoid, parts in order: (a) Glume ; (h) 
unfertilized flower; (e) lemma ; (dy grain in second normal 
floret: (e) central florets 


and fragile, and the shoulder is very narrow; the 
lemmas and the glumes are awned. 

The compactoid line is descended from the. cross® 
of two .awned varieties from the Crop Research 
Division wheat collection, 8357 from Crete and S1556 
from India. The awned progeny of a sub-compactoid _ 
F, plant consisted. of 27 compactoids, 43 sub=: 
compactoids and 32 normal plants, and an F, ofo 
42 plants grown from three compactoid Frs was all 
compactoid. Chromosomes were counted in root tips 
of nine of these, including the five discussed above, 


ably a stable tetrasome IX ‘compactoid®. 

In the F, the abnormality was shown in compac- 
toids, and in the compact part of a sub-compactoid 
ear, but not in a normal ear, It is thus closely related 
to compactoidy, and appears, like compactoidy*, tois 
be independent of the compactum factor. It is not 
found in T. compactum Host, and in ears. from the 
F, with T compactum (92767) as male parent only | 
the upper spikelets had flower parts. in the glumes. 
It is possible that all compactoids ar “the PA ` 
though some (Mac Keyt Figi ba : y Fig. 10%}: 
do not appear to have fertile glam 
another tetrasome compactoid? were, : } 
awnless, similar to those of the p ‘esent material 
but their fertility could not be assessed” ‘from the. 
photograph (their Fig. 22). plication compactoid 
found recently in unrelated material had relatively 
short glumes, and no awns ; in the one ear. harvested . 
most of the 16 spikelets contained. two. grains, 11 
of them had flower parts in the second glume, and 
in the top third of the head five grains ‘were produced 
in glumes. It is suspected that the abnormality had ` 










grain is formed the impression is given that the 
glume has been broken off. Both the outer bracts 
are structurally glumes, and not lemmas. 

The production of flower parts in the compactoid 
glume is an extension of the cytological and pheno- | 
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typic reciprocality between speltoids, particularly 
‘sterile base’, and compactoids. Awnedness may be 
of significance’ ; the present material is fully awned, 
and basal sterility is expressed more fully in awnless 
speltoids’, but it is doubtful whether much import- 
ance should be attached to simply-inherited char- 
acters. Compactoids provide evidence of the genetical 
characteristics of chromosome IX, part of the B 
genome of wheat, the origin of-which is unknown, but 
the normal disomic effects of chromosome IX cannot 
be predicted, and not until an Aegilops, or perhaps 
an Agropyron, with a fertile glume is discovered 
should any evolutionary significance be attached to 
this character. (Added in proof : Okamoto (Wheat Inf. 
Service, 6,3; 1957) (E. R. Sears, personal communica- 
tion) has shown that chromosome IX is in the 4 


No. 4626 


' genome, and has thus reduced the historical import- 


7 ™ we 


ance of speltoidy and compactoidy.) 

- I wish to thank Mr. E. J.*-Beuzenberg for the 
ehparosonie counts, and Mii n J. Miles for the 
photographs. 

. Q. M. WRIGHT 
Crop Research Division: 
Department of Scientific and Industrial Research. 
Christchurch, New Zealand. April 23. 
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Bat Erosion as a Factor in Cave 
Pe Formation 


OBSERVATIONS in three bat-infested caves in 
Trinidad suggest that roosting bats can play a con- 
siderable part in cave excavation where the rock is 
soft. The best example of this bat erosion is to be 
seen in a cave in soft coral reef limestone in Mt. 
Tamana. Wherever the roof is dry, as indicated by 
the absence of stalactite growth, it is pitted with 
numerous bell-shaped cavities, the upper parts of 
which are lined, by day, by a layer of closely packed 
sleeping bats. On the cave floor below each such 
cavity is a conical mound of bat guano. 

Measurement of these cavities with a pair of long 
wooden calipers showed. depths ranging from 3 ft. to 
6 ft. and diameters at the mouth from 14 ft. to 24 ft. 
In the deeper ones measured, the terminal dome and 
upper part of the shaft were of much the same dimen- 
sions as a complete smaller cavity, while the lower 
part of the shaft widened farther. However, the 
majority were of irregular shape, having merged with 
neighbouring cavities. 

The bell shape, consisting of a tapered shaft sur- 
mounted by a dome, accords with the view that the 
cavities have been excavated by the claws of genera- 
tions of roosting bats. Certain species tend to sleep 
clinging to an` overhanging surface and crowded 


close together, and they can be observed to jostle. 


each other, trying to secure a central position. Such 
jostling could, over a long period, be expected to 
erode a cavity in soft granular rock. As the cavity 
deepened, bats would tend to alight at the lip and 
climb up the shaft to reach the dome. Thus the 
lowest and oldest part of the shaft would have been 
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subjected for the ere: time to erosion by climbing 
bats, and could be expected to be of greater diameter 
than the upper part. 

At least nine species of bat have been recorded 
from these caves, and both total and relative numbers 
have been observed to vary. Their roosting habits 
would make an interesting study, but the remoteness 
of the caves renders such an undertaking difficult. 


W. A. Kinc-WEBSTER 
. J. S. Kenny 
Fisheries Department, 
Port-of-Spain, 
Trinidad, B.W.I. Sept. 26. 


The Cromer Forest Bed: Preglacial or 
interglacial ? 


Tue relation of the Cromer Forest Bed Series to 
the overlying glacial deposits and to the earlier Crag 
Series has long been a problem, but the recent 
communication in Nature by Prof. P. G. H. Boswell? 
should do much to dispel the idea that the Cromerian 
stage can be described as an ‘Interglacial’. No 
glacial tills or similar deposits have ever been seen 
below this Series, and therefore from the point of 
view of stratigraphy its description as ‘Interglacial’ 
can only cause confusion. The very few glacial 
erratics which have been found in and below the 
Crag can be attributed to the action of sea-ice, and 
cannot be counted as representing a ‘glaciation’ ; 
these erratics are so rare that in practice unfossili- 
ferous Crag deposits can be distinguished in the field 
from most glacial beds by the fact that erratics are 
scarcely ever found in the Crag. 

As regards conditions during the formation of the 
Cromer Forest Bed itself, Clement Reid? believed 
that the fossil plants and non-marine shells are in 
general similar to those now living in Norfolk, with 
a few exceptions such as Corbicula fluminalis. More 
recently, Woldstedt’® described a pollen analysis of 
samples taken from part of the Forest Bed Series as 
showing a phase with early birch and pine forests 
succeeded later by a mixed oak association. If work 
now being done at Cambridge confirms Woldstedt’s 


- conclusions, this will suggest that a major climatic 


fluctuation took place during the formation of the 
Cromer Forest Bed of a type seen in some interglacial 
episodes, though differing in detail. This apparent 
contradiction of a climatic fluctuation which is not 
preceded by a glacial deposit makes an examination 
of the marine fauna of the underlying Weybourne 
Crag most important, in order to find out whether 
this fauna represents arctic conditions. 

In the absence of glacial erratics or actual glacial 
deposits, it has in fact been argued by Zeuner* that 
the marine fauna of the Weybourne Crag, which 
underlies the Forest Bed Series, contains sufficient — 
cold indicators to prove glacial conditions before the 
formation of the Cromer Forest Bed. He considered 
that an analysis of the marine fauna proves that the 
cold increased unevenly during Crag times, and that 
at least two cold episodes represent pre-Cromerian 
glacial phases ; one of his“cold episodes is stated to 
have occurred during thé'formation of the Wey- 
bourne Crag. But Clement Reid? showed that only 


-a@ few cold indicators are known in the Weybourne 


Crag, and that only one of these (Astarte borealis) is 
at all common, the rest being very rare indeed; in 
any event a Mediterranean shell is also known to 
occur (Astarte incrassata). Among the marine 
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formations of eastern England it is not the Weybourne 
Crag which shows the coldest conditions, but the 
Bridlington Crag of Yorkshire, which is believed to 
be later than the Cromer Forest Bed’. It seems to 
me that we can conclude that Zeuner’s analysis 
suggests that there may have been fluctuations of 
climate during Crag times, and these may even go 
back into the Pliocene, but there is insufficient faunal 
evidence for. calling these fluctuations ‘glacials’ or 
‘interglacials’.. For similar reasons it is difficult to 
agree with Woldstedt’s use? of the term ‘Cromer 
Forest Bed Interglacial’. 

As Sainty has pointed out®, Clement Reid came to 
the conclusion after several years of work on the 
Cromer coast that among the occasional marine shells 
found in the estuarine parts of the Cromer Forest 
Bed Series, no new ‘arrivals’ have been recognized 
as compared with the Weybourne Crag fauna; and 
in fact the marine fauna of the Weybourne Crag 
itself only differs from that of the earlier Norwich 
Crag in the ‘arrival’ of one new species (Tellina 
balthica) as compared with the Norwich Crag; this 
Species is a common living British shell to-day, and 


(in spite of its name) is not typical of specially cold , 


conditions. As no new ‘arrivals’ of cold indicators 
have yet been found in the Weybourne Crag, there 
is no proof from the marine fauna that this deposit 
represents any colder conditions than the Norwich 
Crag. In view of the lack of geological evidence for 
truly glacial conditions in the later Crag beds which 
were formed before the Cromer Forest Bed Series, it 
seems to me unwise to refer to the Cromer Forest 
Bed as an ‘Interglacial’, at least until we know more 
about conditions during the formation of the Norwich 
and Weybourne Crags. 


D. E. W. BADEN-POWELL 


University Museum, 
Oxford. 
May 24. 


t Boswell, P. G. H., Nature, 181, 1087 (1958). 
2 Reid, C., “Geology of the Country around Cromer”, Mem. Geol. Surv., 
18 (1882). 


3 Woldstedt, P., Nature, 165, 1002 (1950). 

. *Zeuner, F. E., Proc. Prehist. Soc., N.S., 3, 148 (1937), ~ 
’ Baden-Powell, D. F. W., Proc. Geol. A8808., 68, 273 (1955). 

€ Sainty, J. E., Proe. Prehist. Sec. Fast Anglia, 6, 2, 63 (1929), 


“Physics and Metaphysics” 


Nature of March 8 contained, over the signature 
of Prof. L. Rosenfeld, a very lively criticism of the 
book “Causality and Chance in Modern Physics”, 
published last year by Prof. David Bobm, a book 
for which I have written the preface. I do not 
think that the criticisms of Prof. Rosenfeld are 
justified. 

The current probabilistic interpretation of the 
quantum theory leads in its general lines to exact, 
conclusions. But since it denies every possibility of 
a precise image of the development of phenomena 
in space and time, ‘it continues to be surrounded 
by a certain obscurity. It is not at all certain that it 
furnishes a complete description of physical reality : 
scientists as eminent: 4s Planck, Einstein and . 
Schrédinger have always expressed doubts on this 
subject. The idea of Prof. Bohm that it may be- 
necessary to introduce new ‘levels’ of physical reality ` 
deeper and more hidden: than those revealed by 
‘eurrent experience therefore seems perfectly defensible 
tome. For my part, returning after a number of years 
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to certain ideas that I had considered previously 
when I was developing the first bases of wave 
mechanics, I have examined this question in the light 
of the conceptions of Prof. Bohm and in collaboration 
with certain young scientists at the Institut Henri — 
Poincaré. In particular, I have asked myself whether 
it would not be possible to find an interpretation 
which, while retaining all the results given by prob- 
abilistic quantum physics, would permit us to obtain 
a more clear and more intelligible image of micro- 
physical facts.. The problem is certainly not an easy 
one, but I do not believe it to be so impossible as 
Prof. Rosenfeld thinks; and a certain number of 
results already obtained in this direction seem 
encouraging to me. 

In any event, no theoretical interpretation can 
ever be established with a final and complete 
definitiveness, and for this reason alone it is always 
permissible to submit those that have already been 
accepted to a new examination. At the end of the 
previous century; the great majority of physicists 
belonged to the ‘energeticist’ school, which wanted 
to develop thermodynamics and its related subjects 
on purely formal bases, and which rejected, often 
with great disdain, all atomic and corpuscular 
representations. However, the interpretation of 
thermodynamics in terms of statistical mechanics, 
while taking complete account of the success of 
classical thermodynamics, has permitted us to go 
very much further. The existence of ‘microphysical 
levels’ of atoms and molecules, which the statistical 
mechanical interpretation of thermodynamics intro- 
duces, has been completely and clearly demonstrated. 
Jt is not forbidden to think that something analogous 
could happen again in the years to come. The intro- 
duction of a ‘sub-quantum’ milieu, deeper than the 
level of current microphysics, could permit the inter- 
pretation of the calculations of the present quantum 
theory in a clearer way, and might Jéad us further 
than the current theory can go. 

In addition, the quantum theory in its accepted 
form seers, in a certain measure, to have exhausted 
its powers of prevision. After a number of years, 
becoming more and more formal, it has begun to 
have as many failures as it has successes. Even its 
proponents themselves seem now to admit the need 
to make some efforts to modify its bases. In these 
conditions, it does not seem to me justified to con- 
demn @ priori the efforts of those who try to take 
in a new ‘point-of view, and to obtain an image of 
the physical world more intelligible than that based 
on the conception of complementarity which remains, 
in spite of everything, rather obscure. 


Louis DE BROGLIE 


VoL. 181 


Academie des Sciences, 
Paris 1e. 


THE impossibility of eliminating the relations of 
complementarity from atomic physics is not a question 
of opinion but a simple logical point, as devoid of 
obscurity, as, for example, the impossibility of defining 
absolute simultaneity. For a detailed discussion of 
the points raised in M. de Broglie’s comments Iimay 
‘yefer the reader to my contribution to the book 


‘Louis de Broglie, Physicien et Penseur” (Paris, 


1952), a revised version of which appeared a in Sctence 
Progress, 41, 393 (10a): 
L. ROSEN¥ELD 


University of Marichester, 
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. London, W.0.1), at 5 p.m.—Dr. J. D 
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(Meeting marked with an asterisk * is open to’the public) 


_ Monday, June 30 


UNIVERSITY COLLEGE (in the Anatomy Theatre, Gower Street, 
. Robertson: “The Molecular 


2 Biology of Cell Membranes’’.* 


| 
5 


r 
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. Bity, Manchester 13 (July 5). 


i 
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Wednesday, July 2 


MEDIOAL RESEARCH COUNOIL (at the National Institute for Medical 
Research, Mill Hill, London, N .-W.7), at 5 p.m.—-Prof. Samuel Graff 
(U.S.A.): “Experiments with Continuous Metazoan Cell Cultures”. - 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURERS, Grade II (honours graduates or associate 
members of a professional institution), IN MATHEMATICS at Singapore 
Polytechnic—The Council for Overseas Colleges, 12 Lincoln’s Inn 
Fields, London, W.C.2 (July 8). 

SENIOR LECTURER (with a good honours degree or higher degree 
in chemistry and experience in industry, or teaching and research) 
IN OHEMISTRY—The Principal, Wigan and District Mining and Tech- 


nical College, Wigan (July 4). 
PHysios—The Registrar, The Univer- 


LECTURER IN THEORETICAL 

RESHARCH ASSISTANT IN THE DEPARTMENT OF PHYSICAL AND 
INORGANIO CHEMISTRY, to undertake research and to assist with the 
supervision of Ph.D. students, either (a) in the field of physical adsorp- ~ 
tion; or (b) in the fleld of thermodynamics of solutions—The Regis- 
trar, The University, Bristol (July 5). 

SENIOR LECTURER (medically qualified and with special qualifica- 
tions in chemical pathology) IN CHEMICAL PATHOLOGY—The Regis- 
trar, The University, Manchester 13 (July 6). 

DEMONSTRATOR IN PHYSICAL 
University, Hull (July 8). , 

LEOTURER IN GEOLOGY—The Registrar (Room 22, O.R.B.), The 
University, Reading (July 12). 

RESEAROH ASSISTANT (preferably with a good knowledge of biology 
and physical sciences) IN THE DEPARTMENT OF ANATOMY, for work 
mainly connected with electron microscopy—The Secretary, Univer- 
sity College, Gower Street, London, W.C.1 (July 12). 

ESEAROH ASSISTANT (with a good degree and preferably research 
experience in botany or biochemistry) IN THE DEPARTMENT OF 
Borany, to work on biochemical physiology—The Secretary, Univer- 
sity College, Gower Street, London, W.C.i (July 14). 

ASSISTANT EXPERIMENTAL OFFICER (graduate) IN THE BEE DEPART- 
MENT, for work on fteld behaviour of bees—The Secretary, Rothamated 
Experimental Station, Harpenden, Herts (July 15). 

LECTURER (with special experience in plant physiology) IN BOTANY 
—The Registrar, The University, Birmi irham (July 15). 

VOKES RESEARCH FELLOW IN THE DEPARTMENT OF MECHANICAL 
ENGINEERING, to undertake research in the fleld of filtration, the 
separation of mixtures, or allied problems in fluid mechanics——-The 
Registrar, The University, Southampton (July 15). 

DEMONSTRATOR IN THE DEPARTMENT OF GEOGRAPHY—The Secre- 


TRY—The Registrar, The 


l , tary of the Appointments Committee, Department of Geography, 
_ The University, Downing Place, Cambridge (July 16). 
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RESEARCH WORKER (with a university degree, preferably in forestry, 
and some practical forestry and research experience), to continue 
the special study of shelterbelt problems in Scotland by the Depart- 
ment of Forestry—The Secretary, The University, Edinburgh (July 18). 

RESEARCH ASSISTANT (graduate in zoology or candidate for honours 
this year) IN ZooLoGy, to work on the biology of fish populations in 
e Registrar (Room 22,-0.R.B.),, The Univer- 
sity, Reading (July 19). oe 

ASSISTANT LECTURER or LECTURER IN CHEMISTRY—The Secretary, 
Royal College of Science and Technology, Glasgow (July 21). : 

SENIOR LECTURER IN BIOCHEMISTRY at the University of Adelaide, 
Australia—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, July 21). 

LEOTURER IN THE DEPARTMENT OF PHYSIOLOGICAL CHEMISTRY — 
The Registrar (Room 22,-0.R.B.), The University, Reading (July 31). 

LECTURER or SENIOR. LECTURER IN PATHOLOGY in the Faculty of 
Rural Science, University of New England, New South Wales, Australia 
—The Secretary, Association of Universities of the British Common- 


, wealth, 36 Gordon Square, London, W.C.1 (July 31). 


LECTURER (preferably with special qualifications in applied mathe- 
matics) IN aaa at the University of Auckland, New Zealand 
—The Secretary, Association of Universities of the British Common- 


' wealth, 36 Gordon Square, London, W.C.1 (New Zealand, July 31). 


Leorurnrr (with an honours degree in zoology and preferably 
familiar with vertebrate “zoology and an interest in the ecology of 
mammals) IN THE-DEPARTMENT OF ZOOLOGY at the University of 
Canterbury, Christchurch, New Zealand—The Secretary, Association 
of Universities of the British Commonwealth, 36 Gordon Square, 


, W.C.1 (New Zealand, July 31). ae 
eo PEOr Une In _SoolaL ANTHROPOLOGY at the University College of 
Rhodesia and Nyasaland—The Secretary, [Inter-University Council 
for Higher Education Overseas, 29 Woburn Square, London, W.C.1 


jon (August eee ANY in the University College of Ghana—The Secre- 


ae Tater-University Council for Higher Education Overseas, 29 


.C.1 (August 15). 
\ you are, te ate ASS POULTRY ScIBNOE in the Faculty 


ew England, New South Wales, 
T Rural Scleneg, University oi tton of Universities of a pou 
eyanion wealth, 36 Gordon Square, London, W.C.1 (August 31). 
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CHEMIST (with an honours denice in chemistry or equivalent pro- 
fessional qualification plus a minimum of three years post-qualification 
experience) IN THE MEDICAL DEPARTMENT Hong Kong 
analytical and eel te work—The Director of Recru tment, 
Colonial Office, London, S -1, quoting EVD AT7/5UOLG/T. 

LECTURER (with experience in rock and mineral analysis) IN THR 
PURE GEOCHEMISTRY SECTION OF THR GEOLOGY DEPARTMENT, for 
duties which will include teaching petrology and research in pure 
geochemistry or chemical petrology—Professor D. Williams, Geo ogy 
Department, Imperial College, London, S.W.7. 

PROFESSOR (familiar with gas turbines, jet propulsion and internal 
combustion engines) oF THERMODYNAMICS, for duties which will 
include lecturing to undergraduate and postgraduate students and 
the direction of research—The Dean of Engineering, Ecole Polytech- 
nique (Canadian University), 1430 St. Denis Street, Montreal, Canada. 

RESEARCH ASSISTANT IN THE CRYSTALLOGRAPHIC LABORATORY, 
for structure analysis of organo-metallic compounds—Secretary of 
the University of Cambridge, Department of Physics, Cavendish 
Laboratory, Free School Lane, Cambridge. 

RESEARCH ASSISTANTS, IN THE DEPARTMENTS OF BOTANY AND Z00- 
LOGY, CHEMISTRY, MATHEMATIOS, METALLURGY AND PHyYsIcs—-The 
Secretary, Sir John Cass College, Jewry Street, London, E.C.1. 

SCIENTIFIO ASSISTANT pti a good science degree, a reading know- 
ledge of two European languages (preferably other than French or 
German), ability to write good English, and proterao ds a knowledge 
ofsoilscience and plant physiology), for workin a scientificinformation 
service involving abstracting and indexing—The Director, Rothamsted 
a aa Station (Commonwealth Bureau of Soils), Harpenden, 

erts. 

SOIENTIST (with a first- or second-class honours degree in physics, 
physical chemistry or mathematics as a principal subject, and prefer- 
ably with some previous experience in airborne dust measurement), 
for research on methods of assessing the dust content of the atmosphere, 
and the investigation of airborne dust conditions in Inines, involving 
some underground work—Divisional Chief Staff Officer, National Coal 
Board, East Midlands Diviston, Sherwood Lodge, Arnold, Nottingham, 


quoting 8.V.851. 
(highly qualified in mathematics, considerable 


for general 


SENIOR LECTURER 
teaching and/or industrial experience, and preferably the ability to 
organize special courses in mathematics for highly qualified students 
in industry) IN MATHEMATICS—The Clerk to the Governors, South- 
East Essex Technical College, Longbridge Road, Dagenham. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Planning, Vol. 24, No. 421 (14 April,1958): The Debate on Sterling. 
. 69-88. (London: Political and Economic Planning, 1958.) 


28. 6d. eee {164 
Institution of Chemical Engineers, Proceedings of the Joint Sym- 


postum on the Scaling-Up of Chemical Plant and Processes, held at 
urch House, London, 8.W.1, on 28 and 29 May, 1957. Edited by 
Dr, ef Gee Pp. 136. (London : Institution of Chemical Mnginesrs» 
1958. 8. 
Institute of Fuel. Report of the Council and Statement of Accounts 
for the year 1957, Pp. 16, (London: Institute of Fuel, 1958.) [164 
Engelhard Industries, Ltd.: Baker Platinum Division. The Role 
of Platinum Group Metals as Catalysts. . 16. Engelhard Industries : 
an Industrial Group Fostering Progressin Industry. Pp. 74. (London : 
Engelhard Industries, Ltd., 1958.) 164 
he Changing Aims of British Foreign Policy. By The Right Hon. 
Kenneth Younger, P.C., M.P. oeeontl Montague Burton Lecture 
on International Relations, delivered at the University of Leeds, 
TS 4th February, 1958.) Pp. 16. (Leeds: The ponies 
Ministry of Housing and Local Government, and Scottish Office. 
The Surface-Water Year-Book of Great Britain, 1955-56: Hydro- 
metric Statistics for British Rivers, together with related Rainfalls, 
for the year ended 30th September, 1956. Pp. xit+60. (London: 
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